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INTRODUCTION 

I n  l a t e  August o f  1984, we c o l l e c t e d  sanples o f  na t ive  p lan ts  and so i  1  
p r o f i l e  horizons i n  t h r e e  areas o f  Alaska. Two o f  t h e  areas are represented 
by sanpling s i t e s  near a c t i v e  p lace r  opera t ions  ( the  Golden Horn mine near 
F la t ,  and L i l l i a n  Creek near Livengood), and t h e  t h i r d  (near I d i t a r o d )  i s  a  

I s i t e  w i th  no known p lace r  gold ( f i g .  1). An a d d i t i o n a l  s o i l  sanple was 
co l lec ted from the  a c t i v e  p l a c e r  opera t ion  a t  L i  11 i a n  Creek from t h e  area 
described by t h e  operator  as t h e  "pay zone." Two add i t iona l  p l a n t  species 
were co l lec ted from t h e  t a i l i n g s  p i l e s  a t  t h e  abandoned Golden Horn mine a t  
F la t ,  and samples of moss and h o r s e t a i l  were c o l l e c t e d  from L i l l i a n  Creek, 
c lose t o  s i t e  LV-2. 

A1 1  samples were c o l l e c t e d  as p a r t  o f  a  p re l im ina ry  reconnaissance-type 
s a p 1  i n g  program t o  determine i f  gold i s  mobi 1  e under present -day condi t ions.  

COLLECTION METHODS AND SAHPLE DESCRIPTIONS 

Vegetation Sanples 

Representative p l a n t  species ( t a b l e  1) from each leve l  o f  t h e  f o r e s t  
canopy were co l l ec ted  as c lose  as poss ib le  t o  t h e  soi l -sampling s i t e s .  The 
terminal  (18-30 cm) growth o f  t r e e  and shrub species was co l l ec ted  us ing  
s t a i  n l  ess-steel c l ippers .  The herbaceous samples ( f  i reweed and ho rse ta i  1  ) 
consisted of the  above-ground pa r t s ;  t h e  mu1 1  samples were c o l l e c t e d  from t h e  
l i v i n g  top l aye r  of t h e  s o i l  p r o f i l e s ;  and t h e  Reindeermoss samples were 
conposited from the  area surrounding t h e  s o i  1  -sampling s i tes.  

Of t he  13  species co l lec ted,  on ly  l ab rador  t e a  occurred a t  a l l  s i t es .  
There i s  a  species d i f ference between t h e  samples o f  b i r c h  t rees  a t  L i  vengood 
(R iver  Birch),  and I d i t a r o d  and F l a t  (Paper B i rch) .  Alder was c o l l e c t e d  a t  
a l l  s i t e s  except FT-2, and reindeermoss a t  a l l  s i t e s  except t h e  background 
s i t e  (ID-3). Dwarf b i r ch ,  b lueberry,  w i l l ow ,  and f i  reweed were not  found a t  
t h e  Livengood area. Hemlock was sampled a t  FT-1 and ID-3, tamarack a t  FT-2, 
and wh i te  spruce a t  L.V-1 and LV-2. A sample each of ho rse ta i l  and moss were 
co l l ec ted  from L i l l i a n  Creek (c lose t o  LV-2). Horseta i l  was a l s o  c o l l e t e d  
from t h e  o l d  t a i l i n g s  p i l e  a t  t h e  Golden Horn mine along w i t h  fireweed. 

