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If you read my Presidential Message and
technical article in the last issue of
EXPLORE, you will recall that I raised
various questions about the possibility of
the Association of Exploration Geochemists becoming more active in the field of
environmental geochemistry. I invited
comments from the membership, and people responded. A particularly significant
letter arrived from OUe Selinus of the
Geological Survey of Sweden. The entire
letter is published in the Letters section
of this issue. In summary, Mr. Selinus
said that in Scandinavia the fields of exploration and environmental
geochemistry have essentially merged into one discipline. Mr.
Selinus emphasized, however, that each field still has much that can
be contributed to the other, which was precisely the message that I
put forth in the last EXPLORE. He also informed me of the forthcoming 2nd International Symposium on Environmental
Geochemistry, (See utters for details of the Symposium.) You may
recall that I had also raised the question as to whether or not we
should enter into a joint symposium with the SEGH, and now I
learn from Mr. Selinus that such a symposium has already been
planned.
On another, totally unrelated topic, I want to call your attention
to how quickly time flies (as if you needed reminding!). I have often
wondered if Einstein missed one of the fundamental laws of
Relativity, that is: "The older one becomes, the faster time passes:'
What, you may ask, am I raving about? Obviously, I am talking
about the forthcoming 15th International Geochemical Exploration
Symposium in Reno, Nevada, April 29-May 1, 1991. I just sent in
my Early Registration materials and I urge you to do the same;
April will be here day after tomorrow! The program at the Reno
Symposium will include as many as three short courses, two
workshops, 17 field trips (including one to Chile), three days of
technical sessions, and a full social program. The Organizing Committee, chaired by Hal Bonham, has gone beyond the call of duty in
arranging this incredible array of riches for us, To avoid disappoint;
ment by being closed out of some of the events, be sure to mail your
registration materials in today.
Finally, let me remind you that the categories of membership
within the AEG are now being revised as part of a major rewrite of
the By-Laws. If approved by a vote of the membership, the present
category of Voting Member will become Fellow and the category of
Affiliate Member will become Member. This is the perfect time for
you to urge all of your non-member colleagues and friends to join
the AEG. One of my colleagues here at the University of Colorado
(Prof. Bill Atkinson) told me yesterday that he was finally going to
join the AEG, and that now I could quit pestering him about it. (I
think the handsome announcement brochure of the Reno Symposium helped him make the decision.) The benefits of our symposia, journal, and newsletter are certainly worth the modest
membership cost. Everyone who works professionally in mineral

continued qn page 2

The Need for Quality Control in
Analytical Geochemistry
The 1990 AEG directory contains 272 entries under "Geochemical
Laboratories:' The quality of analyses provided by geochemical
laboratories is of concern to the explorationists who rely on the services that these laboratories provide. J. Alan Coope and Owen
Lavin of Newmont Exploration have evaluated the quality of
analyses provided by 29 laboratories over a three-year period. They
conclude that: 1) the quality of the labs is either good or bad; and
2) the frequency of outliers is unacceptably high. Doctors Coope
and Lavin presented the results of their evalution at this fall's first
session of the Denver area Geochemical Exploration Discussion
Group, which meets regularly at the Colorado School of Mines.
As with other service~providing companies, we can expect a certain number of inferior analytical geochem labs. We can likewise expect that there are more of these inferior labs doing business today
than twenty years ago when there was a mere handful of labs in
total. The conclusions of Caope and Lavin, and other indicators
such as the overtones in the recent Pearl Harbor File of this news~
letter, suggest poor quality is pervasive. At the same time, explorationists convey a sense of frustration at not being able to do
something about it.
Ignorance, Neglect, or Cost Prohibitiveness - Some Likely Causes
of Poor Quality
Presuming none of the geochemical laboratories willfully
generates poor quality analyses, I will address some reasons for
their propagation: ignorance; neglect; and cost prohibitivity.
The principles of analytical chemistry require researchers to
continued on Page 4
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Information for Contributors to EXPLORE
Scope This Newsletter endeavors to become a forum for recent
advances in exploration geochemistry and a key informational
source. In addition to contributions on exploration
geochemistry, we encourage material on multidisciplinary applications, environmental geochemistry, and analytical
technology, Of 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 ready illustrations where possible. Meeting reports may
have photographs, for example. Text is preferred on paper and
5 1/4- or 3lJ2-inch IBM-compatible computer diskettes with ASCII
(DOS) format that can go directly to typesetting. Please use the
metric system in technical material.
Length Extended abstracts may be up to approximately 1000
words or two newsletter pages including figures and tables.

Quality Submittals are copy-edited as necessary without reexamination by authors who are asked to assure smooth writing
style and accuracy of statement by thorough peer review. Contributions may be edited for clarity or space.

The Journal of Geochemical Exploration, Volume 38, Number 3
has been issued since the last Newsletter. Volume 38, Number 3 contains 7 research papers on a variety of exploration geochemical and
analytical topics. The table of contents of the next JGE issue appears
elsewhere in this newsletter. Claims for missing issues are honored
free of charge for three months after the date of issue - see inside
the back cover of the Journal. Back volumes are available at Df1.
283 or US $138.00. AEG members can save over $350 a year for the
1987 through 1989 volumes by ordering through the Rexdale office.
EXPLORE Number 69 was distributed to 4000 professional including members of AEG, the Alaska Mining Association, the
Geological Society of America, and and over 100 libraries, Bulk
shipments were made to Stan Hoffman for distribution in Canada.
The remainder were dispersed at the Northwest Mining Association
meeting in Spokane, WA, CVGTECMlN in Puerto Ordaz,
Venezuela, and at a short course taught in Alaska. If you would be
willing to distribute this newsletter to a locaJ or regional meeting or
to supply mailing labels of an association, please write to
EXPLORE.

