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This I will do, but I cannot, at this auspicious point in the Association’s history, | AEG Committees

Nigel Radford  begin an address to our members without looking forwards, not backwards. Those
of us fortunate enough to be in Santiago are about to take part in the 20" IGES. Our colleagues on

the Local Organising Committee have carried out herculean tasks to get us to this point, and we are about to enjoy a veritable
feast of the best science our disciplines have to offer. Congratulations to the LOC for a great job!

How appropriate it is that the 20" IGES is being held in
South America! Surely this is one of the few theatres in the
mineral exploration industry where all is not doom and gloom?
Parts of South America are still largely under-explored by
modern techniques and there are rich prizes out there to be
found. We all know of impediments to exploration in other parts
of the world, and I will not depress you by elaborating on them.
Suffice it to say, exploration seems to me to be more vibrant here
than anywhere else I have visited recently.

How can geochemistry contribute to the successful discov-
ery of new mineral resources? The talks presented over the next
few days at the 20" IGES will provide some answers. So the
lucky ones who are able to be in Santiago will hear the answers

“from the horses’ mouths”, if the various speakers will forgive
me for describing them so! But what of the rest of our members,
and also those not fortunate or enlightened enough to be
members of the AEG? Well this is where the second of this year’s
great new ventures comes into play. By the time you read this
message the first volume of GEOCHEMISTRY: EXPIL.ORA-
TION; ENVIRONMENT; ANALYSIS will have arrived in
your mail box. AEG has entered into an agreement with the
Geological Society of London to bring you a new Journal
dedicated to our science. The title says it all! The new journal
seeks to bring into one place scientific developments in all

Continued on Page 9

“X Technical Note

Geochemical Variations in Post-Mineral
Cover — Implications for the use of Partial
Extraction Geochemistry for Porphyry
Copper Exploration in Northern Chile

Introduction

In the mid-to-late 1990’s, several mineral explora- Study
tion companies began using a variety of partial Area
extraction geochemistry methods in the search for

covered porphyry copper deposits in the Atacama =
Desert of northern Chile. The application of partial <
extraction geochemistry in this region is difficult due O
to the high concentration of water-soluble saline
minerals and a high geochemical background result-
ing from vast regions with internal drainage. In
addition, problems such as colloidal interference,
variable leach pH conditions induced by the sample
matrix, and readsorption of dissolved elements can
further complicate the interpretation of data from
these methods.

Beginning in 1995, several studies were con-
ducted by BHP Minerals that were aimed at under-
standing the environment and characterizing second-
ary geochemical dispersion for covered porphyry
copper exploration. This study reports on the detailed

geochemical variations in vertical and horizontal profiles on
the scale of a few meters using 4 partial extraction methods.
The location of the study area was selected because it
provides excellent vertical exposure of typical overburden in
the Atacama. The exposures are the result of natural stream

Continued on Page 2
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Figure 1. Location of study area in northern Chile showing the Spence (porphyry

copper) and El Tesoro (exotic copper oxide) deposits.
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erosion along a small tributary to Quebrada De Los Arrieros,
located 30 km east of Sierra Gorda in the Antofagasta province
of northern Chile.

Environment

The Atacama Desert is the driest desert in the world with
annual precipitation estimated at less than a millimeter
(Ericksen, 1981). Measurable rainfall of more than 1 mm may
occur as infrequently as every 5 to 20 years; heavy rainfall
greater than a centimeter may occur only a few times each
century. The region is devoid of plant growth, although sparse
vegetation does occur locally in the Central Valley where the
groundwater table is near the surface. The region has a mean
average temperature of 15 °C (Stoertz and Ericksen, 1974).

The hyper-arid climate has existed since mid-Miocene
time and is attributed to three factors: 1) the Humbolt Current
which brings frigid water from Antarctica north along the west
coast of South America; 2) a counterclockwise air circulation
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Figure 2. Regions of the Central Andes with internal drainage
(shaded area). Modified from Stoertz and Ericksen, 1974.

pattern centered west of the coast that brings cool air over the
ocean from the southwest across northern Chile and southern
Peru; and 3) the Andes Mountains that inhibit the movement
of moist air from the east (Alpers and Brimhall, 1988; Stoertz
and Ericksen, 1974). This hyper-arid climate resulted in the
formation of economic concentrations of nitrate in several
locations throughout northern Chile (Ericksen, 1981).

Regional Geology

The porphyry copper deposits of northern Chile occur as
three north-trending belts that decrease in age to the east
starting with Early Cretaceous (~130 Ma) through Paleocene
(66-58 Ma) to late Eocene to early Oligocene (42-31 Ma)
(Sillitoe and McKee, 1996). The majority of copper mineraliza-
tion is related to the last two events. The tectonic evolution of
northern Chile produced four structurally-bound geomorphic
provinces related to the subducting Nazca plate beneath the
Americas plate (Mortimer and Saric, 1975; Sillitoe and McKee,
1996). From west to east, these are: 1) Coastal Range; 2)
Central Valley; 3) Pre-Cordillera; and 4) Andean Cordillera.
Uplift and erosion in early to mid-Tertiary time under semi-
arid conditions produced thick alluvial gravels, some of which
host exotic copper oxide deposits (Munchmeyer, 1996). Most of
northern Chile now lies within a region of internal drainage
that has persisted since late Tertiary time with a hyper-arid
environment (Fig. 2; Stoertz and Ericksen, 1974). Accumula-
tion of sediments during this time includes evaporites, allu-
vium, playa sediments, and eolian deposits intercalated with
volcanic ash and mudflows.

Quebrada De Los Arrieros

Quebrada De Los Arrieros is a shallow arroyo incised into
Miocene gravels that drains west into a small salar just south of
the Spence porphyry copper deposit (Fig. 1). The drainage
receives sediment from outcropping areas that include Paleo-
zoic granite and rhyolite, Jurassic marine evaporites, Creta-
ceous granodiorite, and minor Tertiary felsic intrusives. The
only significant mineralization known to occur in the drainage
basin is El Tesoro, located 7 km to the southwest of the study
area. El Tesoro consists of exotic copper oxides hosted in
Miocene gravels and occurs at an elevation slightly higher than
the sampled profiles. The hypogene source of the deposit has
never been discovered. The deposit was undeveloped at the
time of sampling.

At the sample site, alluvium is exposed over 2.53 vertical
meters. The vertical profile consists of a polymictic surface lag
underlain by thin powdery soil referred to as “chusca”, chusca
with a friable network of gypsum, and dense caliche-cemented
alluvium. The caliche is largely gypsum with halite and other
soluble salts. A prominent feature at Quebrada De Los Arrieros
is the occurrence of vertical fissures that are 2-30 cm wide and
truncate the stratigraphy (Fig. 3). The spacing between the
fissures is irregular but they generally occur every S to 10
meters. The interior of the fissures is lined with thin, vertically
laminated salt indicating the movement of water along the open
fractures (Fig. 4).

One continuous vertical profile and two horizontal profiles
were sampled. The vertical profile consisted of samples
collected continuously from the surface lag to the base of the
exposure at 253 cm. The profile was located away from vertical
fissures and sample intervals varied from 1-30 cm. The
horizontal profiles consisted of one near the surface within the
thin chusca horizon, and the other directly below on the

Continued on Page 3
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vertical exposure at 170 cm depth within the dense caliche-
cemented alluvium (Fig. 3). Both horizontal profiles were
centered on the vertical fissure shown in Figure 3 with a sample
interval of 30 cm (i.e., the width of the fissure in this location).

Figure 3. Exposure showing dense caliche-cemented alluvium and
prominent vertical fracture. Horizontal profiles were collected at the
surface within the thin chusca horizon and at 170 cm depth within the
dense gypsum-rich caliche zone.

Figure 4. Close-up view of a typical vertical fracture showing
laminated salt.
Continued on Page 4
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Sample Preparation and Analysis

The lag sample and samples collected from the dense
caliche intervals were crushed prior to sieving; all samples were
sieved to <250 microns (<60 mesh). Samples were randomized
and standards were inserted prior to analysis. Samples were
analyzed by the methods listed in Table 1 in increasing order of
strength. The target extraction phase is also listed, although
none of these methods are selective due to the high concentra-
tion of water-soluble phases in this environment.

Table 1. Partial Extraction Methods

Extraction Method (Abbreviation) Analysis | Lab Targeted Phases

De-ionized Water (DI) ICPMS Chemex, Water soluble
Vancouver phases

Enzyme Leach (EL) ICPMS ACTLABS,| Amorphous Mn
Ontario oxides

Cold Hydroxylamine ICPMS Chemex, Amorphous Mn

Hydrochloride/HNO (CH) Vancouver oxides

Hot Hydroxylamine ? ICPMS Chemex, Amorphous Fe

Hydrochloride/HCl (HH) Vancouver and Mn oxides

Results

Vertical Profile

Results for selected major elements, trace elements and
halogens are shown in Figures 5-7. High concentrations of
sodium and calcium for all methods (where analyzed) reveal the
high saline composition of the alluvium (Fig. 5). Calcium is
low in the lag and chusca samples, but has a high concentration
within the friable gypsum and caliche zones. Sodium is largely

The earth sciences
most effective
software just got
better...

As one of today’s top earth
science professionals, you
know that the best solution is
the one that lefs you work
more efficiently and make
better decisions faster. That's
why Geosoft's Oasis montaj
has gained a worldwide
reputation as the industry-
leading software solution for
working with large-volume
spatial data. And now...

NOW AVAILABLE: Chimera Exploration
Geochemistry Upgrade
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Free
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Figure 5. Major element results by each method for the vertical profile
(see Table 1 for method abbreviations). From top to bottom, samples are:
1) lag at surface; 2) thin chusca (1 cm interval); 3) chusca with friable
gypsum (14 cm interval); 4) thin gypsum hardpan (3 cm interval); and
5) dense caliche-cemented alluvium (30 cm intervals in succession).

absent in the upper part of the profile, and systematically
increases in the lower part, below 125 cm. Iron by Enzyme
Leach and cold hydroxylamine show similar concentrations.
The order of magnitude higher concentration for iron by hot
hydroxylamine reflects the partial dissolution of magnetite.
Manganese is low for all methods in the upper part of the
profile with increased concentration coincident with the
caliche-cemented zones.

Copper and arsenic show similar patterns to each other for
all methods with the highest concentrations in the lag and
chusca samples at the top of the profile (Fig. 6). Copper by
Enzyme Leach shows a slight increase in concentration with
depth. Molybdenum shows a consistent increase with depth,
starting with the top of the caliche-rich part of the profile.
Rhenium was only detected by the Enzyme Leach method.
Rhenium occurs in low concentrations in the upper part of the
profile and shows a systematic increase in concentration
starting at 150 cm depth.

Continued on Page 5
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Figure 6. Trace element results by each method for the vertical profile
(see Fig. 5 for further explanation,).

Overall, the halogens show low concentrations in the upper
part of the profiles and increasing concentrations with depth
(Fig. 7). Iodine extracted by cold and hot hydroxylamine show
a slightly more complex pattern, with a slightly elevated
concentration in the upper part of the profile, a prominent
spike at 93 cm depth, and a gradual increase with depth.
Enzyme Leach shows a significantly lower iodine concentration
than de-ionized water and hot hydroxylamine is lower than
cold hydroxylamine. This difference is likely due to calibration
error.

Horizontal Profiles

Results for the same selected major elements, trace
elements and halogens are shown in Figures 8-10. Sodium is
almost completely absent from the surface chusca horizon, but
percent level concentrations detected by all methods exist at

Continued on Page 6

IGES Geosoft Meeting Notice

Geosoft is pleased to announce that it will be holding
a Geochemistry Forum on Sunday May 6, 2001 prior to
the IGES conference in Santiago for its Chimera Explora-
tion Geochemistry software users. The event will feature a
preview of future technology directions as well as
Chimera presentations from senior explorationists and
scientists at Anglo American, BHE, WMC, and Geological
Survey of Denmark and Greenland (GEUS).

