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PRESIDENT'S MESSAGE

Applying Geochemistry in a Rapidly
Changing Minerals Exploration World

My wife’s brother lives in a small
farming community close to the demo-
graphic and geographic center of the
United States. Here one might think the
life style and economy would be indepen-
dent and isolated from what goes on in the
rest of the world. Not so. The town where
he lives has a tractor factory. Due to
anticipated demand for tractors in Russia, the small town is in
the process of doubling the size of the tractor factory, building
houses, and expanding schools to accommodate more workers.
A development on the other side of the world has caused a
significant change in the local economy and life style of a town
in a completely different country!

Like me, you may be struck by the rapid pace of worldwide
political and economic change, and like my brother in law, can
see the impact close to home in local neighborhoods and work
environments. Change in the minerals exploration industry
has been characterized by generally decreased funding re-
sources, while the obligations and requirements associated with
exploration programs have increased. With less money
available, minerals exploration groups need to do more in terms
of environmental management, community interaction, and
property permitting to maintain our ability to discover and
develop natural resources. Also, the capital investments
required to develop worthwhile mineral deposits are larger than
ever, and this places a pfemium on ensuring that there is high
integrity in the information used to make investment decisions.

What can we exploration geochemists do to contribute
effectively to exploration groups as resources shrink and more
needs to be done in these times of change?

Two things come immediately to mind:

Paul Taufen

1) Apply Environmental Geochemistry- In advanced explora-
tion projects, we can generate preliminary understanding
of the environmental geochemistry of exploration proper-
ties by assessing baseline levels of potentially toxic
elements, placing these in the context of “natural pollu-
tion” caused by ore deposits. This often is a logical and
simple extension of the exploration geochemistry surveys
already completed. We also can gain an early understand-
ing of potential acid rock drainage issues on exploration
properties by testing water quality early in the exploration
process, and assessing relative proportions of acid produc-
ing and acid neutralizing rocks in the local geologic
environment.

Continued on Page 2
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Introduction

Up to now a major shortcoming of regional geochemical
projects is that surveys have typically not crossed political
boundaries and consequently results are often not comparable over
country borders or, in some cases, within a single country. The
Baltic Soil Survey (BSS) project establishes, for the first time in
Europe, a directly comparable database of major and trace element
concentrations in soils. The database results from the multi-
element analysis of agricultural soil samples from 774 sites within
ten Northern European countries surrounding the Baltic Sea
(Belarus, Estonia, Finland, Germany, Latvia, Lithuania, Norway,
Poland, Russia, and Sweden). The sampling density is
approximately 1 site per 2500 km? over an area of 1,800,000 km?
(Fig. 1 - see page 3). The minus-2 mm size sieved fraction (minus-
1 mm for Poland) was used for chemical analysis. The analytical

Continued on Page 3
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Information for Contributors to EXPLORE

Scope. This newsletter is the prime means of informal communication
among members of the Association of Exploration Geochemists, but has
limited distribution to non-members. EXPLORE is the chief source of
information on current and furure activities sponsored by the Associa-
tion, and also disseminates technical information of interest to explora-
tion and environmental geochemists and analytical chemists. News notes
of members are appropriate. We welcome short- to moderate-length tech-
nical articles on geochemical tools for exploration, concepts for finding
ore, mineral-related environmental geochemistry, new analytical meth-
ods, recent deposit discoveries, or case histories. The goal of this news-
letter is communication among exploration geochemists, and to thar end
we encourage papers on new methods and unconventional ideas that are
reasonably documented.

Format. Manuscripts and short communications should be submitted in
electronic form to minimize errors and speed production. Tiles can be
transmitted on IBM-compatible 3.5 inch diskettes or attached to email.
Most popular text and graphics files can be accommodated. Figures and
photos can be transmitted in hard copy (which we will scan) or as high
quality digital files. Some issues are published with color pages for spe-
cial maps and figures which should be planned by early communication
with the editors.

Length: Technical communications can be up to approximartely 1000
words, but special arrangements may be made for longer papers of special
interest. High guality figures, photos, and maps are welcome if they
present information effectively.

Quality: Submirttals are reviewed and edited for content and style through
peer reviews. The intent is to improve clarity, not suppress unconven-
tional ideas. If time permits, the author will be shown changes to mate-
rial, by FAX or email. Time constrainis do not allow author review of
galley proof from the printer.

All contributions should be submitted to Lloyd James by email
(l-njames@central.com) or regular mail to 7059 East Briarwood Drive,
Englewood, CO 80112, USA. Only in rare situations should FAX be sent
(303-741-5199).

Information for Advertisers

EXPLORE is the newsletter of the Association of Exploration Geochem-
ists (AEG). Distribution is quarterly to the membership consisting of 1200
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commitment (four issues). All advertising must be camera-ready PMT,
negative or file on disk, Business card advertising is available for consult-
ants only*, Color separation and typesetting services are available through
our publisher, Vivian Heggie, Heggie Enterprises.
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President's Message
Continued from Page 1

2) Ensure Information Integrity- Exploration geochemists
can use our relatively advanced knowledge of sampling
theory and laboratory analysis to ensure representative,
accurate, and precise data are provided prior to large
investment decisions on exploration properties.

Attention in each of these areas provides appreciated
contributions by exploration geochemists to exploration teams,
environmental assessment teams, and investment groups. This
can actually expand the positive impact of exploration
geochemistry, even in a time of shrinking financial resources.

The times are changing, and no one is beyond the reach of
change. What we can do as geochemists is look for the ex-
panded opportunities to contribute that appear with the
changes, and identify where we can effectively help out!

Paul Taufen

Chief Geochemist
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Technical Note
Continued from Page 1

program covers more than 50 chemical elements and a
variety of different methods, giving total and partial
element concentrations. The randomised samples from all
countries were always analysed together in one laboratory
only for each set of parameters to guarantee comparable
results.

Exploration geochemists should be interested in large-
scale regional environmental studies for several reasons.
First, they create baseline knowledge about the variation
in background concentrations for a multitude of elements
over a large area. Second, low-density geochemical surveys
provide data on the distribution of geochemical provinces
and can be used to outline prospective ground for more
detailed follow-up. Finally, mining companies should be
interested in having the natural variation of element
concentrations documented for a large range of chemical
elements before moving into a new area. Detailed
information about the natural variability in geochemical
backgrounds is pertinent to a multitude of administrative 7
and legal issues. For example, the disposal of sewage sludge 7
from waste-water treatment plants is an increasing problem ,-}
in Europe and elsewhere. The sludge can be applied as soil
conditioner and fertiliser to agricultural soils if the
concentrations of potentially harmful elements in the soil x
and in the sludge are lower than acceptable regulatory limits. 7t
There is a general need for reliable baseline geochemical
data to establish such values. Sustainable long-term
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Fig. 1 Location of the ten
participating countries in Northern
Europe. All sample sites are marked
by a gray +.

management of environmental and mineral resources is
dependent upon a comprehensive and reliable database
(Darnley et al., 1995).

Materials and methods

After much discussion, it was decided to collect agricultural
soils over the whole survey area. The sampling density was one
site per 2500 km?. Tiwo samples were collected at each site: topsoil
(ploughing layer, A -horizon) at a depth of 0-25 cm, and subsoil
(usually B-, BC- or C-horizon) at a depth of 50-75 cm. The samples
were 8-10 litres in volume each, composited from five to thirteen
subsamples over an area measuring 100 x 100 m.