Owen P. Lavin
Editor
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exploration should be a member of the AEG, and each of us should
do our part to convince them to join.
In closing, may I wish each of you good health, good friends, and
prosperity.
Donald D. Runnells
President, Association of Exploration Geochemists
Department of Geological Sciences
University of Colorado at Boulder
Campus Box 250
Boulder. Colorado 80309-0250
(303) 492-8323
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It is hard to believe but by the time you read this, ballots for the
1991 Ordinary Councillor election will have been mailed out. Your
ballot must be returned to the Association office in Rexdale, On~
tario, by the end of March, 1991 in order for your vote to be valid. I
encourage all Voting Members to take a few minutes to read the
short biographies on each candidate and then vote for five of your
choice. Please exercise your right to vote; it is your chance to take
an active part in the affairs of the organization. DO IT NOW, DO

IT 1DDAY. YOUR VOTE COUNTS!!!
The timing of this election points out one of the inequities in the
Association that will hopefully be changed in the upcoming revisions to the By-Laws. Our elections are tied to the Annual General
Meeting, where the newly elected Councillors and Executive are announced. In recent years the AGM has been scheduled in many
foreign countries at irregular times of the year. This means that the
President and elected Councillors can serve terms as little as nine
months or as long as 18 months, depending on when the AGM is
held each year. The proposal before the By~Laws committee is to
hold the AGM in the spring of each year, at some appropriate
meeting, and thus give the elected Officers and Councillors a full term of
office. If you have any comments or thoughts on this, please send them
to me and I will forward them on to the By~Laws Committee.
For those of you who are Affiliate Members, give some serious
consideration to upgrading to Voting Membership. This will require
a certain amount of effort on your part in filling out the application
but it will allow you to take part in the affairs of your Association.
Anyone wishing to do this can get an application form from any
member of the Council or executive, or can receive one from the
Rexdak Ontario, office. Please consider this option and become
more active in your Association.
One of the more significant changes in your Association was
enacted by Council at the November, 1990 meeting. It was decided
to move the headquarters for the Association from Rexdalc,
OntariO, Canada to Vancouver, British Columbia, Canada. This
move will be gradual, over the next six months, and the Rexdale address will remain active until the move is completed. This move will
consolidate many of the functions of the Association that are now
scattered over much of the United States and Canada. One of our
biggest difficulties has been communicating with members concerning problems with membership, the Journal of Geochemical Exploration, and other business matters. We hope this consolidation of
our business activities will alleviate much of the difficulty we have
had in responding to our membership. We will make every effort to
keep disruption to a minimum during the transition but hope the
end result will be better service to our members.
Sherman P. Marsh

Secretary, Association of Exploration Geochemists
U.S. Geological Survey
MS 973, Fedeml Center
Denver, Colomdo S0225
USA
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Dear Editor,
Thank you for you your letter in EXPLORE Number 69 by
Dr. Runnells about the relationships between exploration
geochemistry and environmental geochemistry.
Exploration geochemistry is certainly an interdisciplinary
field, and so is environmental geochemistry. These two types of
geochemistry are, in fact, related to each other. I would say that
they, at least in Scandinavia but also in some other European
countries, are related in that geochemists formerly working in
mineral exploration are now working with environmental
geochemistry. Sweden has a long history of geochemical exploration at the Geological Survey (e.g., Nils Herman Brundin).
For 12 years, however, we have been working predominantly
with environmental geochemistry. The methods we use are
derived from exploration work, but we have found completely
new fields in the environmental sciences. The geochemical mapping work we are doing is also used by the exploration
companies.
Geochemists, in generat are specialists in the natural occurrences of metals (e.g., heavy metals); they are also generally eXperienced with statistical methods, analytical methods, and computer modeling. This knowledge can effectively be brought into
the environmental sciences. In generaL there has been a rather
poor understanding in the environmental sciences of natural
processes and the natural behaviour and contents of heavy
metals in natural conditions. Geochemists can provide this
baseline information. In addition, we can use our experiences in
statistics and computer modeling to arrive at new approaches
for the environmental sciences. We can also contribute
Continued on Page 4

MRDS DATA AVAILABLE ON DISKS
GeoData has the U.S. Geological Survey's
MRDS database available on 5% ",1.2mb high
density disks that are set up to work with the
dBase IV program.
MRDS stands for Mineral Resource Data
System and has information on more than 80000
mineral occurrences worldwide.
'
GeoData has processed the MRDS data for the
Western States into a data package containing
more than 50,000 occurrences on 290 disks. The
data may be purchased by state ($395), county
($95), or at a discount rate for all 10 western states
($2,500).
North and South Dakota are available in a combined 14 disk package for $395.
Mexico (4 disks), Chile (1 disk) and Canada (2
disks) are each available for $150.

To order GeoData disks write to:
GeoDals
3120 W. Hampden Ave.
Englewood, CO 80110

(303) 650-3535
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Letters
Continued from Page 3
significantly to a better understanding of the impact of
anthropogenic effects on the natural environment.

Another field has also arisen: geomedicine or geochemistry and
health. We geochemists often determine broad scale patterns of
metals in nature, and this information can be used by medical
authorities and researchers in studying different diseases of environmental origin. It is, however, very important that this work

should be done in cooperation with medical professionals, and not
in a parallel manner. The Society for Environmental Geochemistry
and Health is doing important work in this field.

Dr. Runnels suggested a joint exploration-environmental symposium. In fact, an international symposium is going to be held in
Uppsala, Sweden next year, entitled the Second International Symposium on Environmental Geochemistry. It will take place
September 16-19, 1991. (See Calender of Evenls in this volume for
more details.) The meeting represents a cooperative venture between
the Geological Survey of Sweden and the Swedish University of
Agricultural Sciences. The symposium is also in collaboration with
the International Association of Geochemistry and Cosmochemistry
(IAGe) and the Society for Environmental Geochemistry and
Health (SEGH).
The first circular has been sent not only to environmental
workers but also to many exploration geochemists and geologists.
We sincerely hope that many researchers and workers of this latter
category will corne to the symposium because of the many papers of
common interest to both exploration geochemists and environmental geochemists. The papers will be published in a special supplemental volume of Applied Geochemistry,

Gold & Precious
Metal Explomtion

EXPLORE

The themes of the symposium are the following:
1. Environmental geochemistry and health,
2. Anthropogenic effects on the natural environment and global
changes,
3. Pollution of natural soil and water systems,
4. Methods of geochemical monitoring, modeling, and mapping
5. Geochemical aspects of waste disposal,
6. The importance of geology in environmental geochemistry,
7. Natural and man-made radiometric hazards, and
8. Biological and geochemical interactions in weathering and element translocation, and the impact of climatic changes on the
geochemical environment.
In addition, two workshops are under consideration: 1) International geochemical mapping, and 2) Chemical time bombs.
There will also be a field trip to the famous are province of
Bergslagen to look at the Falun mine and the impact of mining activities on the natural environment.
We hope that the symposium will be of great interest to both exploration and environmental geochemists. Thus far, we have
received almost 400 answers to our circular from 40 countries. As a
matter of fact, the country with most individuals registered, apart
from Sweden, is the United States.
We hope that this meeting will result in the two scientific communities (which I would say is really only one community) learning
from each other.
Welcome to the "joint" meeting.
Olle Selinus
Senior Geochemist and Chairman of the Scientific Committee
Geological Survey of Sweden
Geochemical Dept.
p.D. Box 670
5-75128 Uppsala
Sweden
TEL: 46 18 179000
FAX: 46 18 179210