One of Geosoft's geological / geochemical experts will
also be on hand to show highlights from the recently
released upgrade to Chimera. The upgrade includes new
mapping and tri-plotting capabilities focused to the needs
of exploration professionals. Other topics will focus on
new Oasis montaj technology developments, including
3D surface plotting of exploration geochemistry, geo-
physical and geological results, and new methods for
accessing and sharing spatial data via the Internet.

The event is scheduled to run between 3:30 and 5:30
pm at the Hyatt Regency hotel, Santiago. Other inter-
ested geology or geochemistry professionals who would
like to learn about how the Chimera application and the
Oasis montaj spatial data system (SDS) can be used to
address their specific exploration problems are invited to
visit Geosoft's booth at the IGES.

For final details on the Geochemistry Forum
arrangements, please visit www.geosoft.com after April
15, 2001.
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Figure 7. Halogen results by each method for the vertical profile (see
Fig. 5 for further explanation).

170 cm depth (Fig 8). A prominent spike in concentration

within the fissure occurs for the cold and hot hydroxylamine

methods. Calcium shows greater variability in the surface
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profile and has slightly lower concentrations than the profile at
170 cm depth. Iron shows a positive concentration spike
within the fissure at depth for all methods. Enzyme Leach-
extractable manganese shows a spike within the fissure, but
this does not occur with the other methods.

Copper and arsenic generally have higher concentrations
in the surface profile compared to the profile at depth for all
methods (Fig. 9). However, within the lower profile, concen-
trations reach a maximum in the fissure for copper and arsenic
by all methods. Molybdenum shows very low concentrations at
surface and elevated concentrations at depth. Deionized water
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Figure 8. Major element results by each method for the horizontal pro-
files (see Table 1 for method abbreviations). Upper profile shows results
for samples collected at the surface within the thin chusca horizon. Lower
profile shows results for samples collected in the dense caliche-cemented
alluvium at 170 cm depth. Samples were collected continuously using
30 cm intervals. Each profile was centered on the fissure shown by the
vertical bar.
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Figure 9. Trace element results by each method for the horizontal pro-
files (see Fig. 8 for further explanation,).
Continued on Page 7
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and Enzyme Leach show higher concentrations for molybde-
num in and adjacent to the fissure at depth. Again, rhenium
was only detected by the Enzyme Leach method. Rhenium
concentrations in the surface profile are below detection but
they are elevated at depth and reach 8.5 ppb within the fissure.
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Figure 10. Halogen results by each method for the horizontal profiles
(see Fig. 8 for further explanation,).

The halogens show low concentrations in the surface profile,
high concentrations in the lower profile, and a prominent
concentration spike in the fissure at depth for all methods
(Fig. 10).

Discussion

Field relations at Quebrada De Los Arrieros indicate the
following sequence of events, from oldest to youngest: 1)
deposition of Miocene gravels; 2) cementation of gravels by
gypsum and other salts to form dense caliche; 3) vertical
fracturing of brittle caliche-cemented alluvium, and 4) deposi-
tion of salts within the open fissures. The age of cementation of
the gravels is uncertain, although it likely occurred when the
water table was relatively high. Gypsum can form from the
evaporation of downward percolating surface water or by the
evaporation of sulfate-rich groundwater in the capillary fringe
above the water table (Ericksen, 1981; Drever, 1988). Ericksen
(1981) found that condensate derived from coastal fog is rich in
sulfate and Alpers and Whitmore (1990) documented sulfate
rich groundwater within the Escondida deposit and in salars to
the east and south. Since caliche-cemented alluvium is
regionally extensive in northern Chile the majority of gypsum
in caliche is likely related to groundwater.

Brittle fracturing and formation of fissures in the alluvium
is almost certainly related to seismic activity. The Central
Andes is a region of high seismicity related to the subducting
Nazca Plate. Hanus et al. (2000) recognized the coincidence of
seismically-active corridors and mineral deposits in the Central
Andes. Noting that the deposits within these corridors
transcend time, these authors concluded that the corridors
reflected permanent fracture zones that were reactivated
through time. Deposition of salt within the fissures could have
formed from downward percolating surface water or from over
pressured groundwater expelled during seismic events.

Cameron (1998) proposed the concept of “seismic pump-
ing” as a mechanism for moving mineralized, saline water from

a deep target, e.g., a porphyry copper deposit beneath gravels,
up faults and fractures, where the water floods the surface to
form an anomaly. The anomalies are created incrementally by
water flooding from multiple seismic events and are preserved
in the hyper-arid climate, with minimal soil erosion in the flat
pampas (Cameron, pers. Comm., 2001).

The constant concentration of calcium in the vertical
profile is consistent with the gypsum observed in the exposure.
However, results from this study clearly show that the most
soluble salts (such as halite) are removed from the upper part of
the profile. For instance, sodium, molybdenum, rhenium, and
the halogens show low concentration in the upper part of the
profile and increasing concentrations with depth. This is
consistent with the removal of soluble salts and mobile
oxyanions by rare infiltrating surface water and is similar to the
leaching and concentration mechanism proposed by Ericksen
(1981) for the nitrate deposits. The sequence of precipitation of
salts from evaporation of saline water is gypsum, halite, and
chlorides and sulfates of magnesium and potassium (Drever,
1988). Thus, surface water would dissolve these minerals in
reverse order, with gypsum being the most insoluble. Al-
though a significant amount of the saline minerals are halite
and gypsum, a variety of other sulfates, nitrates, borates and
iodates of varying solubilities are common in northern Chile
(Ericksen, 1981).

The porphyry copper-related pathfinder elements (Cu, As,
Mo, Re) presented here have anomalous concentrations
compared to other surveys conducted in this environment and
those found at Radomiro Tomic (Seneshen, 1997) and
Chimborazo (McEwen, 1999), both of which are porphyry
copper deposits. The elevated molybdenum and rhenium
within the caliche indicate that the groundwater had anoma-
lous concentrations of these elements. This groundwater may
have been affected by the exotic copper mineralization at El
Tesoro or perhaps the undiscovered hypogene source. A
groundwater survey conducted around the buried Casa Grande
porphyry copper deposit in Arizona, USA showed anomalous
molybdenum extending 7 km away from the deposit (Nowlan et
al., 1981).

Results for the profiles show that copper and arsenic are
enriched in the upper part of the profile, particularly in the lag
and chusca horizons. In nearly all cases, concentrations are
higher in the lag sample (crushed to <250 microns) than the
underlying chusca sample. This suggests that the source of
high copper and arsenic is related to the composition of the
lithic fragments on the surface. Similar lithic fragments likely
occur in the cemented alluvium below but those samples are
effectively diluted by the caliche. The source of the anomalous
lithic fragments is not known but it may be related to mechani-
cal dispersion from an unknown source.

The salt filling the fissures that cut the caliche resulted
from movement of saline water along the open fissures. The
vertical profile shows that the leaching of soluble salts is
strongest above 125 cm depth. The horizontal profile at 170 cm
depth is below the level of strongest leaching and thus better
reflects the original composition of the profile. In addition to
sodium and the halogens, copper, arsenic, and rhenium show
their maximum concentrations within the fissure. This
suggests that the water was elevated in these elements and
perhaps similar to the earlier groundwater that formed the
caliche. This also supports the seismic pumping of ground
water as the source for the saline metalliferous water.

Continued on Page 8
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Conclusions

A vast part of northern Chile lies within a region of
internal drainage creating an environment of geochemical
recycling. The uplift and weathering of porphyry copper
deposits produced mechanical and chemical dispersion and a
high geochemical background. Surficial processes and the
interaction with groundwater control the redistribution of
pathfinder elements in this environment. Processes that are
considered important are: 1) mechanical dispersion of mineral-
ized and altered material; 2) weathering of this material
producing additional release of pathfinder elements and
incorporation in less labile phases; 3) deposition of saline
minerals within alluvium in the capillary fringe above the
water table; 4) brittle fracturing of the caliche-cemented
overburden by seismic activity; and 5) deposition of saline
minerals in fissures related to the seismic pumping of ground-
water as proposed by Cameron (1998). Thus, the composition
and distribution of groundwater plays an important role in the
chemical redistribution of porphyry copper-related pathfinder
elements.
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Distinguished Lecturer Tour

It is hoped that Dr Clemens Reimann will be able to deliver a
series of AEG Distinguished Lectures while visiting Australia
and North America in September/October 2001. Abstracts of
his five possible lecture topics are in Explore No 109. Anybody
interested in hosting Dr Reimann should contact D.Garnett,
either through the AEG office or directly at naa@bq.com.au.
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President's Message
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aspects of the geochemistry of natural resources; their discovery,
management, exploitation and remediation. The proceedings of
the 20" IGES will be published in GEEA as soon as practical. So
the word will be spread!

The long-term success of GEEA depends on the quality and
quantity of papers it carries. This is where YOU, the members of
the Association must play your part. Papers do not just
“materialise” out of thin air, they have to written, cajoled out of
people with ideas in their heads, dusted down out of cupboards.
We cannot rely on “someone else” to do this. It’s our new
Journal, we have to ensure it is a success.

So now to a brief retrospective of the past year. The AEG
has been firmly yet tactfully guided by Paul Taufen over the last
year. We owe Paul a great debt of gratitude for the skill of his
presidency. For me one of the great advances made under Paul’s
guidance has been the growth of our web site (www.aeg.org). The
website was launched by the hard work of Beth McClenaghan.
Beth acquired a new mission in life, her son, Connor, and has
passed the website on into Steve Amor’s capable hands. Thanks
Beth for all your hard work! AEG has provided funding to
employ the services of a programmer to help with the day to day
“nuts and bolts” of maintaining the web site. I think the
expansion of the web site has been a major achievement of the
last year.

One of the issues AEG Council felt strongly about in 2000
was the inevitable gap in delivery of journals to you. The last
AEG-sponsored edition of JGE came out in early 2000, and as
noted above the first edition of GEEA arrived almost a year later.
In order to help compensate members for this hiatus, we have
published a book entitled Drift Exploration in Glaciated Terrain,
(Geological Society of London Special Volume 185), edited by
M.B. McClenaghan, PT. Bobrowsky, G.E.M. Hall and S. Cook.
We had hoped to distribute this volume in late 2000, but
circumstances conspired to delay publication. I hope that by the
time you read or hear this message, you will have it. We are very
grateful to all our members for their patience during this
transition. There have been very, very few complaints. Thanks
for your forbearance! I know that GEEA will be a huge success
and that the wait will have been worthwhile.

A further highlight of the last year is the election of two of
our members, Eion Cameron and Alan Coope, to the ranks of
Honorary Membership of AEG. It’s hard to comprehend how
these men found time to offer so much to the Association and to
contribute in such massive ways to exploration geoscience and
the interests of their employers. I cannot imagine two more
worthy recipients of Honorary Membership of the Association.

I’m fortunate to have discovered the excitement of
geochemical exploration as a young man, largely inspired by Dr
Cliff James, then at Leicester University. I’ve been lucky enough
to be paid to visit many fascinating parts of the world. I was
going to add ”and some less so”, but now I come to think of it I
can’t remember any of the less fascinating ones! This industry
has given me an exciting and stimulating career. I view the
chance to serve as your president as a great honour and hope to
put back into the industry a very little of what it’s given me.

But make no mistake, things are not as they were. The
mining industry is in decline: it is “on the nose” in public
opinion terms. Whilst one hopes this will be a temporary feature,
increasingly I’'m not so sure. I don’t believe the speculative
capital will ever come back to the exploration Juniors, at least
not like before. With the Majors cutting back on exploration,

especially green-fields, it’s increasingly hard to see who is going
to find the new ore bodies the industry needs for long term
stability. These cut backs in mineral exploration inevitably lead
to reductions in funding for teaching, less money for research
and a lower profile for our science at government level, putting
geological survey organisations under further pressure. There
will be a new order, one day, but what it will be, I cannot predict!
Keeping our Association relevant to scientists involved in all
aspects of the geochemistry of natural resources in this new
order, whatever it may be, is a huge challenge, and one that I
hope AEG Council can continue to deal with this coming year.
We will be asking the AEG voting members to consider and vote
on some issues that relate to our By Laws and Constitution. It is
fundamental to our long-term direction and the well being of the
Association, that all members make their views clear to Council.
Please consider these issues carefully and let Council know what
you think. It is your association after all!

