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Experimental resu l t s  of atomic absorption analyses f o r  indium 

and t ha l l  i u m  in  803 nonmagnetic concentrates fro111 Alaska 

by William C .  Overstreet ,  George L. Crenshaw, Arthur E.  Hubert, 

Sani Rosenblum and Ricke J .  Smith 

Abstract 

The development in the  U.S. Geological Survey of rapid methods f o r  the  

determination by atomic absorption spectrophatometry of indi urn and thal 1 iurn 

a t  l im i t s  of detection as low a s  0.2 ppm each i n  geologic mater ia ls  af fords  

great  advantages over spectrographic methods i n  s tud ies  concerned with values 

a t  o r  near the  crusta l  abundance5 o f  these elements. Experitnental application 

of the technique t o  the analysis  o f  803 nonri~agnetic concentrates from Alaska 

showed spec i f ic  disadvantages owing t o  the i n so lub i l i t y  of cass i ter i te- -one 

of the  major sources f o r  indium i n  concentrates--under the conditions of 

d issolut ion used i n  the preparation of samples f o r  analysis  by atomic 

absorption. Where nonmagnetic concentrates a re  used as  a geochemical sample 

medium, and an exploration program i s  based on the  in te rpre ta t ion  of multi- 

element data,  l i t t l e  purpose i s  served by independent analyses f o r  indium 

and thal  1 ium. 



Introduction 

Background 

The development d u r i n g  t h c  ear ly  1970's  by A.  E .  Hubert and H. W ,  Lakin 

(1972), U.S. Geological Survey, o f  rapid methods f o r  t h e  determination by 

atomic absorption spectrophotcrn~etry of indium and thalliuill i n  geologic mater ia ls  

was followed by experimental appl ica t icns  of t h e  technique t o  a d iverse  

ar ray of sample mater ia ls .  The purpose o f  t h e s e  experiments was t o  def ine  

t he  l i m i t a t i ~ n s  o-f t h e  new method in geochemical explorat ion.  One of the s e t s  

o f  samples so analyzed was the  803 nonmagnetic concentrates discussed below. 

The background o f  these  nonmagnetic concentrates has been reviewed 

elsewhere (Hamilton and others ,  1974), b u t  a b r ie f  account i s  appropr ia te  

here. 



Between 1895 and 1953 about 5,000 heavy-mineral concentrates were 

col lected,  mainly through panning, i n  Alaska by geologists  of the  U.S. 

Geological Survey and placed i n  storage f o r  reference.  These concentrates came 

t o  be known as  the  Alaskan Placer Concentrate Fi le .  Pr ior  t o  1944, 1 i t t l e  

chemical work was done on these samples owing t o  a lack  of rapid and inexpens.ive 

methods of analysis ,  and mineralogical exarninations tended toward cursory 

inspection fo r  gold, platinum, and c a s s i t e r i t e .  Two exceptions a r e  the  

mineralogical s tudies  made by Waters (1934), and the  invest igat ions  of the  

chemical cha rac t e r i s t i c s  of Alaskan placer gold undertaken by Mertie (1 940).  

Beginning i n  1944 when the Alaskan Trace Elements Program was i n i t i a t e d  by 

the  U.S. Geological Survey w i t h  funding from the  U.S. Atomic Energy Commission 

t o  search f o r  radioactive minerals in Alaska, the  f i l e  of p lscer  concentrates 

was examined radiometrically,  and the  sources of radioactive concentrates 

became s t a r t i n g  points f o r  f i e l d  work aimed a t  locat,ing radioact ive  deposi ts  

i n  Alaska. This program contributed immensely t o  the  number of concentrates 

i n  t he  f i l e .  All concentrates added t o  the f i l e  were examined f o r  r-adioactive 

minerals by J .  J .  Matzko, U.S. Geological Survey, and an extensive l i t e r a t u r e  

appeared about them (Pates and Wedow, 1953). A recent summary of t h i s  program 

and o f  work done by S t a t e  agencies and other  e n t i t i e s  was made by Eakins (1969). 



The ca l l  cct ing o f  heavy-nlS neral concentrates decl ined a s  a f i e l d  pr,ocedure 

a f t e r  1953 with a few notable exceptions such as t he  work of Sheth (1971) a t  

Nome. Few samples have been added t o  the  Alaskan Placer Concen t r~  i.2 F i l e  

s ince  t h a t  date .  Factors contr ibut ing t o  the decl ine  included: ( 1 )  c losure  

o f  most of the  placer mines, ( 2 )  a decl ine  in the  study of metal 1 i c  mineral 

deposi ts ,  and ( 3 )  most importantly, the  growing use of s i l t  and c lay a s  t he  

preferred geochemical sample medium r a the r  than coarser-grained material l i k e  

sand-sized heavy-mineral concentrates. 

Geochemical prospecting f o r  deposi ts  of metal1 i c  minerals was introduced 

i n t o  Alaska by the  U.S. Geological Survey i n  1951 by C .  L .  Sainsbury (1957) 

and expanded i n  the l a t e  1950's by R. M. Chapman and H. T. Shacklet te (1g60), 

following the  development i n  the  Survey of rapid and inexpensive ana ly t i ca l  

methods f o r  minor elements (Lakin and o thers ,  1952; Myers and o thers ,  1956, 

1961; Ward and o thers ,  1963, 1969). These rapid methods were applied i n  

analyses of a l luv ia l  s i l t  and c lay ,  which a r e  more read i ly  and cheaply col lec ted 

than concentrates. Perhaps i t  was t h i s  emphasis on the taking of samples of 

s i l t  and c lay as the  preferred sample medium t h a t  prompted the  papers by 

Mertie (1954) and Theobald (1957) on the  use of the  gold pan t o  c o l l e c t  

concentrates f o r  geological explorat ion.  