Effective until March 31. 1991, ACME is offering two analytical

packages for gold and precious metal exploration.
Package 1 ' US $6.70'

Wet geochemical gold & 30
element lep analysis
Detection limit: Au 1 ppb
Fire Geochemical Gold.
Platinum, Palladium & 30

Package 2 ' US $9.30'

element lep analysis
Detection limits: Au 1 ppb; Pt
Pd 3 ppb; and Rh 3 ppb
..
Pricing Policy: Sample preparation IS an extra cost; minimum
10 samples per shipment or add $5.00 per shipment.

Note: ACME has serviced the mining and exploration idustries
for 20 years. During that time, the company has served its many
clients in a professional fashion, offering high quality analysis at
low cost with rapid turnaround of results. For example, during
peak periods, over 2 tons of sample material arrives daily, and
results are typically returned within 5 days. Please ask for our
complete price brochure.
Shipping Address:
By Greyhound Bus
By UPS
ACME Labs.
ACME Labs.
Cia Greyhound Bus Depot
264 H Street
Blaine, WA 98230
Blaine, WA 98230
Acme Analytical Laboratories, Ltd.
~ 852 E. Hastings SI.
Vancouver, B.C. V6A lR6
(604) 253-3158
FAX 604-253-1716

1M
1C

t

"'Prices subject to change without notice.

Technical Notes
Continued from Page 1

address accuracy, precision, and the constraints on the methods they
develop. It is common knowledge that all methods are not equally
effective for all samples. Method developers are not able to test their
procedures on an infinite variety of sample matrices. Geochemical
methods are generally tested on materials broadly classified as rock,
soil, sediment, water, and vegetation. The effectiveness of the
method is evaluated by comparing the results obtained in testing
standard samples of these materials with accepted or published
values. General inferences are often drawn from specifics. For example, if a method has been successfully run on samples of granite, its
effectiveness on all silicate rocks might be inferred. Inferences,
though sometimes valid, do not guarantee equal effectiveness and
can play havoc with quality, It is especially critical to hold as
suspect, methods tested on relatively clean samples when the
methods are to be used on mineralized samples. The need to match
the matrices of standards with the samples is common knowledge. I
suspect its importance is neglected by many labs and perhaps even
ignored by others.
I can draw from my own experience examples of laboratory
managers and chemists purchasing and enthusiastically taking
delivery of a new, sophisticated, multi-element-capability instrument, and, with aU its bells and whistles, on-lining it for production
in a state of ignorant bliss. Geochemica1labs are not the principal
market for instrument manufacturers. Geochemical samples are inherently difficult to analyze by any instrument regardless of claims
sales people may make. It would be fortuitous to have new
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analytical technology come off the assembly line ready as is for a
geochemical sample. Without thoroughly developing and testing an
instrument for OUf particular application, we are begging for
trouble. I shudder to think how many "instrument anomalies" were

produced by the newly-introduced ICP-AES some fifteen years ago
and are currently being generated by ICP-MS. There is good reason
to treat state-of-the-art instrumentation as if it intends on stabbing
you in the back. It may.
The large demands of exploration and a plentiful supply of low
cost labor has brought some unqualified people into the geochem
lab. To a person, we are all for providing jobs to those that need
them. However, not to hire qualified personnel or to properly train
the people we hire is to denigrate the importance of quality in our
analyses. Lack of training also does not bode well with regulations
concerning safety in a potentially hazardous workplace or the legal
aspects of geochemical data.
I suspect that the underlying reason for poor quality is one of
cost. Maintaining a sound method and instrument development
program requires knowledgeable, experienced people and money.
Similarly, hiring qualified laboratory technicians implies increased
salary obligations and potentially lower profits.
The Cure - Development and Universal Adherence to a Uniform
Quality Control Plan
Quality control (QC) as it has evolved in most geochemical
laboratories (presuming that a progenitor exists) encompasses only a
small portion of QC as defined by such organizations as the ASTM,
NITS, and the EPA. There is more to quality control than running
duplicate analyses, reference materials, and inserting blind standards
into a lot of submitted samples. Nevertheless, these procedures are a
good start and all laboratories should initiate their implementation
if they are not already using them. More importantly, they should
acknowledge and act to correct the problems that following these
procedures will uncover. Most assuredly there will be problems (the
laws of QC prohibit perfection!).
Increased efforts are needed to develop an expanded range of well
characterized geologic materials for use as standards and to make
them available to laboratories. Historically, this has been one of the
roles of the USGS and the GSc. The two are continuing their efforts. If industry can be pursuaded to join in, albeit not without
cost, so much the better. Beyond the development of standards,
laboratories have to make use of them in the manner which standards are intended to be used.
More rigid quality control also requires: 1) certification and
documentation of the methods used in the laboratory; 2) defining
levels of uncertainty and establishing levels of rejection for analyses;
3) documentation of modifications or changes to methods as might
be necessary to process certain samples; 4) maintaining a
contamination-free workplace; 5) careful record keeping of instrument

Cat Mountain Property (Au-Cu)
A joint venture between
Lysander Gold Corporation and
BP Resources Canada Limited.
For technical or other information contact
Lou Duarte or Don Mustard

PAGE 5

calibration, malfunctions, and maintenance; and 6} certification of
analyses by a reviewing official. Again, fundamental to all of this is
a competent, knowledgeable and conscientious staff. Finally, and
most importantly, quality control requires a guarantee to th~
customer that the laboratory will adhere to the rules it has set for
itself.
Currently, the degree of quality control practiced by individual
laboratories offering analytical services to the exploration community is solely discretionary. Implementing more rigid and universally
applied procedures would result in increased operating costs which
would have to be borne by the users. If it is important enough, it
can be done. The environmental and health sciences require their

