
Welcome to the final year of this 
cenmry and the millennium! It is the 
perception of many members that AEG has 
been around a long time. Yet it was only 
founded in 1970, a very short twenty-nine 
years ago. In fact, modern geochemical 
principles were not routinely applied to 
exploration until early in this century. 
Tremendous growth and progress in the 
industry and AEG have been made since 
then. During this time we have observed 
individuals who have made significant 

Erick Weiland 

contributions, not only to the organization, but, to the science. 
Many of these individuals have been acknowledged by AEG 
through various awards. For some, the only rewards have been 
the satisfaction of a job well done. I would like to THANK 
ALL OF YOU who have given of your time and energies on 
behalf of AEG - it is very much appreciated by all who reap 
the benefits. 

Exploration Geochemistry projects have changed signifi­
cantly since 1970. Now every exploration project must also 
consider the environmental aspects of the exploration and 
development ofthe resource. In the United States, as well as 
many other countries, governmental agencies control the 
exploration process through regulation. This trend is likely to 
continue, if not increase, especially in the financially emerging 
countries. 

Many difficulties arise from the cyclic nature of the 
industry and changes in the laws within various countries 
which occur routinely. These cycles and changes have forced 
many to change the direction of their careers. AEG has helped 
to provide a foundation for the development of geochemists 
through the Journal, short courses, symposia, and the Distin­
guished Lecture Series, as well as EXPLORE. I challenge each 
of you to continue in this fine tradition and to advance the 
application of geochemistry and, in this process, help AEG 
grow by providing a solid forum from which to exchange ideas 
and communicate advancements. 

AEG has made several major changes this past year. This 
will be the last year that Elsevier will publish the official AEG 
journal (The Journal of Geochemical Exploration). As of 
January 1'1, 2000 there will be a new publisher of the journal 
under a new name (GEOCHEMISTRY: Exploration, Environ­
ment, Analysis). It will be critical for members to support this 
transition by supplying papers and seeing that local1ibraries 
subscribe to the new journal. Additionally, the new journal 
provides AEG members with a chance to focus on the current 
developments within exploration as well as the environmental 
and analytical aspects that impact exploration geochemistry. 

There are many challenges facing AEG. One of the biggest 
is to maintain communications between individual members 
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The past year did not benefit from any 
major meetings, however several important 
issues appeared ripe for resolution as they 
concerned the publication of the Journal of 
Geochemical Exploration (JGE) and the 
future scientific direction of the AEG. Both 
of these topics have been widely aired and 
discussed in EXPLORE by previous Past 
Presidents Bill Coker and David Garnett 
and by Eion Cameron, the Past Editor of 
the JGE. The debate, although necessary Peter Simpsoll 
and important to involve and advise members of the AEG, has 
had the effect of consuming much effort and time on the part of 
the AEG Council, which we would have preferred to spend on 
more constructive issues such as planning future activities. The 
opportunity thus provided by the gap between major scientific 
meetings was therefore taken to address these issues construc­
tively and to seek, if possible, a resolution which would be 
acceptable both to the AEG and to Elsevier Science. On this 
occasion the AEG was equipped through these previous 
discussions with a very clear sense of the objectives to be 
achieved by negotiation and had established milestones which 
were considered essential to the future development and success 
of both the AEG and the JGE. Unfortunately however, it was not 
possible to close the gap by negotiation, between the AEG 
objectives and those of Elsevier Science, and an amicable parting 
of the ways was agreed, with the AEG commencing publication 
of its own new Official Journal on 1 Jan 2000 which is entitled: 

GEOCHEMISTRY: Exploration Environment Analysis 

The AEG journal will be relaunched under new not-for­
profit management. The opportunity will be taken to offer it to 
libraries at a greatly reduced charge, while not significantly 
increasing costs to the AEG membership. This is designed to 
help to maintain and increase the number of library subscrip­
tions in the future and to ensure the widest possible readership 
for the journal among members and non-members alike. It is 
anticipated that the lower cost of the new journal to libraries 
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Information for Contributors to EXPLORE 
Scope This Newsletter endeavors to become a forum for recent 
advances in exploration geochemistry and a key informational source. 
In addition to contributions on exploration geochemistry, we encourage 
material on multidisciplinal)'applications, environmental geochemistry, 
and analytical technology. Of particular interest are extended abstracts 
on new concepts for guides to ore, model improvements, exploration 
tools, unconventional case histories, and descriptions of recently 
discovered or developed deposits. 
Format Manuscripts should be double-spaced and include camera­
rcady illustrations where possible. Meeting reports may have photo­
graphs, for example. Text is preferred on paper and 5- or 3-inch IBM­
compatible computer diskettes with ASCII (DOS) format that can go 
directly to typesetting. Please usc the metric system in technical 
material. 
Length Extended abstracts may be up to approximately 1000 words or 
two newsletter pages including figures and tables. 
Quality Submittals are copy-edited as necessary without re- examina­
tion by authors, who arc asked to assure smooth writing style and 
accuracy of statement by thorough peer review. Contributions may be 
edited for clarity or space. 
All contributions should be submitted to: 

EXPLORE 
c/o].T. Nash, Box 25046, MS973, Denver Federal Center 
Denver, CO 80225, USA 
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EXPLORE is the newsletter of the Association of Exploration 
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EXPLORE is the most widely read newsletter in the world per-taining 
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are just a few of the areas available for advertisers. International as well 
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The EXPL0RE newsletter is produced on a volunteer basis by the 
AEG membership and is a non-profit newsletter. The advertising rates 
arc the lowest feasible with a break-even objective. Color is charged on 
a cost plus 10% basis. A discount of15c10 is given to advertisers for an 
annual commitment (four issucs).All advertising must be camera-ready 
PMT or negative. Business card advertising is available for consultants 
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and between members and the Council/Executive. The primary 
function of the Council/Executive is to handle the affairs of the 
Association for the members and provide long-term stability. 
However, for this to work, the Council/Executive must know 
what is on the minds of the members. Your attention is focused 
on your job, as it should be. However, reading EXPLORE will 
keep you informed on events within AEG. It is important to 
keep current on AEG activities and to let the council know your 
feelings. Council NEEDS TO Jzear from you! The attendance 
at the 1998 Annual General Meeting was very disappointing. 
Every member of the organization had the opportunity to be 
involved and join us for this short conference call meeting 
(details of how to be connected were published in EXPLORE). 
I know some members were traveling or inaccessible, however, 
as it was there were only 14 members represented. To facilitate 
and encourage effective ongoing communication between 
members and the Council/Executive the email, phone, and fax 
numbers for all Council/Executive are published at the end of 
this issue of EXPLORE. Help us to make AEG the very best 
that it can be. Remember that this is YOUR organization­
you decide through YOUR participation (or lack thereof) what 
direction AEG will go and if it will be successful. 

Thank you for the opportunity to represent you - the 
members. As President of AEG, I promise to do my best, on 
your behalf, to advance the Association at every chance that I 
have. I look forward to meeting with those of you who can join 
us in Vancouver. For those who cannot, please do not hesitate to 
drop me, or a council member, a note or email with your visions 
for AEG. 

Sincerely, 

Erick Weiland 
AGRA Earth & Environmental 
5531 East Kelso Street, Tucson, AZ 85712 
Tel: (520) 296-5940 
Fax: (520) 546-8001 
email: ErickWeiland@Terra-Technology.com 
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will result in increased visibility and accessibility, supple~ 
menred by electronic publication, which will attract high 
quality articles and therefore help to sustain this publication in 
the future. 

The new title and subtitle are also designed to help resolve 
the issue raised by Past President Bill Coker and others, 
concerning the recognition that environmental exposure to 

metals resulting from mineral exploration and development is 
increasingly becoming a matter of interest to many of our 
members, readers, sponsors and society at large. Many of our 
members have important scientific and commercial interests in 
environmental science in which their knowledge, expertise and 
skills in exploration geochemistry provide the right blend of 
professional and scientific experience to deal wi th the many 
complex scientific, economic and environmental issues arising 
from mineral development. It is anticipated that an increased 
content of papers addressing environmental issues will help to 

maintain a more consistent level of publication during periods 
of boom and bust to which the exploration industry is inevita­
bly exposed. 

It is gratifying to note that even after a very difficult year 
for the exploration industry the plans for the 19th International 
Geochemical Exploration Symposium in Vancouver from April 
11-16,1999 are now complete and it is anticipated that this will 
a popular and successful meeting located in the newly renovated 
Hotel Vancouver si mated in the heart of Vancouver. 

It remains for me [0 nme the several important changes due 
to the retirement of Eion Cameron as Editor in Chief after a 
lifetime's work on behalf of the JGE, who has been replaced by 
Gwendy Hall at the Geological Survey of Canada. Likewise 
Sherman Marsh has retired as Secretary after many years of 
service and has been replaced by David Smith at the U.S. 
Geological Survey. My thanks are due to all members of the 
Council and Executive, including the Regional Councillors, for 
their support and work on behalf of the AEG and to Beay 
Arseneault'our Business Manager and Marcia Scrimgeour the 
Editorial Assistant for the JGE. I thank Erick Weiland for his 
support as First Vice President in 1998 and send him my very 
best wishes for a successful year as President of the AEG in 
1999. 

