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Experimental results of atomic absorption analyses for indium

and thallium in 803 nonmagnetic concentrates from Alaska

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

Sam Rosenblum and Ricke J. Smith

Abstract

The development in the U.S. Geological Survey of rapid methods for the
determination by atomic absorption spectrophotometry of indium and thallium
at 1limits of detection as low as 0.2 ppm each in geologic materials affords
great advantages over spectrographic methods in studies concerned with values
at or near the crustal abundances of these elements. Experimental application
of the technique to the analysis of 803 nonmagnetic concentrates from Alaska
showed specific disadvantages owing to the insolubility of cassiterite--one
of the imajor sources for indium in concentrates--under the conditions of
dissolution used in the preparation of samples for analysis by atomic
absorption. Where nonmagnetic concentrates are used as a geochemical sample
medium, and an exploration program is based on the interpretation of multi-
element data, 1ittle purpose is served by independent analyses for indium

and thallium.




Introduction

Background

The development during the early 1970's by A. E. Hubert and H. W. Lakin
(1972), U.S. Geological Survey, of rapid methods for the determination by
atomic absorption spectrophotometry of indium and thallium in geologic materials
was followed by experimental applications of the technigue to a diverse
array of samb]e materials. The purpose of these experiments was to define
the limitations of the new method in geochemical exploration. One of the sets
of samples so analyzed was the 803 nonmagnetic concentrates discussed below.

The background of these nonmagnetic concentrates has been reviewed
elsewhere (Hamilton and others, 1974}, but a brief account is appropriate

here.



Between 1895 and 1953 about 5,000 heavy-mineral concentrates were
collected, mainly through panning, in Alaska by geologists of the U.S.
Geological Survey and placed in storage for reference. These concentrates came
to be known as the Alaskan Placer Concentrate File. Prior to 1944, little
chemical work was done on these samples owing to a lack of rapid and inexpensive
methods of analysis, and mineralogical examinations tended toward cursory
inspection for gold, platinum, and cassiterite. Two exceptions are the
mineralogical studies made by Waters {1934), and the investigations of the
chemical characteristics of Alaskan placer gold undertaken by Mertie (1940).
Beginning in 1944 when the Alaskan Trace Elements Program was initiated by
the U.S. Geological Survey with funding from the U.S. Atomic Energy Commission
to search for radioactive minerals in Alaska, the file of placer cancentrates
was examined radiometrically, and the sources of radioactive concentrates
became starting points for field work aimed at locating radicactive deposits
in Alaska. This program contributed immensely to the number of concentrates
in the file. A1l concentrates added to the file were examined for radioactive
minerals by J. J. Matzko, U.S. Geological Survey, and an extensive literature
appeared about them (Rates and Wedow, 1953). A recent summary of this program

and of work done by State agencies and other entities was made by Eakins (1969).



The collecting of heaﬁy—mineral concenirates declined as a field procedure
after 1953 with a few notable exceptions such as the work of Sheth (1971) at
Nome. Few samp]es‘have been added to the Alaskan Placer Concentraic File
since that date. Factors contributing to the decline included: (1) closure
of most of the placer mines, (2) a decline in the study of metallic mineral
deposits, and (3) most importantly, the growing use of silt and clay as the
preferred geochemical sample medium rather than coarser-grained material like
sand-sized heavy-mineral concentrates.

Geochemical prospecting for deposits of metallic minerals was introduced
into Alaska by the U.S. Geological Survey in 1951 by C. L. Sainsbury (1957)
and expanded in the late 1950's by R. M. Chapman and H. T. Shacklette (1960),
following the development in the Survey of rapid and inexpensive analytical
methods for minor elements (Lakin and others, 1952; Myers and others, 1956,
1961; Ward and others, 1963, 1969). These rapid methods were applied in
anatyses of alluvial silt and clay, which are more readily and cheaply collected
than concentrates. Perhaps it was this emphasis on the taking of samples of
siTt and clay as the preferred sample medium that prompted the papers by
Mertie (1954) and Theobald (1957) on the use of the gold pan to collect

concentrates for geological exploration.