Continued on Page 6

We're a
natural
resource you
can't afford
to overlook.
We're Geotemps, and
we're an indispensible
resource when it comes
to providing reliable,
qualified, temporary
help for all phases of
the mining industry.
We know the business,
and we know our people. We eliminate the hassle and expense of unemployment problems, holiday and vacation
obligations and worker's compensation. We're confidential,
professional and always able to supply the right person for
the right job. Think of us as the natural resource that can
help you out in a pinch. Geotemps.

lysander Gold Corporation (VSE-lYS)
Suite 910 • 800 W. Pender SI.
Vancouver, B.C. V6C 2V6 Canada
Tel.: (604) 681-8069
Fax: (604) 681-0431

335 West 1st Street • Reno, Nevada 89503
(702) 323-7773 • FAX (702) 322-1228
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AUTOMATICALLY PLOT SAMPLE LOCATION
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laboratories to pass the muster of rigid quality control. That mayor
may not be too extreme for our purposes but with some prodding
from the explorationists the analytical and assay laboratories can at
least do better than they are apparently perceived to be doing now,
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We make rocks tell the truth.
Cu 3.46%; In J.J 4%; Au 0.016 oz/ton

Mg =0.127; 17 Rb =8.96;( 4G Ar) =0.0086
Mg+Fe'2
I16Sr
39Ar K
K-feldspar(Orso Ab 20 ) =13.49wt%
Si0 268.34%; n0 20.53%; AI 20312.00%
.......~IiIIba....Fe203 0.56% ...
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Exploration geologists pick Bondar-Clegg
for irrefutable assays and geochemical analyses.
They have for over 25 years.

C

BONDAR-CLEGG
Bondar·Clegg, Inc.

Bondar·Clegg & Company Ltd.

Sparks, Nevada
(702) 359-9330
Lakewood, Colorado
(303) 989-1404

Ottawa, Ontario
(613) 749-2220
N. Vancouver, B.c.
(604) 985-0681

Chimitec Ltee
Ste-Foy, Quebec
(418) 683-1777
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ground magnetics, and
induced polarization
has defined a large
system with soil
anomalies comparable
to those reported for

Mount Milligan - Cat Mountain Updates
EXPLORE Number 69 presented geochemical data for both of
these alkalic Au-Cu porphyry prospects. Since publication, Continental Gold Corporation has sold its 70% interest in the project
via sale of the company to Placer Dome Inc. for Cdn. $182 million.
BP Resources Canada Limited also sold its 30% interest to Placer
Dome for Cdn. $79 million. The deposit has not, as yet, been put
into production, but one can assume from the purchase price, the
resource will soon be developed.
Exploration on Cat Mountain continued in 1990, with trenching
and drilling of the anomaly reported on Figures 5 - 8 in EXPLORE
Number 69. Results for Cu and Au are shown on Figure 1. A
regional program of geological mapping, soil geochemistry,

Mount Milligan (Fig.
2).
Of interest to users
of geochemistry, the
followup documented
by Figure 1 was conducted by excavating
trenches and pits of
source areas predicted
from empirical
geochemical models.
Many of the areas examined would have
been considered
uninteresting based on
examination of the
limited outcrop and
talus float that
mantles steeper slopes
of the mountain. The
philosophy of completing geochemical
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followup despite
negative prospecting
evidence was rewarded
by discovery.

Cost of followup
using a 1.2 yard' (1.0
m3) Kobelco hoe, at

US $85/hour is low,
considering its productivity. For exam-

ple, a 220m long
trench, cut 1.5 m to
3.5 m into overburden

or rubbly bedrock

"C'

Figure 1. Trench followup of Cat Mountain soil anomalies, see
Figures 5-7 in EXPLORE Number 69. The solid dashed lines represent the claim outlines on Figure 8 of EXPLORE Number 69
!idealized) .
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JUDITH M. BALLANTYNE. PH.D.

employed to keep

CONSULTING GEOCHEMIST

pace, otherwise sampling takes precedence
over mapping. All
trenches and pits were

Practical, Innovative, Cost-Effective
Applications of Geochemistry and Mineralogy
BAllANTyNE GEOCHEMisTRY
807 EAST SOUTH TEMPLE. SUITE 325
SALT LAKE CITY. UTAH 841.02 USA
(801 ) 532-4645

(trench is 1.5 to 2.0m
wide) took five hours
to complete. A program of pitting at 25m
intervals to bedrock,
in overburden ranging
from 1.0m to 6.0m
deep, on steeply sloping terrain proceeded
at a rate of 5 to 6 stations per hour. The efficiency of the
backhoe necessitates
that two geologists
and two samplers be

"0"

filled and sites

Figure 2. Comparison of sail geochemsitry (Cu > 130ppm, Au
>35ppb) for Mt. Milligan (A) and Cat Mountain (C) and IP survey
for Mt. Milligan (8) and Cat Mountain (0). Note that the focus of
initial work at Mt. Milligan centered an the Esker Vein system.
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levelled to original conditions, typically within the same day, to

avoid environmental hazard.
A large volume of trench and drill-hole geological and

and Energy, Minerals House, P.O. Box 2655, Alice Springs, NT
0871, Australia. TEL (089) 50 3658, FAX, (089) 52 7762.

geochemical data is now in hand. Continued exploration of the Cat
Mountain target (Fig. 1) will rely on interpretation of

lithogeochemistry, FoJlowup efforts will be described in a future
issue of EXPLORE.
The members listed pelow have recently moved and mail is being
returned to AEG offices. If you have moved recently or if you know
the current addresses of the "lost" individuals, please send an update
of address change to:
The Association of Exploration Geochemists

Stan Hoffman
Prime Geochemical Methods Ltd.
630 - 1199 West Pender St.
Vancouuer, BC, V6E 2RI
Canada
TEL: 604-684-0069
FAX: 604-682-7354

Post Office Box 48270
Bentall Centre

Vancouver, BC V7X lA1
Canada
Mail has been returned from the folowing members:

W.K. Fletcher has completed his three-week lecture series in
Australia. Graham Taylor, the Association's Regional Councillor in
eastern Australia, arranged a fuIl itinerary that maximized the
Association's exposure to the Australian geoscience and exploration
community. Local sponsorship for the tour was provided by the
Australian Institute of Mining and Metallurgy, the Eastern