Field equipment and sampling instructions were sent to all
participants from the Geological Survey of Norway (NGU). Thus
in most countries samples were collected using the same
equipment and technique. All samples were air dried and sieved
to minus-2 mm using nylon screening at NGU. Samples from
Poland and Sweden were splits of samples taken for different
projects carried out earlier. These samples were received dried
and sieved (the Polish samples were previously sieved at minus-1
mm). After randomisarion and the insertion of a standard and
analytical duplicates, NGU delivered a split of all samples to the
Federal Institute for Geosciences and Natural Resources in
Hannover, Germany (BGR). These splits were milled in a disk
mill (agate vessel). Subsequently they were analysed as fused discs
by WD-XRF for 41 elements (Al, As, Ba, Bi, Ca, Ce, Cl, Co, Cr, Cs,
Cu, E Fe, Ga, Hf, K, La, Mg, Mn, Mo, Na, Nb, Ni, B Pb, Rb, §, Sb,
Sc, 8i, Sn, S, Ta, Th, Ti, U, V, W, Y, Zn and Zr) at BGR. A second
split of the samples was analysed at NGU following an ammonium
acetate extraction (buffered at pH 4.5) by ICP-AES (30 elements).
Presently all samples are being analysed at the Geological Survey
of Finland (GTK) by ICP-AES (33 elements) following an aqua
regia extraction. GTK will also analyse the milled samples after a
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The Baltic Soil Survey...
Continued from Page 3

total (multi-acid) extraction by ICP-MS
(ca. 40 elements). Loss-on-Ignition (LOT)
at different temperatures (450°C and
1100°C) and pH and electrical conductivity
in water extractions were determined as
additional parameters. Examples of
selected results from XRF analyses are
presented below.

Results

Analytical results for the major and
selected trace elements for the whole data
set are given in Table 1. Compared with
values published for world soils (data from
Reimann and Caritat, 1998), the Baltic soils
show lower values for Al,Q, CaQ, Cr, Fe,0,
MgO, Sc, Sr, Ti, V, Zn and higher values
for S5i0,. Already this result demonstrates
that soil background levels have to be
established for any one area under

Continued on Page 5

P205, wt.-%, in topsoil

TABLE 1

TOPSOIL (0-25 cm)  SUBSOIL (50-75 cm) world soil*
Element Unit DL MIN MAX MED MED MIN MAX MEZ
Al203 wi.-% 0.05 0.3 18.4 8.94 104 0.06 19.6 15.1
Ba ma/kg 2 26 2007 404 419 6 2920 500
Ca0 wi.-% 0.01 0.1 20 1.39 1.45 0.08 31 1.96
Cr malkg 3 <3 814 32 36 <3 269 80
Fe203 wl-% 0.01 0.26 12.82 2.44 2.81 0.06 15.9 5
K20 wit.-% 0.01 0.02 4.18 1.88 2.05 =0.01 4.05 1.69
MgO wl.~% 0.01 <0.01 4.9 0.58 0.78 <0.01 8.1 1.49
Mn wt.-% 0.001 0.002 0.277 0.055 0.052 <0.001 0.518 0.06
Na20 wt.-% 0.01 0.05 4.3 1.21 1.43 0.01 5.01 1.85
P205 wi.-% 0.001 0.019 0.953 0.188 0.111 0.015 0.682 017
Pb maglkg 4 <4 a5 18 12 <4 109 17
Rb mag/kg 2 <2 194 65 67 <2 189 65
Sc mg/kg 2 <2 36 7 8 <2 38 12
Sio2 wt.-% 0.1 1.37 94.7 70.9 72.4 <0.1 96.3 50.9
Sr mg/kg 2 10 G667 110 107 4 1048 240
Th mag/kg 5 <5 22 9 g <5 27 9.4
TioZ wl.-% 0.001 0.007 1.664 0.434 0.456 0.001 1.890 0.667
v mag/kg & <5 258 37 43 <5 259 90
b ma/kg 3 <3 47 14 16 <3 51 20
Zn ma/kg 3 <3 264 43 a8 <3 azz 70
Zr mg/kg 3 <3 665 227 219 <3 632 230
LO} Wh.-% 0,01 1.8 87.2 74 36 0.57 99.6 E

Table 1: Minimum, maximum and median concentrations of selected elements in rwo layers of agriculiura,
soils from Northern Euwrope as analysed by WID-XRF on the <2 mm fraction. N=774/773 (topsoil,
subsoil), DL: detection limit. World soil data as given in Reimann and Caritat, 1998,
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Fig. 2: Selected XY-diagrams showing the element concentrations in sub- and topsoil samples.
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Zn, mg/kg in subsoil

Pb, mg/kg in subsoil
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Germany. This is indicative of leaded gasoline used
in automobiles in Europe until very recently being the main
source of pollution to the top-layer of agricultural seils and not
long range atmospheric transport of industrial emissions, The
higher concentrations of Zn in Norway and Sweden can be
explained by the presence of some important ore fields (Bergslagen
and Skjellefte districts, Juve 1997).

When mapping the analytical results, large-scale regional
distribution patterns emerge. Calcium (Ca) gives the best
reflection of regional geology (Fig. 4- see page 6). The Caledonian
Mountain Chain along the Norwegian coast is marked by high
values. The Fennoscandian Shield (most parts of Sweden and
Finland) mostly returns medium Ca-values (the noise in Finland
is related to the organic rich seils). The Northern European
Platform is clearly shown by low values, the exception being some
areas in the Baltic States, where the occurrence of limestone is
reflected by the highest Ca-values in the map. Potassium mirrors

subsoil from the 10 participating countries. A line marks the median for
all countries. The upper right boxplot diagram shows the ratio of Pb in
top-/subsoil. Here the line marks the ratio 1:1.

the distribution of granites and granitoid rocks, a pattern that is
also reflected in the Pb-map (Fig. 4). Important ore fields in
Norway and Sweden (Bergslagen and Skjellefte districts, Juve
1997) can be seen in both the Pb and the Zn-map. The deposits
at the southern border of Poland are also clearly reflected.

Conclusions

The Baltic Soil Survey (BSS) establishes for the first time
baseline values for the chemical composition of agricultural soils
over a large area (1,800,000 km?) in Northern Europe. It proves

Continued on Page 6
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Fig. 4: Geochemical maps for 4 selected elements (Ca. K, Pb and Zn) in the subsoils from the survey area.
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that results from ultra-low density sampling of agricultural soils
can still be used to construct meaningful geochemical maps.
Geochemical mapping of very large areas at low cost is thus
possible and may provide useful results for a multitude of
purposes. Element levels and variation are quite different from
country to country and area to area. They mostly reflect differences
in regional geology. The results demonstrate that setting action
levels for heavy metals in soils for a whole country or the whole of
BEurope may not be wise. The BSS-maps show that it is not possible
to use the very old “Clarke values” any longer to differentiate
between “background” or “natural” concentrations and
“pollution” as often attempted in environmental sciences (e.g., in
the calculation of “enrichment factors”). Results between top- and
sub-layer are surprisingly comparable. No major build-up of heavy
metals in agricultural soils due to human activities can be
observed. The results actually suggest that local but widespread
sources such as automobile traffic or agriculture may have 2 more
important regional impact on element concentration in the top-
layer than industrial emissions. Phosphorus () is the one element
showing a major build-up in the top-layer. The reason is land-use
practice. An exploration geochemist, using such ultra-low density
geochemical mapping results in an “unknown region™ could
hardly avoid finding the most important ore fields in this area,
independent of whether topsoil or subsoil is collected.
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TECHNICAL NOTE

Thallium Data for Soil: What Did You
Really Get?

In environmental geochemistry, acquisition of valid
analytical data for thallium is problematic. In the author’s
experience, thallium ranks with antimony in terms of unusual,
non-reproducible results in soil samples. This paper provides
background information about thallium and discusses potential
sources of spurious data.

BACKGROUND

Thallium is of regulatory interest because of its high
toxicity, i.e., the lethal dose of 6-40 mg/kg of body mass is very
low (Sobott, 1993). Its commercial applications have been
limited by its toxic nature. Thallium readily forms alloys, some
of which have unique properties. Hence, thallium has been
used on a limited basis in specialized bearings, contact points,
and anodes. The most important alloy is the mercury-thallium
alloy, which can be used as a substitute for mercury in switches
and seals for equipment used in the polar regions, stratosphere
or space program (Kroschwitz, 1999). In the past, one of its
major uses was as a rodenticide. It has also been used in

mineral separation liquids, optical systems, photoelectric cells,
and low-range glass thermometers (ACGIH, 1991). As a result
of its roxicity, thallium is included in three of the most common
“metals suites” analyzed during environmental investigations:
the California Assessment Manual (“CAM 17”) metals, Priority
Pollutant Metals, and the Target Analyte List (“TAIL”).

