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The Association of
Exploration Geochemists
is pleased to announce
that Dr. Eion M. Cameron
is the first recipient of the
Past Presidents' Medal.
The Medal is awarded for
dedicated service to the
Association.

Dr. Cameron, present-
ly a research scientist
with the Geological Sur-
vey of Canada and an
Adjunct Professor in the
Department of Geology at
the University of Ottawa,
has been a member of the
Association since its
formation in 1970 and, in the ensuing 23 years, has built a
remarkable, distinguished and unbroken record of service to
the Association and exploration geochemistry. His most
outstanding service has been in organizing and editing the
Journal of Geochemical Exploration. As Founding Editor and
Editor-in-Chief, Eion Cameron has guided the Journal
through challenging times and to enviable heights as,
indisputably, the leading publication in the exploration
geochemistry discipline and one of the leading international
journals in the field of mineral exploration. His editorial
wisdom and his insistence on excellence has been a major
influence on the progressive development of exploration
geochemistry and has served to establish the Association of
Exploration Geochemists as an effective and influential
scientific and professional society.

His contributions to the Association have not been
limited to matters related to the Journal. He served on the
Association's Council from 1971 to 1976 including two years
as Vice President. He was a Chairman and Editor of the
organizing committee for the first Symposium on Geochemi-
cal Prospecting held in Ottawa in 1966. and subsequently
brought the benefit of his considerable experience to the
organizing committees of several other International
Geochemical Exploration Symposia.

In summary, through the award of the Past Presidents'
Medal the Association of Exploration Geochemists wishes to
recognize the significant contribution that Dr. Cameron's
dedicated efforts have made to the present stature of the
Association of Exploration Geochemists and the Journal of
Geochemical Exploration. The Medal was presented to Dr.
Cameron on April 19,1993 at the Association's Annual
General Meeting in Denver.

K Fletcher
Chairman, AEG Awards Committee jj

The SEG conference "Integrated
Methods in Exploration and Discov-
ery," partially sponsored by the AEG,
attracted over 800 people to the Red
Lion Hotel in Denver on 17-20 April.
It was pleasing to note the number of
geochemical papers and posters,
particularly on application to mineral
exploration in developing countries.
However, there was very little evi-
dence of integration with other explor-
ation techniques and little reference to innovative techniques.

One forum addressed "Conflict between quality and cost
in mineral (read assay) laboratories" and together with two
short courses on environmental and exploration geochemistry
was well attended.

While in Denver, the Association held Executive and
Council Meetings by telephone. In addition, the annual
general meeting (AGM) was held in conjunction with the
SEG meeting and it attracted record attendance. The
outcomes of these meetings are reported elsewhere in this
issue. In his Presidential Address, Jeff Jaacks detailed the
operations of AEG and noted that even though the member-
ship continued to grow we are still losing far too many
members. Another cause for concern is the relative decline
in Fellow (voting) members. I hope that some of the
measures initiated by the outgoing Council will reverse these
trends.

One important outcome of the Denver Meeting was the
appointment of a full-time Business Manager Art Clendenan
who has had wide industry experience and who has been
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Information for Contributors to EXPLORE
Scope This Newsletter endeavors to become a forum for recent
advances in exploration geochemistry and a key informational
source. In addition to contributions on exploration geochemistry,
we encourage material on multidisciplinary applications,
environmental geochemistry, and analytical technology. Of par-
ticular interest are extended abstracts on new concepts for guides
to ore, model improvements, exploration tools, unconventional
case histories, and descriptions of recently discovered or
developed deposits.

Format Manuscripts should be double-spaced and include
camera-ready illustrations where possible. Meeting reports may
have photographs, for example. Text is preferred on paper and 5-
or 3-inch IBM-compatible computer diskettes with ASCII (DOS)
format that can go directly to typesetting. Please use the metric
system in technical material.

Length Extended abstracts may be up to approximately 1000
words or two newsletter pages including figures and tables.

