
UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY, 

Spectrographic and Chemical Analyses of 

~eochemical Samples and Related Data 

from the  T a n a c r o s s  Quadrangle, Alaska 

BY 

Richard M. OILeary, Steven K. McDanal, 

Christine M- McDougal, Gordon W; Day, 

Gary C. C u r t i n ,  and Helen L. Foster 

open-File Report 76-422 
1-3 

1976 

This report is preliminary and has n o t  
b e e n ' e d i t e d  or r ev i ewed  for conformi ty  
with U.S. G e o l o g i c a l  S u r v e y  s t a n d a r d s  
and n n m e n c l a t u r e ,  



Con tents 

Page 
. . 
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Illustrations 

Figure 1. Map o f  Tanacross quadrangle showing s i t e s  a t  which  

samples of  stream sediments, stream bank sod, aquatic . 

mosses, and heavy mineral concentrates were collected 
. - 

2. Map of  the Tanacross quadrangle showjng localities 

where analyzed rock samples were collected---------- 

i-r 

1. Spectrographic anu chemical analyses and related d a t a  



quadrangle during the sumner of 1974 to aid in determining t h e  mineral 1 
resource potential of the quadrangle and to outline areas o f  anomalous h 

i 
metal content 

at 607 sites 

,. For these studies, geochemical samples were collected 

at stream drain'ing areas ranging from 5 to 25 square 

kilometers a t  an average samplinq density of  one s i t e  per 20 square 

kilometers ( f i g .  1). Sanples were also collected at an additional 35 
# 

s i t e s  i n  swampy areas. The following sample media were collected at 

most sites:  (.I ) Heavy mineral concentrates, (2) the detrital , minus 

EO-mesh stream sediment, (3) the oxide residue (oxalic-acid-leachable 

f rac t ion)  of stream sediment, (4) aquatic bryophytes (mosses), and 

(5) streambank sod (mixed organic and inorganic material) collected 

beneath the water level. In addition, 866 samples o f  rocks were 

collected at various localities within the quadrangle ( f j g .  2). 



Description o f  sample media 

Stream sediments and heavy mineral concentrates were col lected in 

a c t i v e  channels of streams. The material in samples 9f stream sediment 

ranges i n  size from fine sand and silt in area, o f  low relief to coarse 

sand i n  areas of high relief such as the Alaska Range in the  southwest 

corner o f  the quadrangle and scattered h i g h  areas in the maturely 

dissected terrane north of the Tanana River. The mi.~us-80-mesh strnarn 

sediment and t h e  panned concentrates represent de t r i t a l  material that 
I 

has been mechanically introduced into a stream from bedrock and 

colluvium wi th in  a particular'drainage basin. The minus-80-mesh 

sediment may reflect the presence of outcropping mineral +zed rock 

upstream. The heavy mineral concentrates are useful for determining 

the  distribution of cdrtain heavy metals and resistate minerals such 

as Au, P t ,  cassiterite and scheelite. 



The secondary Fe and Mn oxides coating stream sediment particles 

(oxide residue), and aquatic bryophytes a r e  considered scavenging 

agents that concentrate elements that have been leached from bedrock 

and colluvium and are migrating as ions in solution. The oxide residue 

of stream sediment contains secondary iron and manganese oxides, to- 

gether with silica and alumina as major components along with the trace 

elements scavenged from solution. These components are extracted f ran 
i 
! 
i .  

the minis-80-mesh sediment using a weak oxalic-acid solution (Alminas 

and Mosier, 1976). A leachate residue is produced by this extraction 
a 

process that ir a derivative sample of the detrital stream sediment. 

In areas of low relief, where sulfides and other unstable ore minerals 

have been removed by chemical weathering, this oxide-rich derivative 

sample has the fol lowi ng advantages over the mi nus-80-mesh stream sediment : I 

0 i 
(1) the level of trace metal content i s  about an order o f  m g n i  tude 1 

I 
greater in the oxide residue than in the detrital sediment, and (2) 

there i s  a greater contras t  of metal values in the oxide residue than in 
' I  

the detrital sediment. Weakly anomglous m e t a l  concentrations that might 

go unnoticed in the detrital stream sediment are enhanced in the w i d e  
I 

residue because the dilution e f f e c t s  of the detrital sediment are re- 

moved. 



f 
i 

: 
1 

Aquat ic  bryophytes were col7 ected beneath the  water level from 
I streams and from shallow ponds in swampy areas .  Generally e i t he r  
i 
t 
E al l iergon cordifolium (Hedw.) Kindb., ca l le i rgon giganteuin (Schimp.) 