In exploration geochemistry, thallium has been proposed
as a pathfinder element for hydrothermal mineral deposits in
general (Ikramuddin et al., 1983) and Kuroko-type massive
sulfide deposits in particular (Murao and Itoh, 1992).

The crustal abundance level for thallium ranges between
0.05 and 0.75 ppm (Levinson, 1974) and averages 0.85 ppm
(Lide and Frederikse, 1994), Sobott (1993) regarded 0.01 to
0.50 ppm as representative of unpolluted soils. Percival and
Radtke (1993) reported <0.5 to 1.9 ppm thallium in unaltered
sedimentary rocks in Nevada.

ANALYTICAL DATA FOR THALLIUM

Thallium is usually determined by graphite furnace atomic
absorption (“GFAA”), ICP atomic emission spectroscopy
(“ICP-AES™ or ICP mass spectrometry (“ICP-MS™). The
typical reporting limits for soil samples are 0.15-0.25 ppm for
GFAA, 2-5 ppm for ICP-AES, and approximately 0.025 ppm by
ICP-MS. ICP-AES has been the workhorse instrument for
metals determination for years. Hence, for samples analyzed by
ICP-AES, “background” thallium concentrations in soil will
typically fall below the laboratory reporting limit.

Present subsampling practices in environmental
laboratories, i.e., no drying, sieving, crushing or pulverizing,
tend to produce results that have a wider scatter than would be
true with standard geochemical sample preparation. Hence,
the results can reflect very small heterogeneites in the sample.
The author has observed that this practice can artificially
extend the upper end of the crustal abundance range. Coupled
with the detection limits achievable by ICP-AES mentioned
above, a “typical” background data set for thallium in soils
would be made up almost entirely of “non-detects” with an
occasional result at or very close to the detection limit, i.e., in
the 2 to 6 ppm range.

Although problems with the actual analysis of thallium are
not frequently noted in the geochemical literature, the author
has 1o conclude that they must be substantial. In reviewing
metals data from soil (and occasionally groundwater) samples
collected at many contaminated or potentially contaminated
sites, analytical data for thallium emerge as problematic in as
many as 5% to 10% of the data sets. Anomalous, non-
reproducible data seem to be much more common for thallium
than for any of the other metals usually included in
environmental investigations, with the possible exception of
antimony. The defining characteristics of this anomalous
thallium data are:

* Reported concentrations in soils are well above crustal
abundance, i.e., are enhanced,

¢ No probable source for thallium contamination exists,

* The anomalous data are usually produced by a single
laboratory analyzing samples from a single sampling event
and are often confined to a single analytical batch,

¢ Re-sampling and/or re-analyzing does not confirm the
original data, and

* The results of the re-analyses typically fall into the expected
crustal abundance range or are less than the laboratory

reporting limit. .
P ] Continued on Page 8
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For example, at one San Francisco Bay Area site, thallium
analyses of 150 soil samples ranged from 20 to 350 ppm with a
mean of 93 ppm and a median of 84 ppm. All results were
generated by a single laboratory as part of a single sampling
evenl. In the areas sampled, thallium contamination was
improbable at best. When re-sampled and re-analyzed by ICP-
MS, the results ranged from 0.065 to 0.152 ppm, bringing the
values into line with normal crustal abundance levels.

Various explanations for enhanced thallium results are
possible; for example, calibration problems or ICP-AES spectral
interferences such as lead (Gwendy Hall, personal communica-
tion). This may be the case for the data cited above. In
addition, Ingamells and Pirard (1986) refer to thallium as “an
analytical disaster” because of sample contamination by
thallium malonate and other salts used in mineral separations as
well as the “capricious” way thallium changes valence states
during digestion.

A simpler explanation may apply in many cases; i.e., the
misidentification of thallium with thorium at the time of
analysis. The chemical symbol for thallium is “T1”; the
chemical symbol for thorium is “Th”. For many production
ICP units, the analyst must manually input the metals of
interest using their chemical symbols. If the analyst inputs
“Th” instead of “T1”, the results will be for thorium, not
thallium. Such human error is easy to envisage.

Table 1 summarizes thallium data for soil from four Bay
Area sites (Sites A, B, C and D) investigated for potential metals
contamination. At none of these sites was there a compelling
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Table 1. Thallium and Thorium Soil Data Summary

Data Remarks N MEAN MEDIAN  MINIMUM  MAXIMUM
| Set (ppm) {ppm) (pom)  (ppm) |
SMTEA Reported as Thallium 14 11.48 11.00 3.40 26.00
SITEB Raperted as Thallium 14 9.79 10.50 6.00 13.00
SITEC Reported as Thallium 19 13.97 9.30 2.50 76.00
SITED Raportad as Thalliom 47 329 .00 .60 16.00
TL-REF Thalllum 50 0.56 0.55 017 1.10
TH-REF Tharium 50 15.51 13.50 5.30 36.20
USGS-TH Thorium 721 9.99 10.00 4.00 26.00

reason to suspect thallium contamination. For comparison
purposes, thallium and thorium data from Benchmark Soils
(Bradford et al., 1996) are included (TL-REF and TH-REF,
respectively), along with thorium results from a set of 721
USGS soil samples

(USGS-TH) collected along the west side of the San
Joaquin Valley (Ryder et al, 1989). The thallium data from the
four sites match the thorium reference data much more closely
than the thallium reference data. Is this a coincidence? It is
impossible to know for sure. However, it is highly unlikely
that some obscure contamination mechanism can routinely
translate entire background thallium distributions into the
crustal abundance range proper to thorium.

Such misidentification can be significant because the
resultant concentrations could be viewed as an indication of
contamination. Furthermore, such a distortion pushes the
perceived thallium values into the range where remedial action
may be required. For example, within EPA Region 9,
Preliminary Remediation Goals (“PRGs”) for thallium in
residential soils range from 5 to 7 ppm. (PRGs are chemical
concentrations that correspond to fixed levels of risk in soil,
air, and water. They are used for evaluating and cleaning up
contaminated sites).

The potential problem of thallium misidentification
seems to cut across the line separating geochemical from
environmental laboratories. In trying to resolve a case of
unusual thallium results, the author faxed an inquiry to a
prominent geochemical laboratory asking whether thallium
could be determined by instrumental neutron activation
analysis (“INAA”™). The answer that came back via fax was
“yes”, and the detection limit for “Th” is 0.5 ppm! In fact,
thallium cannot be analyzed by INAA and the detection limit
quoied was, as implied by the chemical symbol, that of
thorium!

It may well be that we are in an era where basic knowledge
of the periodic table cannot be assumed to be universal among
the analysts and technicians responsible for producing the data
we rely on. Whatever the case, applied geochemists have good
reason to be skeptical of unusual thallium data and should
check it before the results are cast in stone.

Bruce Castle

Erler & Kalinowski, Inc.

1730 South Amphlert Bled, Suite 320
San Mateo, CA 94402

TEL: (650) 655-4933
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TECHNICAL NOTE

Aqueous Geochemistry — The Under
Utilized Science

NO — Aqueous geochemistry is NOT the magic bullet that
will allow someone to find ore deposits wherever they go. But
then again - we have yet to find that magic bullet. However,
aqueous geochemisiry is critical to the formation, weathering,
discovery, exploitation, and environmental aspects of every
mineral deposit, economic or not, in the world, It is the subtle
changes in the aqueous chemistry by which ore deposits form,
at high temperatures or at ambient temperatures. Surface and
groundwater interactions and rainwater infiliration provide the
necessary ingredients to allow the weathering process to work.
Without mineral-water interactions there would be NO
geochemical halos developed in stream sediments, soils, or
vegetation by which to direct exploration.

Life would be easy without mineral-water interactions as
most of the geochemical and analytical tools we use today would
not apply to mineralized systems. Additionally, commercial
development of mineral deposits would be environmentally safe
as no metals would be available to contaminate surface or
ground waters. Metals would only leave the site in a processed
form.

The study of agueous geochemistry has matured substan-
tially over the past 30 years. With this maturity has come a
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much greater understanding of the natural systems. It is

realized that reactions occurring at mineral-water interfa(
central to many, if not most, processes of geochemical im
tance. It has also been shown (Sparks and Grundl, 1998;

Appelo and Postma, 1994; Sposito, 1994; Allen, Perdue, a
Brown, 1993; Drever, 1988; and others) that it is these mi
water interactions which control the rates and mechanisn
the geochemical reactions key to metal dispersion and the
overall weathering processes within the natural system.

