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Areal and t e x t u r a l  d i s t r i b u t i o n  of p a r t i c u l a t e  gold i n  sediments 
from Bluff Beach, Alaska 

Gretchen Luepke and Kam W. Leong 

INTRODUCTION 

From 1967 t o  1971, t h e  Heavy Metals Projec t  of  t h e  U.S. Geological Survey 
focused on t h e  study of t h e  d i s t r i b u t i o n  of gold and o the r  prec ious  metals i n  
nearshore and offshore  a r e a s  (W.S. Geological Survey, 1968, 1969). O f  primary 
concern were c o a s t s  adjacent  t o  such h i s t o r i c  gold-producing regions as 
s o u t h w s t e r n  Oregon (Cl i f ton ,  1968) and Alaska. Present  economic condit ions,  
r e f l e c t e d  i n  t h e  r ap id ly  r i s i n g  p r i c e  of gold, warrant continued examination 
of gold d i s t r i b u t i o n  i n  both t r a d i t i o n a l  and non-tradit ional  s e t t i n g s  (e.g., 
Gulbrandsen and o the r s ,  1978) regardless  of whether such deposi t s  a r e  
cu r ren t ly  p r o f i t a b l e  t o  exploi t .  The present  paper descr ibes  t h e  a r e a l  
d i s t r i b u t i o n  of gold i n  beach sediments a t  Bluff,  Alaska, and t h e  t e x t u r a l  
d i s t r i b u t i o n  of gold within t h e  sediment-size f r a c t i o n  of each sample. 

PREVIOUS WORK 

The U. S .  Geological Survey began studying t h e  Nome region i n  1898, a f t e r  
t h e  discovery of gold on Anvil Creek (Mof f i t t ,  1907). I n t e r e s t  i n  t h i s  region 
was rekindled i n  t h e  l a t e  1 9 6 0 ' ~ ~  when t h e  Survey began t o  examine gold 
content  of nearshore and o f f  shore sediments. The r i c h e s t  concentra t ion  of 
gold was found offshore  i n  coarse,  r e l i c t  sediments near Nome ( U . S .  Geological 
Survey, 1969). Nelson and Hopkins (1972) made a d e t a i l e d  study of gold 
d i s t r i b u t i o n  i n  t h e  northern Bering Sea and r e l a t e d  i t s  d i s t r i b u t i o n  t o  
sedimentary processes i n  t h e  area.  They found t h e  t h e  r e l i c t  l a g  gravels  t h a t  
l i e  a s  a veneer over g l a c i a l  d r i f t  near Nome t o  conta in  t h e  h ighes t  gold 
content.  

SETTING 

Bluff ,  Alaska, l i e s  50 miles e a s t  of Nome i n  a deep b i g h t  on t h e  southern 
coas t  of t h e  Seward Peninsula, between Cape Nome on t h e  west and Rocky Point  
on t h e  e a s t  (Fig. 1 1. The town i t s e l f  l i e s  a t  t h e  mouth of Daniels Creek, 
where t h e  o r i g i n a l  p l a c e r s  = r e  discovered i n  September 1899. Bluff quickly 
became a major gold-producing area.  From January t o  July 1900, a s t r i p  of 
beach l e s s  t h a n  1000 feet long yielded $600,000 i n  gold; i n  1904, t o t a l  gold 
production exceeded $1 m i l l i o n  (Brooks, 1908). 

METHODS OF ANALYSIS 

Most samples i n  t h i s  s tudy were taken i n  e i t h e r  t h e  swash zone o r  a t  mid- 
beach. Surface samples were taken with a shovel i n  t h e  upper 1 inch (2.5 cm) 
of beach sediment. For subsurface samples, a trench was dug and individual  
u n i t s  within t h e  exposed s e c t i o n  were sampled according t o  procedures of 
s t r a t i f i e d  sampling. No samples were taken a t  t h e  con tac t s  between subsurface 
un i t s .  For s p e c i f i c  depths a t  which samples were taken, see Appendix I. 
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Black and g a r n e t i f e r o u s  sands were i d e n t i f i e d  as such from f i e l d  
d e s c r i p t i o n s  (Appendix I). Percentages of heavy minerals  were n o t  determined 
for  any sample i n  t h i s  study. 