Kindb., o r  Fontinalis  duriaei  Schimp. were collected a t  each s i t e .  

i Ident i f ica t ion was made by Hansford T .  Shacklet te of the U. S. Geological 

... i 
! Survey who followed the nomenclature of Crum. Steere, and Anderson, 
r 

i (1973). The  species were treated the  same in t h i s  study, The 

bryophytes concentrate elements i n  solution primarily by absopption 

(Brooks, 1972). The bryophytes apparently a1 so concentrate ce r ta in  
I 
1 heavy minerals such as c a s s i t e r i t e  (Curtin and others ,  1976) by the  

entrapment o f  par t i cu la te  matter. 

Streambank sod was collected beneath the  water level f r o m  streams 

and swampy areas i n  the t e r rane  north o f  t h e  Tanana River, bu t  

0 usually collected above the  water level  from streams i n  the  Alaska 

Range. The streambank sod was not present  a t  many of the r i t e s  i n  

the Alaska Range, and therefore was not a useful sample 'mediurr! i n  

t h i s  ter rane.  ihe'streambank sod c o n s i s t s  o f  a mixture o f  inorganic 
? 

material ranging i n  s i z e  f r o m  s i l t  t o  f i n e  sand, and dead roots and 

cs other pieces of decaying organic mater ia l .  The element content of 

the  sod comprises elements scavenged from solution primarily by t h e  

organic material and the  element content of the d e t r i t a l  material .  

Rocks were collected from outcrops a t  most s i tes .  Several 

samples were collected a t  s i t e s  where t he  bedrock showed indications 

o f  a l t e r a t i on  or mineralizat ion.  



Method of Preparation 

The geochemical samples were prepared for analyses by the 

following treatments: 

The rock samples were crushed to -0.25 inches (-6.35 m) using 

a chipmunk crusher. The crushed rock was split with  a Jones splitter 

and ground to a -150 mesh using a verticle pulverizer with ceramic 

plates. 

The stream-sediment samples were a i r  dried and sieved through a 

80-mesh sieve. The -80 mesh f t a c t i o n  was saved f o r  analyses. 

An oxide residue (oxalic acid leachable f r a c t i o n )  was obtained 

by the procedure described by Alminas and Mosier (1976). Fifty mls 

o f  1.5 - N oxalic a c i d  was b o i l e d  i n  a beaker containing 5 g b f  -80 

mesh stream-sediment. A f t e r  5 minutes the liquid was filtered while 

hot  through a quantitative, f a s t  filter paper. The filtrate was 

taken to dryness an a hot pla te  and placed in a m u f f l e  furnace at 

450° C f o r  four hours.  The residue was then pulverized w i t h  a mrtar 

and ~ e s t l e  t o  a fract:on smaller t h a n  80 mesh. This f r a c t i o n  was 

saved f o r  analysis. 
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L C( Heavy mineral concentrates  were sieved th rough  a 40 mesh s i e v e  

and the  -40 mesh f r a c t i o n  was saved. The f r a c t i o n  was f u r t h e r  
a 

: 

i separated w l  t h  bronmform i n t o  two f r a c t i o n s :  a l i g h t  mineral f r a c t i o n  

! 
, having a s p e c i f i c  g rav i ty  of 2.86 or less and a heavy mineral f r a c t i o n  

having a s p e c i f i c  grav i ty  greater t h a n  2.86. The l i g h t  mineral 

f r a c t i o n  was discarded,  t4agneti t, and o the r  magnstic mineral s were 

f. removed from the  heavy mineral f r a c t i o n  by use of a hand magnet and  
? 
i r 
! a Frantz Isodynamic magnetic sepa ra to r  set a t  0 .2 ampere. This 

! 
t magnetic f r a c t i o n ,  conta in ing primari ly rnagneti t e ,  ilmeni t e  and 

1 I hematite, was labeled C-1 and was f o r  analys is .  The remaining heavy . 
. i 

t 
I 

I 
f r a c t i o n  w a s  a g a i n  sent  t h r o u g h  the Fran tz  Isodynamic magnetic sepa ra to r  

? 

I a t  a s e t t i n g  of 0.6 amperes. The non-magnetic f r a c t i o n  a t  t h i s  higher 
i i 

s e t t i n g  containing primari ly z i rcon,  a p a t i t e  and sulphides,  was labeled ! I 
C-3 and re ta ined  f o r  analysis  and mineralogy. . 