Have a great 20" IGES, and good fortune in your explora-
tion activities!

Nigel Radford

AEG President, 2001.

nigel.radford @normandy.com.au

nradford@iinet.net.au %

THE AEG MEMBERSHIP DEBATE.

AEG has expanded the scientific scope of its flagship-
publication. Our new journal is called “Geochemistry: Explora-
tion, Environment, Analysis”. The name says it all! This single
move has opened the way for an even broader range of geochem-
ists to publish in our journal. We attracted a surprising number
of environmental papers even before, but with the word Envi-
ronment in our title, I believe we will get still more. In so doing
we will all learn from each other. Our science will benefit.

We are in the process of re-writing our By Laws, and the
proposed changes need to be put to the voting members soon.
AEG Council should ensure that all the changes likely to be
required in the foreseeable future have been taken into account.
So the issue of widening the scope of the Association itself comes
into consideration again. It is especially pertinent as we try to
establish Student Chapters. The last formal review of AEG’s
scope was carried out in 1990 and reported in EXPLLORE
number 73 in 1991. I urge any members who have not done so, to
read this review. The Executive Summary is being placed on the
AEG web site. Ten years later the issue of whether or not to
widen the scope of the Association is still the proverbial “hot
potato”.

Why consider changes to the scope of AEG? Well we don’t
have to. We can carry on as at present. What AEG does and
stands for is still highly relevant to many of its members.
However there are some points to consider.

* The issue of widening the membership comes up again and
again, and has done for at least the last 15 years. Ultimately the
voting members have to resolve the issue.

* The total membership of the Association is declining. In 1980
we had 653 members, in 1990 we had 1200, 1995 we has 1165,
and in 2000 we had 798. Does this simply reflect the explora-
tion industry downturn, or are we losing our relevance, or
both?

e Environment is consistently the second most popular area of

Continued on Page 10
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interest in our membership surveys. This was true in 1980 and
is true in 2000.

* Nevertheless, exploration geochemistry has always been the
predominant interest of our members, consistently rated first
by >80% members.

* “Divisions” between exploration and environmental
geochemistry are pretty much arbitrary anyway.

In trying to formulate some proposals to put to Council and
the Members on this subject I am greatly indebted to David
Garnett for his insights. So what are the options, at least some of
them?

Environment has always been the second most popular
choice in our members’ interests survey, after mineral explora-
tion. In 1980 40% of our members placed Environment either
first (7%) or second (33%). In 2000 those percentages were little
changed at 7% and 29%. Many of our members have worked in
exploration and moved with the times into environmental
science. So environment has always been a popular subject with
our members, but it is secondary to mineral exploration. Its
popularity has not grown in recent years.

As I said above, we can argue that no changes are needed to
the Association and that in due course the exploration industry
will recover. Hopefully our membership numbers will recover
too. We can continue to “pick off” ideas from environmental
geochemistry that have relevance to exploration.

A second position might be to say that our core focus
remains in Exploration Geochemistry, but that we widen the By
Laws to allow membership to people working actively and
presently in environmental geochemistry as it relates to natural
resources. At present they are excluded by the wording which
only allows fellowship to those who are “actively practicing
exploration geochemistry at the time of application” (By Laws
section 2.06 iii) and membership to those who are “actively
engaged in geochemical exploration at the time of application
and for at least two years prior thereto” (By Laws Section 2.09 1).
We could easily widen the scope here by changing “exploration
geochemistry” to “geochemistry of natural resources”.

The use of this phrase comes from David Garnett. David
has made a suggestion that involves re-writing the Preamble to
the By Laws. The section PURPOSE currently reads:

PURPOSE. The purposes for which the Association of Explora-
tion Geochemuists is constituted are: to form a united and representative
group of persons specialising in the field of exploration geochemistry; to
advance the science of geochemistry, especially as it relates to explora-
tion and associated research; to foster the common scientific interests of
exploration geochemists; to facilitate the acquisition of professional
knowledge and information relevant to exploration geochemistry and to
promote the interchange thereof among its members; to encourage
research and development of geochemical exploration methods; to
advance the status of the profession of exploration geochemistry; and to
promote and maintain high standards of training and ethics among its
members.

David has suggested that we could change it to:

PURPOSE. The purposes for which the Association of Explora-
tion Geochemuists is constituted are: to form a united and representative
group of persons specialising in the geochemistry of natural resources; to
advance the science of geochemistry, especially as it relates to the
geochemistry of natural resources - their exploration, exploitation and
reclamation; to foster the common scientific interests of geochemists; to
facilitate the acquisition of professional knowledge and information

relevant to the geochemistry of natural resources and to promote the
interchange thereof among its members; to encourage research into
dispersion of geochemical species, both natural and anthropogenic, and
to use this knowledge for the development of methods for the improved
detection of these dispersion patterns; to advance the status of the
profession and to promote and maintain high standards of training and
ethics among its members.

If this re-write of the preamble were to be adopted, it would
allow us to replace “exploration geochemistry” with “geochemis-
try of natural resources” throughout the By Laws.

The above is one possible solution. But should we do even
more? We could change the name of the Association as well. If
we want to embrace fully the concept of an Association dedicated
to the geochemistry of all aspects of natural resource geochemis-
try we might change the name to the Association of Exploration
and Environmental Geochemists. Alternatively we might decide
that our prime focus is still to be mineral exploration and our
Association name is still the appropriate description for our
interests. It is worth noting that the 1990 ad hoc committee
specifically recommended not to “unreservedly embrace
environmental geochemistry”.

However, the 1991 ad hoc committee did recommend that
AEG expand its interactions with environmental geochemistry.
Our joint meetings with other societies (eg the Vail meeting in
1997), the explicit inclusion of Environment in the title of
GEEA and the regular inclusion of environmental papers in
recent editions of JGE, all demonstrate this to have taken place.
Some might argue that our By Laws should catch up with this
reality. However, do we want to go further and re-define the
Association with a name change?

There seem to be 3 options. One is that no change is needed.
Two is to expand the Purpose of the Association and substitute
the words “geochemistry of natural resources” for “exploration
geochemistry”, but not to go further. Three is to do two and
change the name of the association to specifically include the
word “environment”. The only people who can make such
changes are the Association’s Fellows, the voting members.
Their opinion, once expressed, should put an end, for the
foreseeable future, to any further discussion of the issue.

However, tempting though it may be to place these three
options in front of the members at one time for a decision, there
are serious drawbacks to referenda that pose more than two
options. In a 3 way question, it is eminently likely that the point
that receives the most votes, and hence is adopted, will in fact
not have been supported by a majority. To my mind, this does
not settle anything. Therefore I would support putting some-
thing like the following to the Members:

In order to revise the By Laws of the AEG, which of the following
do you support?

1. No change to the purposes of the Association, or its member-
ship requirements should be considered.

2. The Purpose of the Association be amended (along the lines
quoted above) and the requirements for membership and fellowship be
expanded to allow for this, but that mineral exploration remains the
principal focus of the Association of Exploration Geochemists.

Discussion of the possibility of changing the name of the
Association to my mind has to follow resolution of the two issues
above. If the vote favours no change, clearly any change in name
is irrelevant.

I invited discussion of this subject with an article on page
17 of EXPLORE 108 last year. Both then and now, I have tried to
put these issues forward with as little as possible of my own
prejudices. I urge you all to think about these issues, and to
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discuss them in the columns of Explore and on the web page.
Contact any member of Council and pass on your opinions. This
issue will be on the agenda for the forthcoming AGM in
Santiago at the 20" IGES. This edition of EXPLORE is sched-
uled to contain at least two divergent opinions on the subject,
from Tod Wakefield and Philippe Freyssinet. Please have your
say! For those of you who feel strongly, but are not voting
members, now is the time to upgrade your membership to
Fellow status, so that your voice can be heard. Fellowship costs
the same as Ordinary membership, so there’s no excuse not to
have your say.

Nigel Radford.

President AEG 2001.

nigel.radford @normandy.com.au %
nradford(@iinet.net.au

Commattee Reports

By-Laws Review Committee

Discussion on revision of the By-Laws has continued
within Council. It was hoped that there would be useful input
from members as a result of Nigel Radford’s review of current
issues relating to the By-Laws in Explore No 108. The response
was disappointing and the Committee feels that we should not
delay too much longer before finalising proposals for changes to
the By-Laws. It is clear that whatever is proposed will not
satisfy all members but it is now rapidly approaching the time
when outstanding issues should be resolved by majority vote.
David Garnett
Chairman By-Laws Review Committee

EEEEEEEEEEEEEEEEEEEEEEEEEN
AEG Admissions Committee Annual Report - 2000

The Admissions Committee processed thirty-two applica-
tions for membership (5 Fellows, 23 Members, and 4 Students)
during the year. This is again a significant decrease in total
applications from the previous year. Hopefully, the upcoming
IGES in Santiago and the arrival of the new journal will result
in an upturn in 2001.

Lloyd James
Chairman, Admissions Committee

EEEEEEEEEEEEEEEEEEEEEEEEEN
Treasurer’s Report, March 2001

The October 2000 issue of Explore contained a summary of
our audited financial statement for 1999; that for 2000 will not
be complete for several months yet. The situation for 2000 will
be very different because there will be no journal royalty, the
major source of revenue for the AEG. The members’ journal
subscription allotment for 2000 is going towards covering the
cost of the hard-back book on Drift Prospecting, edited by Beth
McClenaghan et al and due out imminently. Our present
financial holdings are as follows:

CIBC Canadian $4,552.62
CIBC US $23,177.47
Canada Trust Canadian $959.06
HSBC Investments Canadian $643,395

Gwendy Hall
AEG Treasurer

Business Manager’s Report

For year 2000, the AEG had a total membership of 798,
compared to 939 members for 1999. The year 2000 total
comprises 267 Fellows (voting members), 490 Members
(affiliate), 15 Corporate, 15 Student, 9 Explore only and 2
Honorary memberships. This total includes 29 new member-
ships.

As a reminder to our members, your AEG membership for
2000 did not include the new Journal but a copy of a hard cover
book entitled “Drift Exploration in Glaciated Terrain” edited
by Beth McClenaghan and others. This book is expected to
reach our members by mid April 2001. As well, our members
for 2000 received four issues of the EXPLORE newsletter and
access to the “members only” component of our website.

Our membership database indicates that 649 members
have email addresses, while 149 members do not. Members are
encouraged to submit email addresses if they have not done so,
in order that we might use this tool for next year’s membership
renewal drive and save on postage costs. Any members who do
not provide email addresses will receive their renewal notices
in the mail.

Secretary’s Report

Since the Association’s last Annual General Meeting in
November 2000, Council and Executive held two regularly
scheduled meetings by telephone conference in November 2000
and February 2001. Significant accomplishments included:

1. Initiating a review of AEG Committees and the goals of
these committees.

2. Establishing a Web Site Committee chaired by Steve Amor
to oversee the AEG web site.

3. Electing two Honorary Members: Alan Coope and Eion
Cameron.

4. Filling the vacant Regional Councilor position for China.
Dr. Xueqiu Wang of the Institute of Geophysical and
Geochemical Exploration in Lang fang, Hebei was
nominated and agreed to accept the position.

5. Completing the election process for Ordinary Councilors
for the Association for 2001-2003. The new Councilors are:
Mary Doherty, Christopher Oates, Dave Kelley, Steve
Amor, and CIliff Stanley. %

NOTICE OF AGM

The AEG Annual General Meeting will
be held in Santiago, Chile at 4:30 pm on
the 9" of May, 2001. See the attached 20
IGES flier for details.