I n  o rde r  to avoid the e f f e c t s  of particle s p a r s i t y  when ana lyz ing  a 
sample for gold, it is necessary t o  have an i n i t i a l  sample of a t  least 25 kg 
( C l i f t o n  and others, 1969). For ty- three  samples, ranging i n  weight  from 34.4 
to 65.3 kg, were sieved a t  1/2 $9 i n t e r v a l s  from 1.000 mm to 0.044 mm. Most 
samples were composed of sand- and grave l - s ize  sediment, wi th  less than 2 
g r a m  of a size less than 0.044 uun (coarse  s i l t ) .  The 1 / 2  p p o r t i o n s  from 
0.500 mm to less than 0.044 mm of t h e s e  samples were burned i n  a Thelco oven 
at 700% to des t roy  a l l  o rgan ic  content .  The samples were then analyzed f o r  
gold by atomic-absorption a n a l y s i s  (Van S i c k l e  and Lakin, 1968). 

Four samples (802-E, 806, 809-A, and 809-B) contained more than 10 g of 
m a t e r i a l  of a s i l t  and clay. These samples were processed s l i g h t l y  
d i f f e r e n t l y  from the o t h e r s  (see Fig. 2 ) ,  i n  o rde r  to  see i f  a combination of 
wet and dry sieving, p l u s  r e c o n s t i t u t i o n  of the s i l t  and c l a y  f r a c t i o n  a f t e r  
p i p e t t e  a n a l y s i s ,  r e s u l t e d  i n  a s i g n i f i c a n t  d i f f e r e n c e  i n  the  amount of gold 
i n  t h e  0.044 mm and less than 0.044 mm s i z e s .  

S t a t i s t i c a l  parameters  w e r e  c a l c u l a t e d  with a computer program us ing  the 
formulas of Folk and Ward (1 957). I n  twelve samples the s t a t i s t i c a l  
parameters  were bypassed by t h e  computer because t h e  d i s t r i b u t i o n  of t h e  
sediments was too open-ended f o r  them t o  be s i g n i f i c a n t  (See Appendix I). 

Histograms of the size-frequency of sediments and gold and i n d i v i d u a l  
p l o t s  of the amounts of gold i n  ppm a g a i n s t  the grain-size f r a c t i o n  were drawn 
f o r  each sample. Four of the 43 histograms are n o t  complete because a g iven  
f r a c t i o n  was l o s t  dur ing  a n a l y s i s  (see Appendix 11). 

By convention, sediment s i z e  i s  gene ra l l y  r e f e r r e d  t o  i n  mi l l ime te r s  
( m m ) ,  whi le  gold is commonly r e f e r r e d  t o  i n  microns ( P I .  T r a n s l a t i n g  these 
u n i t s  i s  simple: lOOOp = 1 mm. 

Three c a l c u l a t e d  va lues  of gold are r e f e r r e d  t o  i n  this paper, each with 
a p a r t i c u l a r  significance: 

1. f i e  concen t r a t i on  of gold i n  ppm i n  each s i ze  f r a c t i o n  of a sample: 

g Au i n  s i z e  f r a c t i o n  
wt. (g )  of s i z e  f r a c t i o n  of sediment 

2. The weight pe rcen t  of t o t a l  gold f o r  each s i z e  f r a c t i o n  of a sample: 

a Au i n  size f r a c t i o n  
to t a l  wt. of gold ( ~ g )  i n  sample 

3. The concent ra t ion  of gold i n  ppm f o r  each sample: 

t o t a l  Wg Au i n  sample 
total weight ( g  )of sediment i n  sample 



Figure 2. Flow diagram of alternate processing for samples containing 
more than 10 grams of silt and clay.  All other samples in 
this study needed only to be dry-sieved, because they did 
not contain enough silt and clay to require wet-sieving. 
The grain-size ranges in millimeters (mm) in the figure 
represent %$ intervals .  



RESULTS 

The g ra in - s i ze  and gold conten t  d a t a  f o r  a l l  t h e  samples are t abu la t ed  i n  
Appendices I and X I .  A S tuden t ' s  t (sample means) s t a t i s t i c a l  tes t  comparing 
the gold con ten t  i n  ppm of all samples a g a i n s t  those  samples wi th  open-ended 
g ra in - s i ze  d i s t r i b u t i o n  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  gold conten t  
between these groups, a l though only two of t h e s e  twelve samples contained more 
than 1.0 ppm gold. There was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  amounts of gold 
de t ec t ed  i n  the s i z e  f r a c t i o n s  0.044 mm and less than 0.044 mm of t h e  f o u r  
samples processed as i l l u s t r a t e d  i n  F igure  2. 

Grain S ize  of Sediments and Gold 

Histograms of t h e  gra in-s ize  d i s t r i b u t i o n s  i n  weight pe rcen t  f o r  both t h e  
sediment and the gold f o r  each sample appear i n  Appendix 111. Twenty-four of 
t h e  43 samples have a mean g r a i n  s i z e  coa r se r  than t h e  mean s i z e  of t h e  gold 
wi th in  t h a t  sample; an a d d i t i o n a l  15 samples have approximately equa l  mean 
sediment  and gold s i z e s .  The remaining 4 samples have a  mean g r a i n  s i z e  f i n e r  
than t h e  mean s i z e  of the  gold contained i n  them. 