Peter Simpson 
British Geological Survey 
Keyworth, NOlls, NG12 SGG, UK 
Tellm + 441159363532 
Pax In' + 44 115 9363200 
email: p.simpson@bgs.ac.uk 
email: pr:>impson@msn.com (business and private) 

Member discounts on Elsevier Publications 

Members should contact the AEG business 
office for the purchase of geochemistry books and 
back issues ofJournal of Geochemical Explora­
tion, published by Elsevier. Member discounts 
listed in EXPLORE will continue through 1999. 
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AEG Annual 
Place: 

General Meeting 
19th IGES 

Be Vancouver, 
Tuesday, April 13, 

at 5:00pm 
1999 

Members and Fellows 
Urged to Attend 

participate in planning 
the future of AEG 

The Council election for the 1999-2000 term has been 
completed. BallQ[s were sent to 311 Fellows in good standing and 
157 valid ballots were returned. Two ballots were determined to 
be "spoiled" because they were not signed and did not include the 
member number. It is important that you sign your ballot and 
include your member number because this is the only way we can 
verify that the ballot was sent by a fellow of the AEG. We also had 
one ballot from last years election, the first time that has 
happened! This year we had a 57% participation, better than last 
year's 51 % but there is still room for improvement. 

The new Council is composed of 6 Councillors; 2 are 
returning for a second term, 3 are newly elected, and our ex 
officio President, Peter Simpson. The two returning Councillors 
are Steve Day and Shea Clark Smith. The new Councillors are 
Mary Doheny, Graham Taylor (a Past President) and Steve 
Amar. Congratulations to the new Council and welcome! 

We would like to thank all those Fellows who were 
nominated and agreed to stand for election to Council. 
Although not everyone can win we greatly appreciate your 
participation. 

Erick Weiland, President 
Dave Smith, Secretary 

The 1999 Annual General Meeting (AGM) of The Associa­
tion of Exploration Geochemists will be held during the 19th 

International Geochemical Exploration Symposium in 
Vancouver, BC, Canada. It will be held on Tuesday, April 13 at 
5:00 PM. The place will be announced at the meeting. All 
members attending the 19th IGES are encouraged to attend. 

Fellows who are unable to attend the AGM may appoint an 
attending Fellow to act as his or her proxy. All proxies must be 
received by the Secretary prior to the AGM. If you are a Fellow, 
are unable to attend the AGM, and want to be able to vote then 
please assign your proxy. 
David Smith, Secretary 
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The new AEG web site is now up and running at http:// 
www.aeg.org!. The site is a convenient source ofinformation 
about the AEG. It includes a current listing of the AEG 
executive and the various AEG committees and their members, 
along contact information. 

Details about important AEG activities, including the 
upcoming 19th International Geochemical Exploration Sympo­
sium in Vancouver 1999, the Student Paper Prize, and the 
Distinguished Lecturer are posted and updated regularly. 

The web site also provides information on AEG publica­
tions, the EXPLORE newsletter, membership, and the AEG 
bibliography. All AEG members are encouraged to surf the site 
and send any feedback Of new material to be posted on the web 
site to the AEG Web Manager, Beth McClenaghan, at 
bmcclena@nrcan.gc.ca. 

In answer to some recent inquiries, the AEG logo on the 
home page spins fast enough to prevent the full test tube of 
mercury from spilling au t. 

Beth McClenaghan 
Geological Survey of Canada 
Ottawa, Ontario KIA OE8 
Tel: 613- 992-7805 Fax: 613- 992-0190 
email: bmcclena@nrcan.gc.ca 
Web page: http://sts.gsc.nrcan.gc.ca/tsd.hcm 
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The Effect of Soil Composition on Weak 
Leach Solution pH: a Potential Exploration 
Tool in Arid Environments 

by Barry W. Smee 

Introduction 

Weak chemical extractions on soils are being promoted 
throughout the exploration world as a method for detecting 
mineralization that is concealed (Clark" 1993, Mann, et aI, 
1995). These techniques are being used in a wide variety of 
geological and climatic terrains, with apparently little regard for 
geological substrate or changing soil conditions. 

Early studies with weak extractions showed that the 
geological substrate influences the type and form of chemical 
response, and resulted in warnings from some authors 
(Bradshaw, et ai, 1974, Fletcher, 1981) that these important 
factors should not be ignored. The recent resurgence of weak 
extractions has prompted similar warnings from experienced 
analysts and geochemists. The recently published Special Issue 
of the Journal of Geochemical Exploration on Selective Extrac­
tions contained a warning from Gwendy Hall (Hall, 1998a) that 
unbuffered extractions such as Enzyme Leach will be sensitive 
to changing soil pH. Neutralization of the extractant by the soil 
will cause a change in the amount of element extracted. Similar 
problems and warnings were made in the same volume by Gray 
et al (1998), and Fonseca and da Silva (1998). These warnings 
also form part of the Distinguished Lecture talks given by Hall, 
as reponed in the recent issue of Explore (Hall, 1998b). 

The Selective Extraction volume also contains results from 
a study I did in 1994 (Smee, 1998) over two buried epithermal 
gold occurrences in the semi~arid desert of Nevada, U.S.A. The 
two gold occurrences are known as the 5 North deposit, overlain 
by about 30 m of alluvial valley fill, and the 8 North deposit, 
covered by about 100 m of alluvium. That work compared a 
number of chemical extractions, including aqua regia (AR), 
hydroxlyamine hydrochloride (HYDHCI), sodium acetate/acetic 
acid (NaOAc), and enzyme leach on surface soils. The soils were 
classified as typical aridisols, containing little to no discernable 
horizon development, with the exception of a poorly developed 
pedogenic carbonate layer. The pH of the soils was strongly 
alkaline. The reader is referred to that paper for the deposit 
location, geological setting, and details of sampling and 
analysis. 

Both of the deposits studied showed an increase in Ca in 
soils on the margins of the underlying mineralization, thus 
creating a double-peak or "rabbit-ear" pattern of Ca distribu­
tion. This pattern was seen in all chemical extractions used. The 
results of that study lead to the presentation of a hypothesis to 
explain these patterns. This hypothesis called for the mobiliza­
tion of near-surface Ca over oxidizing mineralization in 
response to the release and upward movement ofBt. Support­
ing evidence for this mobilization of Ca from above the mineral­
ization and the fe-precipitation on the margins of mineraliza­
tion came from the ratio of weakly bound Ca to total Ca (as 
derived from the acetic acid/sodium acetate soluble Ca divided 
by the aqua regia soluble Ca). It was assumed that re-mobilized 
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and re-precipitated Ca would have a slightly different composi­
tion, i.e. contain less impurities, than that of ambient pedogenic 
Ca and therefore would be more easily dissolved by the weaker 
extraction. Positive residuals from this ratio should coincide 
with the "rabbit-ear" pattern. This positive residual pattern 
did occur over both deposits. 

These same samples have recently been reanalyzed using 
much improved ICP-MS techniques that offered lower detection 
limits and a larger number of elements than in the initial study. 
Chemex Labs of Vancouver donated the analysis as part of the 
up-coming I.G.E.S. field trip to Nevada, where comparative 
selective extraction data from a number of buried and blind 
deposits will be shown. The reanalysis included the same 
analytical extractions used in the initial study, with the 
exception of the enzyme leach method. As part of this reanaly­
sis, Brenda Caughlin, Director, Laboratory Services, had the 
foresight to measure the pH of the leach solution for each 
sample after leaching had been completed but before analysis. 
These pH measurements were reported with the normal 
analytical data. 

Results 
The hydroxylamine hydrochloride (HYDHCI) extracrion 

is designed to dissolve iron and manganese oxy-hydroxide 
species, similar to enzyme leach, but a bit stronger. HYDHCI 
also has a very low neutralization potential, and should be 
sensitive to changes in pedogenic CaC0

3
• The HYDHClieach 

solution pH was plotted against AR Ca (Figure la) and 
HYDHCl Ca (Figure lb) to determine what effect, if any, a 
change in Ca concentration had on the leach solution strength. 

The effect of a change in soil Ca concentration was dra­
matic. A change of only 0.5% AR Ca, from 0.5% to 1%, raised the 
pH of the HYDHClleach solution from 2.7 to nearly 5, at 
which point the rate of increasing pH begins to flatten with 
increasing Ca. An almost identical pattern occurs for HYDHCI 

·soluble Ca. This change in leach solution pH possibly explains 
the inverse relationship found between enzyme leach Sr (a 
substitute for Ca), and Fe reported in the initial study (Smee, 
1998). It is apparent that the soil substrate plays an important, 
and possibly controlling, role in the concentration of elements 
leached from a soil if a low neutralization potential leach is 
used. Spurious element distribution patterns, completely 
unrelated to underlying mineralization, are probably formed 
where ever the concentration of alkaline soil compounds 
change. 

The possibility that the leach solution pH is influenced to 
a greater degree by easily dissolved pedogenic Ca was tested by 
plotting the ratio of HYDHCI Ca/AR Ca againS! the HYDHCI 
leach solution pH as shown in Figure 2. A direct relationship 
between the Ca ratio and leach solution pH occurs over the two 
deposits. This clearly linear relationship raises an interesting 
possibility: if pedogenic carbonate is being mobilized and re­
precipitated in response to buried or blind sulphide mineral­
ization, can a simple leach solution pH measurement be used to 
detect this mineralization? If so, an inexpensive and rapid field 
technique could be used to detect mineralization in semi-arid 
and arid environments. 