L The streambank sod was a i r  dr ied  and sieved through a 2 mn s t a i n l e s s  I 
Z I 

\ I 

t steel s ieve  t o  remove rock fraqment and l a rge  p4eces o f  litter. The 
i 

minus 2 mn f r a c t i o n  was saved. T h i s  f r a c t i o n  was placed i n  an evaporatior: 
? 

d i sh  and roasted u n t i l  t he  organic material i n  t he  sod was completely 

hshed. A split of t h i s  sample was saved for  go ld  analysis . -  Another I 

f s p l i t  was sieved through an 80 mesh s i eve  and t h e  -80 mesh saved. i 

: 
t 
t - 



T h e  bryophytes (mosses) were rinsed a t  the sample s i t e  and were 9 1 \ 

dried a t  the f ie ld  camp in a cloth bag. The moss was further prepared 1 '  . . .  

in t h e  laboratory by hand massaging the dried material t o  remove 

remaining sand and s i l t .  The  samples were then pulverized i n  a , 

Warinq blender and ashed in a muffle furnace a t  a peak temperature of 

580' C. 

Methods o f  Analyses 

The rocks, stream sediments, and stream bank sod samples.uere 

analyzed by a 6-step,  DC-arc, semiquantitative emission spectrographic 

method described by Grimes and Marranzino (1968) f o r  the analyses of - 
geologic material. 

Ten mg o f  prepared sample was mixed w i t h  20 mg o f  pure graphite 

powder, packed into a 0.25 inch (6.35 mn) diameter preformed graphite 

electrode, and burned in a DC arc for  135 seconds using a 1.5-m 0 
Wadsworth mounted-grating spectrograph. Spectra were recorded on 35-mn 

SA-1 film i n  groups of 23 per film. Thirty elements were determined. 

The observed spectra were compared v i s u a l l y  to  standard spectra 
? 

using a 201 comparator. Results were reported a s  the approximate 

midpoints o f  geometric brackets whose boundaries are 1 . 2 ,  0.83, 0.56, 

- 0.38, 0.26, 0.18, 0.12, e tc .  Thesemidpoints a're 1 ,  0.7, 0.5, 0 . 3 ,  

0.2, 0.15, 0,1, etc. 

The precision o f  a reported value i s  approximately plus or minus 

one reporting value a t  68 percent confidence and two reporting values 

a t  95 percent  confidence. I ron ,  magnesium, calcium, and titanium are  

reported i n  percent; a11 other elements a re  reported i n  ppm- Data 

a qualifier codes, defined below, were used with some reported values. 

7 



The approx imate v i s u a l  lower l imi t s  of determination fo r  the 30 a 
elements included i n  t h i s  report  a r e ,  f o r  those given i n  percentage, 

i ron,  0.05; magnesium, 0.2; calcium, 0.05; and t i tanium, 0.002; f o r  

those repo;-ted in ppm, manganese, 10; s i l v e r ,  0.5; a r sen ic ,  200; gold, 

10; boron, 10; barium, 20; beryllium, 1 ; bismuth, 10; cadmium,, 20; 

cobal t ,  5; chromium. 10; copper, 5; lanthanum, 20; molybdenum, 5; 

niobium, 20; n ickel ,  5; lead, 10; antimony, 100; scandium, 5; t i n ,  

30; strontium, 100; tungsten, 50; vanadium, 10; yt tr ium, 10; zinc,  

200; and zirconium, 10, 

Heavy mineral concentrates and the oxide residues o f  stream sediment * i 
I 

were analyzed by t h e  same procedure as  described above with the following 

exceptions. To el iminate the spectral  in ter ferences  caused by high 
I 

concentrations or i ron,  f i v e  mg o f  prepared sample was mixed with 20 1 

mg o f  pure g r a p h i t e  powder and 5 mg of pure Arkansas qua r t z .  T k  spectra 
I 

were compared t o  s t a n d a r d s  based on a 10 mg sample weight, therefore ,  
.I 

a l l  values were doubled. Doubled valces occurring between midpoints I 

were rounded t o  the higher midpoint (e-g.  20 ppm x 2 = 40 ppm bu t  
? 

reported as 50 p p n ) .  

The approximate visual lower l im i t s  o f  determination f o r  the 30 I 
1 

I elements a r e  twice the origjnal  values given and the  double lower 
I 

l imi t s  occurring between midpoints a r e  rounded t o  the higher m id~o in t .  

The  bryophytes were analyzed by a DC-arc, semiquantitative emission 

spectrographic method developed by Mosier (1972) f o r  the  analys is  of  

plant  ash. 