Considerable advantage is gained under certain geologic conditions by
the use of sand-sized concentrates, instead of or together with,silt and ctlay,
as the geochemical sample medium (Hawkes and Webb, 1962, p. 278). An
advantage of sand-sized panned concentrates was shown during 1968 in Alaska
by a study near a tin-bearing granite on the Seward Peninsula (Sainsbury and
others, 1970). This survey demonstrated that geochemical exploration based
on analyses of silt and ¢lay from stream sediments may fail to disclose deposits
containing heavy resistant minerals such as cassiterite, as well as minerals
containing antimony, arsenic, gold, lead, silver, and zinc. Analyses of sand-
sized concentrates panned from alluvial gravel at the same sites where the
silt and clay were sampled readily yielded datea which helped identify the bedrock
sources of tin and other metals.

Further tests of the use of concentrates as a geochemical sample medium
in subarctic and arctic environments through analysis of splits of samples
in the Alaskan Placer Concentrate File were begun in 1970 by C. L. Sainsbury
and others. The first samples to be studied were 1,069 nonmagnetic concentrates
analyzed by semiquantitative spectrographic methods for 45 elements (Hamilton
and others, 1974). From this group of samples, 803 nonmagnetic concentrates

weighing 1 g or more each were split and analyzed for indium and thallijum.



Purpose and scope

The purpose of the present work is to evaluate a newly deveivped method
of analysis for indium and tha)lium (Hubert and takin, 1972) where the method
is applied to nonmagnetic separates from panned concentrates. Inasmuch as
the analytical metﬁod was designed for use in geochemical exploration, and
" nonmagnetic concentrates are a suitable sample medium for geochemical exploration,
1t is necessary that the method should be tested on the medium. The scope
of the report is restricted to the presentation and evaluation of the results
of the analyses of the 803 nonmagnetic concentrates from Alaska.

The method of Hubert and Lakin (1972) is useful in detail in the refining
of the zonal arrangement of elements around sulfide deposits by adding indiun
and thallium, which have geologically definitive chemical characteristics,
to the suite of elements that can be determined by the semiquantitative
spectrographic methods of analysis used in geochemical exploration. Extension
of fhe use of the method to concentrates of heavy resistant minerals to provide
a tool for regional reconnaissance geochemical exploration was attempted using
the 803 nonmagnetic concentrates from Alaska. The results were not wholly
successful. It was found that much of the indium and thallium in these
concentrates is in minerals that resist dissolution by the present analytical
method. From the data presented, it seems unlikely that extensive analytical
research is needed to overcome this constraint because where a regional
reconnaissance exploration program is based on the interpretation of
multielement data, independent analyses for indium and thailium are not

needed.
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'Nonmagnetic concentrates
Saurce |
The 803 nonmagnetic concentrates are from stream and beach ceposits,
or are from crushed rock, at various places in the areas covered by 38 of

the 1:250,000-scale quadrangle maps of Alaska {(fig. 1). Detailed descriptions

Figure 1. Map of Ataska showing generalized outlines of areas represented by

analyzed concentrates.

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

File, are given in table 1, where it can be seen that most of the samples

Table 1.--NEAR HERE

are concentrates panned from stream sediments. The sample ﬁumbers used in
tabie 1 are the file numbers in the records of the Alaskan Placer Concentrate
File.

. A number of localities are the sources for half-a-dozen or more samples.
This is caused by repetitive sampling of the same general site by successive |
geologists over the years, and by the fact that the actual tocalities, though
somewhat different on the ground, are plotted at the same positions on the
1:250,000-scale quadrangles. Early samples, particularly, are exactly located
only Qhere they were taken at an active mine, the location of which was still

recognized after the quadrangle maps were made.
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EXPLANATION

2

Index of 1:250,000-scale topographic maps of
Alaska covering areas of analyzed concentrates:

1. Anchorage 23. McCarthy
2. Bendeleben ' 21l. McGrath
3. Bethel 22, Medfra
4, Bradfield Canal 23, Mt. Hayes
3. Candle 24. Mt. HMcKinley
6. Chandalar 25, Mt. Michelson
7. Charley River 26, YNabesna
8. Circle 27. HNome
9. (Coleen 28. Norton Bay
18. Eagle 22. Ophir
11. TFairbanks 30. Ruby
12. Goodnews 31. Russian Mission
13. Gulkana 32, Solomon
1l4. Hagemeister Island 33. Talkeetna
15. Tditared 34, Talkeetaa Mountains
16, Tiiama 35. Tanacross
17. Ketchikan 3. Tanana
18. Lake Ciark 37, Teller
19. Livengood 38. Valdez

Figure 1.--Map of Alaska showing generalized outiines
of areas represented by analyzed concentrates,
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Randomization

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

weight from a larger set of concentrates which, prior to processing, were

arranged in random Sequence through the use of tables of random permutations

(Moses and Oakford, 1963). The larger set, comprising 1069 concentrates,

included 266 that weighed less than 1 gram each, the minimum weight suitable

for the present experiment, thus only 803 were analyzed.