This theory was tested by plotting the Ca ratio and the 
HYDHCI solution pH together along the four test lines over 
the 5 North and 8 North deposits as shown in Figures 3 a-d. 
The correlation between the two variables is remarkable. The 
solution pH is as good or better an indicator of underlying 
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Figure 1: The relationship between aqua regia soluble Ca (a)~ hydroxy­
lamine hydrochloride soluble Ca (b), and hydroxylamine hydrochloride 
leach solution pH after the leach has been completed but before solution 
anal1Jsis. 
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leach solution pH and easily leached soil Ca, as indicated by the ratio 
bet'lJ.Jeen weakly bound hydroxylamine hydrochloride soluble Ca and ((to­
tal" (aqua regia soluble) Ca. 
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mineralization as is the Ca ratio. Each line has a clear "rabbit­
ear" response on the margins of mineralization. Lines 1 and 2, 
over the 5 North deposit each show a single positive response on 
the western and eastern end of the lines. These responses are 
thought to occur in the vicinity of faults that bound the 
mineralized block (Leinz, et al, 1998). The solution pH reveals 
the location of the 8 North deposit through nearly 100m of 
alluvial fiB much better than does the Ca ratio on Line 3. Line 4 
is located over a thicker portion of the 8 North deposit, but is 
also covered by nearly 100m of overburden. Both the Ca ratio 
and solution pH produces unambiguous responses over the 
margins of the mineralization. 

Conclusions 
Soil chemistry, particularly the Ca content, is clearly 

influencing the pH of poorly buffered weak leach solutions. 
Changes in soil Ca will produce corresponding changes in 
leached element concentrations that may be unrelated to 
mineralization. A large amount of time and money is probably 
being wasted in following up "anomalies" that are, in fact, 
simple changes in soil conditions. Anyone using weak leach 
methods should insist on being provided with the pH of the 
leach solution after [he leach has been performed but before the 
analysis. All weak leach analysis should include the elements Ca 
or Sr as a check on soil variability. 

These data suggest that leach solution pH may itself be a 
useful tool to detect covered sulphide mineralization in semi~ 
arid to arid environments. Much more research should be done 
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Figure 3: A comparison of the spatial responses of the Ca ratio and 
hydroxylamine hydrochloride leach solution pH over: (a) and (b) the 5 
North deposit (approximately 30m of alluvial cover); and (c) and (d) the 
8 North deposit (approximately 100m of alluvial cover). 
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in this regard, however the cost for conducting field tests is 
small in comparison with analytical costs now being charged by 
companies providing proprietary leach analysis. A simple soil 
scoop, a bottle of distilled water (no buffering capacity), a test 
tube and a pH meter may be all that is necessary to detect blind 
mineralization in desert environments. 
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Gold Ore Reference Materials: 
A Quality Assurance Tool for Geologists 

by Malcolm Smith 

In an ideal world a geologist could send samples away to a 
laboratory and receive back a set of results that properly 
represented the true values of the elements of interest in the 
samples. The results would also be very cheap and received 
within days of sample submission. Unfortunately we do not 
live in an ideal world and the above situation does not happen 
very often. There are many steps involved in the preparation 
and analysis of mineral samples and there are lots of opportuniR 

ties for things to go wrong along the way. Good laboratories 
know this only too well and take steps to monitor and control 
their analytical procedures. One of the ways in which they do 
this is to analyse Reference Materials (RMs) together with 
samples and compare the actual RM results with their certified 
values. 

Reference Materials ~ What are they? 

A Reference Material is defined in ISO Guide 35: 1989 (E) 
as A material or substance one or more properties of which are 
sufficiently well established to be used for the calibration of an 
apparatus, the assessment of a measurement method or for assigning 
values to materials. All SOrts of properties can be reflected in 
Reference Materials, which can range in type from gas mixtures 
to vaccines. Of course the ones of interest to geologists and 
mining laboratories are of geological origin and contain known 
quantities of various elements. Reference Materials are used in 
many industries and are the subject of several ISO Guides. Two 
important ISO Guides are ISO Guide 35 Certification of reference 
materials - General and statistical principles and ISO Guide 34 
Quality system guidelines for the production of reference materials. 

Important Properties of Reference Materials 

Accuracy of Assigned Value 
There are several ways in which a Reference Material can be 

characterised but a common way for geological materials is to 
use interlaboratory testing in which a number of recognised, 
competent laboratories analyse portions of the same material. 
The value and confidence intervals are then calculated after 
statistical analysis of all results. How close the calculated value 
is to the "true" value is determined by the degree of skill of each 
laboratory and the accuracy of the analytical procedures that are 
used. 

Homogeneity 
It is essential that the portion taken for analysis is the same 

as any other portion in the entire RM production batch. This 
may be only 1 gram for some base metal analyses so it is easy to 
see just how thoroughly the batch must be mixed. ISO Guides 
stipulate that homogeneity tests be carried out on Reference 
Materials after they have been packaged in their final form in 
order to ensure that no differentiation occurs during the 

Continued Oil Page 8 
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packaging process. It would obviously not be practical to 

attempt to make a gold ore Reference Material from rock that 
contained coarse gold particles since it would be unlikely to 

have the same number of particles in each portion taken for 
analysis. 

Stability 
The assigned value is expected to remain constant with 

time. This is generally so with geological material although 
sulphides can oxidise when exposed to humid air causing a 
change in weight and hence a change in the concentration of the 
certified elements. Fine powders also rend to change weight due 
to moisture pick-up and release as humidity and temperature 
changes. Vibration occurring during transport of Reference 
Materials may cause heavy particles to separate from light 
particles. This can be a problem with gold and gold ore 
Reference Materials should be made in such a way that gold 
would nor settle out if exposed to transport vibrations. 

Certificate 
A Reference Material should be accompanied by a certifi­

cate that specifies all of the relevant details of the validation 
process. ISO Guide 31 details the contents ofRM certificates as 
does ASTM standard E 1831 - 96 -Preparing CertificatesJ", 
Reference Materials Relating to Chemical Composition of Metals, 
Ores and Related Materials. 
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Sources of Reference Materials 

Several companies supply geological Reference Materials to 
laboratories. These may be used on an occasional or every batch 
basis by the laboratory as one of the tools they use to monitor 
the quality of their analytical procedures. Unfortunately 
geologists do not usually get to see the results of the RM 
analyses so they may not know just how well, (or how badly) the 
laboratory they use is performing. 

New Product Available 
Rocklabs Ltd have produced a batch of Reference Materials 

with the geologist in mind, They have all the expected features 
of a Reference Material but are also packed in small weather­
proof sachets. Each sachet contains just enough material for I 
analysis. (There are 2 sizes - 30g and SOg so that the geologist 
can submit the weight usually used by the laboratory for his/her 
samples). If one Rlvi sachet is included with every batch of 
samples, or with every 30 samples for large batches, much 
information can be gained if the geologist plots the results 
received. Charting Reference Material results is a practice 
carried out by most laboratories but many geologists do not get 
to see these results and even if they do it will not always be clear 
which results relate to their own samples. 

Informati~n to be Gained by Plotting RM Results 
The accompanying chart showing consecutive results from 

analyses of a Reference Material containing 1.50 ppm gold 
illustrates various groupings of results that can occur. If the 
significance of these groupings is understood a better under­
standing of the laboratory's performance can be obtained. 

Values 1 - 10 
All results except one exhibit good precision (values are close 
together) and good accuracy (average of results is close to the 
RM Recommended Value). One result is far too high. The 
problem will not lie with the Reference Material for the essence 
of a good quality Rlvi lies in the certainty the user can have in its 
consistency of value. When a geologist receives such an 
abnormally high result then the laboratory should be asked to 
investigate. Was there a problem only with (he analysis of the 
Reference Material or are the results for the accompanying batch 
of samples also unacceptably high? 

Values 11 - 20 
These results have a greater spread than most results from the 
previous group but their average would still compare well with 
the recommended value. Why has the precision deteriorated? 
The precision obtained on the samples will certainly be no 
better and if the samples contain spotty gold it will be worse! 
Will the laboratory improve the precision of their own accord or 
do they need a reminder? 

Values 21 - 30 
The RM results are showing a trend towards an increase in 
value. The laboratory should be asked to investigate. Prompt 
attention to remedy the cause of the trend can prevent the need 
for re-assaying whole batches of samples later on when the bias 
becomes unacceptable. 

Values 31 - 40 
The results may be precise but they are not accurate. The 
samples, too, will exhibit this high bias. There could be a 

Continued o,~ Page 9 
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logical explanation for these high values - perhaps a new set of 
calibration standards have been prepared but have not been 
made accurately. Again, if the problem is brought quickly to 
the attention of the laboratory then remedial action can be taken. 