Support Your Organization

Adveritise

in Your Magazine
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Geochemical Data Quality:

The “Fat-for-Purpose” Approach
Leigh Bettenay and Cliff Stanley

This contribution is motivated by several recent attempts
by government agencies and geochemical consultants to
institute formal assessment procedures for the quality of
geochemical data produced by geochemical laboratories, using a
data-driven statistical approach. We contend that this approach
is philosophically unsound and can be thoroughly misleading.
A better strategy is to assess data quality in terms of whether it
is suitable for the task at hand. This we will call the “Fit-for-
Purpose” approach.

A recent example of the data-driven approach is given in
Steger (1999) with reference to proficiency testing of
laboratories by the CCMET (Canada Centre for Mineral and
Energy Technology). The CCMET “PTP-MAL’ program seeks
to provide a procedure for assessing laboratory proficiency.
Clearly, given the present trend towards laboratory certification
in a competitive and depressed analytical market, it is vital that
laboratories perform well in proficiency testing. However,
several key questions must be addressed before proficiency
testing can assume a credible footing:

What is laboratory proficiency and how do we measure it?
In particular, shouldn’t both accuracy and precision factor in?

How good is ‘good enough’?

Shouldn’t the necessary level of laboratory proficiency be only
as good as the survey objectives require?

In our view, the various proficiency testing programs
presently underway have not given adequate consideration to
these questions. Although we will focus on the PTP-MAL
program to illustrate these points, it should be noted that a
comparable approach underlies several laboratory performance
programs used in Australia. Thus it is the philosophical and
statistical approach, rather than the specific program, that we
wish to question.

The procedures outlined by Steger (1999) for assessing
laboratory performance in the PTP-MAL program are
complicated, but they are all based essentially on the
assessment of standardized scores of the results of four samples
with element concentrations within the “target range” for each
participating laboratory. The standardized scores (or z-scores)
are calculated by re-scaling the data using the mean and
standard deviation of the observed data distribution. The scores
are thus merely the result of a linear transformation of the
original data into a new variable, and have a mean of zero and a
standard deviation of unity.

In this application, a z-score is calculated for each
determination of a particular element in a particular sample
with unknown concentration by:

where )? and § are the mean and standard deviation of the
data population (the “consensus values”; Steger 1999), and are
derived from all of the results from all laboratories for that
element in that particular reference material, derived from that
round of testing.

We note in passing that it is generally accepted that
transformations like the z-score in geochemistry should first
involve the recognition and removal of outlying data in order to
obtain robust estimates of both the mean and standard
deviation of each set of data (e.g. Ramsay, 1993; Ramsay et al.,
1992). It is not clear how the PPT-MAL program does this,
although references to ‘by eye’ have been reported (pers. comm.
— H.E Steger, May 1999).

After calculation of the z-scores for each element, the
assessments of each laboratory’s performance are then made
according to how the respective z-scores compare with the
balance of the participating laboratory results. Several
assessments are made using both individual elements and in
combination, but all are ultimately based on the z-scores for
each element. A rating is then given to each laboratory with
possible values of “Good”, “Satisfactory”, “Questionable” and
“Unsatisfactory”.

Problems
We believe that there are several fundamental and possibly
fatal problems with this approach.

1) The scaling measure used to determine the level of
proficiency (the z-scores) comes entirely and exclusively
from the participating laboratories, and only those
laboratories participating in that round of testing.

Given a normal distribution of results (the assumption
implicitly employed in the PPT-MAL program), some
laboratories will inevitably report on the outskirts of the data
distributions. This is a fact no matter how tightly clustered or
spread the results might be (excepting in the trivial case where
all results are identical). However, this does not mean that all or
any of these ‘outlying laboratories’ are ‘unsatisfactory’, because
a certain percentage of results are guaranteed by the normal
distribution to be on the outskirts of the population.
Furthermore, it is possible that the ‘outlying laboratories’ may
be the only ones that produced results that are accurate.
Conversely, laboratories with element concentrations nearer to
the central tendency of the data cannot be considered
necessarily ‘satisfactory’ using this approach, because the
majority of the laboratory results could be wrong. In fact, all
laboratories could be ‘wrong’, whether they cluster within the
majority group or not, and no indication of this condition
would be evident as a result of proficiency tests based solely on
Z-scores.

Effectively, the statistical tests undertaken in programs
like PTP-MAL merely serve to determine whether the results
of a particular laboratory are similar to or different from results
from the other laboratories in that round of the proficiency
testing program. The assessment therefore tests neither the
accuracy (results are not compared with a known, accepted
value) nor the precision (just one analysis of each sample for
each element is undertaken so reproducibility remains
unassessed). Thus in our view, such tests fail to adequately
assess laboratory proficiency.

2) The entire premise for the statistical tests employed in the
proficiency-testing program, namely that the results are
derived from a normal distribution, is neither justified nor
tested during the evaluation procedures.

This fundamental shortcoming further undermines the
Continued on Page 21
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PROGRAM DETAILS

A full and varied Social, Technical and Cultural program awaits you in Santiago
Note: It [s now possibie fo register for the Field Trips and Worfshops without affending the main conference.

Monday April 30th to Saturday May 5th 2001: PRE-SYMPOSIUM FIELD TRIPS.
The participant has a choice of trips visiting different ore hosting environments which include a strong emphasis on
appropriate geochemical exploration methods. Additional background information will be provided on the trips.
arting point of each of the field

MHMMMSMIMMMJ I_IEENE_LEI required for each trip,

F1. Morthern Chile Porphyries, Srian Townley, Universidad de Chile. 1SS 1.100
F2. Southern Peru Porphyties. £hris Benn, BHP USS 1,400
F3. Northern Peru Epithermal Gold Deposits, Owen Lavin, Newmorn! 155.1.300

F4. Brazil, Carajas Region, Amazon, Clavdio de Casire Magalhdes, CVRIVDOCEGED USS 1,050
Detalls of the itineraries are included on the AFG web page al www.aeq.org.

Marning Aftemoon Evening
900 030 S 30-ECe 50 FES0-11:%0 1R-00-1-06 L00-2:00 2:he-440 LM0-0:30 000590 700-8:50 EM-1E30
Sunday, May 6th  Commescial Booth Sel Up Regisiration Ioe Breaker REcepiion - Boolhs Open
Monday, May Tl Opening Technical 1 Colfee  Technical 2 Lunch  Techeical 3 Coffee  Plenany Sessian Chile Migat
Accompanying Persons Pmgram: Santiago Sight Seeing Buses Assemble
Comercial Boofhs
Tuestay. My &l Techmical 4 CoMee  Technical 5 Lwnch  Technical @ Cofiee  Techmical 7 Free Might
Accompamying Persoms Program: Wine Tour and Valle Ceniral
Commencial Boolhs
Wednestay, May 9 Techmical B Coffeg  Technical 9 Llunch  Techmical 10 Coftes  JAEG Annual Cocktall  AEG Awards Banguet
Commercial Boalhs General Meeting
Thursday, May 101b Technical 11 Coffee  Technical 12 Limek  Technical 13 Coffee  Technical 14 Assemble  Pub Night
Aceompaming Persons Program: Vina del Mar and Malparaiso
Friday, May Y1t Workshops Caffee  Workshops Lunch  Workshops  Coffee  Wothshops
Samrday, May 12th Worhshops Coffee Workshops Lunch  Workshops  Coffes Workshops

Friday May 11th to Saturday May 12th 2001: PROFESSIONAL SKILLS UPGRADING WORKSHOPS

Wi are pleased (o offer a wide variety of courses for professional skills upgrading. Please note that the deadline
for registration is April 1st. 2001. The following workshops are being offered:

W1. kegolith Geology And Exploration Geochemistry In Deeply Weathered Terrains - A Perspective Fram
Three Continents. L0.M. Roberfion and R. R Anand - CRC LEME, Perth, Ausiralia, Philipoe Frevssines -
BRGM. Orlfeans, Mmance, M. L da Cosra - Universify of Belem. Brazif and CG. Portg - Insifiute of

Geoscience, Rip de fanefro, Brazif 55450
W2. Gold-Rich Porphyry Deposits and Lithocaps for the Explorationist. Richany’ Sifiee London, UK USS600
W3. Epithermal Gold deposits — Field Aspects. Greg Corbelt, Sydlney: Australia (1 day only: May 11 Us8225
wa. Standard Quality Control. Richard Seane US5450
W5, Stream Sediment Drainage Geochemistry. X Flefcher Wencouver Canada (1 cay only. May 114/ L55225

Wh. Spectral and Hyperspectral Remote Sensing in Mineral Exploration. Sob Agar Lesmurdie, Ausiralia UsS600
W7. Applications of Geochemistry 10 Environmental Problems Associated with Mining and Minerals

Exploration. Wiliam Chaver, LS4 V55450
WE. Lithogeochemical Exploration using Pearce Element Raflo Analysis. S0 Standey Canada (1 day anly
May J2th) 55225
A special student rate is being offered at 50% of the above prices. This offer is subject to availability
| f of stud tatns f T iate schioal . it

Further detalls of the courses are avaffable at www.aeg.org.



REGISTRATION FORM: (Note that all quoted costs are In US$, Form also available electronicly a1 www.aeg.org)

SEmpasinny Canack iianmaripe
E-mail 1o : IGES20¢nelline.cl » Fax 1o : 582 748 &772 (Acme Chile] = Information Phone - 562 748 6771 [Acme Chite)
fial : IE-ES:!-D-:F&A.mz Analytical Laborabories 5.4, &y Claudio Arrau lex Oceanica) 7152, Pudahoel. Santiaga, Chile

Holel Hyatt Regency, Av. mudy' iﬁm. sanltnw. Ihl l:nm'lrdnl rate Es uss ﬂi to US$ 115 double
Phone 562 218 1234 Fax 562 218 2513 - e-mail: Daniela Palma Salddua <dpalmaghyaincl= « vane sanlisgo. hyan.com

Other hotels are available in the area. & partial st of hotels will be posted on the web i wenaiaeg.ong bul the conference cannat Sooepd any respandibilin
for fthe senice provided, We will gladly provide you w th any addirional inlormation which s not found on the web she. Al loeefgn esidents 5 be aware
ihat Chilean VATGST af 18% {ar WA In the leca) diatect) can be avoided an hotel rom rates by demenstrating loredgn cesidence and paying with a majos cradit

card of cash,

Delfegate Conlect Iimrmig
Tiike (ProdDr AT MaTss); Hamies Fiest, Inifial, Lasi,
Preferred name on name hadge:
Position: Dirganirariar:
Agddress : o -
Slale: Posl codi ; Cawniny
Tel: Coumiry Code, Area Code, Oy Code, Number
Fax : Coontry Code, Area Code, City Code, Mumber
#-mall BleTnaTie E-maik
Guest Preferred name on badge: (for sodal enchions)
BUTheTPresenier:
Abairact Tibe:
AEG Membership number: ————— Other Sociefy Member; indicaie
Payiimnl Detalls . indicate selection [ by & ok § - ALL CHARGES ARE 1M USS FUNDS
Registration Date 2001 Member* Hon Member*~** Shudent ** AccompanyingPersans Commercial Baoth =
March 151 10 Apail 150 A0 40 103 200 1100
Alver April 151 350 450 100 200 1200
Afeer May 31h ronllk in) 0 500 150 250 ik
Hoes,

'Hml?qr-h:luuﬂﬁ.ts. SEMM and Sotiedad Geolgica de Chite membears in good sianding and with Rl pald wp dues, Diherwioe they will be chamed e %oo Member raie
a Applicakae,

*+ Snpckend meany reqianed ol on appeoved wnfvernay wish sudy refaiad io minemé axplorniion ang mus peride peoed of siniz & lesier tom dhe umessing o obiain ey e
=== commarcial banlhd do ROT fechide complimentary fegisizanien for the confernce Bel doet inciice the opening reception hékd in the boath ars and all 4 day of the
conletence from May @h m May Db 2000 Manmym of 2 people allpessd per basth