Processing

The raw concentrates from the Alaskan Placer Concentrate File were

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

procedure:

1.

Each raw concentrate was divided into two parts Qith a microsplitter,
and one part was returned to the file.

The other part was shaken on a 20-mesh stainless-steel sieve to
obtain a sized fraction with grains smaller than 841 microns (20
mesh).

The fraction smaller than 841 microns was separated into magnetic

and nonmagnetic portions by use of a hand magnet.

The nonmagnetic portions were separated in bromoform {sp. g. 2.87)

to obtain a heavy fraction for analysis. The heavy fraction was
divided by microsplitter into three parts: (a) samples of at least
100 mg each for semiquantitative spectrographic analysis (Hamilton
and others, 1974); (b) samples of at teast 1 gram each for the
determination of indium and thallium (this paper); and (c) a residue
for mineralogical study.

The nonmagnetic concentrates weighing 1 gram or more were transmitted
in 1971 to George L. Crenshaw and Arthur E. Hubert for analysis by

atomic absorption spectrophotometry for indiuwm and thallium,
28



Method of analysis

The method of analysis by atomic absorptibn spactrophotmetry used for
the 803 nonmagnetic concentrates has a sensitiv{ty of 0.2 part per miltion
(ppm) for indium and thallium in geologic materials (Hubert and Lakin, 1972,
p. 383). 1Inasmuch as the crustal abundances of these elements are 0.1-0.25
ppm and 0.3-1.3 ppm respectively (Parker, 1967), the method of analysis affords
great advantages over spectrographic methods in exploration, where the usual
lower limits of detection 1in semiquantitative procedures are 10 ppm for indium
and 50 ppm for thallium.

Unground, 1 g splits of the nonmagnetic concentrate were covered with
aqua regia and evaporated slowly to dryness, and the residue was then covered
with hydrofluoric acid and again evaporated slowly to dryness to assist in
bringing the very insoluble céncentrates into solution. Thereafter, the
analytical method followed the procedure described by Hubert and Lakin (1972).
The vesidue from the two dissolutions was'disso?ved in a solution of bromine in
hydrobromic acid, warmed to drive off excess bromine, and diluted with water.
This solution was cooled, and methyl isobutyl ketone (MIBK) was added to
extract the 1ﬁdium and thallium, care being taken to minimize the interference
from iron by extracting the MIBK with 1.5N hydrobromic acid. Indium and
thallium were measured by use of appropriate cathode lamps and aspiration
into an air-acetylene flame in an atomic absorption instrument. The rate of
analysis was 50 samples per man-day for the two elements. The analyses were
made by George L. Crenshaw and Arthur E. Hubert, U.S. Geological Survey, in

December 1971.

29



Results
Values for indium and thallium
The results of these analyses are given in table 2 and statistical

sumnaries are given in table 3. Of the 803 nonmagnetic concentrates

Table 2.--NEAR HERE

Table 3.--NEAR HERE

analyzed, 442 contain 0.2 ppm or more indium and 446 have 0.2 ppm or more
thallium. Maximum values are 41 ppm indium and 14 ppm thallium, and means
are 0.3 and 0.2 respectively (table 3). Thus, the concentrates are
surprisingly Tean in both elements.