Considerable advantage i s  gained under c e r t a i n  geologic condit ions by 

the  use of sand-sized concentrates,  instead of o r  together w i th , s i l t  and c lay ,  

a s  the geochemical saniple medium (Ijawkes and Nebb, 1962, p .  278) .  An 

advantage of sand-sized panned concentrates was shown during 1968 in Alaska 

by a study near a t in-bearing g ran i te  on the Sewzrd Penil~sula (Sainsbury and 

others ,  1970). This survey demonstrated t h a t  geochemical explorat ion based 

on analyses of s i l t  and 'clay from stream sediments may f a i l  t o  d i sc lose  deposi ts  

containing heavy r e s i s t an t  mineral s such as c a s s i t e r i  t c ,  a s  we1 1 as  minerals 

containing antimony, a r sen ic ,  gold, lead,  s i l v e r ,  and zinc. Analyses of sand- 

sized concentrates panned from a l l uv i a l  gravel a t  the  same s i t e s  where the 

s i l t  and c lay were sampled readi ly  yielded data which helped iden t i fy  the bedrock 

sources of t i n  a.nd other  metals. 

Further t e s t s  of the  use of concentrates as  a geochemical sample medium 

i n  subarct ic  and a r c t i c  environments through analys is  of s p l i t s  o f  sarnples 

in the  Alaskan Placer Concentrate F i l e  were begun i n  1970 by C.  L .  Sainsbury 

and others .  The f i r s t  samples t o  be studied were 1,069 nonmagnetic concentrates 

analyzed by semiquanti tat ive spectrographic methods f o r  45 elements (Hamilton , , 

and others ,  1974). From t h i s  group of samples, 803 nonmagnetic concentrates 

weighing 1 g o r  more each were s p l i t  and analyzed f o r  indium and thallium. 



Purpose and scope 

The purpose o f  t h ?  present work i s  to  evaluate a newly develuped method 

o f  analysis  f o r  indium and t ha l l  iurn (Hubert and Lakin, 1972) where the  method 

i s  appl ied t o  nonmagnetic separates frorn panned concentrates. Inasmuch a s  

the  analytical  method was designed for  use in geochemical exploration,  and 

nonmagnetic concentrates a r e  a su i t ab l e  sample medium For geochemical exploration,  

i t  i s  necessary t ha t  the method should be tes ted on the medium. The scope 

of the repor t  i s  r e s t r i c t ed  t o  the  presentation and evaluation of the  r e su l t s  

of the  analyses o f  the  803 nonmagnetic concentrates from Alaska. 

The method of Hubert and Lakin (1972) i s  useful in  de t a i l  in  the  ref ining 

of the  zonal arrangement of elements around su l f i de  deposits  by adding indiutn 

and thallium, which have geologically de f in i t i ve  cheriiical cha rac t e r i s t i c s ,  

t o  the s u i t e  o f  elements t ha t  ca:: be determined by the semiquanti tat ive 

spectrographic methods of analysi s  used in geoche~nical exploration. Extension 

of the  use of the method to  concentrates of heavy r e s i s t a n t  minerals t o  provide 

a tool f o r  regional reconnaissance geochemical exploration was attempted using 

the  803 nonmagnetic concentrates from Alaska. The r e s u l t s  were not wholly 

successful. I t  was found t h a t  much of the indium and thallium in  these 

concentrates i s  i n  minerals t h a t  r e s i s t  d issolut ion by the  present analyt ical  

method. From the data presented, i t  seems unl i kely t ha t  extensive analyt ical  

research i s  needed t o  overcome t h i s  cons t ra in t  because where a  regional 

reconnaissance exploration program i s  based on the  in te rpre ta t ion  of 

mu1 t i e1  ement data ,  independent analyses f o r  indium and thal  1 i u m  a r e  not 

needed. 



Ac know1 edgrnent 

The help o f  Will iarn R .  Marsh, U.S. Geological Srrr-vey, i n  separa t ing  the 

nonnlagnctic f r a c t i o n  from t h e  concentrates and i n  p repar ing  the material f o r '  

analys is  i s  g r a t e f u l l y  acknowledged. 



Nonmagnetic concentrates 

Source 

The 803 nonmagnetic concentrates a r e  from streal11 and beach ci,posits, 

o r  a r e  f rom crushed rock, a t  various places in the a reas  covered by 38 of 

the 1 : 250,000-scale quadrangle maps of Alaska ( f i g .  1 ).  Detailed descr ip t ions  

Figure 1. Map of Alaska showing generalized out1 ines of areas  represented by 

analyzed concentrates. 

of the  source for each concentrate,  a s  recorded in the  Alaskan Placer Concentrate 

F i l e ,  a r e  given i n  t ab l e  1 ,  where i t  can be seen t h a t  most of the  samples 

Tab1 e 1.  --NEAR H E R E  

a rc  concentrates panned from streani sediments. The sample numbers used i n  

t ab l e  1 are  the f i l e  numbers i n  the  records of the  Alaskan Placer Concentrate 

File.  

A number of l o c a l i t i e s  a r e  the sources f o r  half-a-dozen o r  more samples. 

This is caused by r epe t i t i ve  sampling of the sanie general s i t e  by successive 

geologists  over the  years ,  and by the  f a c t  t h a t  the actual  l o c a l i t i e s ,  though 

somewhat d i f fe ren t  on the ground, a r e  plotted a t  t h e  same posi t ions  on the  

1:250,000-scale quadrangles. Early samples, pa r t i cu l a r l y ,  a r e  exact ly  located 

only where they  were taken a t  an ac t i ve  mine,the locat ion of which was s t i l l  

recognized a f t e r  the  quadrangle maps were made. 