The AEG membeiabis rasy & kwes Mman (he Hon Mesber cale s regiumnnls st encotraged 1 joim e BTG 10 obitain S lower Ak

Pre-sympustiom Figld Trips ..indicate srder of preference (Mnimum 10 persons)
= FY: Chile Us5 1100 — S FRSPeruUSS 1400 ___F3: M PeruUSE 1300  —F4; Brapl 0SS 1050

Past Symposiom Prafesslonal Skill Upgrading Workahaps . indicate srder of preference (Minimum 10 persons)
=Wl : US% 450 — W2 - LS5 G — WY USE 225 e W 2 LI5S 450
Wh ;LSS 235 Wik - LI5S 600 WT US55 450 We: LSS 225

Seecial Programme - indivsle selection | by & ok |
e Chilz Might 15530 . AEG Aviirds Banguel LIES50 — Pub Hight Us520

PavviTEE [eEREEls
Eredit Card - Begistet by credip cand [Vish, MasterCand or fisoesr] via thie ABG's websile al wearaw seg.om
Wire Trapsfer - Sanfisgo Exploration and Mining Asfocialion,
Aocount Moo 0=40171 35-5-00
Banico Santander Bance Prefennte, Santlage. Chile - Codigs Swilt: BDERCLEM
Al the timg 1he Bansber & made, please advise our tigasurer Mike Easlon o4 < messdongoenielchibe nel=

Chaglie Samiagn Explaratinn and Mining Assoclatban (Chilesn pesos only
Canli - LIS fuencls aceepted bt Chitean pesos peoterred
Paymeni Summary
1 Symposhim Registralion Feg... Uss
2 e Sympasium Field Trips.. Uss
1 Post Sympasiem Prolessional Skills Upgrading Workshops LSS
4 So0al Pogram... . Uss

Grand Tolal UsS Funds ... uss




20mo Symposium Internacional de Exploracion Geoguimica
(IGES)

“Geoquimica y Exploracion 2001
y mas alla”

Hotel Hyatt Regency
Santiago de Chile - 06 al 10 de Mayo 2001

Circular Final - Programa Detallado
IGES20@netline.cl
www.aeg.org
www.santiago.hyatt.com

The Association of Exploration Geochemists
The Santiago Exploration and Mining Association

Sociedad Geolégica de Chile

Con el aporte de nuestros patrocinadores :
Acme Analytical Laboratories S.A.
AngloAmerican ple,
Codelca,

Barrick,

Acme Analytical Laboratories Ltd.,
WMC Chile SA
BHP
TVX-Mormandy
Teck
Cominco
Noranda
Placer Dome
Rio Tinto
Rio Algom
Homestake
ALS Chemex
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DETALLES DEL PROGRAMA

Un cumpleta v variado programa Social, Téenleo ¥ Culiural le expern a sv legada o Santiago.
Moty :  Se ha abieno la posibilidod de regisirarse en los Salidas a Terreno v los Talleres sin estar inserito en las conferencias del
Symposivm.

Luns W de abril al Sibado 05 de mayo 2001: SALIDAS A TERRENO PRE-SYMPOSIUM
Los pamicipanies pueden escoper enire l3s varas opciones de viajes log cuales conemplon  distinios omibientes minerabizados con
énfasis en las condiciones de aplicabilidad de los diferentes méiodos de explomcidn geoguimica. Cada grupo estard & cargo de un
lider quidn proveerd de los antecedenies disponibles en lus visibas,

Quienes se registren on las salidas a terrena dehen tomar nota que serd de su responsabilidad arreglar el viaje de ida v
regress al hagar de ioicio de la Salida o Terreno ¥ a su propio costo, La fecha Umite dé inscoipclon se ha extendido hasta ef T
de Abril del 2001 v cada excorsidn requiere de un minimo de diez participanies.

Fl. Parfidos del Mone de Chile, Brign Towaley, Universided de Chile LI5S 1,100
F2. Parfidos del Sur de Peri, Chris Benn, BHE LSS 1,40
F1, Yacimienios Aurfferos Epiermales del More de Perd, Owen Lavin, Nowmoid LISS 1300
F4. Brasil, Regidn de Carajus, Amazonos, Clodio de Castro Magalhies, CVEIVDOCEGED LSS 1.050
Max detalles de lox inerarios estdn ineluidos en la pdgina web  wWowgeg. org.
n ¥ i , 201: P
Maorming Afternann Evening
G00-8:30 FI-1090  B0H0-11:80 10550100 G00-290  230-3-40 R40-4 80 i0-540 T00-A0  E30-00N0
Sunday. May fith  Commercial Banth Set Up Regitsration lce Breaker Beceplion - Boolhs Open
Momday, May Mih Opening Technical 1 Coffee Techniel 2 Llumch  Technical 3 Colfer  Plenary Session Cnile Might
Accompanying Persons Pregram: Sanliago Sight Seeing Ruses Assemble
Comercial Boalhs
Tuesday, Mav&lh Techmical 4 Coffee  Technical 3 Lench  Technical 6  Colfee  Technical 7 Free Might
hccompaniying Persons Program: Wine Tour and Valie Central
Commercial Boofhe
Wecnesday, May th Technical B Coffee  Technical @ Lunch  Technical 10 Colfee || AEG Annual Cocklail  AEG Awards Bangue!
Commercial Boaths General Meeting
Thursday, May 101h Technical 11 Coffee  Techmical 12Lunch  Technical 13 Coffee  Techmical 14 Assemble Pub Night
Bcrompanying Persons Program: Vina del Mar and Valparaiso
Friclay:. "ay 11th Workshops Coflee  Worlshops Lumch  Waorkshops  Coffee  Workshops

Sanuday, May 12th Workshops Cofee  Workshons fonch  Workshops  Cofiee  Workshops

Viernes 11 g Sdbado 12 de Mayo 2001: TALLERES DE PERFECCIONAMIENTO PROFESIONAL

Moy es muy grato ofrecer una amplia gomo de tulleres para mejorar las habilidedes profesionales. Agradeceremaos lomar en cuenta
gue la Fecha linale para reglstrarse es el 31 de Abnl de 2001, Extdn o 20 disposicidn los siguienies iallencs:

Wi, Explovacidn Geoguintica én Terrénos con Meteonizocion Profupda, Geologin de Begolitos v de BExploracidn:
na Visidn desde tres continendés. 1.0M. Robertson and R Anand - CRC LEME. Perth Australis,
Philippe Prevssinel - BRGM. Odeans, France, M. L. do Costa - University of Belem. Brazil und

.G, Porto - Instinwie of Geoscience, Rio de Janeiro, Brazil, IS5 4541
W Para Exploradones: Lilocapas v Pdrfidos Al en Oro, Richard Sillivoe, London, UK. LIS% &0
W3, Depisitos de Om Epitermal - Aspecios de Terreno, Greg Corhett, Sydney. Anstralia,

(Mayo 11, un dia) LSS 225
W4, Estindores de Control de Calidad. Richard Beane. LI5S 450
Wi, Gedguimica de sedimentos de drepgje Stream, EoFlercher, Vancouver, Canodu(Maoye 11, on diaj USs 125
W, Sensores Remolos Especirales o Hiperespectrles en lo Exploracidn do Minersles, Bob Agar.

Lesmurdie, Auvsiralia. LSS G0
W, Aplicaciones de In Geoquimics & los Problemas de Mediopmbiente Relocionados

con lu Mineris ¥ In Explorscidn Minern, William Chavez. USA. LI5S 430

W, Explorocidn Litoguimdes uiliando Pearce Elemeni Rebos, CU Sumley (Mava 12, un dia} USS 225




FORMULARID DE INSCRIPCION =
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results. Geochemical data can be influenced by numerous
possible sources of error that occur at the various stages of
analysis. Many of these contributing errors cannot be assumed
to be normally distributed. Indeed, for important elements like
gold, which suffer from particulate distribution effects,
normality is an unlikely condition. As a result, the variations of
results reported by different laboratories using slightly different
methods cannot be assumed to be normally distributed either.

Without rigorous testing of this assumption of a normal
distribution for the results obtained in each round of
proficiency tests, no statistical inference tests are justified, and
subsequent conclusions are of limited validity. Only after
demonstrating through rigorous statistical tests that the
proficiency assessment data could be derived from a normal (or
some other theoretically reasonable) distribution is it
acceptable to perform the statistical tests to determine
laboratory proficiency.

3) No account is taken during the assessment of the level of
accuracy and precision actually required for the analytical
data in terms of its application.

Although the expression “proficiency testing” implies to us
a measure of effectiveness against a stated benchmark, the
procedures do not actually do this. They do not determine
whether any of the laboratories are “good enough”, or whether
all, including those producing outlier results, are “good
enough”.

We contend that real-world geochemistry is about
obtaining adequate and cost-effective results, and these need
not necessarily be perfect results. All that we require is data that
have sufficient precision and accuracy to enable the confident
interpretation of results for the task at hand (e.g. - the
discrimination of anomalies from background, or the definition
of resource grade) through determination of element
concentrations to a stated degree of confidence. At the same
time, we cannot and must not pay extra for analytical data that
are of unnecessarily high quality.

As an example, consider the quality requirements in a
routine stream or soil geochemistry survey during mineral
exploration. We might typically obtain Pb concentration data to
a precision level of +/- 5 ppm (2 standard deviations) at a
background level of 50 ppm (i.e. 10 % precision at the 95 %’ile
confidence level). If our geochemical anomalies are >200 ppm,
clearly it would not make sense spending extra money on
higher quality analyses in this application, say with two
standard deviation errors of +/- 1 ppm (i.e. 2 % precision). This
is because the goal of the survey, namely discriminating
anomalous concentrations from background ones, could be
easily achieved using the lower quality data, with the exception
of a few samples with results near to the threshold.

There is no doubt that some laboratories (e.g. -
geochronology or university research laboratories) could deliver
for us a suite of wonderfully accurate and precise lead results to
the level of say 50 +/- 0.01 ppm (2 standard deviation
precision), but do we need this in the hypothetical example
given above? Clearly, we do not. It is highly unlikely that we
would gain enough advantage during first-pass exploration to
ever justify the cost and time required for such enhanced
precision. In fact, our exploration manager would be justified in
booting us up the backside for wasting precious time and funds,

as well as for failing to appreciate what was required to get the
job done.

Conclusions

While we applaud the concept of independent
benchmarking of commercial laboratories, there is a danger
that the objectives of the end-user might become lost when
benchmarking extends towards certification. In any case, we
contend that laboratory proficiency testing needs to be made
much more rigorous than simply comparing z-scores of results
returned from participating laboratories in a particular round
of testing. It must involve assessments of both precision and
accuracy to be of any use to the client. Furthermore, it should
not exclusively consider total element concentrations, because
partial digestions/analyses are commonly used in many
geochemical applications and it would be worthwhile assessing
laboratory performance for all of these analytical regimes.

Obviously, with these requirements, proficiency testing
will need to be much more involved and far more rigorous.
Only then, however, will it be of real use to the industry and its
practitioners. As it is currently manifested, proficiency testing
merely provides a broad measure of a laboratory’s comparison
to its peers. In our view, this does not provide a sound
framework for laboratory accreditation, because it does not
formally evaluate either precision or accuracy. Likewise, there
is no consideration given to the end-user’s objectives in
obtaining data that are satisfactory for the task at hand, in
other words, “Fit-for-purpose”.

Of course, it is one thing to seek a pragmatic approach but
entirely another to define in measurable terms what constitutes
data that are “Fit-for-purpose”. The experience of the
practitioners in comparable surveys enables some predictions
of background and anomalous levels, and the importance of
orientation surveys in this regard cannot be stressed too highly.

Likewise, we acknowledge that the quality requirements
(in particular accuracy) of analytical data become far more
demanding during resource estimations and mining, where the
consequences of say a 10% bias could jeopardize the entire
operation. Such projects require much tighter quality control
and in effect a tighter statement of what constitutes “Fit-for-
purpose” data in this context. The general philosophy, however,
remains the same: It is neither sensible nor useful to provide
accreditation methods without first defining what is or is not
acceptable in terms of both precision and accuracy of the
application.