~ That low abundances could be expected for indium and thalilium in this
set of samples was shown by the results of the semiquantitative spectrographic
analyses of splits of these nonmagnetic concentrates. At fower limits of
detection of 20 ppm for indium and 100 ppm for thallium, only 10 samples
were found to contain indium, and none had thallium (Hamilton and others,
1974). Indium was reported to be present in abundances ranging from 30 ppm
to 300 ppm, which is greatly in excess of the values for indium found for

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

Table 4.--NEAR HERE

differences between the-values reported for these samples, where the results
by atomic absorption spectrophotometry are from one-ninth to one-twentieth

of the values obtaired by the spectrographic procedure, immediately suggests
some deficiency in the method used to take the nonmagnetic concentrate into

solution for analysis by atomic absorption.
30
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Table 4.--Comparison of the results of the analyses of nommagnetic concentrates

from Alaska for indium by atomic absorption spectrophotometry and

semiquantitative spectrographic procedure (ppm)

Indium

By semiquantitative

File number _ By atomic absorption spectrographic

(table 1) Quadrangle spectrophotometry (1) analysis (2)
727 Ophir 1.3 100
141 Ruby 11.5 300
212 Teller 41.0 150
488 ‘ --do-- 19.2 70
489 --do-- 11.8 150
605 --do-- N.A. 70
607 --do-- 8.2 70
608 ~-do-- 18.0 150
608 -~do-- N.A. 70
4184 --do-- N.A. 30

(1) From table 2 this report
(2) From Hamilton and others, 1974

N.A. = not analyzed owing to lack of adequate weight of concentrate.
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Insoluble residues and mineralogical
sources for indium and thallium

Sia11 amounts of insoluble.residues commonly were left after the
nonmagnetic concentrate was attacked with aqua regia and hydrofiuoric acid.
Generally only a few miltigrams of insoluble residue remained, but in some
samples as much as 20 or 30 percent of the concentrate was not dissolved.

The mineralogical composition of 20 of the largest insoluble residues
was determined by Sam Rosenblum, who examined the residues by optical and

X-ray diffraction methods. The results of these studies are shown in table 5.

Table 5.--NEAR HERE

Most of the material left in the residues was found to be bright and clean,
locally etched grains of natural minerals, of which cassiterite and garnet-were
most common. However, several residues consisted largely of artificially formed,
whitish opaline silica, either coating garnets or as powder. Other artificial
alteration products were a gray clayey material formed from biatite, and a
yellow, powdery tungsten compound determined by X-ray diffraction analysis to

be tungsten oxide hydrate (w03.?H20). The original tungsten-bearing minerals

were dissolved.
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Table 5.--Mineralogical composition of insoluble residues from the dissoiution

of nonmagnetic concentrates from Alaska.

{Mineralogical analyses by Sam Rosenblum, U.S. Geological Survey]

File number '
(table 1) Quadrangle

Average

grain size

(mm)

Minerals
(percent)

122 Bendeleben

2710 Candie

3672 Circle

0.5

0.5

0.5

57

Garnet with artificial coating
of opal, 10-15; hematite,

1-2; opaline silica, 70-80;
cassiterite, 1-2; rutile, <1.

Garnet with cream-white artificial
coating, 5-10; cream-white
artificial alteration product,
80+; staurolite, 1-2; altered
fragments of phyllite, 1-2;
kyanite, <1; topaz, <I;
hematite, <1.

Cassiterite, 80+; pink and
cinnamon-colored garnet, 10-
15; specular hematite, 2-4;
white artificial alteration
product, 1-2; rutile, <1;

zircon, <].



Table H.--Mineralogical composition of insoluble residues from the dissolution

of nonmagnetic concentrates from Alaska--Continued

Average
File number grain size Minerals
(table 1) Quadrangle (mm) (percent)

29 Eagle 1.25 Rutile, 40-50; clayey artificial
a]tergfion product after
garnet, 50; ilmenite, 5-10.

1831 Iditarod 0.25 Zircon, 50-60; chromite, 40+;
magnetite, 1-3; opal, <1.

1454 Livengood 0.5 White artificial alteration
product, 40+; gray artificial
alteration product 50+; chromite,
5-7; garnet, <1.

540 Ophir 0.25 Chromite, 85-95; cassiterite,
2-4; white artificial alteration
product, 1; Timonite, <1.

19 Ruby 0.5 Cassiterite, 99; clayey actinolite,
<1, rutile, <1; hematite, <1;
xenotime, <1. |

125 ----do~~-- 0.5 Cassiterite, 90-95; hematite,
2-4; garnet, 1-2; rutile, <T;
andalusite(?), <1.
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Table 5.--Mineralogical composition of inscluble residues from the dissolution

of nonmagnetic concentrates from Alaska--Continued

File number
(table 1)

Quadrangle

Average

grain size

{mm)

Minerals
(percent)

131

688
3449

94

3027

Ruby

-—-do----

—-do-~-~

Solomon

[T

0.25

1.25

0.25

0.5

59

Cassiterite, 85+; almandine,
5-7; ilmenite, 1-2; tourmaline,
1-2; staurolite, 1-2; rutile,
1-2; zircon, 1-2; sphene,
<1,

Cassiterite, 99+; garnet, <T.