Index of .  1: 250,000-s c a l e  topographic maps of 
Alaska covering areas of analyzed concentrates : 

Anchorage 
Bendeleb en 
Bethel 
E r a d f i e l d  Canal 
Candle 
Chandalar 
Ch ar ley River 
Circle 
Coleen 
Eagle  
Fairbanks 
Goo dnews 
Gulkana 
Hagemeis ter Is land 
I d i t  arod 
I l i a m a  
K e t  chikan 
Lake Clark 
Livengood 

McCarthy 
McGrath 
Fledfra 
M t  . Hzyes 
bl t  . NcK in l e y  
Yt . PIi che 1s on 
I abesna  
Nome 
Norton Bay 
O p h i r  
Rzb y 
Russ ian  Nission 
S o 1 omon 
T alkeetna 
Talkeetna Mountains 
Tanacross 
Tanana 
Te l le r  
Valdez 

Figure l .--Map of Alaska showing gene ra l i zed  o u t l i n e s  
of a reas  r ep re sen ted  by a n a l y z e d  concentrates.  
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Randomization 

The subset of 803 nonniagnetic concentrates was taken on a basis of  

weigh t  fram a larger s e t  of concentrates wliich, prior to  prccessing, were 

arranged in randolii sequencc through the use of tables o f  randorn perniutations 

(Moses and Oakford, 1963).  The 1 arger s e t ,  cornpri s i  ng 1069 concentrates, 

included 266 t h a t  weighed less  than 1 granl each, the minimum weight sui table  

for  the present cxpcri~nent, t.hus ~ n l y  803 were analyzcd. 

Processing 

The r a w  concentrates from the Alaskan Placer Concentrate Fi le  were 

processed by William R .  Marsh in random sequence according to  the following 

procedure: 

1. Each raw concentrate was divided into two pa l - ts  with a niicrospl i t t e r ,  

and one part was returned to  the  f i l e .  

2. The o the r  p a r t  was shaker) on a .20--mesh s tainless-s teel  sieve to  

obtain a sized fraction with grains smaller t h a n  841 microns (20 

mesh). 

3 ,    he fraction snialler than 841 rnicrolis was separated into rriagnetic 

and nonmagnetic portions by use of a hand magnet. 

4. The nonrnagnetic portions were separated in broiiioform (sp. g .  2 .87)  

t o  obtain a heavy fraction for  analysis.  The heavy fract ion was 

divided by microsplit ter into three parts:  ( a )  samples of a t  l ea s t  

100 mg each for  semiquanti t a t i  ve spectrograpt~ic analysis (Hami 1 ton 

and others,  1974); ( b )  saniples of a t  l eas t  1 grain each for  the 

determination of indium and thallium ( t h i s  paper); and  ( c )  a residue 1 
f o r  mineralogical study. ! 

5 .  The nonmagne1;ic concentrates weiyliing 1 yrarii or more ware transmitted I 
in 1971 t o  George L .  Cronshr~~ and Arthur E .  Hubert for  analysis by 

atomic absorption spectrophotometry for  i nd iu~ i l  and thallium. 

2 8 
I 

*.r 

1 



Method of analysis  

The met hod of analysis  by atomic absorption spectrophotme"tl-y used f o r  

the  803 nonmagnetic conccntratcs has a s e n s i t i v i t y  o f  0.2 par t  per mill ion 

(ppm) for indium and thalliunl i n  geologic mater ia ls  (Hubert and Lakin, 1972, 

p. 383). Inasrrtuch as  the  crusta l  abundances of these elements a r e  0.1-0.25 

ppm and 0.3-1.3 pprri respectively (Parker, 1967), the  method  of analysis  affords  

great  advantages over spectrographic methods in exploration,  where the usual 

lower l im i t s  of detection i n  scrniquantitative procedures a re  10 ppm fo r  indium 

and 50 ppni f o r  t ha l l  ium. 

Unground, 1 g s p l i t s  of the  nonmagnetic concentrate were covered with 

aqua regia and evaporated slowly t o  dryness, and the residue was then covered 

with hydrofluoric acid and again evaporated slowly to  dryness t o  a s s i s t  i n  

bringing the very insoluble concentrates i n to  solut ion.  Thereafter ,  the  

analyt ical  method followed the  procedure described by Hubert and Lakin (1972). 

The residue from the two d i s s o l u t i o n s  was dissolved in a solut ion o f  bromine i n  

hydrobromic acid,  warmed t o  dr ive  o f f  excess bromine, and di lu ted with water. 

This solution was cooled, and methyl isobutyl ketone (MIBK) was added t o  

ex t rac t  the indium and thallium, care being taken to minimize the  in terference 

from iron by extract ing the MIBK with 1.5N hydrobrornic acid .  Indiuni and 

thallium were measured by use of appropriate cathode lamps and asp i ra t ion  

in to  an air-acetylene flame i n  an atomic absorption instrument. The ra te  of 

analysis  was 50 samples per man-day f o r  t h e  two elements. T h e  analyses were 

made by George L. Crenshaw and A r t h u r  E .  Hubert, U.S. Geological Survey, i n  

December 1971. 



I 

Results 

Values for indi urn an3 tt-la1 1 Ium 

The resul ts  of these analyses are given in table 2 and s t a t i s t i c a l  

suinmaries are given in table 3. O f  the 803 nonmagnetic concentrates 

-.-- 

Table 2.--NEAR H E R E  

Table 3. - - N E A R  HERE 

analyzed, 442 contain 0 .2  ppm or more indium and 446 have 0 .2  ppm or more 

thallium. Maximum values a re  41 ppm itidiurn and 14 ppm thal l  iurn, and means 

are 0.3 and 0.2  respectively ( tab le  3 ) .  Thus, the concentrates a re  

surprisingly lean in b o t h  elements. 