Goldfields Discussion Group, CSIRO Division of Exploration Geosciences, Western Mining Corporation,

eRA Exploration,

BiIliton

Australia, and Renison Goldfields Consolidated.
In all, eleven lectures were given in Sydney, Perth, Melbourne,
and Canberra, with the presentation on "Behavior of Gold and
other Heavy Minerals 1n Streams" being most in demand. In addition one-day workshops were given at James Cook University
(Townsville) and to the Eastern Goldfields Discussion Group in
KalgoorHe. The latter benefitted greatly from contributions by Russ
Birrell on local exploration geochemical problems. An informal field
trip, that foHowed the Kalgoorlie workshop, provoked lively discussion on relations between anomalies and gold mineralization and on

what should (and should not) be sampled.
W,K. Fletcher
Department of Geological Sciences
University of British Columbia
Vancouver, Be, V6T 2B4
Canada
TEL: (604) 228-2392

NEWS OF MEMBEBS
Dr. Raymond Smith, whilst maintaining his responsibilities as a
Chief Research Scientist in CSIRO Division of Exploration Geoscience, has been appointed Adjunct Professor in Exploration
Geochemistry at Curtin University of Technology. The purpose of
this appointment is to enhance integration of postgraduate studies in
exploration geochemistry with industry-funded research opportunities. Emphasis is on development of exploration methods for
locating concealed mineral deposits in Australia's deeply-weathered
terrain, a theme central to Curtin's Key Centre in Resource Exploration and Department of Applied Geology. Dr. Smith can be reached

at CSIRo, Private Bag P.O" Wembley, WA 6014, Australia. TEL:
(09) 3870200, FAX, (09) 387 8642.
Rogers Watters has put his Cairns-based consultancy on hold indefinitely while he fills the position of Manager at Alice Springs for
the Northern Territory Department of Mines and Energy. Mr.
Watters can be reached at Northern Territory Department of Mines

James R. Dobbs
Denver, CO

Purusetan L. Shrestha
Socorro, NM

USA

USA

FMC Corporation

David S. Evans
Calgary, AB

Denver, CO

USA
Jeffrey P. Kurtz
Reno, NV
USA
Mark W. Osterberg
Tucson, AZ
USA
Daniel E. Robertson
Reno, NV
USA

Canada
Donald Nicholson
Vancouver, BC
Canada

Donald C.R. Robertson
Whitehorse, YT
Canada

Multi-element Analysis for
Routine Exploration Programs
Effective until Marc\l31, 1991, ACME is reducing the
price of its 30 element ICP analysis (aqua regia
digestion) to US $2.80.

Element Suite and Detection Limits
Element

Detection

Ag

0.1

Cd, Co, Cr, Cu, Mo, Mn, Ni, Sr, Zn

1

ppm

As, Au. B. Ba. Bi, La, Pb, Sb, Th, V, W

2

ppm

ppm

U
5
~m
AI, Ca, Fe, K, Mg, Na, Ti
0.01
%
P
0.001 %
Digestion Procedure: 0.5 gm sample is digested with 3 m!s
3-1-2 HCL-HN03 -H 2 0 at 95 degrees for one hour and diluted to
10 mls with water. This leach is near total for base metals, partial
for rock forming elements and very slight for refractory ele~
ments. Solubility limits Ag, Pb, Sb, Bi, W dissolution for high
grade samples.
Pricing Policy: Analytical cost is US $2.80; sample preparation is an extra cost; minimum 10 samples per shipment or add
$5.00 per shipment.
Note: ACME has serviced the mining and exploration industries for 20 years. During that time, the company has served its
many clients in a professional fashion, offering high quality
analysis at low cost with rapid turnaround of results. For example, during peak periods, over 2 tons of sample material arrives
daily, and results are typically returned within 5 days. Please
write for our complete price brochure.

'A'
n n

M

1C 1C

Acme Analytical Laboratories, Ltd.
852 E. Hastings St.
Vancouver, B.C. V6A 1R6
(604) 253-3158
FAX 604-253-1716
*Prices subject to change without notice.
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of the analysis.
• Interpretation and geochemical consulting are
available from Dr. Stan Hoffman.
• If your processing requirements are large, talk to
us about computer software sales and training.
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therefore not give total Ba.
Total Ba content of most silicate samples tends to be less than
2000 ppm, and I have found 500 ppm aqua regia leachable Ba to
represent a normal upper limit. Values exceeding 500 ppm thus

Forward your sample location map upon completion of the sampling program. Your basemaps are
ready for immediate plotting upon completion

0

•

•

•

•

1) Ba determination as an indicator of barite. Barite per se
should not be soluble in aqua regia, and so Ba concentrations
should be low, perhaps at detection limits. An aqua regia leach will

•

..

..,,,

lithogeochemical examples are in order.

Data Processing - Map Plotting
In conjunction with Prime Geochemical Methods Ltd.,
we offer services for the processing of your multielement data. Our in-house computer systems are
optimized for the rapid turnaround of large volumes of
data. Enhanced data presentation allows all analytical
results to be viewed in map form, ensuring a costeffective and confident interpretation.

Q)

.. e

applying aqua regia-leachable metal determinations to exploration
problems. These partial extraction data can prove useful to the
budget conscious, once their limitations are recognized. Several

MULTI-ELEMENT GEOCHEMISTRY

Q

.1100

From reader response, few of us have had much experience in

merit special aUention, particularly if presence of barite is an important geological indicator.
Two case histories display the type of results to be expected. In
the first, barite mineralization was intersected in drill core of the
Selwyn Basin of the Yukon. Total Ba contents (XRF) ranged from 10
to 15%. Aqua regia-leachable Ba contents gave values of 1.0% to
1.5%. In this example, about 10% of the Ba was extracted. In the
second example, associated with a gold deposit, aqua regia did not
extract Ba (to a 2 ppm detection limit) within barite-rich drm sections; however, wallrock immediately adjacent to the barite reported
500 to 1000 ppm aqua regia-leachable Ba. Both examples illustrate
how data could be used to assist interpretation. Caution is
nonetheless recommended, as these examples represent empirical
observations.
2) The search for volcanogenic massive sulphides. Routine exploration involves determination of total Na and total Mg values

EXPLORE
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Figure 1: Distribution of Hg (ppb) in stream sediments, Central