Cassiterite, 99+; cinnamon-
colored garnet, <1.

Staurolite, 50-60; pink garnet.
with white artificial coating,

- 25-303; sillimanite, 1-2;
kyanite, <1; rutile, <1;
tourmaline, <1.

Garnet, 10-15; cream-white
artificial alteration product,
70-80; staurolite, 3-5;
tourma]iﬁe (schorlite), 2-4;

rutile, 1-2; chromite, <I.

b
.
:ﬂ-d
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Table 5.--Mineralogical composition of insoluble residues from the dissolution

of nonmagnetic concentrates from Alaska--Continued

Average
File number grain size Minerals
(table 1) Quadrangle (mm) (percent)

3053 Solomon Bimodal, Staurolite, 40-50; garnet,

‘0.] and 1 veined and coated with
&lteration product, 30-40;
kyanite, 5-10; tournaline
(schorlite), 1-3; apatite,
<1.

1322 Tatkeetna 0.25 Red garnet, 1-2; white clayey
artificial alteration product
after garnet, possibly opal,
40-50; gray clayey artificial
alteration product after
biotite, 40+; andalusite, 1-2;
chromite, <1; topaz, <1;
tourmaline, <1; tremolite, <1.

2296 Tanana 0.5 Pink garnet, 60-70; white artificial
alteration product from garnet,
5-10; staurolite, 20-25;
kyanite, 1-2.

212 Teller 0.5 Cassiterite, 50-60; topaz, 15-20;

| fluorite, 10-20; yellow
artificial tungsten compound,

5-10; hematite, 3-5.
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Table 5.--Mineralogical composition of insoluble residues from the dissolution

of nonmagnetic concentrates from Alaska--~Continued

Average
File number . grain size Minerals
(table 1) Quadrangle (mm) (percent)
222 Teller 0.5 Cassiterite, 99+; rutile, <I1.
608‘ | —---do-;—— 0.25 Cassiterite, 50-60; hematite,
30+; apatite, 3-5; yellow -
powdery coating (artificial
tungsten compound?), 1-3;
rutile, 1-2.
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Many of the common minevals in which indium is enriched (Linn and
Schmitt, 1972, p. 49-D-1 to 49-D-4), including tourmaline, biotite,
amphiboles, and cassiterite are present in the in;o]ub1e residues.
However, the 1nd1um—bearing sﬁ1fide minerals such as sphalerite and
chalcopyrite are lacking in the insoluble residues, showing that where
present they are taken into solution. High indium contents have been
reported (Sainsbury, }964, table 1) for cassiterite and sphalerite in
the Lost River mine area of the Teller quadrangle, Alaska. Interestingly,
all the samples from the Teller quadrangle shown in table 5 except file
number 4184 are from Cassiterite Creek in the Lost River mine area.
Sample 4184 is from another cassiterite-bearing area. Possibly in these
samples the indium detected by atomic absorption is mainly from
sphalerite, which is soluble, whereas little or no indium was contributed
by cassiterite owing to its insolubility (table 5). Cassiterite is one
of the common insoluble minerals in concentrates from Cassiterite Creek.
Thus, some, and possibly most, of the mineralogical source for indium
in the concentrates from Cassiterite Creek resisted solution resulting
in low values by atomic absorption. High values for indium would be
obtained by spectrographic analysis, because cassiterite would have‘been

vaporized with the other minerals.
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Thallium tends to be sparse in common accessory minerals such as zircon,
sphene, and garnet {de Albuquerque and Shaw, 1972, p. 81-D-1 to 81-F-4), but
it may be enriched in sulfide minerals like galena, sphaterite, and marcasite.
Over 500 minerals are known as carriers of the elements (Vlasov, 1966, p. 494).
Thallium during weathering tends to be deposited in secondary iron and manganese
oxides {Rankama and Sahama, 1950, p. 727). Several of these accessory minerals
resisted solution (tab1é 5), but the sulfide minerals were dissolved. Also,
where secondary iron oxide minerals are common in concentrates, as in samples
from the Candle and Solomon quadrangles (Pan, K.-L., written commun., 1972),
the dissolution procedure employed for the analyses by atomic absorption
completely dissolved the secondary oxides. Thus, it is probable that thallium-
bearing minerals in the concentrates were dissolved in preparation for the

atomic absorption anatyses.