Qualify Submittals are copy-edited as necessary without re-
examination by authors, who are asked to assure smooth writing
style and accuracy of statement by thorough peer review.
Contributions may be edited for clarity or space.
All contributions should be submitted to:

EXPLORE
c/o USGS, Box 25046, MS973, Denver Federal Center
Denver, CO 80225, USA
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EXPLORE is the newsletter of the Association of Exploration
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will find markets through EXPLORE.
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Color is charged on a cost plus 10% basis. A discount of 15% is
given to advertisers for an annual commitment (four issues). All
advertising must be camera-ready PMT or negative. Business
card advertising is available for consultants only*. Color separ-
ation and typesetting services are available through our
publisher, Network Graphics, Inc.
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This issue of EXPLORE comes on the heels of the highly
successful SEG conference in April and at the height of the
North American field season. A highlight of this issue is
announcement of the first AEG Past Presidents' medal to Dr.
Eion Cameron. On the technical side, Dr. Gwendy Hall
supplies us with a timely article on work she has recently
performed on partial digestions, a subject that will not, and
should not, die.

Owen P. Lavin
Editor <&

President's Message
Continued from Page 1

serving on a part-time basis will be in the Vancouver office
from 1 May, 1993 to undertake a host of duties. As Art takes
over, Loraine Kluber who has been in the office for four
years will be retiring to beautiful Vancouver Island to write
family histories for the locals. We wish Loraine every
happiness in her retirement and thank her sincerely for all
the work she has done for AEG both in the office and on the
ferry. Thank you Loraine.

Since returning to Australia I have been part of a team
giving lectures on exploration geochemistry to senior
undergraduates and postgraduate students at the University
of Tasmania. Members of this team give similar lectures at
James Cook (Townville), Curtin (Perth and Kalgoorlie) and
University of Western Australia whilst University of New
South Wales continues to provide under - and post -
graduate courses. The matter of geochemical education is
continually before the Council. I have asked Al Sinclair
(Education) and Colin Dunn (Short Courses) to present some
plans to the Council for discussion later this year. I am sure
they would welcome ideas and information on the teaching
of exploration geochemistry to other countries.

Many thanks to Jeff and the out-going Council Members
and welcome to Bill Coker and the new Council members.

Graham Taylor,
AEG President j £
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Selective Leaching

The use of selective leaching is enjoying renewed
examination today in both exploration and environmental
geochemistry programs. Undoubtedly, the interest amongst
mining companies was stimulated by the success reported by
the Soviets (e.g., by J.S. Ryss and I.S. Goldberg formerly of
Rudgeophysika, St. Petersburg; see Antropova et al., 1992) in
locating deeply buried mineralization employing, essentially,
phase-selective analytical procedures. The premise is that ore
and pathfinder elements are transported by various mechan-
isms from the source to the surficial environment where they
are held in relatively labile forms associated with different
reaction sites. Research indicates that organic matter and
hydrous coatings of Fe and Mn are the most important
surface-active phases, otherwise known as "scavengers," in
environments ranging from soils to seawater. Thus, geo-
chemical exploration methods should be geared towards
detecting these secondary forms of elements and differen-
tiating them from the "total" or near total signatures obtained
by applying the more conventional aqua regia or perchloric/
nitric acid digestions to soils, tills, humus and sediments. The
Analytical Method Development (AMD) Section of the Geo-
logical Survey of Canada (GSC) has designed and is in the
process of evaluating leaches that mimic the action of the
two Soviet methods designated: "MPF", based on the extrac-
tion of metal-organic complexes (principally with humic and
fulvic acids); and "TMGM", intended to preferentially extract
those elements adsorbed by amorphous forms of Fe and Mn
oxyhydroxides. While these directions have been pursued at
the GSC, the USGS has concentrated on evaluating and
modifying the other Soviet "electrogeochemical" method
known as CHIM (see Smith et al., 1993), purported to be
used at a more detailed scale than the former methods.