A t  t h e  I d i t a r o d  and Livengood sampling locat ions ,  small p i t s  were dug t o  
a  depth of about 1 m; a t  t h e  F l a t  sampling locat ions ,  t h e  s ide  w a l l s  of 2 4 -  
deep exp lora t ion  trenches were s a w l e d  a f t e r  d igg ing  t o  expose f resh  
mater ia l .  A t  a l l  loca t ions ,  t h e  var ious s o i l  hor izons were i d e n t i f i e d  and 
described, and two samples o f  each hor izon were c o l l e c t e d  i n  1 1 n i  t r i c - a c i  d- 
washed polypropylene b o t t l e s .  Three a d d i t i o n a l  samples were c o l  l ected i n t h e  
main "pay zone" d i r e c t l y  above t h e  weathered bedrock a t  t h e  a c t i v e  p l a c e r  
opera t ion  i n  Livengood. A l a r g e  sample f rom t h i s  "pay tone" (sample LV-4) was 
panned i n  t h e  f i e l d  and t h e  recovered go ld  was saved f o r  add i t i ona l  
observat ions and analyses. 

B r i e f  descr ip t ions  of t h e  s o i l s  c o l l e c t e d  a t  t h e  three loca t ions  a re  
given i n  t a b l e  2. Acronyms descr ib ing  t h e  p r o f i l e s  correspond t o  t h e  
l o c a t i o n s  i n  f igure  1, A1 1  s o i l  p r o f i l e s ,  except LV-2, conta in on ly  an 
Organic-r ich surface ho r i zon  over  parent ma te r ia l  and, therefore,  show minimal 
s o i l  development. P r o f i l e  LV-2, c o l l e c t e d  f rom a s i d e  slope above L i l l i a n  
Creek ( f i g ,  l ) ,  contains a  bu r ied  sur face horizon. The s ide  slopes a t  t h i s  



Figure 1. General locat ion map showing the sampling locations a t  Id i ta rod ,  
F l a t ,  and Livengood, Alaska. 
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l oca t ion  consist  of a s e r i e s  o f  bur ied  organic horizons, probably due t o  
so l  i f luc t ion  and su r face  creep. A1 1 s0 i  1 p r o f  i 1 es sampled suggest ~ ~ T E t a n t  
ox id iz ing  cond i t ions  i n  t h e  sur face horizons, and a l t e r n a t i n g  o x i d i z i n g  (dry )  
and reducing (water-saturated) condi t ions i n t h e  C-hori ton. The sampl e f rom 
t h e  placer mine (LV-4) has t h e  cha rac te r i s t i cs  o f  t h e  s o i l  C-horizons. 

ANALYTICAL METHODS 

Soi 1 and Plant  Preparat ion 

The s o i l s  were d r i e d  under forced a i r  a t  ambient temperature, c lass i f i ed ,  
and disaggregated. The minus lO-mesh f r a c t i o n  was used f o r  a l l  a n a l y t i c a l  
work. A small s p l i t  o f  t h i s  mater ia l  was ground i n  an agate s h a t t e r  box t o  
pass 100 mesh and was used f o r  a l l  t o t a l  analyses. 

The vegetat ion m a t e r i a l s  were d r ied  a t  50°c f o r  1 week i n  a fo rced a i  r 
oven, ground w i t h  a W i  l e y  m i  11, and s p l i t .  One s e t  o f  s p l i t  samples were 
ashed a t  500°C f o r  i n d u c t i v e l y  coupled p l  asma-atomi c emission spectroscopy and 
t h e  unashed o r  raw samples were submitted f o r  neutron a c t i v a t i o n  analys is .  

T o t a l  E l  ernent Content Determi nat ions 

Table 3 l i s t s  t h e  methods used f o r  t o t a l  element determinat ion. A l l  
analyses were performed a t  t h e  USGS Ana ly t i ca l  Chemistry Laborator ies,  Denver, 
CO. Table 4 l i s t s  t h e  methods used f o r  t h e  ex t rac tab le  elements. 