Values 41 - 50 
The results which everyone likes to see. All results are accurate 
and precise. This gives the geologist confidence in the labora­
tory and enables him/her to demonstrate that reasonable care has 
been taken to ensure that the results, which are being presented 
in his/her report, have been carried out with built-in quality 
assurance. Of course, if the samples being submitted have an 
unusual matrix then it can not be assumed that good results on 
the Reference Materials also mean accurate results for the 
samples. In this situation a wise geologist would send represen­
tative sub-samples to a different laboratory of good repute to 
check that there is concordance with the first laboratory's 
results. But do not forget to use Reference Materials with these 
samples too!! If the 2 sets of results differ the Reference 
Materials may indicate which set is the more reliable. 

Malcolm Smith 
Rocklabs Ltd 
Auckland 
New Zealand 
Tel: 64 9 444 7194 
Fax: 64 94447739 
email: mgs@xtra.co.nz 

[Note from editors: The Technical Note by Malcolm Smith is 
published to provide useful suggestions to our readers, but 
neither the Editors nor AEG endorse the commercial product 
mentioned by Smith. To provide additional information, and 
an alternate professional point of view, we include the following 
technical comments on reference materials taken from a the peer 
review of Smith's note by Steve Wilson. Steve is a USGS 
research chemist on a cooperative program with the U.S. 
National Institute of Standards and Technology (NIST) 
developing new geologic reference materials. JTN] 

Some General Comments on Reference 
Materials and Their Use 

by Stephen Wilson 

The paper by Smith points out some very important 
information about the use of reference materials for quality 
assurance, but readers would benefit from additional informa­
tion that is not mentioned. A key aspect to this topic is the 
concept of measurement uncertainty. Without delving into a 
detailed statistical discussion, readers should remember that 
although the recommended total element concentration is 
important) also critical is the uncertainty of the measurement 
when a reference material (RM) is used for quality assurance/ 
quality control (QA/QC) purposes. For instance, figure I, 
above, would be more informative if the users choice of uncer­
tainty (95 percent confidence interval, one standard deviation, 
etc) were shown. 
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One of the problems associated with the use of prepared 
RMs is that a laboratory may identify the QC sample as a special 
sample and analyze it with extra care. In doing so, the chemists 
may arrive at the correct answer for the QC sample but not for 
the other samples. A better approach is to physically prepare all 
samples to be submitted prior to transport so that the lab can 
not identify the RMs. This double blind approach increases the 
likelihood that all samples are treated equally. 

Another important consideration is the different purpose 
and level of quality of RMs. The highest level are those from a 
reputable agency such as NIST. These are expensive and arc not 
designed for QC purposes. Materials from national labs such as 
the U.S. Geological Surveyor Geological Survey of Canada are 
considered to be either primary or secondary, are not cheap but 
are affordable for limited use in QC. Materials from commercial 
vendors are at a third level, and their low cost makes them 
appropriate for QC. A fourth level of RMs are those that the 
submitter makes from previously analyzed materials. Grinding 
this material to an appropriate size, blending, and packaging for 
multiple analyses makes inexpensive material that can be 
selected to matrix match the submitted samples. Submitting 
this material in an ongoing geochemical program can quickly 
create a database of values that can be used to estimate a recom~ 
mended value, and most importantly track a lab's performance 
using a matrix that matches the new samples. 

While selecting RMs, physical properties and related 
properties should be considered. Matters such as sample 

Intertek Testing Services 
Bondar Clegg 

Intertek Testing Services is the World's Leading Minerals 
Exploration & Minesite Laboratory Group Headquartered at: 

130 Pemberton Ave., North Vancouver, B.C., Canada, V7P 2R5 
Tel: (604) 985-0681 Fax: (604) 985-1071 

For more information contact 
Eastern Region: Claude Massie Tel: (613) 749-2220 

Western Region: Rick McCaffrey Tel: (604) 985-0681 
Mexico: Steve Armstrong Tel: 52-62-18-4403 

USA: Eric Ruud Tel: (702) 359-9330 

Latin America' Africa' Europe' S.E. Asia 
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particle size and amount used for analysis bear on the analytical 
results. Homogeneity of the RJ\.1. obviously is important, as is 
stability of the material during storage. This is a well known 
problem for materials having a mixture of grains with widely 
differing densities. Careful mixing of the RM is recommended, 
such as by end-over~end methods in bottles with ample head 
space to promote mixing. 

The key factor that RM and QC materials are designed to 

measure is data consistency. While one would like to have the 
reported value for gold or other elements match the certificate 
values, it is just as important that the reported values be 
consistent. Consistently biased values (eg, + 10 percent) are 
more useful than values that are randomly erratic but yield a 
mean that matches the recommended value. 

Stephen Wilson 
u.s. Geological Survey 
Box 25046, MS973 
Denver, CO 80225 
Tel: 303-236-2454 
email: swilson@helios.cr.usgs.gov 
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Murphy, rJ. and Meycr, G., 1998. A gold-copper association in 
ultramafic-hosted hydrothermal sulfides from the Mid­
Atlantic Ridge. EG 93(7): 1063-1076. 

Naryanaswamy, Y., Balaram, N., Ramkumar, and Anijaiah, K.Y., 
1998. Concentration of gold in natural watcrs from 
lateritic terrain, Wynad-Nilambur gold field, Kerala, India 
and its possible role in exploration. J. Geot Soc. India 
53(3): 301-. 

Continued on Page 13 
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Nimis, P., 1998. Evaluation of diamond potential from the 
composition of peridoritic chromian diopside. Europ. J. 
Mineralogy 10(3): 505-. 

Olin, T.J., and Bricka, R.M., 1998. Zeolite: A singleMuse sarbem 
for the treatment of metals-contaminated water and waste 
streams. Min. Eng. 50(11): 61-70. 

Olivero, J. and Solano, B., 1998. Mercury in environmental 
samples from a waterbody contaminated by gold mining in 
Columbia, South America. Science of the Total Environ­
ment2l7(1/2): 83-. 

Rawlings, D.E., 1997. Biomining: Theory, Microbes, and 
Industrial Processes. Springer-Verlag. 230 p. 

Richards, J.P. and Larson, P.B (Eds.), 1998. Techniques in 
Hydrothermal Ore Deposit Geology. Reviews in Economic 
Geology) V. 10, Society of Economic Geologists, 256 p. 

Ripley, E.M., Severson, M.J., and Hauck, S.A., 1998. Evidence 
for sulfide and Fe-Ti-P-rich liquid immiscibility in the 
Duluth Complex, Minnesota. EG 93(7): 1052-1062. 

Sabine, P.A. and Horworth, R.J., 1998. The role of ternary 
projections in colour displays for geochemical maps and in 
economic mineralogy and petrology. J. Geochem. Explor. 
63(2): 123-144. 

Sangster, D.P., Savard, M.M., and Kontuk, D.J., 1998. A genetic 
model for mineralization of Lower Windsor (Visean) 
carbonate rocks in Nova Scotia, Canada. EG 93(6): 932-952. 

Sazonov, V.N., Murzin, V.v., and Grigor'ev, N.A., 1998. 
Voromsovsk gold deposit: An example of Carlin-type 
mineralization. Geo!. Ore Deposits 40(2): 139-. 

Sharmasarkar, S., Vance, G.E, and Cassel-Shermasarkar, E, 
1998. Analysis and speciation of selenium ions in mine 
environments. Environ. Geol. 34(1): 31-. 

Simpson, S.L., Apte, S.L., Hortle, K.G., and Richards, D.G., 
1998. An evaluation of copper remobilization from mine 
tailings in sulfidic environments. J. Geochem. Explor. 
63(3): 203-215. 

Stavrov, O.D., 1998. Geologic and geochemical conditions of the 
formarion of calc-alkaline rare-metal granites. Geochem. 
Intern. 36(9): 792-. 

Stenger, D.P.) Kesler, S.E., and Vennemann, T., 1998. Carbon 
and oxygen isotope zoning around Carlin-type gold 
deposits: a reconnaissance survey at Twin Creeks, Nevada. 
J. Geochem. Explor. 63(2): 105-121. 

Szwilski, T.R. and Begley, R.D., 1998. Update on ISO 14000 
EMS: Application to the mining industry. Min. Eng. 
50(11): 71-73. 

Twidale, c.R., 1998. Antiquity oflandforms: an "extremely 
unlikely" concept vindicated. Aust. J. Earth. Sci. 45(5): 
657-668. 

PAGE 13 

Varakamp, J.C., and Thomas, E., 1998. Volcanic and anthropo­
genic contributions to global weathering budgets. J. 
Geochem. Explor. 62: 149-159. 

Vernadsky, V., 1998. The Biosphere (Complete Annotated 
Edition). Springer-Verlag. 250 p. 

Vinokurov, S.F. et aI., 1998. Diamonds from Kimberlite 
diatreme 50, Liaoning Province, China: micro textural, 
mineralogical, geochemical, and genetic characteristics. 
Geochem. Intern. 36(8): 676-. 

Williams, P.J., 1998. Magmatic iron enrichment in high-iron 
metatholeiites associated with "Broken Hill-type" Pb-Zn­
Ag deposits, Mt. Isa eastern succession. Aust. J. Earth Sci. 
45(3): 389-396. 

Wyborn, L., 1998. Younger ca 1500 Ma granites of the Williams 
and Naraku batholiths, Cloncurry district, eastern Mt. Isa 
inlier. Geochemistry, origin, metallogenic significance and 
exploration indicators. Aust. J. Earth Sci. 45(3): 397-412. 