Concurrent with the above projects, a more compre-
hensive sequential selective extraction scheme was being
devised by the AMD group as part of a multi-disciplinary
project, known as "EXTECH", an aim of which was to
develop new methods of exploration for volcanogenic
massive sulphide deposits such as those at Snow and Ruttan
Lakes in northern Manitoba. The scheme currently being
implemented for soils and tills in EXTECH is summarised in
Table 1. Various schemes have been published which differ-
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entiate between metals held by the highly scavenging
amorphous Fe oxides and organic matter and those held in
other phases such as carbonates, crystalline Fe oxides,
suphides and silicates.

Table 1. Sequential extraction scheme.

EXTRACTANT PHASE DISSOLVED

1M NaOAc.HOAc
lg sample/20 ml
2 x 6 h constant shaking

0.25M NH2OH.HC3 in
0.25 M HC1
20 ml reagent, at 60°C; first
leach for 2 h, second leach
for 0.5 h

1M NH2OH.HC1 in 25%
HOAc.
30ml reagent, at 90°C; first
leach for 3 h, second leach
for 1.5 h

KCIO3/HCI, 15 ml, for 0.5 h
with mixing; followed by
4M HNO3 (10 ml) at 90°C

HF-HC1O4-HNO3-HC1,
10 ml, to dryness

Adsorbed metals,
exchangeable, carbonates,
and some phosphates.

Amorphous
oxyhydroxides of Fe and
Mn.

Crystalline Fe oxides
(e.g., hematite, goethite,
magnetite maghemite,
lepidocrocite)

Sulphides and "less
soluble" organic matter.

Silicates, residual crystal-
line fraction (refractory
minerals could remain in
a final residue).

Ac = acetate, h = hour

Applications in geochemistry up to 1984 have been
reviewed by T.T. Chao and a more recent summary is given
in the book edited by G.E. Batley (1989). The identification of
the main binding sites of trace metals not only helps our
understanding of geochemical processes but also allows us to
discriminate between sources (e.g., atmospheric deposition
vs. hydromorphic transport vs. clastic dispersion), to estimate
the potential for remobilisation, and to determine the
bioavailability of the metal.

The measurement of speciation is a much more
challenging task than the determination of total content. A

Continued on Page 4
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Technical Notes
Continued from Page 3
sequential extraction scheme consists of a series of successive
chemical treatments of a sample, each being more drastic in
action or of a different nature than the previous one. The
order in which the extractants are used is critical and may
well depend upon sample type and overall composition. It
must be recognised that the results obtained are "operation-
ally defined", i.e. selectivity is not 100% and is dependent
upon such factors as the chemicals employed, the time and
nature of contact, sample to volume ratio etc. Clearly, results
will also be predicated on the grain-size fraction chosen for
analysis and whether coarser grains have been made finer by
ball-milling, thus increasing exposure to attack.

The reagents identified in Table 1 were selected for their
specificity after reviewing the literature. The water-soluble
and exchangeable metals are the first to be brought into
solution by any partial technique and we have grouped these
classifications together with carbonate held (calcite, dolomite,
magnesite) metals in the first leach using sodium acetate
buffered at pH 5. Associations of trace metals with Fe and
Mn oxides range from exchangeable forms (formation of
surface complexes of interfacing solutes and functional
groups attached to oxide surfaces), through moderately fixed,
still termed "labile" (coprecipitated with amorphous oxides,
="TMGM"), to relatively strongly bound or "non-labile" (e.g.,
occluded in goethite and other oxide mineral structures). We
chose increasing reducing action via changing the strength of
hydroxylamine hydrochloride to differentiate between metals
held in amorphous and crystalline Fe oxides. While TamnV's
reagent (ammonium oxalate-oxalic acid) in the dark and with
UV irradiation has been used successfully to leach these two
phases of Fe (Fonseca et al., 1992); however, this reagent was
rejected as it is known to dissolve significant amounts of
magnetite and lepidocrocite in addition to organic complexes
(Chao and Zhou, 1983). While the selectivity of weak, alka-
line EDTA may be superior for the dissolution of amorphous
Fe, the long contact time (weeks) precludes its adoption for
widespread application. Following the attack on Fe oxides,
the reagent action changes from reducing to oxidising to
dissolve sulphides using potassium chlorate/HCl followed
by heating in HNO3. Organics not dissolved in earlier
leaches will obviously be attacked at this stage. Finally,
silicates and more resistant minerals are dissolved in the
mixed acid digestion of HF-HC1O4-HNO3-HC1, leaving some
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refractory minerals such as cassiterite, sphenes, barite, and
tourmaline still largely untouched. The solutions derived by
application of these leaches are analysed by either flame
atomic absorption spectrometry (AAS) or ICP emission
spectrometry (ICP-ES).