COOING EXPLANATIONS FOR TABLES 5 and 6 

The f i r s t  charac ter  of t h e  sarrple i d e n t i f i c a t i o n  (A)  i n  t a b l e  5 indicates 
t h e  vegetation samples were c o l l e c t e d  i n  t h e  Sta te  of Alaska, and t h e  second 
and t h i  r d  characters represent  t h e  geographical s a w 1  i n g  l o c a t i  ons w i  t h i  n the  
s t a t e  ( I D  = I d i t a r o d  o r  F l a t  areas; LV = Livengood area). The f o u r t h  
character (4) i n d i c a t e s  the  year o f  c o l l e c t i o n ,  1984. The f i f t h  character  (1, 
2, o r  3) represents t h e  sampling s i t e  w i t h i n  a geographical l oca t ion ,  The 
s i x t h  and seventh charac ters  of t h e  sample i d e n t i f i c a t i o n  i n d i c a t e  t h e  p l a n t  
species col lected, as fo l lows:  

AL - Alder  
BB - Blueberry 
DB - Dwarf B i r c h  
ES - Horsetai 1 
FW - Fireweed 
LL - Tamarack 
LT - Labrador Tea 
MH - Mountain Hemlock 
RM - Reindeermoss 
TB - Tree B i r c h  o r  Paper B i r c h  
WS - White Spruce 
WW - Willow. 

Where present, t h e  e i g h t h  character  (x, o r  -), i nd i ca tes  a s p l i t ,  and t h e  
n i n t h  character (1, o r  2) t h e  l o c a l i t y  w i t h i n  a sanpl ing s i t e .  



The characters f o l l ow ing  the element symbols ind ica te  u n i t s  o f  
measurement and ana l y t i  cal methods, respect i  v d y ;  

Uni ts  o f  Measurement 

ppm - par ts  per m i  11 i o n  
ppb - par ts  per b i l l i o n  

X - percent 

Analy t ica l  Methods 

n - neutron ac t i va t i on  analysis 
s - induc t i ve ly  coup1 ed p l  asma-atomic emission spectroscopy 
blank - continuous f l ow  hydride generation-atomic 

absorption spectroscopy 

The fo l lowing l i s t  i n te rp re ts  the symbols used i n  tab le  6. The fourth 
through eighth characters o f  the  sample i d e n t i f i c a t i o n  ind ica te  s o i l  horizon 
according t o  the U.S. Department o f  Agr icu l ture  (1952) nomenclature. The 
characters f o l  lowing t h e  element symbol i ndicate u n i t s  o f  measurement- 
analyt ical  method, respect ively:  

Un i t s  o f  Measurement 

ppm - par ts  per m i  1 l i o n  
ppb - par ts  per b i l l i o n  

X - percent 
rnmhos/cm - milimhos per  centimeter 

Ana ly t i ca l  Methods (Methods p and w represent ,an 
ex t rac tab le  f rac t ion  of the  t o t a l  element content i n  the 
sample; the remaining methods represent t he  t o t a l  content.) 

c - continuous f 1 ow co ld  vapor-atomi c absorption 
spectroscopy 

h - continuous f 1 ow hydr ide generat ion-atomi c absorption 
spectroscopy 

p - 20 gm s o i l  extracted w i t h  100 m l  hydrogen peroxide- 
ace t i c  acid 

s - induc t i ve ly  coupled p l  asma-atomic emission spectroscopy 

w - 20 gm soi  1 extracted w i t h  100 ml water 

The authors wish t o  thank John Miscovitch o f  the  Golden Horn mine, Flat ,  
Alaska, and E m  W. Montgomery o f  the Nugget Estate Mining Company, Livengood, 
Alaska f o r  t h e i r  generous he lp  i n  our sanpl ing o f  t h e i r  propert ies.  The 
authors a lso wish t o  thank t h e  various analysts w i t h  the U.S. Geological 
Survey, Analyt i  ca 1 Labs f o r  t h e i  r support. 
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Horiton h p t h  -..--Matrix color----- -------------bttles--------------- Descript ion 
description b) Met ,cal.or ,Dry coJar Wet Color Dry co lo r  Abundance 