The mean g r a i n  s i z e  of t h e  31 samples f o r  which s t a t i s t i c s  were 
c a l c u l a t e d  is 1.46 fl (0.36 m m ) ,  wi th  a s tandard  d e v i a t i o n  of 0.43 jil 
(0.74 m m ) .  Only one of t he se  samples (811) was bimodal. The s i z e  range which 
commonly contained t h e  g r e a t e s t  concent ra t ion  of gold i n  p a r t s  per  million 
(ppm) i n  a l l  samples w a s  62 microns (0.062 mrn) (Fig. 3a: Appendix IV), 
However, t he  g r e a t e s t  weight pe rcen t  of gold f o r  t he  sample was i n  t h e  250 
microns (0.25mm) s i z e  f r a c t i o n  (Fig. 3b). 

The mean g r a i n  s i z e  of the 31 samples was compared by a  S tuden t ' s  t 
s t a t i s t i c a l  test  wi th  t he  fo l lowing  groupings of t he se  samples: 

1. Samples conta in ing  very wide ranges of gold values  i n  ppm among t h e  
s i z e  f r a c t i o n s ,  

2. Samples wi th  d i f f e r e n c e s  of g r e a t e r  than 10 ppm gold con ten t  among t h e  
analyzed f r a c t i o n s ,  

3. Samples wi th  d i f f e r e n c e s  of less than 10  pm gold con ten t  among t h e  
analyzed f r a c t i o n s .  

When these t h r e e  groups w e r e  cross-compared, no s i g n i f i c a n t  d i f f e r e n c e  
could be de tec ted .  Grain-size of sediment does n o t  appear t o  be a  s i g n i f i c a n t  
p r e d i c t o r  of how much gold a sample w i l l  con ta in ,  a l though coarser-grained 
samples tend  t o  have h igher  gold con ten t s  o v e r a l l .  

Most of t h e  samples conta in ing  t h e  h i g h e s t  concen t r a t i ons  o v e r a l l  of gold 
are confined t o  t he  a r ea  from the mouth of Daniels  Creek t o  a  p o i n t  1 krn t o  
t h e  w e s t  (Fig.  1). Three samples con ta in ing  r e l a t i v e l y  high concent ra t ions  
were c o l l e c t e d  near the mouth of Ryan Creek. 

While a lmost  no bimodal i ty  was de t ec t ed  i n  t h e  s ize-frequency of the 
sediments,  t he  s ize-frequency of t he  gold showed bimodal i ty  i n  19 of the 43 
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Figure 3. A )  Sample f r a c t i o n  containing t h e  h ighes t  concent ra t ion  of 
gold in ppm. One sample (822-A) had an equally high gold 
content  in both the 0.044 and 0.031 mrn f r a c t i o n s .  

B ) Sample f r a c t i o n  conta in ing  t h e  h ighes t  weight-percent of 
gold. Two samples (810 and 828) had equally high weight- 
percents of go ld  i n  the  0.250 and 0.177 mm f r a c t i o n s .  



analyzed samples (see Appendix 111). This  bimodal i ty  does n o t  appear t o  be 
confined t o  any one type of sediment, nor  is  it r e s t r i c t e d  i n  geographical  
d i s t r i b u t i o n  of t he  samples. No prev ious  s t u d i e s  of bimodal i ty  of p a r t i c u l a t e  
gold are known. 

None of the samples i n  t h i s  s tudy  w e r e  examined microscopical ly .  
However, c e r t a i n  assumptions about  t h e  gold are probably va l id .  I n  s i z e s  
g r e a t e r  than 0.5 mrn, the weight of gold i n  micrograms may r e p r e s e n t  a s i n g l e  
f lake .  With a heavy metal such a s  gold,  the r e l a t i o n s h i p  between p a r t i c l e  
mass and g r a i n  s i z e  is a func t ion  of the meta l ' s  s p e c i f i c  g r a v i t y  ( C l i f t o n  and 
o the r s ,  1969, p. 16,  f i g .  9 ) .  Thus samples which conta in  100-500 micrograms 
of  gold i n  t h e  0.707 - 0.5 mm range -- that  gold probably r ep re sen t s  a s i n g l e  
f l a k e ,  and poss ib ly  a f l a k e  a t t ached  t o  an i n d i v i d u a l  sediment grain.  On t h e  
o t h e r  hand, gold i n  samples conta in ing  2500 - 12,000 micrograms i n  t h i s  same 
s i z e  range, r ep re sen t s  s e v e r a l  f l a k e s  of gold,  probably both f r e e  and 
a t tached .  