You, C.E and Bickle, M.l, 1998. Evolution of an active sea-floor 
massive sulphide deposit. Nature 394(6694): 668-. 

Yusta, 1., Velasco, R, and Herrero, J.M., 1998. Anomaly 
threshold estimation and data normalization using EDA 
statistics: Application to lithogeochemical exploration in 
Lower Cretaceous Zn-Pb carbonate-hosted deposits, 
northern Spain. Applied Geochem. 13(4): 421-. 

" e~l:E~[)~B €)IS E~E~mS '" 
~ - ~~ ~~ 

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

III February 11-14, 1999, Tucson Gem and Mineral Show, 
Tucson, AZ. INFORMATION: TGMS, 520-322-5773. 

III March 1-3, 1999, Annual meeting of Society for Mining, 
MetaUurgy, and Exploration (SME), Denver, Colo. INFORMA­
TION: Donald Taylor, BHPMinerals, 1597 Cole Blvd., St. 250, 
Golden, CO 80401, TEL 303-235-4414,Fax 303-235-4435. E-mail: 
taylor.don.dr@bhp.com.au. 

III March 15-16, 1999, South-central Section, GSA, Lubbock, 
TIC INFORMATION: James Barrick, Dept. of Geosciences, 
Texas Tech University, Lubbock, TX 79409-1053, TEL. 806-742-
3107. E-mail: ghjeb@ttu.edu. 

iii March 21-25,1999, American Chemical Society Annual 
Meeting, Anaheim, Cal., INFORMATION: American Chemical 
Society Meetings Department, 1155 Sixteenth Street, N.W., 
Washington, D.C. 20036, (202) 872-4396, Fax: (202) 872-
6128, E-mail: natimtgs@acs.org. 

Continued 011 Page 14 
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iii March 22-24, 1999, Northeastern Section, GSA, Providence, 
Rhode Island. INFORMATION: Anne I. Veeger, Dept. of 
Geology, University of Rhode Island, 8 Ranger Rd., St. 2, 
Kingston, RI02881, TEL. 401-874-2187. E-mail: 
veeger@uriacc.uri.edu. 

iii March 25-26, 1999, Southeastern Section GSA, Athens, 
Georgia. INFORMATION: Mike Roden, Dept. of Geology, 
University of Georgia, Athens, GA 30602, TEL. 706-542-
2416. E-mail: mroden@gly.uga.edu. 

iii April 8-10, 1999, GSA Rocky Mountain Section Meeting, 
Quality Inn Pocatello Park Hotel, Pocatello, Idaho. 
INFROMATION: Paul Link, Dept. of Geology, Idaho State 
University, 785 South 8th Ave., Pocatello, ID 83209-8072, 
208 236-3846, linkpaul@isu.edu. 

iii April 11-16, 1999, 19"'International Geochemical Explora­
tionSymposium, Vancouver, Canada. INFORMATION: Venue 
West Conference Services Ltd., #645-375 Water Street, 
Vancouver, BC, Canada V6B5C6, TEL. 604-681-5226, FAX 604-
681-2503, email: congress@venuewest.com. 

iii April 22-23, 1999, GSA North-Central Section Meeting, 
Chancellor Hotel and Conference Center, Champaign-Urbana, 

/ AUSTRALIA' 

Alke Springs 
Bendigo 
Brisbane 

Charters Towers 
Cloncurry 
Kalgoorhe 

Orange 
Townsville 

Perth 

SOUTH AMERtCA -

Santiago 
Copiapo 
Arequipa 

Lima 
Mendosa 
Las Flores 

NEW ZEALAND 

Tauranga 

: LAOS 

Vientiane 

ALS ... 
• Established over 20 years 
• Convenient 
o Personalised Service 
• Cost competitive 
• Geoanalytical experts 

SERVICES ••• 
• Fire assay Au and PGM's 
• low detection (sub-ppb) Au 

by Zeeman furnace MS 
• Bulk cyanide leach 
• Aqua regia Au and 

base metals by MS 
• ICPAES multi-element 
• ICPMS - trace and ultra 

trace multi·element 
• MMI (Mobile Metal Ion 

Technology) 
• Containerised sample 

preparation facilities 
• Demountable laboratories 
• Laboratory design and 

contract management 

AUSTRALIAN LABORATORY SERVICES P,/L 
Head OfFice" Brisbane, 'Australia " 

Tel: 61 732437222 Fax: 61 732437218 
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Illinois. INFORMATION: C. Pius Weibel, Illinois State 
Geological Survey, 615 Peabody Dr., Champaign, IL 61820, 
(217) 333-5108, e-mail: wiebel@isgs.uiuc.edu. 

iii May 26-28, 1999, Geological Association of Canada­
Mineralogical Association of Canada Joint Annual Meeting, 
Sudbury, Ontario, Canada. INFORMATION: Dr. P. Copper, 
Dept. ofEarlh Sciences, Laurentian University, Sudbury, 
Ontario P3E 2C6, TEL. 705-675-1151 (ext. 2267), FAX: 705-675-
4898, e-mail: gacmac99@nickel.laurentian.ca. 

III June 2-4, 1999, GSA Cordilleran Section Meeting, Univer­
sity of California, Berkeley, California. INFORAMTION: George 
Brimhall, Dept. of Geology & Geophysics, University of 
California, Berkeley, CA 94720-4767, (510) 642-5868, 
brimhall@socrates.berkeley.edu[Note:several special sessions 
on mineral exploration and mine-related environmental 
geochemistry] 

iii June 26-July I, 1999, Clay Minerals Society 36th Annual 
Meeting, Purdue University, West Lafayette, Indiana. INFOR­
MATION: Patricia Jo Eberl, Clay Minerals Society, P.O. Box 
4416, Boulder, CO 80306, (303) 444-6405, fax 303-444-
2260, e-mail: peberl@clays.org. 

Continued Ott Page 16 

Deadlines for the 
Next Four Issues of 

EXPLORE 
Contributors's deadlines for the next four issues of 

EXPLORE are as follows: 
Issue Publication date Contributor's Deadline 

103 
104 
105 
102 

April 1999 February 28, 1999 
July 1999 May31,1999 
October 1999 August 31,1999 
January 2000 ~overnber30, 1999 

MINERALS EXPLORATION &­
ENVIRONMENTAL GEOCHEMISTRY 

Advanced survey, analytical and inrerprerarionol methods 
for expforarion through exotic overburden. 

Plant· Soil· Gas· Rock 
P.o. Box 18325. Reno. Nevada 89511 

2235 Lakeshore Drive. Carson City, Nevada 89704 
Tel: 1702) 849-2235· Fax: 1702) 849-2335 



EXPLORE NUMBER 102 

Sp.VoL 
No. 

4 

'* 14 

4;.14 '* 7 

10 
11 
11.1 

11.2 

12 

SPECIAL 1, 

AEG PUBLICATIONS 
The following special volumes are available from the AEG on a post-paid basis (surface mail) to all. 

Both member and non-member prices are listed. 

Description 

Application of Probability Plots in Mineral Exploralion (AJ. Sinclair) 
PROBPLOT, An Interactive Computer Program to Fit Mixtures of Normal (or log Normal) 
Distribulions with Maximum Likelihood Optimization Procedures (C.R. Stanley). 
On 35' diskette; requires 1 rub hard disk space 
Combination oHer 
Geochemical Exploration 1977 Proceedings of the Denver Geochemical Symposium 
(ed. J.R. Waterson and P.K. Theobald) 
Gold-St, Precious Metals in the Northern Cordillera (ed. A.A. Levinson) 
Exploration Geochemistry Bibliography to January 1981 (complied by H.E. Hawkes) 
Exploration Geochemistry Bibliography Supplem.enl1 10 Oclober 1984 
(complied by H.E. Hawkes) 
Exploralion Geochemislry Bibliography Supplemenl2 to October 1987 
(complied by H.E. Hawkes) 
Digital bibliography - enlireAEG bibliography through 1994. A '.dbf lile on 3.5' disketle 
(requires 14 mb hard disk space) 
Writing Geochemical Reports (S.J. Hoffman) 
Geochemical Exploration 1980- Hannover (ed. A.W. Rose and H, Gundlach). Hard coverediL 
GEOEXPO/86, Proceedings of an exploralion symposium focussing on Cordilleran 
environments held in Vancouver May 12-14, 1986 (ed. I.L Ellioland B.W. Smee) 
Reviews in Economic Geology Volume 3. Exploration Geochemistry; Design and 
Interpretalion of Soil SYlVeys (ed. W.K. FJelcher). This volume was co-sponsored by Ihe SEG. 
1992 AEG Membership Listing and Directory of Exploration Geochemical and 
Environmental SelVices 

Epithermal Gold Mineralization of the Circum-Pacific; Geology, Geochemistry, 
Origin and Exploration, Volumes 1 and 2. 