We contend therefore that proficiency testing must
provide measures of both precision and accuracy within a
framework of the various objectives for which the analyses are
being determined - what we have termed here the “Fit-for-
purpose” approach. How, then do we specify a requirement so
that we can measure whether data are “Fit-for-Purpose” or not?
That answer is probably best obtained through discussions
with a broad spectrum of professional geochemists, and we
welcome participation in that process.
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Geochemistry: Exploration, Environment,
Analysis — Editor’s Report

The first issue of the AEG’s new journal, Geochemistry:
Exploration, Environment, Analysis (GEEA) should have been
received by members by the publication date of this volume of
EXPLORE (April). We now have a home page on the
Geological Society of London (GSL) website (http://
www.geolsoc.org.uk) which is hotlinked to that of the AEG
(http://www.aeg.org ). There will be four issues a year initially
(one volume), available in both hard copy and electronically.
The latter mode allows the flexibility to include color and
additional information (datasets, appendices, software) that
may or may not be in the hard copy version. In addition to
research papers, review papers, rapid communications and
Letters to the Editor are encouraged. Our annual subscription
price to libraries is under $200US. The journal is abstracted
and/or indexed in: AGI’s Bibliography and Index of Geology,
Chemical Abstracts, Current Contents, Engineering Index,
GEOBASE, GeoRef, Mineralogical Abstracts, PASCAL/CNRS,
GeoArchive.

I attended the annual Geological Society of London
journal meeting in February and felt we were most welcome!
GEEA complements nicely GSIs present journals (The Fournal
of the Geological Society, Quarterly Fournal of Engineering Geology
and Hydrogeology, Petroleum Geoscience) and will also be offered
in combination with these journals. We will benefit greatly
from the experience, knowledge and marketing skills of GSL
and its Publishing House, and will be working closely with
editors Mike Collins and Diana Swan, based in Bath, UK.

A sad note: we have lost one of our most active and
enthusiastic Board members, Robert R. Brooks (obituary in
this issue of EXPLORE, page 30). I had just received a review
from him with an amusing covering letter stating that he was
going in for a routine heart operation and would be out of
action for a few weeks. Alas, for all of us, it turned out other-
wise. I am hoping to persuade his colleagues at Massey
University in New Zealand to edit a special issue of GEEA
dedicated to our friend and biogeochemist-extraordinaire,
Robert.

Many thanks to our Board members and in particular, to
the special editors who have taken a leading role for the 2001
issues, Art Rose, Joe Donovan and Charles Butt.

Geochemistry: Exploration, Environment, Analysis

Gwendy Hall, Editor-in-Chief, %

ELSEVIER SPECIAL BOOK OFFER

In addition to their standard offer of 30% discount off list
prices to AEGmembers who purchase any of their technical
books, Elsevier Science has agreed to a special price of US
$118.00 (40% discount off list price) on the recently published
572 page, hardbound book “Geochemical Remote Sensing of the
Sub-Surface” providing they get an order for at least 25 copies.

Any members interested in acquiring this book should
place their order with Betty Arseneault at the address below.
Orders must be accompanied by cheque, or credit card authori-
zation (visa, mastercard or american expressonly). If paying by
credit card, please forward your request either by mail, fax or
telephone.

Betty Arseneault, AEG Business Manager
PO Box 26099
72 Robertson Road, Nepean, Ontario
K2H 9R0 CANADA
Telephone: 613 828 0199
Fax: 613 828 9288
Email: aeg@synapse.net

Handbook of Exploration Geochemistry 7, Geochemical
Remote Sensing of the Sub-Surface (ISBN: 0-444-50439-7)
Edited by M. Hale, International Institute for Aerospace
Survey and Earth Sciences and Delft University of Technology,
Delft, The Netherlands.

For a description of this book please refer to page 17 of
EXPLORE Newsletter No. 109 (October 2000).

Betty Arseneault

Business Manager

Association of Exploration Geochemists
tel: 613 828 0199

fax: 613 828 9288

email: http:/[www.aeg@synapse.net

Webpage: hitp:/[www.aeg.org %

Applied Geochemistry in the Coming
Decades

The International Symposium on Applied Geochemistry
in the Coming Decades is being held in Hyderabad, A.P, India
on 10-12 August 2001 (with an additional two days of excur-
sions). The symposium is organized by the Indian Society of
Applied Geochemistry, PO. Box 706, Hyderabad 50007, India.

Symposium Topics include:

Magnetism & Metallogeny,

- Geochemistry of Sedimentary Deposits
Exploration for Metals and Non-metals
Isotopes in Hydrocarbon Research and Exploration
Geoanalysis & Geochemical Data Processing,
Environmental & Experimental Geochemistry

Detailed information can be found under ‘Conference and
Workshops’ at the website of Osmania University: http://

www.osmania.ac.in/ %



EXPLORE NUMBER 111

PAGE 23

CALENDAR OF EVENTS

International, national, and regional meet-

ings of interest to colleagues working in

exploration, environmental and other
areas of applied geochemistry.

W April 5-6, 2001, Southeastern GSA Sectional Meeting.
Chair: Edward Stoddard, Raleigh, North Carolina. Informa-
tion: Edward Stoddard, (919) 515-7939, fax 919-515-7802.

W April 9-11, 2001, Cordilleran GSA Sectional Meeting.
Chair: Peter Weigand, Northridge, California. Information:
Peter W. Weigand, (818) 677-2564, fax 818-677-2820.

W April 23-24, 2001, North-central GSA Sectional Meeting.
Chairs: Robert G. Corbett, Skip Nelson, Bloomington-Normal
Illinois. Information: Robert Nelson, (309) 438-7808, fax 309-
438-5310.

W April 24-27,2001, II International Congress for Prospectors
and Explorationists ProEXPLO 2001, Lima Marriott Hotel.
INFORMATION: Hilda Postigo, Phone (511) 349-4262,
extension 309, Fax (511) 349-3721. E-mail:

proexplo@iimp.org.pe. www.proexplo.com.

W April 29-May 2, 2001, South-central and Rocky Mountain
GSA Sectional Meeting. Chair: Kevin Urbanczyk, Albuquer-
que, New Mexico. INFORMATION: John Geissman, (505) 277-
3433, fax 505-277-8843.

B May 6-10, 2001, Geochemistry and exploration in Latin
America, Santiago de Chile. INFORMATION: 20th Interna-
tional Geochemical Exploration Symposium, Santiago, Chili.

Phone: 56 2 748 6771. E-mail: proper3@attglobal.net.

B May 20-24, 2001, Eleventh Annual V.M. Goldschmidt
Conference, Hot Springs, Virginia, USA. LeBecca Simmons at
the Lunar and Planetary Institute in Houston, Texas, USA, via
e-mail at simmons@lpi.usra.edu or by fax (fax number 281-486-
2125). http://www.lpi.usra.edu/meetings/gold2001/.

W May 28-31, 2001, 6th International Symposium on Mining
in the Arctic - Mining and Man, KATUAQ, Greenland
Cultural Centre, Nuuk, Greenland , by the Bureau of Minerals
and Petroleum, Government of Greenland, and the Interna-
tional Arctic Mining Advisory Council. (Hans Kristian Olsen,
Bureau of Minerals and Petroleum, Government of Greenland,
PO. Box 930, DK-3900 Nuuk,Greenland, Phone: (+299) 34 68
00 EMail: bmp@gh.gl Web: www.bmp.gl)

B May 25-27, 2001, Geochemistry of sediments and sedimen-
tary rocks: secular evolutionary considerations mineral-
deposit-forming environments, premeeting MDD-GAC short
course, St. Johns, Newfoundland, Canada. INFORMATION:
Prof. David Lentz, Dept. of Geology, University of New
Brunswick, Box 4400, 2 Bailey Drive, Fredericton, New
Brunswick,E3B SA3 CANADA, Tel: (506) 447-3190. E-mail:
dlentz@unb.ca.

W May 27-30, 2001, Joint Annual Meeting of Geological
Association of Canada - Mineralogical Association of
Canada, St. Johns, Newfoundland, Canada , by the Geological
Association of Canada and the Mineralogical Association of

Canada. Information: E-Mail: dgl@zeppo.geosurv.gov.nf.ca
Web: http://www.geosurv.gov.nf.ca)

M June, 2-7 2001, AMERICAN SOCIETY for SURFACE
MINING and RECLAMATION (ASSMR) 18th National
Meeting, Crown Plaza Hotel, Albuquerque, NM. Bruce A.
Buchanan, Buchanan Consultants, Ltd, PO. Box 2549,
Farmington, New Mexico 87499. http://www.ca.uky.edu/
assmr/Upcoming_Events.htm

B June 16-20, 2001, Clay Minerals Society 38th Annual
Meeting, Madison, WI. Contact: Will Bleam
(wibleam@facstaff.wisc.edu)

B June 10-15, 2001 WRI-10: International Symposium on
Water-Rock Interaction, Sardinia, Italy , by the Interna-
tional Association of Geochemistry and Cosmochemistry.
INFORMATION: Rosa Cidu, Department of Science della
Terra, via Trentino 51, I-09127 Cagliari, Italy, E-Mail:
cidur@unica.it

B June 24-28, 2001, Earth systems processes, Edinburgh,
Scotland. GSA-GSL International meeting. INFORMA-
TION: Ian Datziel, [an@utig.ig.utexas.edu or Ian Fairchild,
i.j.fairchild@keele.ac.uk.

B June 25-July 1, 2001, Securing the Future: International
Conference on Mining and Environment, Skellefted,
SWEDEN, Contact: Expolaris Kongresscenter, Skellefted
(kongresscenter@skelleftea.se)

B July 29-August 2, 2001, International Conference on the
Biogeochemistry of Trace Elements, University of Guelph,
Guelph, Ontario, Canada. INFORMATION: Dr. Kim Bolton,
Department of Land Resource Science, University of Guelph,
Guelph, Ontario, Canada, N1G 2W1, Phone: (519)824-4120
ext. 2531 E-Mail: icobte@Irs.uoguelph.ca Web: http://
icobte.crle.uoguelph.ca

W August 10-12, 2001, International Symposium on Applied
Geochemistry in the Coming Decades, Hyderabad, A.P,
India . Indian Society of Applied Geochemistry. Information
can be found under ‘Conference and Workshops’ at the website
of Osmania University: http://www.osmania.ac.in/

Continued on Page 24

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, 2001

August 31, 2001
November 30, 2001
February 28, 2002

Issue Publication date
112 July 2001

113 October 2001
114 January 2002
115 April 2002
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continued from Page 23

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

W Aug 31-Sep 12, 2001 Field Excursion to the Skaergaard
Intrusion, Skaergaard area, Kangerdlugssuaq, East Greenland,
by the Camborne School of Mines, IGCP Project 427, SGA. (Dr.
Jens C. Andersen, Camborne School of Mines, University of
Exeter, Redruth, Cornwall, TR15 3SE, UK, Phone: +44 1209
714866 EMail: andersen@csm.ex.ac.uk Web: http://
www.ex.ac.uk/CSM/news/confs.htm)

B September 6-8, 2001, Cathodoluminescence in Geo-
sciences: New Insights from CL in Combination with other
Techniques, Society for Luminescence Microscopy and
Spectroscopy (SLMS) and the German Mineralogical Society
(DMQG), Freiberg, Germany. INFORMATION: CL 2001
Secretariat, Freiberg University of Mining and Technology,
Department of Mineralogy, Brennhausgasse 14, D-09596
Freiberg, Germany, Tel.: +49-(0)3731-392628, Fax: +49-
(0)3731-393129. Jens Gotze, e-mail: goetze@mineral.tu-
freiberg.de. Ulf Kempe,e-mail: kempe@mineral.tu-freiberg.de.

http://www.mineral.tu-freiberg.de/
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B QOct. 5-12, 2001, 27th Ann. Conf. of Federation of Analytical
Chemistry & Spectroscopy Societies. Detroit, MI. INFOR-
MATION: Div. of Analytical Chemistry. FACSS, (505) 820-
1648, fax (505) 989-1073, Internet: http://FACSS.org/info.html

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

B December 2-3, 2001, 2001 Arizona Conference, Doubletree
Hotel at Reid Park, Tucson, Arizona. INFORMATION: Sam
Rasmussen, 2001 Arizona Conference Program Chair,
srasmussen@phelpsdodge.com

B February 25 - 27, 2002, Society for Mining, Metallurgy, and
Exploration (SME) annual meeting, Phoenix, Arizona.
William Wilkinson Jr., Phelps Dodge Mining Co., 2600 N.
Central Ave., Phoenix, AZ 85004, (602) 234-6080, Fax: (602)
234-4847. E-mail: wwilkinson@phelpsd.com.