This paper will concentrate on the mineral exploratic
aspects of aqueous geochemistry. A second paper to be pu
lished in a future edition of EXPLORE will concentrate ¢
environmental aspects of agueous geochemistiry as it relau
the development of mineral deposits. Aqueous geochemis
will be evaluated with respect to weathering, dispersion o:
metal ions, attenuation of metal ions, and how these proce
impact on mineral exploration.

When one looks at the geochemical cycle (Rose, Haw
and Webb, 1979), it is readily apparent how influential aq!
geochemistry is within the cycle. Primary dispersion pati
are created during the formation of ore deposits. These a1
then “locked” into the system until weathering begins.
Weathering is the process of breaking down and transforn
(altering) minerals which are no longer stable under the
ambient conditions to new forms thart are stable.

This process includes many aspects of soil formation,
transportation, and redeposition. Weathering can be mec]
cal (physical) or chemical. Mechanical weathering creates
exposes additional surface areas to the natural elements wl
chemical weathering may then take place. The greater the
surface areas exposed the faster the weathering process.
Chemical weathering requires aqueous solutions to be in
contact with the minerals. It is at the mineral-water interfac
weathering reactions occur. In the vadose zone soil moist
levels are critical to the weathering process while beneath
groundwater table the concentrations of dissolved oxygen
carbon-dioxide may be key components to the control of !
reactions and the biological processes which enhance the 1
weathering.

All minerals are soluble to some degree under certain
conditions. The solubility of the mineral, often referred tc
geochemical mobility (Garrels and Christ, 1965), under th
various conditions determines how much of that mineral a
aqueous solution can hold. The solubility of a mineral is
generally evaluated by calculating it’s saturation index (Ag
and Postma, 1994; Sposito, 1994; Parkhurst, 1996-1999) A
aqueous solution can be under-saturated, saturated, or ove)
saturated with respect to a given mineral.

If the mineral is under-saturated, then the weathering
process may confinue destroying the original mineral and
forming new minerals while releasing anions and cations i
the environment. If the mineral is saturated, the weatherii
process is inhibited until there is a change in the water
chemistry. If the mineral is over-saturated and other cond
tions of its formation are met, it is possible for the mineral
re-precipitate and thereby reversing the weathering proces

The understanding of these complex interactions bel
the many minerals in the system and the aqueous solutions
an important aspect in the interpretation and understandir
geochemical patterns observed in the field.

Continued on Pa
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Minerals Commonly Controlling Concentrations of Key

Aqueous Constituents

Cation Minerals

Ca Calcite, Gypsum, Dolomite, Fluorite, Aragonite,
Montmorillonite

Mg  Chlorite, Dolomite, Sepiolite, Clays

Na Clays, Salts

K Clays, Feldspars, Mica

Si Quartz, Sepiolite, Mica, Feldspars, Clays, Silica cements

Anion Minerals

CO3 Calcite, Dolomite, Aragonite, Siderite

Cl Salts, Clays

504 Gypsum, Anhydrite, Melanterite

F Fluorite, Hydroxylapatite

NO3 none

PO4 Hydroxylapatite

In the unsaturated (vadose) zone above the groundwater,
rain and surface waters infiltrate slowly downward. This
downward movement of water carries soluble ions (from the
portions of minerals) with it. For instance, this is the process
that may lead to the development of supergene enrichment
blankets found at the top of a weathered porphyty system. lons
which may have been carried upward by gases and other
mechanisms then deposited at or near the surface may further
be leached downward until changes in the solution chemistry
again precipitate the metals. As this is a continuous process
and the rate is dependant on the amount of rainfall, the soil
mineralogy, amount of clay sized materials, and the microbio-
logical activity, the geochemical patterns observed in one area
may be very different than those observed in a different area,
even though the mineralization is very similar. This means
that there are no cookbook approaches which are likely to work
everywhere - every time.

Dispersion and dilution are the two most often evaluatred
processes that affect the travel distance and concentration of a
soluble ion. Many of the environmental groundwater modeling
packages (MODFLOW, MT3D, SEEP-W, eic.) apply numerical
constants to approximate the impacts of these processes within
the natural system being modeled. Dispersion in the surface
water system moves metal ions and small amounts of the
mineralized rock downstream from the mineralized zones.
Dispersion in the groundwater system also moves metal ions
down gradient from the mineralized zone. However, dispersion
in the groundwater system may also move metal ions up
gradient and laterally outwards from the down gradient path.
The rate and degree of dispersion are dependant upon the
properties of individual ions (therefore, different ions will yield
different dispersion patterns), porosity of the aquifer materials,
and the groundwater gradient. Dispersion tends to smear the
geochemical halos into an elliptical pattern away from the
mineralization. Dilution happens when other waters coalesce
with the water source containing the metal ions of interest.
Multiple sources of varying metal contents make interpretation
of patterns much more difficult, especially within the ground-
water aquifers. Good characterization of all sources of water,
surface and ground, are essential for reliable interpretation of
geochemical patterns within natural systems.

Natural attenuation is the process that limits the travel
distance and concentration of a soluble ion within the agueous
system. If attenuation did not occur, geochemical halos would

match the chemistry but not necessarily the intensity of the
mineralization. Dilution affects the concentration levels but
not the proportions of metals found within the aqueous system.
However, attenuation may alter dispersion and dilution
patterns in very complex ways. Attenuation generally occurs
through precipitation (especially colloids), adsorption, ion
exchange, and ion hydration.

Much research is being done to determine the rates and
degree of attenuation of metals within the natural environment.
Quantitative estimations of the effects of natural artenuation on
metal ion transport can be made by calculation of attenuation
coefficients (Kd). The attenuation coefficient for a specific
chemical species may be defined as the ratio of the mass sorbed
onto a solid phase to the mass remaining in solution according
to the following formula:

(mass of solute on the solid phase per unit mass of solid phase)
Kd =
(mass of solute in solution per unit volume of the liquid phase)

with units of mL/g (g solute /g solid divided by g solute / mL
solution). The attenuation coefficient is usually determined
using column testing or procedures like the Short Term Batch
Method (ASTM, D 4319-83 ). The Electrical Power Research
Institute (EPRI) has completed studies on many of the metals.
Unfortunately, unless you are associated with a power utility, it
is very difficult to obtain this information. Universities,
mining companies, and consulting firms have also done batch
testing to determine the natural attenuation for specific metals

Continued on Page 12

Analytical

Services

Wherever in the world
your nterests are...

XRAL Laboratories Les Laboratoires XRAL
1885 Leslie Street 129 Ave. Réal Caouette
Toronto, Ontario M38 3J4 C.P. 2283

Tel: (416) 445-5755 Rouyn, Quebec JOX 5A9
In the U.S. 1-800-387-0255 Tel: (819) 764-9108
Fax: (416) 445-4152 Fax: (819) 764-4673

sisibojoax) 1o}

SGS-XRAL Laboratories

Km. 2,5 Carretera Internacional
Salida A Nogales

Hermosilla, Sonora, Mexico
Tel/Fax: (52-62) 100350

XRAL Activation Services
3915 Research Park Dr, A2
Ann Arbor, Ml 48108

Tel: (313) 662-8528

Fax: (313) 662-3260

SGS del Peru S.A,

Av. Elmer Faucett 3348
Callao 1-Lima, Peru
Tel: (51-14) 840855
Fax: (51-15) 741600

SGS maintains
1,100 offices
in 140 countries.

Sample preparation:Flin Flon (Manitoba), Saint John (N.B.),
Yellowknife (N.W.T.), Tumeremo (Venezugla), Medillin (Colombia),
Ulaanbaatar (Mongalia)

Laboratories: Ecuador, Bolivia, Brazil, Chile, Ghana, Zimbabwe,
Kazakstan, Europe and elsewhere.