Ten of t h e  samples analyzed contained 100-500 g of gold i n  the 0.707 - 
0,500 mm gra in-s ize  f r a c t i o n .  These samples a r e  n o t  geographica l ly  
r e s t r i c t e d .  Only fou r  samples (801 -D, 802-E, 824-A, and 827) con ta in  over  
25 IsJ of gold w i th in  t h i s  g ra in-s ize  f r a c t i o n .  These high "coarse gold" 
va lues ,  however, are found only i n  samples taken  i n  samples r i c h  i n  black sand 
and a r e  confined t o  an a r ea  near t he  mouth of Daniels  Creek a t  mid-beach. 

Concentrat ion of  Gold Versus Sediment Texture  

Appendix I V  con ta in s  graphs p l o t t i n g  t he  concen t r a t i on  of gold i n  ppm 
a g a i n s t  the gra in-s ize  of t h e  sediment con ta in ing  it f o r  each sample. As 

noted e a r l i e r ,  the  g r e a t e s t  concent ra t ion  of gold appears  around 62 microns 
(0.062 mm) i n  the major i ty  of samples. S i m i l a r  p a t t e r n s  of concent ra t ion  have 
been observed i n  Oregon beach sands (C l i f t on ,  Hubert and P h i l l i p s ,  1967),  
where most of t he  gold i s  concent ra ted  i n  g ra in - s i ze s  less than 124 microns 
(0.124 mm).  

The values i n  ppm of gold w e r e  examined a s  t o  t h e  type of sediment. The 
samples were grouped a s  fol lows:  

1 .  Very-coarse-sand o r  g r ave l  samples 

2. Black o r  ga rne t i f e rous  sand 

3. A l l  o t h e r s  (mostly swash-zone samples).  

These were compared by a S t u d e n t ' s  t test  t o  each o t h e r  and a l s o  compared t o  
t h e  average gold i n  ppm of a l l  samples. The samples c o l l e c t e d  i n  t h e  swash 
zone were s i g n i f i c a n t l y  lower i n  gold concen t r a t i on  when compared to  t h e  
average of a l l  gold values.  The g r e a t e s t  range of concent ra t ion  was found i n  
t h e  b l ack /ga rne t i f e rous  sands (range from 0.04 t o  13.97  ppm), a s  compared t o  
t h e  range of 0.015 t o  0.599 ppm f o r  very-coarse-sand/gravel samples. The 
h ighes t  amounts of gold i n  ppm were a l s o  recorded from the  b l ack /ga rne t i f e rous  
sands. 



SUMMARY 

P a r t i c u l a t e  gold i n  the sediments of Bluff Beach, sou theas t  of Nome, 
Alaska, is concent ra ted  most commonly i n  the 62-micron s i ze .  I n  samples 
conta in ing  greater than 1 pe rcen t  of s i l t  and c lay-s ized  ma te r i a l ,  no 
s i g n i f i c a n t  q u a n t i t i e s  of gold were found i n  m a t e r i a l  of less than 44 micron 
s i ze .  There appears  t o  be no r e l a t i o n s h i p  between the  mean g r a i n  s i z e  of a 
sample and t h e  t o t a l  amount of gold contained i n  it. Samples con ta in ing  
s i g n i f i c a n t  amounts of black o r  ga rne t i f e rous  sand contained the  h i g h e s t  
amounts of p a r t i c u l a t e  gold. Bimodality i n  t h e  size-frequency of gold i s  seen 
i n  over ha l f  t he  samples analyzed, whi le  a lmost  no bimodal i ty  is de t ec t ed  i n  
the s ize-frequency of t h e  sediments. 

The d i s t r i b u t i o n  of  gold i n  the beach sediment near  Bluf f ,  Alaska i s  
d e f i n i t e l y  complex. N o  unequivocal conc lus ions  about  t h i s  d i s t r i b u t i o n  can be 
reached a t  t h i s  time. 
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APPENDIX I 

Field descriptions and grain-s ize  data for analyzed samples, using s ta t i s t i ca l  

parameters of Folk and Ward (1957). Where statistics are not given, the grain- 

s i ze  distribution was too open-ended t o  be meaningful, s o  the computex did not 

calculate it. A copy of the Wentmrth grade scale,  comparing millimeter and 

phi (B) units, precedes the data i n  t h i s  Appendix. 