Five  mg of plant ash mixed with 10 mg of buffer (graphite containing ,J i 
I '  

;O percent calcium carbonate) was packed in a preformed graphite electrode 1 

(ASTM S-13) ,  and burned In a DC-arc using a 1 .5  rn Wadsworth mounted- 1 
grating spectrograph. The sqlit slit technique utilizing a Hartman 

1 
1 

diaphragm and step filter assemblage described by Mosier (1 972) was 

replaced with an automatic filter posi tioner device developed by Curry I 
1 

and others (1975).  Specta were recorded on 35-mn SA-1 film in groups I 
o f  23. Twenty-nine elements were determined f o r  each sample. ~esults' 

were obtained by the  previously described 6-step visual comparison 

method w i t h  a'pproximately the same precision. - 
Jron, magnesium, and titanium are reported in percent;  all 

other elements are reported in ppm. 

The approximate visual lower limits o f  determination f o r  the 35 

elements included in this report are,  ior those reported in percentage, (3 
iron. 0.005; magnesium, 0.01; calcjum, 0.05; and titanium, 0.001; for 

those reported i n  ppm, manganese, 10; silver, 0.1; arsenic, 200; gold, 

2; boron, 5; barium, 20; beryllium, 0.5; bismuth, 1; cadmium, 1; 
? 

c o b a l t ,  5; chromium, 2; copper, 1; lanthanum, 20; molybdenum, 2; 

niobium, 20; nickel, 5; lead, 1; antimony, 20; tin, 5; scandium, 5; 

strontium, 100; vanadium, 5; tungsten, 50; y t t r i u m ,  5; zinc, 100; and 

zirconium, 10. 



Selected samples were analyzed for g o l d ,  copper, lead, and z i n c  

by atomic absorp t ion  methods developed by Ward and others (1969) .  

Arsenic was detemined by a colorimetric method developed by Ward 

and others (1963).  Mercury was detennined by a mercury-vapor detector 

developed by Vaughn and McCarthy (1964). 

At present, the lower l imits  of determination f o r  these elements 

i n  ppn are gold,  0.05; copper, 5; lead, 5; zinc, 5; arsenic, 10; and 

mercury, 0.02. 



Explanation of Data 

T h e  da ta . l i s t ed  in table 1 include analytical results for the 7 

sample media. The table  also contains d a t a  on the characteristics of 

four of the sample media ( texture and percent a s h )  and of the streams 

from which the stream-related sarnples--stream sediment and stream-bank 

sod--were col lected. 

For a l l  the sample sets  the data are arranged so that  column 1 

contains the sample numbers shown on figures 1 and 2. The l a t i tude  

and longitude are shown i n  columns 2 and 3. Columns in which the 

element headings (denoted i n  capital  l e t t e r s )  a r e  preceded by pn S 

contain the emission spectrographic data. S i x  additional elements 

(Au, Hg, Cu, Pb, Zn, and As)  were determined in the minus-80-mesh 

s t r e m  sediment and i n  the a s h  of streambank sod. -b he p r e f i x e s  f o r  

• these elements refer  t o  the analytical methods used a s  follows: 0 
AA, atomic absorption methods; INST, instrumental method (atomic 

absorption) ;' and CM, colorimetric method. Element concentr3tions 

were measured i n  parts  per millioy except fo r  Fe, Mg, Ca, and Ti 

w h i c h  were measured in percent. The element content o f  the strearn- 

bank sod and aquatic l l loss i s  reported on an ash-weight basis. 

Data qua l i f ie r  codes were used with some reported values. 

Definitions of the qual i f ie r  codes t h a t  follow the analytical data 

are: R = no data a v a i l a b l e ,  o r  sample not analyzed f o r  this element; 

N = not  detected a t  the level o f  detection nr a t  the value shown; 

L = detected, but below the l imi t  of  determination or below value 

shown; and G = greater than the value shown. 



C 

0 In the minus-80-mesh stream sediment, oxide residue, and streambank 
t 

sod d a t a  sets ,  t h e  column immediately following the analytical d a t a  
a 

; 

I contains the pH d a t a  f o r  the stream waters. The pH values were 

measured a t  the time the samples were collected and, therefore, re f lec t  i 
!" 
C 

the pH of the waters a t  only one pojnt in time during the f i e ld  season. 
' 

+ (  Data  on percent ash are given for  the streambank sod and the 
i 

aquatic mosses i n  the '  following column. These values represent sample 

weight af ter  ignition. 

The numbers i n  columns 4801-4804 i n  the d a t a  sets f o r  minus-89-mesh 

stream sediment. oxide residue, and streambank sod ash, express, 
I 

! character is t ics  o f  sample texture,  and character is t ics  of  the stream 

from which the samples were collected. Column 4P01 contains data on 

the stream order a t  a scale of 1:63,360 i n  the following manner: 

t o First order streams are coded 1. These streams have no well-defined 
. , . 