INSIESS Merver o the SGS Group (Société Génbrale de Surveillance)




PAGE 12

NUMBER 107 E

Aqueous Geochemistry Continued from Page 11

within targeted geological materials. Most of this data however
has ended up in reports and permit applications to State and
Federal agencies and not readily accessible by the general
professional. However, if you can obtain this information it
may provide a much appreciated key to geochemical patterns
observed around mineralized systems. Examples of attenuation
coefficients (Kds in units of ug/Kg) that I have obtained from
the literature and laboratory testing on client projects include:
Arsenic (<10 to >10,000 ), Cadmium (<5 to >1,000 ), Copper
(<5 to >1,000 ), Lead (<10 o >100,000 ), Molybdenum (<10 1o
>10,000), Selenium (<5 to >1,000 ). Therefore, these values
would indicate that under some conditions arsenic concentra-
tions in a surface water or groundwater system may be reduced
by a factor of 10,000 due to natural attenuation processes.

If an exposed mineralized zone weathers to create an
aqueous geochemical anomaly of say 100 ppm arsenic. If the
material in the streambed or soils has a Kd of 10,000 then the
concentration of arsenic would be reduced by a factor of 10,000,
or less than detection limits used by conventional analytical
methods as the solution traveled through the geological
materials surrounding the mineralized zone. In many of the
projects on which I have worked, I have observed surface waters
with very high metal concentrations (>1000 mg/l) flowing
through soils with ten to fifteen percent clays and minor calcite
ending up with no detectable or very low concentrations (<5
mg/l) of metals in groundwater only 30 feet below the stre-
ambed. Negative attenuation coefficients indicate that the
metal concentrations increase when passing through the
material. Attenuation may be especially impertant in the soil
(vadose zones) and will depend greatly on the source area of the
weathered soil materials.

Several of the properties of an aqueous solution which may
greatly influence the degree of attenuartion observed in the field
or determination of attenuation coefficients in the laboratory
are pH, total dissclved solids concentration, chloride concentra-
tion, redox potential, carbon dioxide concentration, and degree
of mineral-water surface area contact. Fine-grained sediments
having the same mineralogy as fractured bedrock will almost
always exhibit a greater attenuation capacity because of the
larger surface area for sorption and/er chemical reactions.
Cation exchange capacities indicate a materials ability to adsorb
and is hizghly dependant upon the clay content, clay minerals,
organic matter, and oxide or hydroxide content (Appelo and
Postma, 1994). Column tests generally yield lower values and
may, if analyzed over long time periods, provide a much more
accurate indication of the processes occurring in the natural
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system. Column test are especially helpful if the materi,
analyzed to determine the metal speciation in the sedim
[exchangeable metal, metal sulfides, metals associated w
calcium carbonate, manganese oxides, amorphous iron ¢
or organic matter, etc.(Allen, et. al. 1993)]. However, sh
term batch tests generally provide good estimates on the
attenuation coefficients at a fraction of the costs.

Often one must look at indicator cations rather thai
metal of interest, just as pathfinder elements are used in
and rock geochemical surveys. Adsorption and ion exch
processes release one cation while atienuating another.
Calcium, magnesium, and sodium are commonly exchan
when a material attenuates a heavy metal ion such as ars
cadmium, copper, and lead. This produces a secondary
geochemical halo of constituents not directly associated
the mineralization. Calcium and magnesium are general
mobile than sodium, especially if iron and manganese ox
and hydroxides are present. As a result, the geochemical
pattern observed would be that as one gets nearer the tar
there would be an increase in sodium, then calcium and
magnesium, and then finally the metals associated with t
mineralization,

e salt water intrusiol
% fresh waoter intrus

] seawater
® Fresh woter

Figure 1. Piper plor showing compositions of groundwater from Ze
and Western Brabant in The Netherlands, in which cation exchai
visthle. The tail at plotted points is directed towards position on the
ing line based on C1™ concentration of the groundwater sample.
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Piper diagrams can be of great assistance in unraveling the
geochemical processes occurring in regional groundwater or
surface water systems. This example (Figure 1) from Appelo
and Postma (1994) is one such case history. Using this tool,
ground waters undergoing sulfate reduction can be easily
differentiated from those where cation exchange, calcite
deposition or solution are the primary processes affecting
changes in water chemistry.

Observed time variations of aqueous geochemistry patterns
makes its direct use as an exploration tool difficult. This is
especially critical in surface water geochemical patterns.
However, similar changes are observed in groundwater aquifers
as well. Rain events, temperature changes, bio-activity, and
many other factors continually modify aqueous geochemical
patterns around mineralized systems. This does not mean that
these patterns cannot be used within an exploration setting,
however, it does mean that the geochemist must be aware of the
influences which may be modifying the patterns from an ideal
classical model. The periodicity of these variations must be
understood in order to develop an appropriate sampling
strategy. Surface water chemistry can be an excellent indicator
of the distance that a metal ion can travel before precipitating
or becoming adsorbed onto mineral surfaces which may
provide the key understanding to how a stream sediment
survey can be most efficiently conducted. It has never ceased to
amaze me that when evaluating a stream system how very small
changes in the water chemistry and changes in the minerals
found in the streambed will cause one or more minerals to
precipitate removing much if not all detectable amounts of a
given metal ion from the surface water. It is the downstream
transport of these precipitated minerals and materials with
adsorbed metal ions on their surfaces that produce geochemical
patterns in the stream sediments.

In conclusion, [ would suggest that each of us consider
aqueous geochemical processes to assist in the interpretation
and understanding of the geochemical patterns that we observe
in the field no matter what media we are sampling. This
understanding may help us to better use the geochemical
observations in our decision making process.
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Erick F. Weiland

Terra Technology

5531 Kelso Street,

Tucson, AZ 85712

Tel: (520) 296-5940

Fax: (520) 546-8001 éﬁi
Email: ErickWeiland @ierra-technology.com

GEOLOGICAL SOCIETY OF NEVADA

“Geology and Ore Deposits 2000: The Great Basin and
Beyond” is the theme of the upcoming Geological Society of
Nevada Symposium, May 15-18. The past GSN symposia have
been some of the best meetings on ore deposits, and this
symposinm is shaping up as one of the best ever.

Co-sponsors include the Society of Economic Geologists,
Association of Exploration Geochemists, U.S. Geological
Survey, and Nevada Bureau of Mines and Geology. Papers will
be presented on ore deposits, regional geology, and tectonics
throughout the world. The format for the meeting is excellent
in that you have the opportunity to see all the oral presenta-
tions (eight, non-competing sessions over four days, each with a
top-notch keynote speaker) as well as approximately 90 poster
presentations. There are plenty of breaks for refreshments,
including late afternoon beer in the poster-exhibit areas. You’ll
have an opportunity to examine core from recently discovered
ore deposits in the exhibit area as well. Several pre- and post-
meeting field trips are scheduled to visit ore deposits and
exciting geologic exposures in Nevada, and several pre- and
post-meeting short courses are being offered. Two special
luncheons, the “Big Party” Wednesday night, and an evening
alumni gathering help round out the symposium.

If you are at all interested ore deposits or how tectonics
and ore deposits are linked, this meeting should be of great
interest to you. Regular registration is only $275 and on-site
registration is $300. Student registration is $125. Registrants
will receive a program with abstracts on the oral and poster
presentations. A few months after the symposium, registrants
will also receive a CD with copies of the 70+ full papers that
are currently in the process of being reviewed and revised.

You can find registration information at www.gsnv.org/
sympZk.asp or simply www.gsnv.org

We look forward to an excellent symposium and to your
participation.

GEOLOGICAL SOCIETY OF NEVADA

PO Box 12021

Reno, NV 89510-2021

phn 775/323-3500

fax 775/323-3599 %

WWW. GSHD.0rg
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NOTICE

To All Analytical Laboratories

The Association of Exploration Geochemists (AEG) is in
the process of updating its web site at http://aeg.org. The AEG
is inviting all analytical laboratories to create or update their
existing web sites, and to facilitate links with the AEG web site.
The goal is to create links so that visitors to the AEG site can
easily access analytical laboratory information on available
services and pricing. We plan to establish the links by May,
2000. If your laboratory currently has a web site, and you would
like to have a link to the AEG site established, please notify us
of the web address. If you plan to create a web site, please
confirm your intent with us so that we can plan accordingly.