Soils of the World. Colour wall chart. 95 cm x 135 cm in size. Published by Elsevier. 
Praclical Problems in Exploralion Geochemistry, 1987. (A.A. Levinson, P.M.D. Bradshaw and 
I. Thomson) 269 pp. 
17th IGES Exlended Abstracts from "Exploring the Tropics", 15-19 May, 1995, Townsville 
Australia (for airmail add $20) 
A Global Geochemical Database for Environmental and Resource Management, 
Recommendations for International Geochemical Mapping, Final Report of IGGP Project 259. 
(A.G. Darnley A. Bjorkland, B. Bolviken, N. Gustavsson, PV Koval, J.A. Planl, A. Steenfeld, 
M. Tauchid and Xie Xuejing; with contributions by R. Garrett, and G.E.M Hall). 

Geochemistry in Mineral Exploration (second edition, published 1979) 
(AW. Rose, H.E. Hawkes, and J.S. Webb) - ainnail US$10.00JlnternaHonal $20.00 additional 

Member 
Price 

US $ 8.00 

US $30.00 
US $35.00 

US $20.00 
US $7.50 
US$10.00 

US $10.00 

US $10.00 

US $10.00 
US $ 5.00 
US$3S.00 

US $25.00 

US $20.00 

US$10.00 

US $160.00 

US $22.00 

US $35.00 

US $50.00 

US $20.00 

US $60.00 

Non-Member 
Price 

US $12.00 

US $55.00 
US $60.00 

US $40.00 
US $18.00 
US $20.00 

US $17.00 

US $17.00 

US $20.00 
US $ 7.00 
US $50.00 

US $25.00 

US $25.00 

US $20.00 

US $246.00 

US $28.00 

US $80.00 

US $65.00 

US $20.00 

US $80.00 

Journal 01 Geochemical Exploralion in Subscriplion Years 1994 and earlier, whole yearor part US $70.00 NIA 
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NOTE: Members may order back issues or volumes for the usuat membership fee. The member may elect to receive all issues of that subscription year 
or iust the issuelvo!ume desired (the price is the same). The 1995 subscription year will be "back issued" six monlhs after completion (ca. Oct., 1995). 

Notes lor Short Courses on Biogeochemical Exploration. Each book comprises 200-250 pages of text, figures, tables, and photos. The content 01 each is similar, except di!ferent 
aspects are emphasized. All prices quoled are lor surface mailing; if airmail is desired please add (US)SI5.00 

Biogeochemical Exploration, Simplified - with emphasis on arid terrains (C.E. Dunn, 
JA Erdman, G.E.M. Hall, and S.C. Smith) US $50.00 US $50.00 
Note: this text includes geobotanical aspects in some detail 
Applied Biogeochemical Prospecting in Forested Terrain (C.E. Dunn, 
G.E.M. Hall, and Scagel) US $50.00 US $50.00 
Note: this texl includes a 42 page discourse on plants 
Applied Biogeochemistry in Mineral Exploration and Environmental Studies 
(C.E. Dunn, G.E.M. Hall, R. Scagel. D. Cohen, P. Catt. and M. lintern) US $55.00 US $55.00 

Note: This text is an expansion 01 the volume 'Applied Biogeochemical Prospecting in Forested 
Terrain' andinc/udes severa! case histories (rom AuslraUa. In Australia Ihe volume can be 
obtained from Dr. David Gohen, Dep!. Geology, Univ. New South Wales, Sydney, AUSTRALIA, for 
AuS$60.00. 

Do you need a receipt? Inctude self-addressed envelope and US $ 2.00, 
otherwise your cancelled check or bank card statement is your receipt. 
Is your check drawn on a bank outside U.S.A. or Canada? 
If yes, add US $ 15.00. 

Do you require ainnail? If yes, add US $10.00 per volume, unless otherwise noted. 
(Specify number of volumes) 

US$2.00 US$2.00 

US $15.00 US$15.00 

x US $10.00 

TOTAL US$ 

Send Orders to: P.O. Box 26099, 72 Robertson Road, Nepean, Ontario, K2H 9RO, CANADA; FAX: (613) 828-9288 
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II! July 7-10,1999, Geocongress '98, University of Pretoria, 
South Africa. INFORMATION: P.O. Box 798, Pretoria, 0001 
South Africa, fax: 012-841-1221, e-mail: 
caucamp@geosciencc.org,za. 

II! August 22-25, 1999, Society for Geology Applied to 
Mineral Deposits 5'h Biennial Conference, London, UK. 
INFORMATION: Dr. Chris J. Stanley, Associate Keeper of 
Mineralogy, Department of Mineralogy, Natural History 
Museum, Cromwell Rd., London, SW7 5BD, UK, Tel 44-171-
938-9361. E-mail: cjs@nhm.ac.uk. 

II! October, 25-28,1999, Annual Meeting ofthe Geological 
Society of America, Denver, Colo. INFORMATION: TEL 1-
800-472-1988, meetings@geosociety.org. 

II! March 6-9, 2000, Annual meeting of Society for Mining, 
Metallurgy, and Exploration (SME), Salt Lake City, Utah. 
INFORMATION: Shaffer Parkway, P. O. Box 625002, 
Littleton, Colo., 80162-5002, 303-973-9550. E-mail: 
smenet@aoI.com. 

II! April 24-28, 2000, 5 lli International Symposium on 
Environmental Geochemistry, Cape Town, South Africa. 
INFORMATION: 5ISEG, Department of Geological Sciences, 
University of Cape Town, Private Bag, Rondebosch, 7701, 
South Africa, FAX 27-21-650-3783. Email: 
5iseg@gcoglogy.uct.ac.za. 

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

II! August 6-17, 2000, 31" International Geological Con­
gress, Rio de Janeiro, Brazil. INFORMATION: Secretariat 
Bureau, Casa Brazil 2000, Av. Pasteur, 404 Urca, Rio de 
Janeiro-RJ-Brazil, CEP 22.290-240, phone 55 21 2955847, 
fax: 55 21 295 8094. E-mail: 3Iigc@3Iigc.org, http: 
www.3ligc.org. 

II! December 14 - 19,2000, Pacifichem 2000, Honolulu. 
INFORMATION: Congress Secretariat, c/o American Chemi­
cal Society, 1155 16th St. N.W., Washington, D.C. 20036, fax: 
202-872-6128. E-mail:pacifichem@acs.org. 

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

Virginia T. McLemore 
New Mexico Bureau of Mines and Mineral Resources 
801 Leroy Place 
Socorro, NM 87801 USA 
TEL: 505-835-5521 
FAX: 505-835-6333 
e-mail: ginger@gis.nmt.edu 
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MINERAL EXPLORATION 

Applications are invited for a tenure-track 
position at the Assistant Professor level in 
mineral exploration beginning September 1, 
1999. The appointee is expected to develop 
an active research program in state-of-the­
art methods of mineral exploration using 
techniques which could range from field to 
experimental to theoretical, and from disci­
plines as diverse as geology, geophysics, 
geochemistry, remote sensing, bio­
geochemistry, or hydrogeology. We seek 
an applicant who maximizes interaction be­
tween the various research programs within 
the department, including the Mineral 
Deposit Research Unit, and with the mineral 
exploration community. Innovative teaching 
at both the undergraduate and graduate level 
will be expected. Applicants must possess 
a Ph.D. UBC hires on the basis of merit 
and is committed to employment equity. We 
encourage all qualified persons to apply. In 
accordance with Canadian immigration 
policy, priority will be given to Canadian citi­
zens and permanent residents. Applications 
including a resume, a statement of research 
interests, and the names of three referees 
should be sent to Dr. Robert M. Ellis, Head, 
Department of Earth and Ocean Sciences, 
6339 Stores Road, University of British 
Columbia, Vancouver, B.C., Canada V6T 
1Z4, by March 1, 1999. 

AEG Annual General Meeting 
Place: 19th IGES 

Vancouver, BC 
Tuesday, April 13, 1999 

at 5:00pm 

Members and Fellows 
urged to Attend 

Participate in planning 
the future of AEG 
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April 10-16, 1999 It Hotel Vancouver CD Vancouver, British Columbia, Canada 

Location and Venue 
Vancouver is a vibrant city located on Canada's 
Pacific West Coast. The city reflects both the 
natural grandeur of its surroundings and the 
character of its friendly residents. Vancouver is 
clean, safe and hospitable and we look forward 
to hosting you in our beautiful city. 
The Symposium will take place in the historic 
and newly renovated Hotel Vancouver located in 
the heart of Vancouver and within walking 
distance to all amenities. 

Technical Sessions 
Technical Sessions will be held on April 12-
13, 15-16. The sessions will include the 
following topics. 
• Exploration for Buried Deposits 
• Advances in Drainage Geochemistry 
• Exploration in Tropical Terrain 
• Exploration in Glaciated Terrain 
• Lithogeochemistry in Exploration 
• Data Presentation and Interpretation 
• Environmental Geochemistry applied to Mining 

Short Courses 
Short courses will take place April 10th-11th 
before the symposium 
• Drift prospecting in Glaciated Terrain 
• Geoanalysis with emphasis on Selective 

Extractions 
• New advances in Diamond exploration 
• Quality Control in Mineral Exploration 

field Trips 
Field trips will take place after the meeting, 
starting April 17th. 
• Applied Geochemical Methods 
• Environmental Geochemistry 
• Geochemical Exploration Techniques for 

Buried deposits 

Trade Show 
An Exhibition of Geochemical Exploration 
services and products from around the world 
will be held in areas adjoining the technical 
sessions and will take place on April 12 - 13 
and on April 15 -16. 