2 t r ibu tar ies  and drain areas generally ranging from 2-11 km . Streams 

coded 3, 4. and 5 are t h e  th i rd ,  fourth, and f i f t h  order streams which 

drain much larger areas than the f i r s t  and second order streams. 
? 

The d a t a  i n  column 4802 denote stream w i d t h  i n  meters o r  fractions 

thereof. Stream d e p t h ,  i n  meters and fractions of peters,  I s  shown 

i n  column 4803. 

Column 4804 contains data on sediment texture as follows: 

1 = stream sediment composed mainly o f  s i l t  and f ine  sand; 2 =  stream 

sediment composed mainly of  sand; 3 = stream sediment composed mainly 

of coarse sand gravel. All the data in columns 4801-4804 were 

determined i n  the f ie ld .  
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i 
? Q. Minus 80 mesh Stream Sediment:  

Elements n o t  looked for: S - i e ,  S-Mg, S-CE,  S-Mn, S-E, S-La, .S-:a 

S-Nb, S-Sc, S - V ,  S - Y ,  S-Zr. 

Elements looked for, but not detected: S - A Q ,  S-As. S-Au, S-Cd 

and 5-Sb. 

The following elements were not detected excep t  i n  t h e  samples 

1 isted: 

S-Bi. . . . . . . . sample TX 6435 (15 ppm) 

S-Mo. . . . . , . . samples TX 485 (10 ppm) and - . . 
TX 3245 (10 ppm) 

S-Sn. . . . . . . . samples TX 3115 (15 ppm) and 
TX 6395 (30 ppm) 
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Nonmagnetic Heavy rnir,?ral concent ra tes :  

Elements n o t  looked fo r :  S-Fe, S-Mg, 5-Ca, S-Mn, 5 - B ,  S-Ba, 

S-La, S-Nb, S-Sc, S-V, S - Y ,  5-Zr. 4 

Elements n o t  ana lyzed :  AA-Au, Cu, Pb, Z n ;  INST-Hg; and CM-As* 

Elements looked f o r  bur not found: S-Au, S-Cd. 

S-As was not detected except  in samples TX9C3 (500 ppm) and 

TX16OC3 (700 pprn) . 
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b g n e t i c  Heavy Mineral Concentrates: 

C: Elements not  looked fo r :  S-Fe, S-Mg, S-Ca. S-Mn, 5-0,  S-Bn, 

S-La, S-Nb, S-Sc, S-V, S-Y, S-Zr .  

Elements no t  analyzed: AA-Au, Cu. P b ,  Zn; INST-Hg; and CM-As. 

Elements looked for b u t  not found: S-Ag, 5-As,  5-Au, S-Bi. 

S-Cd, S-Sb, 5-Zn. 

Fol lowing elements w e r e  not detected except  i n  t h e  samples listed: 

. . . . . . .  S-Mo. TX 539C1 (50 ppm) 

. . . . . . . .  S-W TX 543C1 (100 ppm) 
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. . 
Oxide Residue:  

i\ J 
Elements not  analyzed: AA Au, Cu, Pb, a n d  Zn; INST-Hg; and CM A S .  

Elements looked f o r ,  but  no t  found: S-Au, S-Sb. S-Cd was not 

detected except in samples TX 1235 (200 ppm) and TX 1245 (150 ppm). 
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Ash of Moss: 

5-CA was not looked fo r .  Elements  no t  a n a l y z e d :  AA Au, Cu, Pb 

and Zn; INST-Hg; a n d  CM AS. 

Elements looked f o r  b u t  not f o u n d :  S - B i ,  S-Nb, S-Sb. 

$-As was not detected e x c e p t  i n  sample TX 606VC (500 pprn). 
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Ash o f  Streambank sod: 

Element no t  l ooked  fo r :  INST-Hg. The follow~ng elements were 

'looked f o r  but not detected: S-Au,  5 - B i ,  S-Cd, and S-W. 

S-As was no t  de tec ted  e x c e p t  i n  sample TX 634P (200 ppm). 
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Rocks : 

S-Au was looked fo r  no t  found. 

The following elements were not  d e t e c t e d  except  i n  t h e  samples 

l i s t e d :  

. . . . . . .  S-Cd. TX 1 4 5 R A  (100 ppm) 
TX 145P5 (30 ppm) 

. . . . . . .  S-Sb.  TX 150RA (GI000 ppm) 
TX l5ORS (100 pprn) 
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