T h a t  low abundances could be expected for  indium and thallium in th i s  

se t  of samples was shown by the  resu l t s  of the semiquantitative spectrographic 

analyscs of s p l i t s  of these nonmagnetic concentrates. A t  lower l imits  of 

detection of 20 ppm for  indium and 100 ppni for  thallium, only 10 samples 

were found t o  contain indium, and none had thal l  iuln (Hamil ton and others,  

1974). Indium was reported to  be present in abundances ranging from 30 pprn 

to  300 ppm, which i s  greatly in excess of the values for  indiuni found for  

the same samples by atomic absorption analysis ( tab le  4 ) .  The large 

Table 4.--NEAR H E R E  

differences between the-values reported for  t hese  samples, where the resu l t s  

by atomic absorption spectrophotometry are  from one-ninth to  one-twentieth 

o f  the values obtained by the spectrographic procedure, immediately suggests 

some deficiency in the method used to  take the nonmagnetic coticentrate into 

solution for analysis by atomic absorption. 
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Table 4.--Con~parison of the resulJs of the a1~a1.yses ----- of norlniaqnetic cancent ra tes  

frorn Alaska f o r  i nd iu r r~  by atomic absorpt ion spectrophotometry and 
---.--- ---- 

Indium -- 
By semiquant i ta t ive  

Fi le  number By a t o m i c  absorpt ion  spect rogrzphic  
( t a b l e  1 )  Quadrangle spectrophotometry (.I ) a n a l y s i s  ( 2 )  

-- -- 

727 Ophir I . I  100 

141 Ruby 11 .5  300 

21 2 Tell e r  41 .O 150 

605 --do-- N.A. 7 0 

8.2 

18.0 

N . A .  

N.A. 

( 1 )  From table  2 th is  report 

( 2 )  From Hamil t o n  and o t h e r s ,  1974 

N.A. - not  analyzed owing t o  l a ck  o f  adequate weight of concent ra te .  



Insoluble residues and niineraloyical 

sources fo r  indium and thallium 

Sllldll amounts of insoluble? residues commonly were l e f t  a f t e r  the  

nonmagnetic concentrate was attacked with aqua regia and hydrofluoric acid .  . 

Generally only a few mill igrams o f  insoluble residue remained, b u t  in some 

samples a s  much a s  20 or  30 percent of the  concentrate was not dissolved. 

The mineralogical composition of 20 o f  the  l a rges t  insoluble residues 

was determined by Sam Rosenblum, who exatnined the  residues by opt ical  and 

X-ray d i f f rac t ion  methods. The r e su l t s  of these s tud ies  a r e  shown i n  t ab le  5. 

Table 5. - -NEAR H E R E  

Most of  the material l e f t  i n  the residues was found t o  be bright  and clean,  

loca l ly  etched grains o f  natural minerals, of which c a s s i t e r i t e  and garnet were 

most common. However, several residues consisted largely  of a r t i f i c i a l l y  -Formed, 

whitish opaline s i l i c a ,  e i t he r  coating garnets o r  as p~wder .  Other a r t i f i c i a l  

a l t e r a t i on  products were a gray clayey material formed from b i o t i t e ,  and a 

yellow, powdery tungsten compound determined by X-ray d i f f r ac t i on  analysis  t o  

be tungsten oxide hydrate (WOY 1 H20). The or iginal  tungsten-bearing mineral s 

were dissolved. 



Table 5.--M.ineralogical ---  asit it ion -- o f  inso'lublc . -- residucs -- Froill the  dissolutiorl  -- 
of no~iniagnet i c  7 corrcentra tes  from A1 ash.  

[Mineralogical ana ly s t .~  by Sarn Rosenbl urn, U.S. Geological Survey] 

Average 
F i l e  number grain s i z e  

( t a b l e  1 )  Quadrangle (mm 1 
Mineral s 

(percent)  

271 0 Candle 

3672 Circ le  

122 Bendelebcn 0.5 Garnet with a r t i f i c i a l  coating 

o f  opal ,  10-15; hematite, 

1-2; opal ine  s i l i c a ,  70-80; 

c a s s i t e r i t e ,  1-2; r u t i l e ,  <1. 

Garnet with cream-white a r t i f i c i a l  

coat ing,  5-1 0; cream-whi t e  

a r t i f i c i a l  a l t e r a t i o n  product, 

80+; s t a u r o l i t e ,  1-2;  a l t e r ed  

fragments of phyll i t e ,  1-2;  

kyani t e ,  <1; t opaz ,  < I ;  . . 

hematite, < I .  

Cas s i t e r i t e ,  80+; pink and 

cinnamon-colored garnet ,  10- 

15; specular  hematite, 2-4; 

white a r t i f i c i a l  a1 t e r a t i on  

product, 1-2; r u t i l e ,  < I ;  

zircon,  < I .  



Table 5,--Mineral%ical --- compsitSon -- of insoluble - residues ------- froni the  dissolut ion - I 
i 

of nonmagnetic .---- c o n c ~ n t r a t c s  from Alaska--.Continued ---- 

--- ----- I 

i 
Average I 

F i l e  number , grain s ize  Mineral s 
( t a b l e  1 )  Quadrangle (percent)  -- (mm> 

29  Eagle 1.25 K u t i l e ,  40-50; clayey a r t i f i c i a l  
, 

a l t e r a t i o n  product a f t e r  

garnet ,  50; ilmeni t e ,  5-10. j 
1 
I 

1831 Id-i tarod 0.25 Zircon, 50-60; chromite, 40+; 
i 

magnetite, 1-3; opa l ,  < I .  