If you have any questions, please feel free to contact David
Kelley or Beth McClenaghan.

David Kelley

WMC Exploration

8008 E. Arapahoe Ct, Suite 110
Englewood, CO 80112

(303) 268-8318

dave. kelley@wmc.com.au

Beth McClenaghan

Geological Survey of Canada

601 Booth Street

Ottawa, Ontario

CANADA KI1A 0E8

Phone: (613) 992-7805 Fax: (613) 992-0190
Email: bmcclena@nrean.gc.ca

Web site: hetp://sts.gsc.arcan.ge.ca/tsd.htm

Association of Exploration Geochemists Web Manager .
Web site: http://aeg.org %

1999 IGES ABSTRACT VOLUME

Copies of the
Abstract Volume for the 19" International
Geochemical Exploration Symposium,
Exploration Geochemistry into the 21* Century,
held in April 1999, Vancouver, Canada,
are available from the AEG office.
This 146 page volume edited by
W.K. Fletcher and I.L. Elliott contains
abstracts for all oral and poster presentations.
The price is Can$35.

Please contact Betty Arseneault,
AEG Business Manager, PO. Box 26099,
72 Roberson Road, Nepean,
Ontario, K2H 9RO, Canada
TEL. (613) 828-0199 FAX (613) 828-9288
E-mail aeg@synapse.net

NEWS OF MEMBERS

Laurence I (Larry) James will be spending much of
on a Korean government - funded effort to identify metal
resources in northeast Asia, present short courses, and leet
on mineral deposits of Asia. He says he can now read simp
Hangul, or Korean script (but the work is in English). He
enjoys working on the variety of deposit types of the regior
and sampling the culture, but would like to hear from fello
explorationists, He accesses email intermittently at
james@maill.pknu.ac.kr and jamesgeoa(@cs.com. The forn
works best, but both servers have occasional problems.

Todd Wakefield, previously living in Reno, Nevada, h:
joined Newmont Mining Corporation as Senior Geochemis
responsible for South America, He is based in Lima, Peru,

YANDAL BELT SYMPOSIUM

REGOLITH, GEOLOGY AND MINERALISATION (
THE YANDAL GREENSTONE BELT

PERTH, WESTERN AUSTRALIA
10-11 JULY, 2000

The Yandal greenstone belt, Western Australia, is one ¢
the worldwide exploration highlights of the 1990°s based on
discovery of 13 million ounces of gold during the period an¢
successful mining of Bronzewing, Mt McClure, Jundee and
Darlot/Centenary. The belt now produces about 10% of
Australia’s total gold output.

Historically, the belt produced small amounts of gold fr
quariz-hosted, outcropping ore zones. Previous exploration
had concentrated on the base metal and nickel sulphide
potential of sulphide host environments and gossan outcrop
Some relatively extensive gold exploration programmes wer
carried out in the 1980s revealing uneconomic resources. In
general, however, the applied exploration methodology did 1
adequately allow for the deeply weathered greenstones and t
extensive alluvial cover. Well under fifteen percent of the
greenstone bell is reasonably fresh rock outcrop, a large part
deeply weathered, and more than half of the belt is overlain
transported overburden of various ages.

However, within the last ten years, a greater emphasis b
been placed on appreciation of regolith and bedrock geology
This has resulted in the discoveries of the Bronzewing, Jund
Darlot/Centenary and Mt McClure gold deposits and confirs
the Yandal belt to be a major gold producing province. Few
areas around the world could match this success, and even
fewer from what was essentially a ‘standing start” in 1990.

For the past ten years, the regolith and geology of the
Yandal belt have been well researched by the Co-operative
Research Centre for Landscape Evolution and Mineral
Exploration (CRCLEME), several companies, University of
Western Australia, University of Melbourne, Geological Surv
of Western Australia and Australian Geological Survey
Organisation. The rapid development of mining in the Yand
belt has been paralleled by, and to some extent relied upon,
significant conceptual breakthroughs in understanding of th
Yandal belt geology and regolith. Some of these breakthroug

Continued on Page
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Yandal Belt Symposium... Continued from Page 14

altered the perceptions held about Yandal belt prospectivity,
others drew upon comparisons from other parts of the Yilgarn
Craton, and some were innovations which have implications to
exploration in other greenstone belts and weathered terrains.

The fruit of the research will be presented in a variety of
papers at the Yandal Belt Symposium to be held in Perth over
two days, 10" and 11 July 2000. This will be the first
conference and volume attempting to bring together all aspects
of Yandal belt geology and regolith.

The scientific programme will focus on issues of
recognizing concealed mineral deposits in areas of transported
overburden or deep weathering, or both. It comprises a
balance of regional and detailed presentations covering
regolith, exploration geochemistry, primary geology,
geaphysics and several presentations on mineralisation.

This Symposium is a joint association of the CRCLEME,
Australian Institute of Geoscientists, The Association of
Exploration Geochemists, Geological Society of Australia and
the Society of Economic Geologists.

Registration details are as follows:
Members of the above Associations $A 300 (+10% GST)
Non Members $A 450 (+10% GST)
Students and Unemployed $A 150 (+10% GST)

Registration includes the volume, morning and afternoon
tea, and lunch for each of the 2 days.

To register, or for more information please contact Jocelyn
Thomson at The Australian Institute of Geoscientists-, Phone
No: +61-8-9226 3996; Fax: +61-8- 9226 3997; e-mail
aigwa@iinet.net.au ; or mail to AIG (WA), PO Box 606, West
Perth, Western Australia, 6872,

The substantial discount for AEG members illustrates the
Association’s commitment to providing value for money to its

members. %
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Zn-Pb-Ag deposit at Dugald River, NW Queensland:
Potential as an exploration guide: Applied Geochem. 15(1):
1-12.

CALENDAR OF EVENTS

International, national, and regional meetings of interest to
colleagues working in exploration, environmental and other
areas of applied geochemistry.

B April 24-28, 2000, 5 International Symposium on Environ-
mental Geochemistry, Cape Town, South Africa. INFORMA-
TION: S5ISEG, Department of Geological Sciences, University
of Cape Town, Private Bag, Rondebosch, 7701, South Africa,
FAX 27-21-650-3783. Email: Siseg@geology.uct.ac.za.

® April 27-29, 2000, Cordilleran GSA Sectional Meeting,
Vancouver, British Columbia, INFORMATION: Peter S.
Mustard, pmustard@sfu.ca.

B May 12-14, 2000, Europe’s major base metal deposits,
Galway, Ireland. INFORMATION: Leo Fusciardi, Irish
Association for Economic Geology, Minorco Services Ireland,
Ltd., Killoran, Moyne, Thurles, Co., Tipperary, Ireland,
+353.504.54369. FAX: +353.504.45344, e-mail;
lfusciardi@minorco.ie.

® May 15-18, 2000, Geology and ore deposits 2000: The Great
Basin and beyond, Reno/Sparks, Nevada, USA. INFORMA-
TION: Geological Society of Nevada. 702-323-3500, ax 702-323-
3599, e-mail: gsnsymp@nbmeg.unr.edu.

H May 21-24, 2000, ICARD 2000, 5 International Conference
on Acid Rock Drainage, Denver, Colo. INFORMATION:
SME, PO Box 625002, Littleton, Colo. 80162-5002. E-mail:

davis@smenet.org.

B May 29-June 1, 2000, GAC/MAC Annual Meeting, The
Millenium Geoscience Summit, Calgary, AB,. INFORMA-
TION: www.geocanada2000.com/frameset.html

B May 30-June 2, 2000, International Symposium on Environ-
mental Issues and Waste Management in Energy and
Mineral Production (SWEMP 2000), Calgary, Canada.
INFORMATION: Raj Singhal, PO. Box 68002, Crowfoot Postal
Outlet, 28 Crowfoor Terrace N.W., Calgary, AB, T3G 1Y0,
Canada, phone (403) 241-9460, fax 403-241-9460.

® May 31, June 3, 2000, AGU Spring Meeting, San Francisco,
CA. INFORMATION: AGU Meeting Department, 2000
Florida Ave., NW, Washington, DC 20009, TEL: 202-462-6900.
FAX: 202-328-0566. E-mail: meetings(@kosmos.agu.org.