Accompanying Persons 
Program 
A full program of tours to local places of 
interest, including Victoria and Whistler will be 
arranged. 

Tour and Social 
Programs 
A welcoming reception is planned for Sunday, 
April 11th. A symposium dinner will be held on 
Thursday April 15th. The mid Symposium 
break on Wednesday April 14th will give 
delegates and guests the opportunity of 
enjoying the many attractions and spectacular 
scenery of the Vancouver area. 

Further Information 
Secretariat IGES 
Venue West Conference Services Ltd. 
Tel: (604) 681-5226 Fax: (604) 681-2503 
Email: congress@venuewest.com 
AEG website: http://www.aeg.org 
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EXECUTIVE OFFlCERS 

President (1999): 

Erick F. Weiland 
AGRA Earth & Environmental 
5531 East Kelso Street 
Tucson AZ 
USA 85712 
B-Phone: 520- 296-5940 
B-Fax:520-546-8001 
EMail: ErickWeiland@Terra-Technology.com 

Past-President: 

Peter Simpson 
British Geological Survey 
Keyworrh, Nons, NG12 5GG, UK 
B-Phone: + 44 1159363532 
B-Fax: + 44115 9363200 
EMail: p.simpson@bgs.ac.uk 
EMail: prsimpson@msn.com 

First Vice President: 

Paul M. Taufen (thru 2/99) 
WMC Resources 
191 Great Eastern Highway 
Belmont, Perth, Australia 
(Moves to Denver, C03/99) 
EMail: PauI.Taufen@wmc.com.au 

Secretary: 

David B. Smith 
Mineral Resources Program 
US Geological Survey 
PO Box 25046, MS 973 
Denver Federal Center 
Denver CO 
USA 80225 
B-Phone 303 2361849 
B-Fax 303 236 3200 
EMail: dsmith@helios.cr.usgs.gov 

Treasurer: 

Gwendy E. Hall 
Geological Survey of Canada 
601 Booth St, Room 561 
Ottawa ON 
CANADA K1AOE8 
B-Phone 613 992 6425 
B-Fax 613 996 3726 
EMail: hall@gsc.nrcan.gc.ca 

NUMBER 102 EXPLORE 

Continued on Page 19 

GEOLOGY AND ORE DEPOSITS 2000: 
The Great Basin and Beyond 

A Geological Society of Nevada Symposiu.m 
May 15-18, 2000, Reno/Sparks, Nevada, USA 

eo-sponsored by: 

, Nevada Bureau of Mines and Geology 

® The Association of Exploration Geochemists 

Society of Economic Geologists 

Il~ u.S. Geological Survey 

For more information: 702/323-3500, fax 702/323·3599 e-mail gsnsymp@nbmg.unr.edu http://www.seismo.unr.edujGSN 
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Contacts: Contilwed!rom Page 18 

Councilor Emeritus: 

Sherman Marsh 
US Geological Survey (ret) 
PO Box 25046, MS 973 
Denver Federal Center 
Denver CO 
USA 80225 
B-Phone 303 2361849 
B-Fax 303 236 3200 
EMail: smarsh@helios.cr.usgs.gov 
EMail: spmarsh@earthlink.net 

1997-1999 Councilors: 

J. R. Clark 
Enzyme-ACTLABS, LLC 
7778 Lewis Street 
Arvada CO 
USA 80005-3749 

B-Phone 303 456 2981 
B-Fax3034255417 
EMail: jclark4@ibm.net 

William B. Coker (ex officio) 
BHP Minerals Canada Ltd. 
1597 Cole Boulevard, Suite 250 
Golden CO 
USA 80401 
B-Phone 303 232 7779 
B-Fax 303 235 4437 
EMail: bcoker@csn.net 

Steve Cone 
Cone Geochemical Inc 
810 Quail St, Suite 1 
Lakewood CO 
USA 80215 
B-Phone 303 232 8371 
B-Fax 303 232 5124 
EMail: conegeo@aol.com 

PAGE 19 

Cot/firmed 011 Page 20 

ASSOCIATION OF EXPLORATION GEOCHEMISTS 

SPECIAL BOOKS OFFER 1999 

Authorrritle 

Augustithis, S.S. Adas of of Metamorphic-Meta­
somatic Textures and Processes 
Bardo~sy, G. and Aleva, G.}.}. Lateritic Bauxites 
Butt, C.R.M. and Zeegers H. Regolith Exploration 
Geochemistry in Tropical and Subtropical Terrains 
Condie, K.C. Archean Crustal Evolution 
David, M. Handbook of Applied Advances Geo­
statistical Ore Reserve Estimation 
Didier, J. And Barbarin, B. Enclaves and Granite 
Petrology 
Govett, G.J.S. Rock Geochmistry in Mineral Exploration 
**Gulson, B.L. Lead Isotopes in Mineral Exploration 
Hale, M. And Plant, I.A. Drainage Geochemistry 
Hedenquist,I.W., White, N.C. and Sidde1y, G. 
Epithermal Gold Mineralization of the Circum-Pacific: 
Geology, Geochemistry, Origin and Exploration 
Howarth, R.J. Statistics and Data Analysis in Geo­
chemical Prospecting 
Kauranne, L.K., Salminen, R. And Eriksson, K. 
Regolith Exploration Geochemistry in Arctic and 
Temperate Terrains 
Laznicka, P. Breccias and Coarse Fragmentites 
Mysen, B.O. Structure and Properties of Silicate Melts 
Naqvi, S.M. Precambrian Continental Crust and its 
Economic Resources 

Non~Member Price 

254.00 

242.00 
267.00 

184.00 
124.50 

219.00 

223.50 
out of print 

274.50 
393.00 

219.50 

208.00 

288.50 
146.50 
196.50 

** This title will only be reprinted if there is a minimum number of requests 

Member Price 

152.40 

145.20 
160.20 

11Q.40 
74.70 

131.40 

134.10 

164.70 
235.80 

131.70 

124.80 

173.1 0 
87.90 

117.90 
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Contacts: conlilltledjrom page 19 

Stephen J. Day 
Steffen Robertson and Kirsten 
800·580 Hornby Street 
Vancouver BC 
CANADA V6C 3B6 
B· Phone 604 681 4196 
B·Fax6046875532 
EMail: sday@srk.com 

Shea Clark Smith 
Minerals Explor. & Environ. Geochemistry 
PO Box 18325 
Reno NV 
USA 89511-0325 
B-Phone 7028492235 
B-Fax 702 8492335 
EMail: 102626.3106@compuserve.com 

Barry W. Smee 
Smee & Associates Consulting Ltd 
1011 Seaside Drive 
Sooke BC 
CANADA VOS lNO 
B-Phone 250 646 2298 
B-Fax 250 646 2398 
EMail: bwsmee@islandnet.com 

1998 - 2000 Councilors: 

David L. Garnett ( ex officio) 
Becquerel Laboratories Ply Ltd 
PMBI 
Menai NSW 
AUSTRALIA 2234 
B-Phone61295432644 
B-Fax612 9543 2655 
EMail: naa@bq.com.au 

Eric L. Hoffman 
Activation Laboratories Ltd. 
1336 Sandhill Drive 
AncasterON 
CANADAL9G4V5 
B-Phone 9056489611, ext 123 
B-Fax 905 6489613 
EMail: actlaba@ibm.net 

Beth M. McClenaghan 
Terrain Sciences Division 
Geological Survey Of Canada 
601 Booth St 
Ottawa ON 
CANADA KIAOE8 
B-Phone 613 992 7805 
B-Fax 613 992 0190 
EMail: bmcclena@nrcan.gc.ca 

J. Thomas Nash 
US Geological Survey 
PO Box 25046, Ms 973 
Denver Federal Center 
Denver CO, USA 80225 
B·Phone 303 236 5515 
B·Fax 303 236 3200 
EMail: tnash@helios.cr.usgs.gov 

David B. Smith 
Mineral Resources Program 
US Geological Survey 
PO Box 25046, MS 973 
Denver Federal Center 
Denver CO, USA 80225 
B-Phone303236 1849 
B-Fax 303 236 3200 
EMail: dsmith@helios.cr.usgs.gov 

Regional Councilors: 
Australia 

Leigh F. Bettenay 
Inkanti Ply. Ltd. 
POBox 1868 
Subiaco WA 
AUSTRALIA 6904 
EMail: Ifbettenay@compuserve.com 

Mark Elliott 
Elliott Exploration Co Pty Ltd 
60 Punari St. 
Currajong 
Townsville QLD 
AUSTRALIA 4812 
B-Phone 61 77 25 1020 
B-Fax 61 77251305 
EMail: elliottmark@bigpond.com 

Nigel W. Radford 
Normandy Exploration Ltd. 
362 Lesmurdie Rd 
Lesmurdie W A 
AUSTRALIA 6076 
B-Phone61 9 9366 3232 
B-Fax 61893663270 

NUMBER 102 EXPLORE 

EMail: nigel.radford@normandy.com.au 

Brazil 

Marcondes L. Da Costa 
Geochemistry and Petrology 
Centro De Geosciencias 
C.P.16ll, UFPA 
Belem PARA 
BRAZIL 66075-110 
B-Phone55912495028/2ll1428 
B-Fax55912111609/2111428 
EMail: mlc@ufPa.br Contilltled Oil Page 21 
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Chile 