GRAIN SIZE SCALES FOR SEDIMENTS 

The grade scale most commonly used for sedimente t s  the Wentworth scale  
(mctually first proposed by Udden), which i s  a logarithmic ecale  i n  that each 
qradc l i m i t  is twice as large a6 the next smeller grade l i m i t .  For more detailed 
work, 8leve6 have been eonatructtd a t  intervalis 2 and 4fi . The $ (phi) 6 
rcsle, devised by Kmmbein, is a much more converhent way of presenting date 
than if the values .re txpreesed in nilllmeters, snd is used slmost entirely in 
r t c t n t  work. 

U.6 . Standsrd Millimetere Microne Phi ( 4 )  Ventworth Size Class 
Sieve Mesh # 

4096 -12 
102h -10 Boulder (-8 t o  -129) J 

Uoe 256 - 8 
w i n  64 -6 Cobble (-6 t o  -8$) UJ 
rquarer 16 -4 ~ e b b l e  . (-2 t o  -6$) 
5 4 -2 
6 3 ~ 3 6  -1.75 

2 
ff 

7 a 983 -1.5 Granule ' 

8 2-38 -1.a w - 10 2.00 -1.0 
12 1.68 -0.75 
14 1.41 -0.5 Vexy coarse sand 
16 1. 19 -P 25 - 18 1.W 0.0 
20 0.84 0.25 
25 0.71 0.5 Coarse sand 
3 0 0.59 0.75 - 35 1/2 -- 0.50 500 1;O 
40 0.42 420 1.25 

D 
45 0.35 350 1-5 Medium sand 
50 0.30 300 1.75 -- 60 1/4 - 0.25 250 2.0 
70 

z 
0,210 210 2.25 

80 0.177 177 2 .5  Fine eand 
loo 0.149 149 2.75 Q 

- 120 1/8- 0.125 - 125 3.0 
140 0,105 105 3.25 
170 0.088 88 3.5 V e r y  fine send 

I/> 
2 N  0.074 74 3.75 - 231) -1/16 - 0.0625 - 62.5 4.0 
270 O.OSJ 53 4-25 
325 0.044 44 h.5 Coarse s i l t  

0.037 37 4.75 
1/32- 0.031 - 3 1 5 .O 
1/64 0.0156 15.6 6.0 Medium silt 

13 
ha'yzea 1/128 0.0078 7.8 7.0 Fine silt 

by - 1/256 0.0039 - 3.9 - 8.0 Very fine s i l t  
3 

0.0020 2.0 3.0 
Pipette 0.00098 0.98 

0.00049 0.49 
or 

1 
0.00024 0.24 12.0 
0.00012 0.12 13.0 

Hydrometer 0.00006 0.06 14.0 

Frm Folk, R.L: , 1965, Petrology of sedimentary rocks: Hemphil l  L , Austin, 
Texas, p.  25. 
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APPENDIX I1 

Gold data for  analyzed samples. Some samples lack values for  certain s i z e  

fractions,  because the t e s t  tube containing the  sample was broken during the 

atomic-absorption analysis .  Therefore t o t a l  values for these starred samples 

are minimum values. 



Appendix 11 - Gold data 
Sample No Initial ut. of .ample 

for Au analysi~ ( q )  
Total ppm Au Range of ppm A u  Sire fraction {a) containinp 

larcrest concentration of hu In yw. 

.088 ( b 2 , 4 4  6 q 4 4  portions loot) 
-044 
mob2 . t L 5  
-062 
-062 
- 0 6 2  
,062 
.so0 

062 
. o w  
,044 

177 
-088  
-044 
,115 
,062 
,062 
,125 108,62,44 and (44 p r t i o n s  lontl 
-044  
- 0 6 2  
-044 
.a62 
. o m  
,062 
- 0 8 8  
-062 
.062 
.a44 
.044  and <.O44 (equal amounts1 . U62 
.UbZ 
.062 
.062 
-062 

t .044 ( 6 2  portions lost) 
-088 
,062  1 8 ~ 1  portlons lostl 
,062 

< .a44 
-062 . oua . U62 



APPENDIX XI1 

Histograms comparing the size-frequency of the sediment and gold for each 

sample. Four samples do not show colrplete gold histograms because one or more 

portions of the sample were lost during atomic absorption analysis. These 

samples are des ignated  with a s t e r i s k s .  See also Appendix 11. 
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APPENDIX IV 

Individual sample p l o t s  of t h e  concentration of gold i n  p a r t s  per m i l l i o n  

(ppn) versus the  size of t h e  gold i n  microns. Several samples are plotted on 

compressed scales; t h e s e  are noted on the  graphs. 
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