British Columbia.
in rock samples, with an empirical determination that total Na20
contents below 2% and/or total MgO contents above 6% are
favourable indicators of alteration. (Note that alkali indices can also
be constructed to chart alkali leaching versus chlorite (Fe + Mg)
formation as a guide to ore.)
The aqua regia leach unfortunately does not provide useful Na
data. About 50% of the Mg is typically extracted, and so trends in
Mg data can suggest enrichment. Many of the "whole rock" suite of
elements are also extracted in proportion to their total content (Ca,
Fe, Mo, Pl. Some elements are leached to a greater extent in altered
rocks (AI), whereas others leach in response to minerals present (K
in biotite or muscovite may be soluble whereas K content of orthoclase may be relatively insoluble). Although an alkali index cannot be constructed using aqua regia data, I have found the multielement distribution patterns adequately fjIJ the void and in fact can be
more specific for exploration applications.
3) Ti and P. Geologic arguments suggest Ti and Zr are relatively
insoluble elements whose distribution and concentrations can be
used to indicate original rock composition in cases where subsequent
alteration is extreme. Phosphorus, often being held in the resistate
mineral apatite, would likely be controlled by similar factors.
Aqua regia tends to leach Ti and P in proportion to their total

Cambria Data Services Ltd. also markets and supports
software for database, computer-aided map drafting and

diamond drill logging applications.

Glenn R_ PaHie

Contact:

General Manager

Paul J. McGuigan, Consulting Geologist
Michael Pond, Geologist-Programmer
Bob Sandu, Programmer
Cambria Data Services Ltd.

630 - 1199 West Pender St.
Vancouver, B.c' Canada V6E 2R 1
Telephone (604) 682-5313
FAX
(604) 682-7354

INTERMOUNTAIN
ANALYTICAL
SERVICES,
INC.

•

3314 Pole Line Road
Pocatello, Idaho 83201
(208) 237-3300 Business
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content in many examples, although Ti is sometimes insoluble in

aqua regia. Both of these elements proved invaluable in unravelling
stratigraphy in a volcanogenic massive sulphide environment where
alteration was extreme and extensive. In another case, they
documented major changes in volcanic stratigraphy which were not
appreciated geologically following logging of drill core. Clearly,
making use of available data can develop its applications.

Many more IithogeochemicaI examples can be given. All are very
dependent on sample preparation, a laboratory procedure rarely in-

vestigated in detail by users of lithogeochemical analysis. Leachability of metals by aqua regia depends on fineness of grind of the
pulverizing process. How many readers have investigated the size
fraction distribution of their pulps or appreciate the jaw crushing:
splitting ratio routinely conducted to prepare pulps prior to
analysis? Results might astound you. If sufficient interest is inM
dicated, I can expound on this subject in a future issue of

EXPLORE.
Figure 1 displays the Hg distribution from a regional stream sediment survey conducted in central British Columbia. Can you detect
anything peculiar about the map? More next issue.
Stan Hoffman

Prime Geochemical Methods Ltd.
630 - 1199 West Pender Street
Vancouver, B.C. V6E 2Rl
Canada
TEL: (604) 684-0069
FAX: (604) 682-7354

can be mitigated by the way I analyze samples from
Iithogeochemical programs (as indicated below).

" Will such a method (both as a means of correlation of
litholOgies, and as an exploration tool) work in the north
Queensland area? Can the method see through intense alteration?
I cannot be specific about north Queensland, hut in general the
answer to your question is unequivocally "yes". I recently reviewed
Iithogeochemical data at our Selbaie Al Zn-Cu deposit (see Whyte
and Nichol. 1987, )GE v. 8, p. 165-182) with which, despite warnings by local geologists about "extreme alteration" and "complex
geology" and despite the findings in the above paper, the problem
could be resolved HthogeochemicaUy in a relatively direct fashion.
In all cases, the data speak for themselves.

• What is the best approach to both problems?
Use an aqua regia digestion ICP analysis, then plot the data
graphically for all elements. No fancy statistics, factor analysis, etc.
Use of whole-rock analysis (lithium metaborate fusion, ICP determination, plus total Ba and total Cr) can cost Cdn. $9.00 per sample, but with the exception of Na and Ti (and Si and total Ba}. will
not yield much additional information beyond the Hrst procedure
which costs about Cdn. $6.50 per sample (prep cost extra).

• As an exploration tool for epithermal style gold mineralisation,
what trace elements should be included in the analysis?
The above aqua regia ICP determination will provide As and Sb
to 2 ppm detection limits. A hydride generation ICP determination
(Cdn. $5.50Isample) can determine these elements to 0.1 ppm, plus

Continued ott Page 12

Correlation of Rock Units by
Lithogeochemistry
I am writing about information for the application of
lithogeochemical analysis in exploration for veinMhosted epithermal
gold systems in arid climates and also the application of whole-rock
geochemistry as a method of correlating parent lithologies on a
regional basis.
At this time our primary objective is to use lithogeochemical
whole rock analysis in combination with petrological studies as a
means of correlating the Pajingo Deposit host rocks to regional
lithologies. Later a program using Iithogeochemical analysis as an
exploration tool for epithermal-style mineralization will be initiated.
In order to convince the "powers that be" that such methods will
work, if indeed they will, I require answers to a number of ques M
tions, as well as the support of documented case studies in which
these methods were successfuL

• What sampling and analytical procedures should be utilised for
a program of lithological correlation?
You do not specify what type of samples are available (Le., core
versus cuttings). Generally, split core provides the most represen M
tative samples, but often they cannot be taken because the splitting
process ruins geologic use of remaining core material. Also, inten M
sive sampling might be too costly. Optimally, I prefer to take at least
3 samples from each distinctive lithology (core), or at 3 m intervals
(cuttings) if distinctive lithologies are not recognized. Collect lots of
samples for a lithogeochemical interpretation!

• Should the sampling method for use as an exploration tool djffer
from above?
I do not believe differences should exist between programs of
lithological correlation versus exploration methods. The normal
constraints on the former involve the need for very careful (and expensive) sample collection or high analytical costs. I believe both

' ' ' ' c

PRIME GEOCHEMICAL METHODS I..T[);
, "

"

Dramatic changes in the methodology of exploration
geochemistry have occurred in recent years. A strong
competitive advantage is available to those exploration
and mine development companies which make a
strategic investment in geochemical expertise.
Advantages to your program include:
•
•
•
•

reduced overall costs.
enhanced data presentation and interpretation.
higher confidence in exploration target selection.
effective "audits" of your sampling
and analytical methods .

• efficient {ollowMup recommendations.
To maximize returns on your investment in geochemical
surveys (or on chemical analysis), funds must be well
spent. This does not just happen! Prime Geochemical
Methods Ltd. is in business to service your needs in
an efficient and cost-effective manner. For your multi M
element plotting requirements contact Cambria Data
Services Ltd. (see the accompanying advertisement).