Distridbution of anomatous values

Owing to the fact that the lower 1imits of detection for indium and
thallium achieved in the analyses by atomic absorption 3refar smailer than the
Jower limits attained in the semiquantitative spectrographic procedure, many
more concentrates wera shown to contain traces of indium and thallium by
atomic absorption (table 2) than by spectrographic analyses (Hamilton and
others, 1974). The absolute values reported for indium in table 2 are
suspected to be too low--probably far too low--nevertheless these data still
reflect some regional geochemical relations. The same may be said for the

data on thallium in table 2, except that the values may be of the proper order

of magnitude.
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Evidently, the apparent mean value of 0.3 ppm indium in the indium-
bearing concentrates, which is about the crustal abundance (Parker, 1967),
is low. A higher mean value refiecting some increase of indium in the
concentrates over the crustal abundance would have been found if the dissolution
procedure had attacked the main indium-bearing minerals. This higher value
doubtless would be substantially less than 20 ppm, which was the lower
1imit of detection in the spectrographic analyses (Hamilton and others, 1974),
How much less than 20 ppm and more than 0.3 ppm is not known.

The data in table 3 for the indium- and thallium-bearing concentrates
can be treated statistically by the method of Lepeltier (1969) to determine
threshold anomalous values. Strong breaks are found in the cumutative
frequency curves at 1.5 ppm for indium and 2 ppm for thaltium. Both
represent the 99th percentile of the respective analyses. The use of a
somewhat lower value for an anomalous threshold for indium, though evidently
permiss%b]e from the large number of samples reported to be below the limit
of detection, is clearly contraindicated by the recognized deficiency in the
solution of the indium-bearing minerals prior to analysis. for thaliium, the
threshold anomalous value derived from Lepeltier's method is too high because
the data for some 40 percent of the samples is truncated at the lower 1imit
of detection, but the error is on the conservative side; therefore, that value
is used in the following discussion of the distribution of anomalous

nonmagnetic concentrates.
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Indium
Anomalous indium was found for one nonmagnetic concentrate each from
the areas of the Bethel, Coleen, Fairbanks, Ophir, and Ruby quadrangles (fig. 1);
for two concentrates from fhe Medfra quadrangle; and for five concentrates

from the Teller quadrangle (table 6). The anomalous samples from the Teller

Table 6.~-NCAR HERE

quadrangle are the richest in indium of those analyzed by atomic absorption.
The samples from the Teller guadrangle and that from the Ruby quadrangle in
table 6 were found through spectrographic analysis (Hamilton and others, 1974)
to be enriched in tin. A1l the other samples listed in table 6 are tin-bearing
although not anomalous for the element. Thus, a clear correlation is found
between the nonmagnetic concentrates having anomalous indium and the presence
of tin in the concentrates. This observation strengthens the interpretation
that the anomalous values for indium probably are low owing to failure to

dissolve cassiterite.
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Table 6.~-Distribution of anomalous indium in nonmagnetic concentrates from

Alaska (ppm)
' [N = below 1imit of detection of 20 ppm]

Indium
Semiquantétative
File number | spectrographic
(table 1) Quadrangle Atomic absorption ana]ysesﬂ/

922 Bethel 1.6 N
3197 Coleen 2.5 N
331 Fairbanks 1.5 N
10 Medfra 2.1 N
3453 ----do-~-~ 5.1 N
47 Ophir 1.9 N
141 Ruby 11.5 300
212 Teller 41.0 150
488 ----do---- 19.2 70
489 ----do---- 11.8 150
607 - ----do---~ 8.2 70
608 ----do---- 18.2 150

a/ Hamilton and others, 1974.
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Nine of the 12 nonmagnetic concentrates with anomalous indium are from

placers where occurrences of tin have been noted in the literature:

Quadrangle File number Reference
Fairbanks 331 Cobb, 1972a
Medfra 10, 3543 Cobb, 1972b
Ruby : ' 141 Cobb, 1972¢
Teller 212, 488, 489, Cobb and