W April 7-11,2002, 223rd ACS Natl. Mtg. Orange County
Convention/Civil Center, Orlando, Fla. INFORMATION:
ACS Meetings, 1155 16th St., N.W., Washington, D.C. 20036-
4899, (800) 227-5558, (202) 872-4396, fax (202) 872-6128, e-
mail: natlmtgs@acs.org

M June, 8-14, 2002, AMERICAN SOCIETY for SURFACE
MINING and RECLAMATION (ASSMR) 18th National
Meeting, Lexington, KY. http://www.ca.uky.edu/assmr/
Upcoming Events.htm

W July 22-27, 2002, The Earth System and Metallogenesis: A
Focus on Africa, Windhoek, Namibia , by The Geological
Society of Namibia, The Geological Society of South Africa,
and The Geological Society of Zambia. (The Secretary, IAGOD/
GEOCONGRESS 2002, PO. Box 44283, Linden 2104, South
Africa, EMail: gssa@pop.onwe.co.za Web: http://
WWW.gssa.org.za)

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

B February 24-26, 2003, Society for Mining, Metallurgy, and
Exploration (SME) annual meeting, Cincinnati, OH. Contact:
Contact: SME (sme@smenet.org). SME, Meetings Dept., PO.
Box 277002, Littleton, CO 80127, 800-763-3132. SME
(sme@smenet.org)

B November 2-5, 2003, Annual Meeting of the Geological
Society of America, Seattle, Washington. INFORMATION:
TEL 1-800-472-1988, meetings(@geosociety.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

New Mexico Institute of Mining and Technology

801 Leroy Place

Socorro, NM 87801 USA

TEL: 505-835-5521

FAX: S05-835-6333 %

e-mail: ginger@gis.nmt.edu
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RECENT PAPERS

This list comprises titles that have appeared in major
publications since the compilation in EXPLORE Number 110.
Journals routinely covered and abbreviations used are as
follows: Economic Geology (EG); Geochimica et
Cosmochimica Acta (GCA); the USGS Circular (USGS Cir);
and Open File Report (USGS OFR); Geological Survey of
Canada papers (GSC paper) and Open File Report (GSC OFR);
Bulletin of the Canadian Institute of Mining and Metallurgy
(CIM Bull.): Transactions of Institute of Mining and
Metallurgy, Section B: Applied Earth Sciences (Trans. IMM).
Publications less frequently cited are identified in full.
Compiled by L. Graham Closs, Department of Geology and
Geological Engineering, Colorado School of Mines, Golden, CO
80401-1887, Chairman AEG Bibliography Committee. Please
send new references to Dr. Closs, not to EXPLORE.

Anon, 2001. Mining Disclosure Standards in Canada — An
Update. Aus. IMM. Feb. (No. 1): 32-37.

Anthony, J.W., Bideaux, R.A., Bladh, K.W., and Nichols, M.S.,
2000. Handbook of Mineralogy IV. Arsenates, Phosphates,
Vanadates. Mineral Data Publishing (Tucson, AZ). 680 p.

Audetat, A., Gunther, D., and Heinrich, C.A., 2000. Causes for
Large-Scale Metal Zonation around Mineralized Plutons:
Fluid Inclusion LA-ICP-MS Evidence from the Mole
Granite, Australia. EG 95(8): 1563-1581.

Bailey, T.C. and Krazanowski, W.J., 2000. Extensions to Spatial
Factor Methods with an Illustration in Geochemistry.
Math. Geol. 32(6): 657-682.

Barnes, S.J. and Junilov, V.Y., 2000. Spinels and Mg Ilmenites
from the Noril’sk 2 and Talnakh Intrusions and Other
Mafic Rocks of the Siberian Flood Basalt Province. EG
95(8): 1701-1717.

Bechtel, A., Ghazi, A.M., Elliott, W.C., and Oszczepalski, S.,
2001. The occurrences of the rare earth elements and the
platinum group elements in relation to base metal zoning
in the vicinity of Rote Faule in the Kupferschiefer of
Poland. Applied Geochem. 16(3): 375-386.

Cairns, C.J., McQueen, K.G., and Leah, PA., 2001.
Mineralogical controls on element dispersion in regolith
over two mineralized shear zones near the Peak, Cobar,
New South Wales. J. Geochem. Explor. 72(1): 1-21.

Castro, A., Fernandez, C., and Vigneresse, ]J.L. (Eds.), 2000.
Understanding Granites: Integrating New and Classical
Techniques. Geol. Soc. (London) Spec. Pub. 168. 278 p.

Cawthorn, R.G., 2001. A stream sediment geochemical re-
investigation of the discovery of the platiniferous
Merensky Reef, Bushveld Complex. ]. Geochem. Explor.
72(1): 59-69.

Chandrajith, R., Dissanayake, C.B., and Tobschall, H.]., 2001.
Application of multi-element relationships in stream

sediments to mineral exploration: a case study of Walawe
Ganga Basin, Sri Lanka. Applied Geochem. 16(3): 339-
350.

Chapman, R.J., Leake, R.C., Moles, N.R., Earls, G., Cooper, C.,
Harrington, K., and Berzins, R., 2000. The Application of
Microchemical Analysis of Alluvial Gold Grains to the
Understanding of Complex Local and Regional Gold
Mineralization: A Case Study in the Irish and Scottish
Caledonides. EG 95(8): 1753-1773.

Eilu, P, Mikucki, E.]J., and Dugdale, A.L., 2001. Alteration
zoning and primary geochemical dispersion at the

Bronzewing lode-gold deposit, Western Australia. Mineral.
Deposita. 36(1): 13-31.

Farnham, I.M., Stetzebach, K.]J., Singh, A.R., Johannesson,
K.H., 2000. Deciphering Groundwater Flow Systems in
Qasis Valley, Nevada Using Trace Element Chemistry,
Multivariate Statistics, and Geographic Information
System. Math. Geol. 33(8): 943-968.

Gerlach, R.W., Gustin, M.S., and Van Emon, J.M., 2001. On-
site mercury analysis of soil at hazardous waste sites by
immunoassay and ASV. Applied Geochem. 16(3): 281-290.

Gorton, M.P. and Schandl, E.S., 2000. From continents to
island arcs; a geochemical index of tectonic setting for arc-
related and within-plate felsic to intermediate volcanic
rocks. Can. Mineralogist. Pt. 5: 1065-1074.

Helmy, H.M. and Mogessie, A., 2001. Gabbro Akarem, Eastern
Desert, Egypt: Cu-Ni-PGE mineralization in a
concentrically zoned mafic-ultramafice complex. Mineral.
Deposita. 36(1): 58-71.

Huston, D.L., 2001. Geochemical dispersion about the Western
Tharsis Cu-Au deposit, Mt. Lyell, Tasmania. J. Geochem.
Explor. 72(1): 23-46.

Karger, M. and Sandomirsky, S., 2001. Multidimensional
statistical technique for detection of low contrast

geochemical anomalies. J. Geochem. Explor. 72(1): 23-46.

Klusman, R.W., Moore, J.N., and LeRoy, M.P, 2000. Potential
Continued on Page 26
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for surface gas flux measurements in exploration and
surface evolution of geothermal resources. Geothermics.
29(6): 637.

Kozlov, V.D., 2000. Geochemical evolution of the Variscan
granitoid magmatism as related to the metallogeny of the
Bohemian Massif. Geol. Ore Deposits 42(5): 414-428.

Kretz, R., 2000. Redistribution of major and trace elements
during the formation of biotite-plagioclase reaction zones
at boundaries between amphibolite and K-feldspar gneiss,
Otter Lake area, Quebec, Canada. Can. Mineralogist. Pt. 2:
525-544.

Li, C., Naldrett, A.]., and Ripley, E.M., 2001. Critical factors for
the formation of a nickel-copper deposit in an evolved
magma system: lessons from a comparison of the Pants
Lake and Voisey’s Bay Sulfide occurrences in Labrador.
Mineral. Deposita. 36(1): 85-92.

Lugli, S., Torres-Ruiz, J. Garuti, G., and Olmedo, E, 2000.
Petrography and Geochemistry of the Eugui Magnesite
Deposit (Western Pyrenees, Spain): Evidence for the
Development of a Peculiar Zebra Banding by Dolomite
Replacement. EG 95(8): 1775-1791.

ASSAYS AND GEOCHEMICAL ANALYSES

AL ACME
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LABORATORIES vancouver
LTIDO. 1996
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Manceau, A., Schlegel, M.L., Musso, M., Sole, V.A., Gauthier,
C., Retit, PE., and Trolard, E, 2000. Crystal chemistry of
trace elements in natural and synthetic goethite. GCA
64(21): 3643.

Oreskes, N., 2000. The Refection of Continental Drift Theory
and Methods in American Earth Sciences. Oxford. 420 p.

Pan, Y. and Therens, C., 2000. The Werner Lake Co-Cu-Au
Deposit of the English River Subprovince, Ontario,
Canada: Evidence for an Exhalative Origin and Effects of
Granulite Facies Metamorphism. EG 95(8): 1635-1656.

Ruano, S.M., Rosua, EJ.C., Hach-Ali, PE, Chacon, E dela E,
and Lopez, E.C., 2000. Epithermal Cu-Au mineralization
in the Palai-Islica deposit, Almeria, southeastern Spain:
fluid inclusion evidence for mixing of fluids as a guide to
gold mineralization. Can. Mineralogist. Pt. 3: 353-566.

Steele, I. M., Cabri, L.]., Gaspar, ]J.C., McMahon, G, Marquez,
M.A., and Vasconcellos, M.A.Z., 2000. Comparative
analysis of sulfides for gold using SXRF and SIMS. Can.
Mineralogist. Pt. 1: 1-10.

Thorleifson, L.H. and Garrett, R.G., 2000. Lithology,
Mineralogy, and Geochemistry of Glacial Sediments

Overlying Kimberlite at Smeaton, Saskatchewan. Geol.
Surv. Can. Bull. 551. 40 p.

Ucurum, A., Lechler, PJ., and Larson, L.T., 2000. Platinum-
group element distribution in chromite ores for ophiolite
complexes of western Turkey. IMM Trans. B112-120.

van Loon, A.]., 2000. Reversed mining and reversed-reversed
mining: The irrational context of geological disposal of
nuclear waste. Earth Sci. Rev. 50(3/4): 269-276.

Wolfe, N., 2001. Science and Innovation — A Political
Imperative. Aus. IMM. Bull. Feb. (No. 1): 29-30. %

New Membership Committee — Annual Report, 2001

The organization of Student Chapters is now an estab-
lished world-wide effort under the direction of Mark Elliott
(elliottmark@bigpond.com) as Chair of the Student Affairs
Committee. He is working closely with David Cohen
(d.cohen@unsw.edu.au) to create several chapters in Australia
and coordinating the creation of other Chapters on other
continents.

The NMC has launched into a new publicity campaign to
bring attention to the AEG’s foundation in geochemistry. The
first product of this program will be posters honoring AEG
Medalists, Distinguished Lecturers, Student Paper Prize
winners, and Honorary Members. These will create a photo
essay at the IGES Convention Hall in Santiago demonstrating
the AEG’s vitality. This photo essay will then move to the
Website and will grow as our membership is recognized for its
accomplishments in the geosciences.