Stan Hoffman, Ph. D.

Consulting Geochemist
Prime Geochemical Methods Ltd.
630 . ]]99 West Pender St.
Vancouver, B.C., Canada V6E 2R1
Telephone (604) 684-0069
Message (604) 731-8892
FAX
(604) 682-7354
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Questions and Answers
Continued from Page 11
provide Bi to 0.1 ppm, Se to 0.2 ppm, and Te and Ge to 0.3 ppm.
These elements are generally sufficient, although you undoubtedly
have heard of using Hg and Tl.
Several ideas surround use of Hg. Normal rock preparation
techniques involving pulverizing liberates Hg as the sample heats
and ruins the analysis, but other procedures are available such as
those suggested for looking for radon anomalies in cover rocks over
the Jabiluka uranium deposit or at the Delbridge VMS deposit in
Ontario. TI determination costs $3 to $4 per sample and I regard the
costs as unnecessary except on special orientation studies (which
may document a need for routine application).

• What dre some of the basic threshold values both for trace ele·
ment analysis, and more particularly at this point, for whole-rock
values (i.e. how do I know if rock is actually a rhyolite and not a
silicified andesite!)!
Threshold values should always be ,determined locally as a
relative value amongst available data, with due regard taken to how
high the values exceed ana1ytical detection limits. You would be wise
to forget the concept of "key numbers" for one or more elements,
but let the data speak for themselves.
As far as whole-rock analysis is concerned, patterns determined
after plotting data in section should tell you what you want to
know. In looking for epithermal Au deposits which are structurally
controJJed, consideratlons such as rhyolite versus silidfied andesite
should not normally pose a problem. If you really need to know
this information, the whole-rock data will have to be synthesized
with findings from petrological examinations.

• Are there case studies available that would support the use of
whole rock geochemistry in Australia!
I have not followed this question. 1 can suggest you review the
AEG bibliography, but if this does not help perhaps one of the AEG
councillors in Australia or CSIRO can help.

• Are there any work-ready, user-friendly computer programs currently available for statistical analysis and interpretation of results!
1 made some relatively negative comments on statistical analysis
(of the type I think you mean) in a previous answer. The AEG has
some computer programs available (PROBPLOn which are useful,
as well as some whole rock programs which are available at
nominal cost. I refer you to Eric Grunsky at CSIRO who can tell
you what they do and how easy they are to use. The most important computer programs you will need are ones that can plot your
data in a "one hole/many element" format, or as plans or sections
(see Hoffman and Mitchell, 1984, JGE, V. 21 p. 437-454). What is
available will depend on what type of computer you have and how
much you would like to spend. I have no recommendations, as the
ones I use personally are not available for sale.

~w~nElwork grapbics
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Inc

Typesetting • Graphics
Ad Layout and Composition
2560 Sheridan Blvd" Denver, CO 80214

(303) 433-1616 • FAX: (303) 433-1188
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I hope these answers are a beginning for your project. Consultations with others are appropriate.
On another thought train, your letter suggests a column for
EXPLORE where those of the AEG membership willing to assist
others with questions such as yours should be given the chance. Unfortunately, this approach will not give you the immediate response
you require, but might assist you long term. If you are interested,
send to me a maximum 2 page description of Pajingo, including a
"cartoon" geologic section which is suitable for publication. Future
contributions mayor may not include the name of the person asking the questions depending on whether anonymity is preferred.

Questions from:
Cathy Butella
Battle Mountain (Australia) Inc
Townsville Office
Unit 5, 106 Dalrymple Road
Currajong, Qld.
Australia
Answer.s by:
Stanley J. Hoffman

Prime Geochemical Methods
2834 W. 24th Avenue

Vancouver, B.C. V6L 1R4
Canada
Editor's Note: Anyone wishing to contribute to the above questions
or answers or to other subjects suitable to this forum, should address their correspondence to: Editor, EXPWRE, Questions and
Answers, Denver Federal Center MS973, Denver, CO 80225, USA.

Exploration Geochemistry and
The Environment
The impact, cost, and time to meet current regulatory requirements for environmental purposes is being reduced by the application of tools we employ for exploration purposes. Furthermore,
application of exploration geochemical sampling methods to document premining conditions both sharply reduces the potential for
future environmental problems and can also be used to document
premining conditions that probably existed at early mining sites
now considered environmental problems and, therefore, now requiring remediation by regulatory agencies. The geochemistry of surface
soils, stream sediments, and vegetation can now serve dual purposes; 1) identification of drill targets, and 2) background environmental documentation.
Two exploration geochemical tools are particularly appropriate
and accepted by the environmental agencies; field portable x-ray
fluoresence instruments (XRF) for the inorganic chemistry of solids
and portable gas chromatographs for soil gases and volatile
organics. The Environmental Protection Agency initiated an international symposium series on field screening methods to address new
and emerging technologies to reduce costs, reduce turnaround time,
and increase the scientific confidence in decisions based on chemical
data collected at field sites. These goals are essentially the same as
the goals for exploration geochemical sampling metholds. The next
symposium will be held in March, 1991. A field conference
demonstrating the use of three field portable XRF instruments was
held December 4th through the 6th at one mining-related superfund
site. Additional information about and from the conferences is
available from Dick Glanzman (303) 771-0900, ext. 2309.
Richard K. Glanzman

r.o.

Box 22508
Denver, CO 80222
U.S.A.

Continued on Page 14
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EXPLORE THE ELEMENTS
with this free periodic table color coded to Chemex
analytical methods for geological materials.
ANALYTICAL METHODS
AtomIc Number
Atomic Weight
Element SymbOl
Lowest Concentration
Routlnoly Reported
for Rock Samples
, Element Name

Your field notebook sized copy of the chart with useful conversion
factors is available from any of our ten operating locations.
994 Glendale Avenue, Unit 7
Sparks, Nevada 89431
Phone 702-356-5395
Fax 702-355-0179

651 River Street
Elko, Nevada 89801
Phone 702-738-2054
Fax 702-738-1728

212 Brooksbank Avenue

920 Commerce Street, Unit 5

North Vancouver

Thunder Bay. Ontario

British Columbia V7J 2C1
Phone 604-984-0221
Fax 604-984-0218

P7E BE9
Phone 807-475-3329
Fax 807-475-9196

2723 South Cole Road
Boise, Idaho 83709
Phone 208-362-3435
Fax 208-362-3358

5175 Timberlea Blvd.

103 North Parkmont
5640 B Street
Industrial Park
Anchorage, Alaska 99518
Butte, Montana 59701
Phone 907-562-5601
Phone 406-494-3633
Fax 907·562-6502
Fax 406-494-3721

Westend Industrial Park

Mississauga, Ontario Pasadena, Newfoundland
L4W 2S3
Phone 416-624-2806
Fax 416-624-6163

AOL 1KO
Phone 709-686-2084
Fax 709-686-2774

~ Chemex Labs Ltd.