1454 Li vengood 0 .5  White a r t i f i c i a l  a1 t e r a t i on  

product, 40+; gray a r t i f i c i a l  

540 Ophir 

19 Ruby 

125 - - - A  do ---- 0.5 

xenotinie, i 1  . 
Cass i t e r i t e ,  90-95; hematite, 

a1 t e r a t i on  product 50+; chromite, 

5-7; garnet, < I .  

0.25 Chromi t e ,  85-95; c a s s i t e r i t e ,  

2-4; wh i te  a r t i f i c i a l  a1 t e r a t i on  

product, 1 ;  l imonite,  < I .  

0.5 Cas s j t e r i t e ,  99; clayey a c t i n o l i t e ,  

< I ,  r u t i l e ,  < I ;  hematite, < I ;  

2-4; garnet ,  1-2; r u t i l e ,  <T; 



Table 5.--Mineralogical composition of insol ubl c residues from tlie dissolution - 

of nonmaqnetic zncentrates from A1 aska--Continued 

Average I i 
File number grain size Mineral s 
(table 1) Quadrangle (mm) (percent) I 

131 Ruby . 0.25 Cassiterite, 85+; alrnandine, 

5-7; ilrnenite, 1-2; tourmal ine, 

1-2; staurol ite, 1-2; rutile, 

1-2; zircon, 1-2; sphene, 

<I. 

Cassiterite, 99+; garnet, <T. 

Cassiterite, 99+; cinnamon- 

colored garnet, <1. 

Staurol i te, 50-60; pink garnet 

with white artificial coating, 

25-30; sillimanite, 1-2; 

kyanite, <1; rutile, <1 ; 

tourmal ine, <1. 

Garnet, 10-1 5; cream-whi te 

artificial a1 teration product, 

70-80; staurolite, 3-5; 

tourmal ine (schorl i te) , 2-4; 

rutile, 1-2; chromite, < I .  



Table 5. --Mineraloqical con~pos-i t o n  f insoluble residues from t h e  dissolutiot i  

o f  nonmxnetic concentrates from A1 aska--.Continued -- ------ - 

Average 
F i l e  number graii-i s i z e  Mi neral s : 

( t a b l e  1 )  Quadrangle ( m m >  (percent)  

3053 Sol omon Bimodal, Staurol i  t e ,  40-50; garnet ,  

0.1 and 1 veined and coated with 

a l t e r a t i o n  product, 30-40; 

kyanite, 5-10; tournal ine  

(schorl i t e ) ,  1-3; a p a t i t e ,  

1322 Tal keetna 0.25 Red garnet ,  1-2; white clayey 

a r t i f i c i a l  a1 t e r a t i on  product 

2296 Tanana 

21 2 Tell e r  

a f t e r  garnet ,  possibly opal , 

40-50; gray clayey a r t i f f  c ia1  

a l t e r a t i o n  product a f t e r  

b i o t i t e ,  40+; anda lus i t e ,  1-2 ;  

chromite, < I ;  topaz, < I ;  

tourrnal i ne, <1; tremol i t e ,  cl . 
P i n k  garnet ,  60-70; white a r t i f i c i a l  

a l t e r a t i o n  p r o d u c t  from garnet ,  

5-1 0; s taurol  i t e ,  20-25; 

kyanite, 1-2. 

Cas s i t e r i t e ,  50-60; topaz, 15-20; 

f l u o r i t e ,  10-20; ye1 1 ow 

a r t i f i c i a l  tungsten compound, 

5-10; hematite, 3-5. 



Table 5.--Mi ---. r~eralogical corrposi . ----- t i o n  o f  insoluble - residues f r o m  - the d i s so lu l~on  

of non~nagnetic concentrates f r o m  A1 as ka--.Cont.i nued --- - -- 

Average 
File nuniber g r a i n  s ize 

( table  1 )  Quadrangle (mm 
Minerals 

(percent) 

Tell e r  0.5 Cass i te r i te ,  99+; r u t i l e ,  < I .  

- - - -do-- - -  0.25 Cassi ter i te ,  50-60; hematite, 

30+; apa t i te ,  3-5; yellow 

powdery coating ( a r t i f i c i a l  

tungsten compound?), 1-3; 

r u t i l e ,  1-2. 



Many of the colrirnon miner-als in which indium i s  enriched (Linn and 

Schmi t t ,  1972, p .  49-D-1 to  49-D-4), including tourrnal ine,  b io t i t e ,  

amnhiboles, and cass i t e r i t e  are present i n  the insoluble residues. 

However, the indium-hearlng sulfide minerals such as  sphaler i te  and 

chalcopyrite are  1 acki ng  in. the insoluble residues, showing tha t  where 

prcscnt they are  taken into solution. High indium contents have been 

reported (Sainsbury, 1964, t a b l e  1 ) f o r  c a s s i t e r i t e  a n d  sphaleri t e  in 

the Lost River mine area o f  the Teller quadrangle, Alaska. Interest ingly,  

a l l  the samples from the Teller quadrangle shown in table  5 except f i l e  

number 4184 a re  from Cassi ter i te  Creek i n  the Lost River mine area .  

Sample 4184 i s  frorn another cassi t e r i  te-bearing area. Possibly in these 

samples the indium detected by atomic absorption i s  mainly from 

sphalerite,  which i s  soluble, whereas l i t t l e  or no indium was contributed 

by cas s i t e r i t e  owing to i t s  insolubil i t y  ( tab1  e 5 ) .  Cassi ter i te  i s  one 

of the common insoluble minerals in concentrates from Cassi ter i te  Creek. 

Thus, some, and possibly most, of the n~ineralogical source for  indiurrl 

in the concentrates from Cassi ter i te  Creek resisted solution resulting 

in low values by atomic absorption. High values for  indium would be 

obtained by spectrographic analysis,  because c a s s i t e r i t e  would have been 

vaporized with the other minerals. 