B August 6-17, 2000, 31* International Geological Congress,
Rio de Janeiro, Brazil. INFORMATION: Secretariat Bureau,
Casa Brazil 2000, Av. Pasteur, 404 Urca, Rio de Janeiro-R]-
Brazil, CEP 22.290-240, phone 55 21 295 5847, fax: 55 21 295

8094. E-mail: 3lige@3lige.org, http: www.3lige.org.

B August 30-September 1, 2000, Geoanalysis 2000: 4th
International Conference on the Analysis of Geological and
Environmental Materials, Abbaye des Prémontrés, Pont 2
Mousson, Lorraine, France. INFORMATION: Jean Carignan,
CRPG-CNRS, 15 rue Notre Dame de Pauvres, B.P. 20, 54501
Vandeouvre-lés-Nancy cedex, France, phone 33-3-83-59-42-17,
fax 33-3-83-51-17-98.

B September 3-8, 2000, Goldschmidt 2000. Oxford, UK.
INFORMATION: P Beattie, Cambridge Publications, Publica-
tions House, PO Box 27, Cambridge, UK CB1 4GL. TEL: 44-
1223-333438, FAX: 44-1223-333438, E-mail:
20ld2000@campublic.co.uk.

W November 13-16, 2000, Annual Meeting of the Geological
Society of America, Reno, Nev. INFORMATION: TEL 1-800-
472-1988, meetings{@geosociety.org.

B December 14 - 19, 2000, Pacifichem 2000, Honolulu.
INFORMATION: Congress Secretariat, c/o American Chemi-

Continued on Page 21
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INTEGRATED EXPLORATION

Geosoft delivers a one-stop solution for integrating and
interpreting geological, geophysical and geochemical results.
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» Standards and Duplicate Verification |
\ E-Maps e |
» Correlation Coefficient Analysis -
N GEOPHYSICAL
» CAD Onscreen Interpretation MAPPING

» Multi-Element Scatter Analysis

» GIS Integration

» Principle Components Analysis

» Cutting and Pasting for Reports
. . GEOPHYSICAL
» Varimax Factor Analysis INTERPRETATION

» Internet Aware Technology

INTEGRATED MULTI-DISCIPLINARY RESULTS
FOR DECISION-MAKING
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KNOWLEDGE FROM DATA™

New v4.3 CHIMERA™
Software Release:

Specialized Capabilities for

Exploration Geochemistry

To learn more about Geosoft’s Exploration

Geochemistry Solutions:

Phone: 1-416-369-0111

Email: info@geosoft.com
Visit: www.geosoft.com
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THE ASSOCIATION OF EXPLORATION GEOCHEMISTS
APPLICATION FOR NON-VOTING MEMBERSHIP*

Please complete the section relevant to the class of membership sought and supply your address on this form.
Miail the completed application, together with annual dues, to the address below.

*Details of requirements and application forms for voting membership (Fellowship) can be obtained from the AEG website
(hip:/fwwwaeg.org) or business office

1 wish to apply for election as a Member of the Association of Exploration Geochemists. | am
presently employed by:

as a

(employer) (employment title)
I am actively engaged in scientific or technological work related 1o geochemical exploration and have been so for the past two years, Upon receipt of
the Code of Ethics of the Association [ will read them and, in the event of being elected a Member, agrée to honour dnd abide by them. Witness my
hand this day of’ 19

(Signature of applicant)

— STUDENT MEMBER
1 wish to apply for election as a Student Member of the Association of Exploration
Geochemists, | am presently engaged as a full-time student at , where I am taking a
course in pure or applied science, Upon receipt of the Code of Ethics of the Association and in the event of being elected a Student Member agree
to honour and abide by them. Witness my hand this day of 19

(Signature of applicant)

f the Association of Exploration Geochemists, | certify that the

applicant is a full-ime student at this msetution,

{Signature) (Printed Name and Title)
_ NAME AND ADDRESS
(to be completed by all applicants)
Name: Telephone:
Address: bus:
fax:
home:
email:
Annual Dues
All applications must be accompanied by annual dues . Select ane or two below:
1 2000 member dues USH 70
2000 student member dues 40
If you require a receipt, include a self-addressed envelope and add 2
1If your check is not drawn from 2 U.S.A, or Canadian bank, add 15
TOTAL

All payments must be in US funds, Payment by check, International Money Order, UNESCO Coupons, International Postal Orders, VISA and Master Card are
acceptable.  For users of VISA or Master Card, minor variations in your billing may reflect currency exchange race fluctuations at time of bank transaction.

If you pay by charge card, please provide the following information: type: Master Card VISA

Credit card account number: Expiration date:

Name: Signature:

Please note: Your completed form should be mailed to the Business Office of the Association and will be acknowledged upon receipt. The Admissions Committee
reviews all applications and submits recommendations to Council, who will review these recommendations at the next Council Meeting or by correspondence. If no
objection is raised the names, addresses and positions of candidates will be listed in the next issue of the Association Newsletter, If after a minimum of 60 days have
elapsed following submission of candidate information to the membership no signed letters objecting to candidates admission are received by the Secretary of the
Association from any Member, the Candidate shall be deemed elected, subject to the receipt by the Association of payment of required dues, Send completed
application, together with annual dues to:

Association of Exploration Geochemists, PO. Box 26099, 72 Robertson Road, Nepean, Ontario, CANADA E2H 9R0
TEL: (613) 828-0199, FAX: (613) 828-9288, email: aeg@synapse.net
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Calendar of Events Continued from Page 19

cal Society, 1155 16th St. N.W., Washington, D.C. 20036, fax:
202-872-6128, E-mail:pacifichem(@acs.org.

B December 15-19, 2000. AGU Fall Meeting, San Francisco,
CA. INFORMATION: AGU Meeting Department, 2000
Florida Ave., NW, Washington, DC 20009, TEL: 202-462-6900.
FAX: 202-328-0566. E-mail: meetings(@kosmos.agu.org.

B May 6-10, 2001, 20th International Geochemical Explora-
tion Symposium: Geochemistry and Exploration in Latin
America, Santiago, Chile.

B August 27-29, 2001, The 6th Biennial Meeting Society For
Geology Applied To Mineral Deposiis: Mineral Deposits at
the Beginning of the 21st Century, Krakow, Poland. http://
galaxy.uci.agh.edu.pl/~sga

B November 5-8, 2001, Annual Meeting of the Geological
Society of America, Boston, Massachusetts, INFORMATION:
TEL 1-800-472-1988, meetings(@geosociety.org.

® October 27-30, 2002, Annual Meeting of the Geological
Society of America, Denver, Colorado. INFORMATION:
TEL 1-800-472-1988, meetings@geosociety.org.

W November 2-5, 2003, Annual Meeting of the Geological
Society of America, Seattle, Washington. INFORMATION:

TEL 1-800-472-1988, meetings@geosaciety.org.

Please check this calendar before scheduling a meeting to
avoid overlap problems. Let this column know of your events.

Virginia T. McLemore

New Mexico Bureau of Mines and Mineral Resources

801 Leray Place

Socorro, NM 87801 USA

TEL: 505-835-5521

FAX: 505-835-6333 %
e-mail:  ginger(@gis.nmt.edu

Deadlines for the

Next Four Issues of
EXPLORE

Contributors's deadlines for the next four issues of
EXPLORE are as follows:

Contributor's Deadline
May 31, 2000

August 31, 2000
November 30, 2000
February 28, 2001

Issue Publication date
108 July 2000

109 October 2000
110 January 2001
111 April 2001

NEW MEMBERS

To All Voting Members:

Pursuant to Article Two of the Association’s By-Law
No.l, names of the following candidates, who have been
recommended for membership by the Admissions Commit-
tee, are submitted for your consideration. If you have any
comments, favorable or unfavorable, on any candidate, you
should send them in writing to the Secretary within 60 days
of this notice. If no objections are received by that date, these
candidates will be declared elected to membership. Please
address comments to David B. Smith, Secretary AEG, USGS,
Box 25046, MS 973, Denver, CO 80225, USA.