607, 608 Sainsbury, 1972

The sample from the Bethel quadrangle is from an area of gold placers lacking
observed cassiterite (Cobb, 1972d), as is that from the Ophir quadrangle (Cobb,
1972e). The indium-bearing concentrate from the Coleen quadrangle is from

a placer on Sunagun Creek cited by White (1952, p. 8~9) as an occurrence of
uranium minerals in concentrates. Cassiterite in small amounts, unremarked

in the study of the radiocactive minerals, may well have been contributed to

the placer from granitic intrusive rocks in the area becaus¢ the results of

the spectrographic analyses of sample number 3197 and of other nonmagnetic
concentrates from Sunagun Creek showed 20-2,000 ppm tin (Hamilton and others,

1974).
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The anomalous values for indium found by atomic absorption anatyses of
the nonmagnetic concentrates (table 6) are al) associated with anomalous
values for other elements. Spectrographic analyses disclosed that the samples
in table 6 from the Teller quadrangle contain anomalous amounts of siliver,

arsenic, beryllium, bismuth, lead, zinc, and tungsten (Hamilton and others,

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

Tisted in table 6 from the Bethel, Fairbanks, Medfra, and Ophir quadrangles.
Generally, five to nine anomalous elements were detected by spectrographic
analyses of these samples. Some of these elements are potentially of high
industrial value, for example, gold, silver, beryllium, copper, lead, zinc,
niobium, molybdenum, and tungsten. Associations of anomaious values for

these elements, as determined by the semiguantitative spectrographic analyses,
are of much greater use in geochemical exploration than the isolated anomalous

values reportad by the present procedure for indium.

Thallium
Anomalous thallium was found in 29 nonmagnetic concentrates from the

areas of 13 quadrangles (table 7). About two-thirds of the samples contain

Table 7.--NEAR HERE

the threshold anomalous amount of 2 ppm thalljum or slightly more. Only three
samples contain more than 10 ppm thallium. Scant correlation exists between
the concentrates with anomalous thallium and those with anomalous indium
(table 6): just three samples from the Teller quadrangle are anomalous for

both elements (file numbers 212, 488, and 608).
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Table 7.--Distribution of anomalous thallium in

nonmagnetic concentrates from Alaska (ppm)

File number

(table 1) ' Quadrangle Thallium
18 Bendeleben 12.5
1 S — do--=-~ 3.3
202 m=ee- do-=--~ 2.4
3088 0 mee-- do----- 5.0
1049 Candle 2.3
3664 Circle 2.0
3183 Coleen 2.4
3200 0 ----- do----- 2.1
3112 Eagle 2.0
74 Livengood 12.7
192  eee-- do----- 2.8
1453 =eee- do----- 8.0
1454  aeee- do----- 2.1
1457  —---- do-~=~- 2.0
1495 Nabesna 2.6
286 Nome 2.6
540 Ophir I4.6
188 Russian Mission 2.0
2989 Solomon 2.2
117 =eee- do----- 2.2
3031 emme- do----- 2.6
2432 Tanana 9.6

69



Table 7.--Distribution of anomalous thallium in

nonmagnetic_concentrates from Alaska, cont‘d (ppm)

File number

(table 1) Quadrangle Thallium
212 Teller 2.5
488 -=--00~-~~ 2.1
494 ----do-~--- 14.1
608 ~---do~--- 2.5