Thalliunl tends t o  be sparse in corrlmon acccssorAy rninerals such as  z i rcon,  

sphene, and garnet (de A1 huquerque and Shaw, 1972, p. 81-D-1 t o  81-F-4), b u t  

i t  may be enriched in su l f i de  mir~er 21s 1 i ke galena, sphaler i  t e ,  and marcasite. 

Over 500 minerals a r e  know11 a s  c a r r i e r s  of the  elements (Vlasov, 1966, p.  494) .  

Thallium during weathering tends t o  be deposited in secondary iron and manganese 

oxides (Rankanla and Sahama, 1950, p .  7 2 7 ) .  Several of these accessory minerals 

res i s t ed  solution ( t a b l e  5 ) ,  b u t  the  su l f i de  mineral s were dissolved.  A1 so ,  

where secondary iron oxide minerals a re  comnion in concentrates,  a s  in samples 

from the Candle and Solomon quadrangles (Pan, K .  -L., wri t ten  commun., 1972), 

t h e  dissolut ion procedure employed f o r  the analyses by atomic absorption 

completely dissolved the secondary oxides. Thus, i t  i s  probable t h a t  thallium- 

bearing minerals in the concentrates were dissolved i n  preparation f o r  the 

atomic absorption analyses. 

Dis t t - i hu t i on  ~ f '  anoina,lous values 

Owing t o  the  f a c t  t h a t  the  lower l i m i t s  of detect ion f o r  indium and 
are 

thallium achieved in the analyses by atomic absorption / f a r  smaller than the  

lower l i m i t s  a t t a ined  in the semiquanti tat ive spectrographic procedure, many 

more concentrates wer? shown to  contain t races  of indium and thall ium by 

atomic absorption ( t ab l e  2 )  than by spectrographic analyses (Harnil ton and 

o thers ,  1974) .  The absolute values reported f o r  indium in  t ab l e  2 a r e  

suspected t o  be too low--probably f a r  too low--nevertheless these  data s t i l l  

r e f l e c t  some regional geochenlical r e la t ions .  The same may be said f o r  the  

data on thal l iu~l i  i n  t ab l e  2 ,  except t h a t  the values may be of the  proper order 

of magnitude. 



Evidently, the apparent mean value of  0 .3  ppm indium in the indium- 1 
bearing concentrates, which i s  about the crustal  abundance (Parker, 1967), I s 

Z 

i s  low. A higher mean value reflecting some increase of i l idi~~m in the 1 
I 

concentrates over the crustal  abundance would have been found i f  the dissolution 1 
j 

procedure had attacked the main indium-beari ng mineral s .  This higher value I 

1 
0 

doubtless would be substantially less  than 20 ppm, which was the lower 4 

! 
linii t of detection in the spectrographic analyses (tiarnil ton and others,  1974). i 

How niuch less  than 20 ppln and more than 0.3 ppni i s  not known. 

The data in table  3 for  the  indium- and thallium-bearing concentrates 

can be treated s t a t i s t i c a l l y  by the method of Lepel t i e r  (1969) t o  determine 

threshold anomalous values. Strong breaks are  found in the cuniulative 

frequency curves a t  1 .5  pp~ii fo r  ind-ium and 2 ppni for  thallium. Both 

represent the 99th percentile of the respective analyses. The use of a 

somewhat lower value for  an anomalous threshold for  indium, though evidently 

permissible from the large number of samples reported to be below the l imit  

o f  detection, is clear ly contraindicated by the recognized deficiency in the 

solution of the indium-bearing minerals prior to  analysis. For thal l  ium, t h e  

threshold anomalous value derived from Lepel t i e r ' s  method i s  too h i g h  because 

the data fo r  some 40 percent of the samples is  truncated a t  the lower l imit  

o f  detection, b u t  the error  i s  on the conservative s ide;  therefore, t h a t  value 

i s  used in the following discussion of the dis t r ibut ion of anomalous 

nonmagnetic concentrates. 



I 

Anomalous indium was found f o r  one nonoiagnetic concentrate each from i 
I 

the  areas o f  the Ucthel , Colecn, Fairbanks, Ophir, and Ruby quadrcl~gles ( f i g .  1 ) ;  

f o r  two concentrates from the Medfra quadrangle; and f o r  f i ve  concentrates 
i 

from the Tel ler  quadrangle ( t a b l e  6 ) .  The anomalous samples from the  Te l l e r  
, 
i 

Table 6.--NEAR H E R E  

quadrangle are  the  r i ches t  i n  indiutrl of those analyzed by atomic absorption. 

The samples from the Tel ler  quadrangle and t h a t  from the  Ruby quadrangle in 

t ab le  6 were found through spectrographic analysis  (Hami 1 ton and o thers ,  1974) 

t o  be enriched in t i n .  A l l  the other samples l i s t e d  in t ab le  6 a r e  tin-bearing 

although not anomalous fo r  the  element. Thus, a c l ea r  cor re la t ion  i s  found 

between the  nonmagnetic concentrates having anomalous indium and the  presence 

of t i n  in the  concentrates. T h i s  observation strengthens the  in te rpre ta t ion  

t ha t  the  anomalous values f o r  indium probably a re  low owing t o  f a i l u r e  t o  

dissolve c a s s i t e r i t e .  