0 1 0-14 - - -. - - Root mat 
02 14-24 1 0 ~ ~ 3 / 4 ~  10YR5/3 -- - - - - S i l t  
C1 24-36 2.5Y5/4 2.5Y6/3 10YR5/8 10YR6/8 1% S i l t  
C2 36-90+ 2.5Y5/4 2.5Y6/4 10YR5/8 10YR6/8 20% S i l t  

L i ~ i t I g m s s n t a t  0-12 not sarrpled 
0 1 12-15 not sampled 
A1 15-37 10YR3/2 10YR5/3 -- - - - - S i l t  

I C 1 37-50 2.5Y4/4 2.5Y6/3 -- -- -- S i l t  

C 9  50-60 2.5Y5/4 2.516/3 2.515/2 2.5Y7/0 30% S i l t  
7.5YR4/4 7.5YR5/8 30% 

- - - - Transi t ion zone - - - - Weathered monzoni t e  

f l b r i c  peat 0-20 not  sanpled 
02 20-23 10YR2/ 1 lOYR3/2 -- me - - Hqghly organic 
C1 23-43 2.5Y5/2 2/5Y6/2 j.5Y ~ 4 / 4  7.5YR5/6 - 30% S i l t  
C2 43-50 2.513/2 2.5Y5/2 7.5YR4/4 7.5YR5/6 10% 2.5Y3/0 organlc 

s ta ins between 
varve-1 i k e  layers 

C3 50-70 2.5Y4/2 2.5Y7/2 7.5YR4/4 7.5Y R5/6 20% S i l t  

- - - .. Hi gh l y  . organic - - - - - - S l l t  -- s i l t  - - - - Si l t  - - - - Sand and gravel 

01 0-8 not  sanpled 
02 8-1 1 NU0 10YR3/2 -- - - - - Highly organic 
C1 11-19 10YR312 lOYR5/1 -- -- -- S i l t  
Alb 19-24 W2/0 10YR4/2 -- - - - . Highly organic s i l t  
C2 24-33 lOYR3/1 10YR5/2 -- -- -- S i l t  
C3 33-74 10YR3/2 2.515/2 -- -- - - S i l t  
C4 74-90+ lOYR3/3 2.515/3 -- - - -a S i l t  

LV-4 

Ilndef I ned 8+ lneters mottled m t r l x  2.5Y4/3 2.5Y5/2 7 0% S l l t  
5YR4/6 10YR6/6 30% 

'kt present o r  determinable. 
h n s e l l  co lor  notation. 



Table 3.-44thods used f o r  total element content o f  plants and soils 

[ AAS = atomic absorpt ion spectroscopy; ICAP-AES = i nduc t i ve l y  coupled argon 
plasma-atomic emission spectroscopy; and NAA = neutron a c t i v a t i o n  ana lys is  I 

E l  ement Method Reference 

As, Sb Hydride generation-AAS Crock and L ichte,  1982. 

H g Col d vapor-AAS Koi rtyohann and Khal i 1, 1976, 

c, s Leco standard combustion Standard manufacturer techniques 

Au (soi  1s) HBr-Br2 d igest ion,  AAS Thompson and others, 1968. 

44-element scan ICP-AES Crock and others, 1983. 

AU (p lants)  NAA, raw mater ia l  Standard manufacturer techniques 



Table 4,-4kthods used f o r  extractable element content of sol 1s 

[ HOAc = hydrogen peroxi de-acet i c acid 1 

- - 

Met hod Reference 

S o i l  s l u r r y  Crock and Severson, 
1980. 

Organic Au H202/HOAc d i  gest -AAS Severson and others,  
1985. 

Water-ext ractabl  e Au Water e x t r a c t i o n  Severson and others,  
1985. 

Total  organic carbon Wet oxi dat i on Wershaw, 1982 

Speci f i c conductivity Myron L DS meter Standard manufacturer 
technique 

Water-solubi 1 i z e d  ca t ion  Ion chromatography Standard manufacturer 
and anions technique (Dionex, Inc. ) 
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