Vacant 

China 

Guangsheng Yan 
Department of Geochemistry 
Changchun University of Earth Sciences 
Changchun Jilin 
PRo CHINA 130026 
B-Phone 86 043 1 8928327ex2875 
EMail: 

Europe 

J. B. De Smeth 
Singelstraat 3 
Delft 
NETHERLANDS 2613 EM 
B-Fax 3115 262 3961 
EMail: j.b.desmeth@TA.tudelft.nl 

Northern Countries 

Clemens Reimann 
Geological Survey ofN otway 
PO Box 3006, LADE 
Trondheim 
NORWAY N-7002 
B-Phone4773904321 
B-Fax4773921620 
EMail: clemens.reimann@ngu.no 

SoutheastAsia 

Tawsaporn Nuchanong 
Thailand, Dept Of Mineral Resources 
Mineral Resources Development Div. 
RamaViRoad 
Bangkok 
THAILAND 10400 
B-Phone 66 2 202 3608 
B-Fax 6622023606 
EMail: 

Southern Africa 

Charles Okujeni 
Department of Earth Sciences 
University of Western Cape 
Bellville 
SOUTH AFRICA 7535 
B-Phone 27829670866 
B-Fax 2721 9592438 
EMail: cokujeni@artso.uwc.ac.za 

United Kingdom and Ireland 

C. C. Johnson 
Geochemistry Division 
British Geological Survey 
Kingsley Dunham Centre 
Keyworth 
Nottingham ENG 
UNITEDIGNGDOM NG125GG 
B-Phone441159363372 
B-Fax441159363200 
EMail: c.johnson@bgs.ac.uk 

B usin ess Manager: 
Betty Arseneault 
PO Box 26099, 72 Robertson Road 
Nepean, Ontario K2H 9RO 
CANADA 
Phone: 613 828 0199 
Fax: 613 828 9288 
Email: aeg@synapse.net 
WEBSITE: http://www.aeg.org 

Webmaster: 
M. Beth McClenaghan 
Email: bmcclena@nrcan.gc.ca 

I ACTLABSI 
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"Au+47" l.ithOfr oeOct. 
~le1lJistry 

Biogeochemistry 

Ultratrace Hydrogeochemistry 

Activation Laboratories Ltd 
1336 Sandhill Drive, Ancaster, Ontario 
Canada L9G 4V5 
Phone: (905) 648 9611 
Phone: (888) ACTLABS 
Fax: (905) 648 9613 
E-mail: actlaba@ibm.net 
Website: http://www.actiabs.com 

labontlory Net. 266 

*Kalgoorlie and Pertb~ Australia'" 
*Lima, Peru*Santiago and Coquimbo, Chile* 
"'Tucson. Arizona*"Wheat Ridge, Colorado'" 
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AEG APPLICATION FOR NON-VOTING MEMBERSHIP* 
to the Association of Exploration Geochemists 

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. 

MEMBER 
___ ---; __ -,-_-;-cc-____________ wlsh to apply for election as a Member of the Association of Exploration Geochemists. I 

am presently employed by: 
___________________________________ '5' ____________ ----------------------

(employer) (employment tide) 

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 rcad 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 applicarn) 

STUDENTMEMBER--------------------------------------------------------------, 
,_-,-_-,-_-;-____ .,---___ :-_-;-,,---,-__ --;- 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 ___ , 

(Sigmture ofappltcant) 

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. 

(Printed Nall1e and Title) 

NA}dE~ADDRESS __________________________________________________________ __. 
(co be completed by all applicants) 

Name: 
Address: __________________________________________ _ 

Telephone: 
bu" _______________________ _ 

fax: hom-'-'-----------------------------
email: _______________ __ 

Annual Dues 
All applications must be accompanied by annual dues. Select one or twO below: 

1 
2 

1998 member dues 
1998 student member dues 
If you require a receipt, include a self-addressed envelope and add 
If your check is not drawn from a U.S.A. or Canadian bank, add 

US$ 70 
40 
2 

15 
TOTAL 

All payments must be in US funds. Payment by check, International Money Order, UNESCO Coupons, International Postal Orders, VISA and Master Card are 
acceptable. For users of VISA or Master Card, minor variations in your biHing 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 ofche Association and will be acknowledged upon receipt. The Admissions Committee 
reviews all applications and submits recommendations to Council, who will review these recommendations at the next Council Meeting or by correspondence. If 
no objection is raised the names, addresses and positions of candidates will be listed in the next issue of the Association Newsletter. If after a minimum of 60 days 
have elapsed following submission of candidate information to the membership no signed letters objecting to candidates admission are received by the Secretary 
of the Association from any Member, the Candidate shall be deemed elected, subject to the receipt by the Association of payment of required dues. Send com­
pleted application, together with annual dues to: 

Association of Exploration Geochemists, P.O. Box 26099,72 Robertson Road, Nepean, Ontario, CANADA K2H 9RO 
TEL: (613) 828-0199. FAX: (613) 828-9288, email: aeg@synapse.net 

*Application for voting membership requires the sponsorship of three voting members. Request a voting member application from the Association office. 
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THE ASSOCIATION OF EXPLORATION GEOCHEMISTS 
P.o. Box 26099, 72 Robertson Road, Nepean, Ontario K2H 9RO CANADA 

Telephone (613) 828-0199 

Erick F. Weiland, President 
AGRA Earth and Environmental 
5531 East Kelso Street 
Tucson, AZ 85712 
USA 
TEL: (602) 296-5940 
FAX: (602) 721-7431 
email: 74761.614@compuselVe.com 

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

OFFICERS 
January· December 1999 

Paul M. Taufen, First Vice President 
(Until 3/99) WMC Resources 
191 Great Eastern Highway 
Belmont, Perth 6104 WA 
AUSTRALIA 
(After 3/99) 
Moves to Denver, CO USA 
email: paul.taufen@wmc.com.au 

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

email: dsmith@helios.cr.usgs.gov email: hall@gsc.nrcan.gc.ca 

1997·1999 
Robert Clark 
William B. Coker (ex-officio) 
John S. Cone 
Stephen J. Day 

1999-2000 
David Garnett (ex alicia) 
Eric Hoffman 

COUNCILLORS 
Councilor Emeritus 

Sherman Marsh 

Australia 1997·1999 
Leigh Bettenay 
Nigel Radford 
Mark Elliott 

Brazil 1997-1999 

Europe 1999-2000 
J. B. De Smeth 

Shea Clark Smith 
Barry W. Smee 

M. Beth McClenaghan 
J. Thomas Nash 
David B. Smith Marcondes Lima Da Costa 

Chile 1997-1999 

Northern Countries 1999·2000 
Clemens Reimann 

Southeast Asia 1999-2000 
Tawsaporn Nuchangong 

Southern Africa 1999-2000 
Charles Okujeni 

Australian Geoscience Council 
Representative 
Graham F. Taylor 

Canadian Geoscience Council 
Representative 
M. Beth McClenaghan 

Awards and Medals Committee 
Gwendy E. M. Hall, Chair 1996-1997 
John S. Cone 
Robert G. Garrett 
GOnter Matheis 
Barry W. Smee 

Bibliography Committee 
l. Graham Closs, Chair 
Robert G. Garrett 
Richard K. Glanzman 
Eric C. Grunsky 
Gwendy E.M. Hall 
Peter J. Rogers 

Distinguished Lecturer Committee 
Graham F. Taylor, Chair 

Vacant 
China 1999-2000 

Guangsheng Yan 

COMMITTEES 

Election Official 
Ray E. Lett 

Environmental Committee 
Richard K. Glanzman, Chair 
Cecil C. Begley 
Peter H. Davenport 
Gwendy E.M. Hall 
Keith Nichofson 

EXPLORE 
J. Thomas Nash, Editor 
Bob Eppinger, Asst. Editor 
Sherman P. Marsh, Editor 
Owen P. Lavin, Business Manager 

Journal of Geochemical 
Exploration 
Eion M. Cameron, Editor-in·Ch;ef 

Admissions Committee 
Lloyd D. James, Chair 
L. Graham Closs 
Jeffrey A. Jaacks 

Betty Arseneault, Business Manager 

UK and Republic of Ireland 1999-2000 
Christopher C. Johnson 

Publicity Committee 
Andrew Bourque, Chair 
Sherman P. Marsh 
J. Stevens Zuker 
A. Steve Friberg 

Regional Councillor Coordinator 
David L. Garnett 

Short Course Committee 
Colin E. Dunn, Chair 

Student Paper Competition Committee 
Ian Robertson, Chair 
Frederic A. Siegel 
Arthur E. Soregaroli 
Owen Lavin 

Symposia Committee 
Frederic R. Siegel, Chair 
Gwendy Hall 
Eion Cameron 
Graham F. Taylor 
Barry W. Smee 

P.O. Box 26099,72 Robertson Road, Nepean, ON K2H 9RO CANADA, TEL: (613) 828-0199 FAX: (613) 828-9288, e·mail: aeg@synapse.net 
M. Beth McClenaghan, Webmaster 

e·mail: bmcclena@nrcan.gc.ca 
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