Table 6.  --Distr ibution o f  --- anonlalous ind.ilrrn .in non~nagnetic concentrates from 

Alaska (ppm) 

[N = below 1 imit  o f  detect ion of 20 ppm] 

l'ndium 

Seniiquantitat-ive 

Fi le  number spectrographic 

( t a b l e  1 )  Quadrangle Atomic absorpt ion  analyses- a/ 

922 Bethel 1 .6  

31 97 Col een 2.5 

331 Fairbanks 1.5 

10 Medf ra 2.1 

3453 ----do---- 5.1 

4 7 Ophir 1 .9  N 

141 Ruby 

21 2 Tell e r  

488 ----do---- 

489 ----do---- 

607 ----do ---- 
6 08 ----do---- 

. . . .. . . 

a /  Hamil ton and o thers ,  1974. 
+ 



NSne of the 12 nonmagnetic concentrates with anomalous indium a r e  from 

placers where occurrences of t i n  have been noted in the  l i t e r a t u r e :  

Quadrangle - Fi l e  number Reference 

Fairbanks 33 1 Cobb, 1972a 

Med f ra 10, 3543 Cobb, 1972b 

Ruby 141 Cobb, 1972c 

Tell e r  212, 488, 489, Cobb and 
607, 608 Sainsbury, 1972 

The sample from the Bethel quadrangle i s  from an area o f  gold placers  lacking 

observed c a s s i t e r i t e  (Cobb, 1972d), as  i s  t h a t  from the  Ophir quadrangle (Cobb, 

1972e). The i ndi urn- beari ng  concentrate from the  Col eel1 quadrangl e i s  f rom 

a placer on Sunayun Creek c i t ed  by White (1952, p .  8-9) as an occurrence o f  

uranium niineral s in concentrates. Cas s i t e r i t e  i n  sniall amounts, unremarked 

i n  the  study of t he  radioactive minerals, may well have been contributed t o  

the  placer from g r a n i t i c  in t rus ive  rocks in the area because the  r e s u l t s  of 

the  spectrographic analyses of sample number 3197 and of o ther  nonmagnetic 

concent.rates from Sunagun Creek showed 20-2,000 ppm t i n  (Hanlilton and o thers ,  

1974). 



The anornalous values for  indiuni found by atomic absorption analyses of  

the nonmagnetic concentrates ( tab le  6 )  a re  a l l  associated with anornalous 

values for  other el emcnts. Spectrographic analyses disclosed tha t  the samples 

in table G froni the Teller quadrangle contain anomalous amounts of s i lve r ,  

arsenic,  beryl 1 ium, bismuth, 1 ead, zinc, and tungsten (Hamil ton and others,  

1974). Bismuth and tungsten are  anomalously rich in the nonmagnetic concentrates 

1ist.ed in table  6 from the Bethel, Fairbanks, Medfra, and Ophir quadrangles. 

Generally, f ive  to  nine anomalous elements were detected by spectrographic 

analyses o f  these samples. Some of these elements are  potentially of high 

industrial  value, for  example, gold, s i lve r ,  beryl 1 ium, copper, lead, zinc, 

niobium, molybdenuni, and tungsten. Associations of anomalous values for  

these elements, as determined b y  the semiquantitative spectrographic analyses, 

are o f  much greater use in geochemical exploration than the isolated anomalous 

values reported by the present procedure for  indium. 

Thall ium 

Anomalous thallium was found in 29 nonmagnetic concentrates from the 

areas of 13 quadrangles ( tab le  7 ) .  About two-thirds o f  the samples contain 

Table 7.--NEAR H E R E  

t h e  threshold anornalous amount o f  2 ppm thallium or s l ight ly  more. Only three 

samples contain more than 10 ppm thallium. Scant correlation exis t s  between 

the concentrates with anomalous thal l  ium and those with anornalous indium 

( table  6 ) :  jus t  three samples frorn the Teller quadrangle a re  anomalous f o r  

both elements ( f i l e  numbers 212, 488, and 608). 



Table 7 . - - D i s ~ I ; ~ * i b ~ 1 t i o n , o f  anomalous thallium i n  

nonmagnetic concentrates f r o m  A1 aska (ppm) -- - ---- 

Fi 1 e ~.~umber 
( t ab l e  1) Quadrangle Iha11 ium 

Bendel eben 

----- do----- 

-----do----- 

-----do 

Candle 

C i  rcl e 

Col een 

----- do----- 

Eagle 

L i  vengood 

-----do----- 

-----do..---- 

Nabesna 

Nome 

Ophir 

Russian Mission 

Sol omon 

-----do----- 

-----do----- 

Tanana 



Table 7 .  - -Di s t r ibu t ion  a f  anonlalous t h a l l  i un i  i n  

nonrlla r ~ e t i c  concentrates from Alaska,  cont  ' d  (ppm) 4 - 

F i  1 e nui~lber 
( t a b l e  1 )  Quadrang1 e Thall  iurn 



Seventeen of the 29 nonmagnetic concentrates w i t h  anomalous thall ium 

a r e  frorn previously recognized placer deposits  o r  d e t r i t a l  mineral occurrences, 

and 12 are  from l o c a l i t i e s  lacking evidence f o r  mineralizat ion.  I n  the 

Bendel eben quadrangle, salnpl e number 18 i s  from Cunninghani Creek where placer  

gold and lead minerals a r e  reported ( ~ o b b ,  1972f) ,  b u t  the  o ther  th ree  

concen1;rates are not associated with known mineralizat ion.  The samples froin 

the Candle and Circ le  quadrangles a r e  associated with placer  gold, and in 

the Circ le  area the placer i s  reported a1 so t o  contain t i n ,  tungsten,  and 

rare-ear th  minerals (Cobb, 19779; 1972h). Sample 3183 i s  from the  Sunagun 

Creek d e t r i t a l  uranium mineral occurrence i n  the  Coleen quadrangle, b u t  the 

source of number 3200, Fred Creek, i s  not reported t o  be mineral ized  (Cobb, 

19721). The samples with anomalous thall ium from the  Eagle, Nabesna, and 

Russian Mission quadrangles a r e  not from sources of known mineral i za t ion  (Cobb, 