The extraction of the "soluble organic" component of
humus material (="MPF") or soil is treated separately from
the sequential scheme. Metals adsorbed, complexed or
chelated by organics (humics and fulvics) can be dissolved
by various reagents such as NaOH, H2O2 and NaOCl but we
have chosen a non-oxidative approach with sodium
pyrophosphate (Na4P2O7) which appears to be the most
specific in that there is reputedly little attack on sulphides or
amorphous Fe oxides at a highly alkaline pH of 10
(McKeague et al., 1971). The effectiveness of pyrophosphate
in removing the easily extractable organic matter has been
attributed to its ability to chelate with Ca and trivalent metal
ions. The removal of cations bound to flocculated humates
results in the subsequent conversion of the polyanion to its
soluble sodium salts. The broad spectrum of binding mech-
anisms existing in this category of "organically bound" metal
makes the goal of specificity in a reagent difficult to achieve
and also leads to difficulty in minimising dissolution of this
loosely described phase by other extractants in a sequential
scheme. Partial attack on clays can be expected by alkaline
pyrophosphate, and recoveries for Fe may represent not only
the organically bound portion but also peptized finely-
divided ferruginous particles, which have been dispersed and
would require removal from solution by ultracentrifugation
or ultrafiltration (Jeanroy and Guillet, 1981). Notwithstanding
these potential limitations, we have been agreeably surprised
with the usefulness and reproducibility of the pyrophosphate
leach on humus samples. Our initial procedure was based on
a 3 hour (h) continuous extraction of a 1 g sample (sieved to
<80 mesh) in 100 ml of the 0.1 M reagent. This has since
been reduced to 1 h. A second extraction with fresh reagent
is carried out if the pyrophosphate step is to form part of a
sequential scheme; usually the amount of elements such as
Zn, Cu and Pb present in the second leach is about 10 % of
that in the first, with proportions of Fe and Mn being
somewhat higher and much more variable. Shown in Figure
1 are Thompson and Howarth (1978) log-log plots used to
estimate precision based on replicate analyses of 23-25
humus samples. The mean of two results for each constituent
is plotted against the difference in results. The two control
lines drawn are the 90th percentile for the selected precision
(twice the RSD). Most of the points for Zn and Mn lie within
the 10% (5% RSD) precision line while those for Pb, Fe and
organic carbon are within the 15% precision lines. Further
data on precision by the pyrophosphate leach are gleaned
from the mean and standard deviation values obtained for
three controls randomly inserted in suites of humus samples
and analysed by different operators at the GSC (Table 2).
Relative standard deviations are generally better than 10%
except at levels close to detection limits (i.e. at < 5-10 ppm).

Precision levels achieved in application of the amorphous
Fe oxide leach are shown in the data obtained for two control
samples (glacial till sieved to <80 mesh) inserted in two large
suites of soils and tills analysed commercially employing the
GSC methodology (Table 3). Again, precision for these ele-
ments at levels above several ppm is good, particularly since

Continued on Page 5