2053 -~-~d0~--~- 2.4
2082 ~-~-do---- 2.5
2083 -v--do--=~~ 3.0
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Seventeen of the 29 nonmagnetic concentrates with anomalous thallium
are from previously recognized placer deposits or detrital mineral occurrences,
and 12 are from localities lacking evidence for mineralization. In the
Bendeleben quadrangle, sample number 18 is from Cunningham Creek where placer
gold and lead minerals are reported (Cobb, 1972f), but the other three
concentrates are not associated with known mineralization. The samples from
the Candle and Circle quadrangles are associated with placer gold, and in
the Circle area the placer is réported also to contain tin, tungsten, and
rare-earth minerals (Cobb, 1972y; 1972h). Sample 3183 is from the Sunagun
Creek detrital uranium mineral occurrence in the Coleen quadrangle, but the
source of number 3200, Fred Creek, is not reported to be mineralized (Cobb,
19727). The samples with anomalous thalljum from the Eagle, Nabesna, and
Russian Mission quadrangles afe not from sources of known mineralization (Cobb,
19723; Richter and Matson, 1972; Hoare and Cobb, 1972). The five concentrates
from the Livengood gquadrangle (Cobb, 1972#) listed in table 7 are from gold
placers containing chromium, mercury, and tungsten minerals (file numbers 74
and 1453), chromium, mercury, tin, and rare-earth minerals (192 and 1457), and
chromium, antimony, mercury, and tungsten minerals (1454). The beach placers
at Nome (Cobb, 19721) and the fluvial gold placers in the Ophir (Cobb, 1972¢)
and Tanana quadrangles (Cobb, 1972m) were sources for nonmagnetic concentrates
with anomalous thatlium. In the instance of the Hunter Creek placer (sampie
2432) in the Tanana quadrangle, copper, lead, mercury, and tin minerals are
associated with the detrital gold. One sample (file nrumber 2989) from the
Solomon quadrangle is from a placer reported to contain cotumbium, tin, tungsten,
rare-earth, and radioactive minerals (Cobb, 1972n), but the other two samples

are from localities unreported to be mineral occurrences. In the Teller
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quadrangle the concentrateslfrom Cassiterite Creek (212, 488, and 608) and
Cape Creek (494) are associated with tin placers (Cobb and Sainsbury, 1972),
but those from Columbia Creek (2053 and 2082) and that from Washington Creek
(2083) have no known association with ore deposits or mineral occurrences.

The nonmagnetic concentrates with anomalous thallium have been shown by
the results of semiquantitative spectrographic analyses to be anomalous for
one or more additional elements, except sample 2053 from the Teller quadrangle,
for which no other anomalous elements are reported (Hamilton and others, 1974).
A dual distribution of anomalous elements was found: 15 samples contain from
one to three anomalous elements and 13 samples have from four to nine associated
anomalous elements. Silver and zinc are the most common associated anomalous
elements, being present respectively in 15 and 14 samples. These are foliowed
by beryllium in nine samples, bismuth and tungsten in eight samples, and tin
in seven. Lead is anomalous in only four of these samples. Although thallium
has close geochemical affinities with silver and lead (Vlasov, 1966, p. 491),

a geochemical association with silver in these samples is not likely because
the silver is largely alloyed with native gold. Thallium is commonly found
in galena, but this mineral is unlikely to be an important host in these
concentrates, because so few are enriched in lead. Other sulfide minerals,
such as sphalerite, pyrite, chalcopyrite, and pyrrhotite commonly contain
thallium (Viasov, 1966, p. 498). Sphalerite may be one of the mineralogical
sources for the thallium because 14 of these samples are anomalously rich in
zinc. However, the samples lacking anomalous zinc also generally had less
than 200 ppm zinc; thus, other minerals in the concentrates are quite 1ikely
to be thallium-bearing. Inasmuch as thallium is a characteristic trace
element in minerals typically associated with greisen (Viasov, 1966, p. 508),

and some of the other anomalous elements found in these concentrates may also
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be so formed, it is possible that the thallium is in minerals associated
with the tin, tungsten, bismuth, and beryllium deposits. Possibly the
anomatous thallium in concentrates with one to three other anomalous
elements is largely attributable to the presence of thallium in sulfide
minerals from relatively siﬁp]e sulfide deposits, whereas anomalous thallium
in concentrates with four to nine other anomalous elements is derived from
sulfide minerals and other minerals in complex assemblages associated with
greisen such as found in the Teller quadrangle (Sainsbury, 1964, table 2).
Despite the fact that thallium at the levels observed in these
concentrates in analyses by atomic absorption could not be picked up in
the broad-spectrum semiquantitative spectrographic analyses, the additional
data yielded through analysis for thallium by atomic absorption are of

1ittle or no additional use in geochemical exploration.

Evaluation

Khere the geochemical sample medium consists of nonmagnetic concentrates,
and the program of geochemical exploration is based on the acquisition and
interpretation of multi-element data, no need is served by independent
analyses for indium and thallium by atomic absorption. Should occasion exist
to study the distribution of these two elements in surficial materials, then
the analytical method affords a great advance over the results given by the
semiquantitative spectrographic procedure, but concentrates are not a
suitable sample medium for indium unless the method for dissolution is

improved.
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