1972j; Richter and Matson, 1972; Hoare and Cobby 1972). The f i v e  concentrates 

from the Livengood quadrangle (Cobb, 1972k) l i s t e d  i n  t a b l e  7 a r e  from gold 

placers containing chromium, mercury, and tungsten mineral s ( f i  l e  numbers 74 

and 1453), chromium, mercury, t i n ,  and rare-ear th  minerals (192 and 1457),  and 

chromium, antimony, mercury, and tungsten minerals (1454). The beach placers 

a t  Nonie (Cobb, 19721) and the  f l uv i a l  gold placers  in the Ophir (Cobb, 1972e) 

and Tanana quadrangles (Cobb, 1972m) were sources f o r  nonmagnetic concentrates 

w i t h  anomalous thallium. In the instance of the  Hunter Creek placer (sample 

2432) i n  t h e  Tanana quadrangle, copper, lead,  mercury, and t i n  minerals a r e  

associated with the  d e t r i t a l  gold. One sample ( f i l e  number 2989) from the 

Solomon quadrangle i s  from a placer reported t o  contain columbium, t i n ,  tungsten, 

rare-ear th ,  and radioact ive  mineral s (Cobb, 1972n), b u t  the  o ther  two samples 

are from l o c a l i t i e s  unreported t o  be mineral occurrences. In t h e  Tel le r  



quadranyl c the concentrates from Cas s i t e r i t e  Creek (21 2 ,  488, and 608) and 

Cape Creek (494) a r e  associated with t i n  placers (Cobb and Sainsbury, 1972), 

but those from Columbia Creek (2053 and 2082) and t h a t  from W a s h ~ ~ ~ c ~ t o n  Creek 

(2083) have no known associa t ion with ore deposits or mineral occurrences. 

The nonmagnetic concentrates with anomalous thall ium have been shown by 

the  r e s u l t s  of semiquanti tat ive spectrographic analyses t o  be anon~alous f o r  

one o r  more addit ional  elements, except salnple 2053 from the  Tel l c r  quadrangle, 

f o r  which  no other  anomalous el eiilents a r e  reported (tlamil ton and o thers ,  1974). 

A dual d i s t r i bu t i on  of anomalous elements was found: 15 samples contain from 

one t o  three  anomalous elements and  13 samples have from four t o  nine associated 

anomalous elements. S i lve r  and zinc are the most com111on associated anomalous 

elements, being present respect ively  in 15 and 14 san~ples. These a r e  followed 

by beryllium in nine samples, bismuth and tungsten in e igh t  samples, and t i n  

i n  seven. Lead i s  anomalous i n  only four.of these samples. A l th~ugh  thallium 

has c lose  geochemical a f f i n i t i e s  w i t h  s i l v e r  and lead (Vlasov, 1966, p .  491), 

a geochemical associa t ion with s i l v e r  i n  these  samples i s  not l i k e l y  because 

the s i l v e r  is largely al loyed w i t h  na t ive  g o l d .  T h a l l i u m  i s  commonly found 

in galena, but t h i s  mineral i s  unlikely t o  be an important host in these  

concentrates,  because so few a r e  enriched in  lead.  Other su l f i de  minerals, 

such a s  spha l e r i t e ,  pyr i t e ,  chalcopyri te,  and pyr rho t i t e  comnionly contain 

thallium (Vlasov, 1966, p .  498). Sphaler i te  may be one of t h e  mineralogical 

sources f o r  the  thallium because 14 of these  samples a r e  anomalously r i ch  in 

zinc. However, the  saniples lacking anomalous zinc a l s o  generally had l e s s  

t h a n  200 pp~n  zinc;  thus,  o ther  niinerals in the  concentrates a r e  qu i t e  l i k e l y  

t o  be thallium-bearing. Inasmuch a s  thallium i s  a cha r ac t e r i s t i c  t r a ce  

elerrlent i n  mineral s typical  l y  associated w i t h  g r r i sen  (Vlasov, 1966, p. 508), 

and some of the  other  anomalous eletnents found in  these  concentrates may a l s o  



be so for~ned, i t  i s  possible thiit  the t.hal1iur11 i s  i n  rn.inerals associated . 

with the t i n ,  tungsten, bismuth, and beryllium debosits. Possibly the 

anomalous thal l  iur~i i n  conccn1:rales with one to  three other anomalous 

elenierlts i s  largely at t r ibutable  to  the presence of thalliuni in sulf ide 

minerals froni relat ively simp1 e sulf ide deposits, whereas anomalous tha l l  ium 

in cancentrates with four to  nine other ano~nalous elements i s  derived from 

sulf ide mineral s and other mineral s  in compl ex asseniblagcs associated with 

greisen such as found in the Teller quadrangle (Sainsbury, 1964, table  2 ) .  

Despite the fac t  that  thalliuni a t  the levels observed in these 

concentrates in analyses by atomic absorption could n o t  be picked u p  in 

t he  broad-spectrum semiquantitative spectr-ographic analyses, the additional 

d a t a  yielded through analysis fo r  thallium by atomic absorption are o f  

1 i t t l e  or  no additional use in geocheinical exploration. 

Eva1 uat-ion 

Where the geochemical sample medium consists o f  nonmagnetic concentrates, 

and the prograni of geocher~iical exploration i s  based on the acquisit ion and 

interpretation of  mu1 ti-element data,  no need i s  served by independent 

analyses for  indium and thalliuni by atomic absorption. Should occasion exis t  

t o  study the dis t r ibut ion of these two elements in surf ic ial  materials, then 

t h e  analytical method affords a great advance over the resu l t s  given by the 

semiquantitative spectrographic procedure, b u t  concentrates a re  not a 

sui table  sample medium for  i n d i u m  unless the  method for  dissolution i s  

improved. 
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