The NMC will be working hard on these and many other
programs through 2001 and expect to see a significant increase
in AEG membership in the coming years. We welcome any and
all ideas the general membership would like us to consider.

Shea Clark Smith
Chairman New Membership Committee
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IN MEMORY
Harold Bloom, 1913 - 2001

Harold Bloom, a founding member of the Association of Exploration Geochemists, died in Naples, Florida on January
24,2001. Born in Brooklyn, NY in 1913, he was educated at Brooklyn College, where he earned a degree in chemistry
in 1935.

Hal was employed as a cartographic technician by the U. S. Department of the Interior during World War II. Follow-
ing the war he joined the U. S. Geological Survey’s fledgling Geochemical Exploration Section in Denver as an
analytical chemist. It was there, in collaboration with Herb Hawkes, that he developed the ammonium citrate-soluble
heavy metals test using the colorimetric reagent dithizone for the on-site analysis of soils and stream sediments — now
popularly known as the “Bloom test.” This approach of determining “live” elements, as Hawkes called them — mobile
elements dispersed during alteration or weathering of mineral deposits — was a forerunner of the partial extraction
methods so widely and effectively used worldwide today.

The early apparent effectiveness of simple colorimetric field analytical procedures in geochemical exploration led
Hawkes and Bloom to leave the USGS and join John Riddell and John Webb in an early geochemical-based mineral
exploration venture in New Brunswick, Canada.

Following this exploration venture, in 1955 Hal became professor of exploration geochemistry at the Colorado School
of Mines. His keen sense of humor and dedication to students’ career preparation made his courses popular. As part
of his program at Mines, Hal assumed teaching the geochemical exploration short course that had previously been run
by the USGS at its Denver laboratories. Several summers he was assisted by Al Levinson, a long-time friend and
professor of geochemistry at the University of Calgary. Many exploration geologists from industry gained their
introduction to geochemical exploration techniques through this course. Portions of the course were also offered at the
summer field course required of all Colorado School of Mines undergraduates.

During his tenure at Mines, Hal, along with two other Mines professors, served as a Fullbright lecturer and short
course director in Australia the summer of 1967 under the sponsorship of professor Eric Rudd of the University of
Adelaide. Rudd subsequently reported that the success of this program in 1967 was the inspiration that led to his
being able to form the Australian Mineral Foundation. Following the Fullbright tour, Hal became a consultant to the
United Nations, helping to establish geochemical exploration programs in Senegal, Nicaragua, Mexico, and Bolivia,
and he consulted broadly with the mining industry. Hal retired from teaching in 1978, but maintained his contacts
with the profession for many years. After retirement, he established a scholarship fund to assist students in explora-
tion geochemistry.

In 1968, Hal teamed with Frank Canney and John Hansuld to organize the second geochemical exploration sympo-
sium, held at the Colorado School of Mines. He was co-editor of the proceedings of this symposium, published in
January 1969 as Colorado School of Mines Quarterly vol. 64, no. 1, and he was a founding member of the Association
of Exploration Geochemists, established as an outgrowth of this symposium, serving as a councillor from 1970 to 1972,
and alternately as secretary or treasurer from 1972 to 1974. Hal also was a member of the Committee on Geochemical
Analysis and served as the first chairman of the Research and Education Committee. In 1975 on behalf of the AEG, in
collaboration with R. E Horsnail and P. K. Theobald, he conducted a workshop on geochemical exploration for
uranium — a hot commodity at the time.

Hal was a competitive tennis player once ranked no. 1 in his class in Florida. He reportedly relished moving into
increasing age brackets, as his relative youth in each new bracket increased his competitive advantage. He is also
remembered by former USGS colleagues as a formidable lunchtime horseshoe player.

He is survived by his wife, Betty, of Naples. Florida, a daughter, Lillian, and a host of friends and former professional
associates. Memorial contributions may be made to the Harold and William E. Bloom Fund, Colorado School of
Mines Foundation, 15® and Illinois Streets, Golden, CO 80401.

Compiled by Edwin V. Post, with contributions from Betty Bloom, Graham Closs, Albert Marranzino, Howard McCarthy, Paul
Theobald and Robert Weimer.
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Information for Contributors to EXPLORE

Scope. This newsletter is the prime means of informal commu-
nication 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 fu-
ture activities sponsored by the Association, and also dissemi-
nates technical information of interest to exploration and envi-
ronmental geochemists and analytical chemists. News notes of
members are appropriate. We welcome short- to moderate-length
technical articles on geochemical tools for exploration, concepts
for finding ore, mineral-related environmental geochemistry, new
analytical methods, recent deposit discoveries, or case histories.
The goal of this newsletter is communication among exploration
geochemists, and to that end we encourage papers on new meth-
ods and unconventional ideas that are reasonably documented.

Format. Manuscripts and short communications should be sub-
mitted in electronic form to minimize errors and speed produc-
tion. Files can be transmitted on IBM-compatible 3.5 inch dis-
kettes 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 special maps and
figures which should be planned by early communication with
the editors.

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

Quality: Submittals are reviewed and edited for content and style
through peer reviews. The intent is to improve clarity, not sup-
press unconventional ideas. If time permits, the author will be
shown changes to material, by FAX or email. Time constraints
do not allow author review of galley proof from the printer.

All contributions should be submitted to Lloyd James by email
(I-njames@ecentral.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
Geochemists (AEG). Distribution is quarterly to the membership
consisting of 1200 geologists, geophysicists, and geochemists. Ad-
ditionally, 100 copies are sent to geoscience libraries. Complimen-
tary copies are often mailed to selected addresses from the rosters
of other geoscience organizations, and additional copies are dis-
tributed at key geoscience symposia. Currently, EXPLORE is sent
to 68 different countries.

EXPLORE is the most widely read newsletter in the world per-
taining to exploration geochemistry. Geochemical laboratories,
drilling, survey and sample collection, specialty geochemical ser-
vices, consultants, environmental, field supply, and computer and
geoscience data services are just a few of the areas available for
advertisers. International as well as North American vendors will
find markets through EXPLORE.

The EXPLORE newsletter is produced on a volunteer basis by
the AEG membership and is a non-profit newsletter. The adver-
tising rates are the lowest feasible with a break-even objective.
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, negative or file on disk.
Business card advertising is available for consultants only*. Color

Newsletter No. 111 APRIL 2001
Editor: Lloyd James (303) 741-5199 (Phone and Fax)
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Geochemists.

Type and layout of EXPLORE is handled by Vivian Heggie, Heggie
Enterprises, Thornton, CO (303) 288-6540; <vjmheggie@uswest.net>

separation and typesetting services are available through our pub-
lisher, Vivian Heggie, Heggie Enterprises.
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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.
Mail 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 (http://www.aeg.org) or business office.

I wish to apply for election as a Member of the Association of Exploration Geochemists. Iam
presently employed by:

as a

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

hand this day of 19
(Signature of applicant)
—— STUDENT MEMBER
I wish to apply for election as a Student Member of the Association of Exploration
Geochemists. I 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)
Student status must be verified by a Professor of your institution or a Fellow of the Association of Exploration Geochemists. I certify that the applicant
is a full-time student at this institution.

(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 one or two below:
1 2000 member dues UsS$ 0
2000 student member dues 490
If you require a receipt, include a self-addressed envelope and add 2
If your check is not drawn from a U.S.A. or Canadian bank, add 5
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 rate 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
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IN MEMORY

Robert Richard Brooks, BA, BSc, PhD, DSc, FRS
April 9% 1926 - January 23 2001

On January 23* the world lost another legendary figure in geochemistry. Born in
Bristol to an English father and French mother, Robert Brooks spent the first 30 years of
his life in England. During that period he served in the British army in the Middle East
and East Africa, then attended Bristol University from which he received his B.Sc (Hons)
in Chemistry in 1952. After working for a while as an analytical chemist, he moved to
South Africa in 1956 and, under the tutorship of Louis Ahrens, received a PhD in
Geochemistry from the University of Cape Town in 1960. That same year he took an
academic staff position in New Zealand at Massey University in Palmerston North, where
he remained based for the rest of his life. During his 40 years at Massey University, he
traveled widely and developed an increasingly broad range of interests and expertise on
a wide range of subjects. Among his distinctions, Professor Robert Brooks was the first
to receive a D.Sc from Massey University (1975), and became a Fellow of the Royal Soci-

ety of New Zealand in 1997.

Of particular note in his early career are his fundamen-
tal studies in the development of biogeochemical methods
and their role in the discovery of mineral resources. His
1972 book entitled ‘Geobotany and Biogeochemistry in
Mineral Exploration’ is a benchmark text that was the first
English-language book to appear on this subject. It is an
elegant exposition of the principles and methods of this bur-
geoning field of endeavour, and it remains a classic text and
a frequently quoted reference. A decade and some 150 pub-
lications later his book ‘Biogeochemical Methods of Pros-
pecting for Minerals’ (1983) constituted a significant update
of his earlier text.

Professor Brooks had an extraordinary geographic
breadth of experience, both in field operations and lectur-
ing. These travels were enhanced by his multi-lingual skills
that included a BA in German and Russian from Massey
University in 1976. I was fortunate to accompany him on
several expeditions that he led to Africa and South America,
and on many occasions I have stood nearby in awe as he
conversed with foreign colleagues and locals in French,
German, Spanish, Portuguese, Russian, Arabic, Swahili and
Chinese.

Amongst his biogeochemical interests were the geobo-
tanical and botanical study of the flora endemic to serpen-
tine substrates. He initiated, organized and led five expedi-
tions sponsored by the National Geographic Society, to re-
mote areas of ultramafic rock outcrop where the ‘serpentine
flora’ had been poorly documented. Thanks to these major
efforts several species new to science have been discovered,
and there are now greatly improved databases and collec-
tions housed at several major herbaria around the world. In
1987 he published another significant collation of informa-
tion and data in his book ‘Serpentine and its Vegetation — a
Multidisciplinary Approach’.

The career of Professor Brooks was punctuated with the
publication of 11 books and 331 papers, many of which con-
tained valuable collections and summations of information
relevant to plant science. He was a true leader in bringing
to the scientific world, in a clear and entertaining manner,

texts that focus on such diverse topics as geobotany, bio-
geochemistry, phytoarcheology, phytoremediation,
hyperaccumulation, and Cretaceous-Tertiary boundary
problems. Concurrently, he taught for 40 years at Massey
University and led many students through to higher de-
grees, as well as acting as an associate editor for the J.
Geochemical Exploration for the past 26 years. He had
recently accepted a position on the editorial board of the
AEG’s new journal Geochemistry: Exploration, Environment
and Analysis.

He pioneered studies on metal ‘Hyperaccumulator’
plants, and investigated the potential of phytoremediation
for extracting heavy metals from polluted soils, and subse-
quently harvesting these metals as ‘bio-ore’. Much of his
efforts in his last few years were directed toward develop-
ing these methods.

Robert Brooks was able to ‘cut to the ‘quick’ of a prob-
lem and had little time for unnecessary delays — sometimes
creating exasperation for him in cultures where a ‘mafiana’
attitude is prevalent. When arranging and leading expedi-
tions he could be completely relied on to have thought of
everything — well organized and prepared for a wide range
of scenarios. These attributes he carried into his rapid and
effective skills at editing and compiling information, and
they contributed greatly to his prolific production of publi-
cations and proficient and timely editing skills. Yes, there
are few who knew him well who would disagree that his
character was both colourful and unique: typically sport-
ing a bow-tie at professional functions, and his leather
‘chaps’ to protect his shins in the field. He had a keen sense
of humour, a love of Nature, and a joke or saying for every
occasion. He was still planning new work and travels dur-
ing his last few weeks. He will be remembered for the pro-
found impact he had on several aspects of science, and for
the endearing and unique character that he was.

Colin E. Dunn
Stidney, British Columbia
13 February 2001
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