Editors note: Council has decided that all new applicants
will receive the journal and newsletter upon application for
membership. The process of application to the Nepean
office, recommendation by the Admissions Committee,
review by the Council, and publication of applicant’s names
in the newsletter remains unchanged.

FELLOW

Puig, Alvaro G.

Chief Geochemist
CODELCO Exploration
Santiago, CHILE

MEMBERS

Heimbach, Joseph E.
Archives Geologist
DILAND. NWT Geol Div
Yellowknife, NT, CANADA

Keppel, Mark N.
Geochemist

Normandy Mining Services
Wayville, SA, AUSTRALIA

STUDENT
Mercier-Langevin, Patrick

University of Quebec at Chicoutimi %
Canton-Tremblay, PQ, CANADA

Support Your Organization

Advertise

in Your Magazine




PAGE 22

NUMBER 107 EXPLORE

UPDATE TO AEG MEMBERS

Dear AEG Members,

As you know, our contract with Elsevier to publish the
AEG journal ended Dec 31, 1999. Your association has a new
journal set for publication in 2001 entitled Geochemistry:
Exploration, Environment, Analysis (GEEA). We are now
accepting papers for GEEA which will be published by the
Geological Society of London (GSL) in partnership with us (at
a LOW institutional price). We are in the final stages of
creating the Editorial Board and policy matters, The AEG
website will be updated shortly with such information. Our
journal office is in the same location as previously:

c¢/o Marcia Scrimgeour, Editorial Assistant, GEEA,
72 Robertson Road, PO. Box 26099
Nepean, ON K2H 9R0, CANADA
Tel: (613) 828-1222 Fax: (613) 828-2567
E-mail: geea@compmore.net

We have learned recently that Elsevier, who are continuing
to publish the Journal of Geochemical Exploration on their own
(they have rights to the title), have begun inveicing some
members approximately US$ 200 for annual subscriptions to
the Journal of Geochemical Exploration. This action by
Elsevier is entirely independent of the Association of Explora-
tion Geochemists and is not endorsed or supported by the AEG.

You are under absolutely no obligation to pay: simply send an
email to Elsevier (1.veenstra@elsevier.nl) stating that you have
not placed any such order and decline it.

Just to remind you, your AEG membership for 2000 ($70)
covers the cost of a hard-back book entitled “Drift Exploration
in Glaciated Terrain” edited by Beth McClenaghan, Steve
Cook, and Peter Bobrowsky. This book will be sent to you in
the second half of 2000 and is being published by our (not-for-
profit) partner, the GSL. Your membership fee also includes
EXPLORE and any other services the AEG can offer you.

We regret the confusion that Elsevier’s action has caused
our membership. If you have further questions, please contact
the AEG business office at:

c/o Betty Arseneault, Business Manager
PO Box 26099, 72 Robertson Rd.
Nepean, Ontario, K2H 9R0
tel: 613 828 0199; fax: 613 828 9288; email: aeg(@synapse.net

Sincerely,

Gwendy Hall

Co-ordinating Editor for GEEA
email: GHall@nrcan.ge.ca
Paul Taufen

N
President ’X
email: Paul. Taufen@wme.com.au

£

Co-sponsored by:

Mevada Bureau of Mines and Geology

Geological Society of Nevada Symposium 2000
May 15-18, 2000, Reno/Sparks, Nevada, USA

GEOLOGY AND ORE DEPOSITS 2000:
S The Great Basin and Beyond

The Association of Exploration Geochemists

For more information: 775/323-4569, fax 775/323-3599
Registration materials now available: http://www.gsnv.org

Society of Economic Geologists

%USGS U.8. Geolegical Survey

sclance for a changing world

e-mail: gsnsymp@unr.edu
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P.O. Box 26099, 72 Robertson Road, Nepean, Ontario K2H 9RO CANADA

Paul M. Taufen, President
WMC Exploration
8008 East Arapahoe Court
Englewood, CO 80112
TEL: 303-268-8321
FAX: 303-268-8375
email: Paul. Taufen@wmc.com.au

David B. Smith, Secretary
U.S. Geological Survey
Box 25046, MS 973
Denver, CO 80225
USA
TEL: (303) 236-1849
FAX: (303) 236-3200

email: dsmith@ helios.cr.usgs.gov

1999-2000
Peter Simpson (ex-officic)
Stephen D. Amor
Stephen J. Day
Mary E. Doherty
Shea Clark Smith
Graham Taylor

2000-2001

Richard Carver
David Cohen

David Garnett

Australian Geoscience Council
Representative
Geoff Murphy

Canadian Geoscience Council
Representative

Awards and Medals Comimittee
Gwendy E. M. Hall, Chalr 1996-1997
John S. Cone

Robert G. Garrett

Ginter Matheis

Barry W. Smee

Bibliography Committee
L. Graham Closs, Chair
Robert G. Garrett

Richard K. Glanzman

Eric C. Grunsky

Gwendy E.M. Hall

Peter J. Rogers

Distinguished Lecturer Committee
Graham F. Taylor, Chair

Election Official
Sherman Marsh

Erick Weiland (ex oficio)

Philippe Freyssinet

Todd Wakefleld

Telephone (613) 828-0199

OFFICERS
January - December 2000

Nigel Radford, First Vice President

Normandy Exploration

8 Kings Park Road

West Perth, WA 6005

Australia

TEL: +61 8 9366 3232

FAX: +61 8 9366 3270

email: nigel.radford @ normandy.com.au

Gwendy E.M. Hall, Treasurer
Geological Survey of Canada
601 Booth Street, Room 702
Ottawa, ON K1A OEB
CANADA
TEL: (613) 992-6425
FAX: (613) 996-3726

email:

COUNCILLORS

Councilor Emerilus
Sherman Marsh

Ausiralia 2000-2001
Leigh Bettenay
Nigel Brand
Mark Elliott

Brazil 2000-2001

Germano Melo Jr.

Chile 2000-2001
Alvaro Puig

China 1999-2000
Guangsheng Yan

COMMITTEES

Environmental Commiitee
Richard K. Glanzman, Chair
Cecil C. Begley

Peter H. Davenport

Gwendy E.M. Hall

Keith Nicholson

EXPLORE

Lloyd James, Editor

Sherman P. Marsh, Assoc. Editor
Owen P. Lavin, Business Manager

Geochemistry: Exploration,
Environment, Analysis
Gwendy E.M. Hall, Editor-in-Chief

Admissions Commitiee
Lloyd D. James, Chair

L. Graham Closs

Jeffrey A. Jaacks

New Membership Commitiee
Shea Clark Smith, Chair
William D. Burstow

Mark 8. Elliot

Germano Melo, Jr.

Tood Wakefield

hall@gsc.nrcan.ge.ca

Europe 1999-2000
J. B. De Smeth
Northern Countries 1999-2000
Clemens Reimann
Southeast Asia 1999-2000
Tawsapormn Nuchangong
Southern Africa 1899-2000
Charles Okujeni

UK and Republic of Ireland 1899-2000

Christopher C. Johnson

Publicity Commitiee

M. Beth McClenaghan, Chair
Sherman P. Marsh

J. Stevens Zuker

R. Steve Friberg

Regional Councillor Coordinator
David L. Garnett

Short Course Committee
Colin E. Dunn, Chair

Student Paper Competition Cormmitiee
lan Robertson, Chair

Frederic R. Siegel

Arthur E. Soregaroli

Owen Lavin

Symposium Committee
Steve Amor, Chair

Eion Cameron

Mario Desilets

Philippe Freyssinet
Gwendy Hall

Virginia McLemore

Barry W. Smee

Graham F, Taylor

Betty Arseneault, Business Manager
P.O. Box 26089, 72 Robertson Road, Nepean, ON K2H 8R0 CANADA, TEL: (613) 828-0199 FAX: (613) 828-9288, e-mail: aeg @ synapse.net
M. Beth McClenaghan, Webmaster
e-mail: bmecclena@nrean.gec.ca
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Please send changes of address to:
Association of Exploration Geochemists
PO. Box 26099, 72 Robertson Road, Nepean, Ontario, K2H 9R0, Canada - TEL: (613) 828-0199 FAX: (613) 828-9288
e-mail: aeg@synapse.net * http://www.aeg.org /aeg/aeghome.htm
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