175 Industriel, CP 284

Rouy", Quebec
J9X 5C3
Phone 819-797-1922
Fax 819-797-0106

- Analytical Chemists
- Registered Assayers
- Geochemists
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Continued from Page 12

Proposal for A Standard Laboratory Report
format
Electronic data transfer from analytical laboratories was embraced
by the exploration community soon after the first laboratory offered

an "electronic mailbox" service. Now, all major laboratories are
offering similar services. Electronic data transfer offers many advantages, at virtually no additional cost. Substantially improved turnaround time is achieved by virtue of having all analytical data in a

4.
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The first 25 characters of a line would be reserved for the sample number.
a. Sample numbers would be left justified.
b. Sample numbers would appear exactly as shown on the
sample submission form or, secondarily, on the sample
bags. No hyphens, blank spaces or leading zeros would be
added or omitted by the laboratory.
Analytical results would follow the sample number field in a
series of 15 character data fields, one for each variable.
a. The order of the variables would be specified in a file
header line (see item 5, line 13 below).

computer processable form as soon as the analyses are completed.
Clients are also relieved of the data entry burden and the associated
potential for additional errors.
Significant as these advantages are, we believe that the current
methods of data transfer could be made much easier with the adop~
tion of a standard laboratory format. Under the current system,
each laboratory provides analytical data in their own format. In
many cases, laboratories will provide data in a variety of formats,
in response to client requests/demands. In addition, laboratories will
occasionally change their reporting format, without notice to the
clients. This results in each batch of data being a "special case" requiring editing and modifications on an "ad hoc" basis to convert
the data from the distribution format to the format required by the
application programs the client intends to use. Users of a large
amount of analytical data often write computer programs to convert
the data from the distributed format to the desired format; however,
every time a geologist uses a new laboratory or a laboratory
changes its distribution format, the program misbehaves or will not
run. The time required to discover the problem and make the
necessary program changes often exceeds the time that would have
been required to simply enter the data manually.
In addition, laboratory report files often omit important or useful
information such as: concentration units, detection limits, lab procedure codes etc. The absence of this important information has led
some geologist (and rarely even a geochemist) to read gold values
and wonder if they have great opt results or poor ppm results. After
all, what does 0.025 gold mean?
The solution to this problem seems obvious. Some neutral
organization, such as the AEG, should establish a standard
laboratory report format. Laboratories that choose to, could offer
data in the standard format, as well as any others they wished.
Clients could have a single program or procedure for converting
data into a form that they require for processing. Because the standard format would stay constant, minimal program modifications
would be required as new laboratories were added. If such a standard was adopted, report reading programs would probably begin
to appear in the public domain.
Adoption of the standard format would require additional programming on the part of each participating laboratory, but this
would probably be a small requirement when compared to constantly modifying or adding multiple formats at the request of different
clients. We believe that laboratories would be quick to adopt a standard as they are generally very responsive to client requests and
preferences. Although we do not believe that a laboratory should be
selected based on the details of data transfer, we have observed that
geologists will refuse to use a particular laboratory because that
laboratory's method of data transfer is more awkward than that of
others.
We suggest that the AEG form a committee to establish a standard format for laboratory data files. As a starting point, we offer a
suggested format as shown in Table 1 and described below.
1. Data files would be in ASCII characters
2. Each sample would be completely represented on one record
(line). 1£ numerous variables required that each line exceed 80,
132 or 255 characters per line, so be it.

Engineering Software for Solving
Real World Problems

Let Diane Grant Ten You
About the TECHBASE
Database Management System
"TECHBASE fulfills a number of functions
for our groups, including the efficient exchange
of data with regional offices and the generation
of maps by geologists while in the field.
"We have been able to store, update and exchange data with several regional offices internationally. This TECHBASE network encompasses nearly 60 professionals in a dozen
offices throughout the United States, Canada,
Africa, and Asia.
"The majority of our map-making functions
are done by our geologists using lap top computers in the field. We are currently using the
system on about 50% of our projects, with map
generation as the key function. With the release
of TECH BASE Version 2.02, our system will
include more geology, including display patterns and downhole geologic interpretations."
- Diane Grant, Manager of Exploration Computer Services, BHP Utah International, Inc.,
San Francisco. CA.

Diane Grant,
Manager of
Exploration
Computer Services,
BHP Utah
International, Inc.,
San Francisco, C4

The TECHBASE database management system provides a comprehensive set ofsophisticated toolsfor a broad range ofengineering, geological,
and scientific applications. This rool kir approach to problem solving incorporates statistics, graphics, nwdeUng, mine design, and geostatistics
capabilities with a DBMS featuring unlimited storage capacity.
TECHBAS£ is compatible with industry standard PCs, workstations,
and peripherals. Call or write today for more information.

Now Available on the MAC!
Dealer inquiries welcome.

MINEsoft, Ltd.
165 S. Union Bonlevard, Snite 510
Lakewood, CO 80228
Phone (303) 980-5300
FAX: (303) 969-0022
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b. The first character of a data field would contain a detection

limit flag of < or > when the reported value was outside
c.

the analytical range.
The next 13 characters would contain the analytical value

reported with the decimal place always included. In cases
where the results are outside the detection limit, the detection limit would be reported in this field and appropriate
detection limit flag would appear in column 1 of this data

field, as described above.
d. The fifteenth column would contain various analytical

qualifier codes, where applicable. Examples could be: nonstandard sample weight used, insufficient sample, interference suspected, etc. Whenever non~standard analytical
qualifier codes were used, they would be explained in the
free text section foHowing the data (item 7).
5. The data section of the file would be preceded by a 14 line
header as follows:
line 1 laboratory job/batch/report number, laboratory name,
laboratory location (city) of sample submission,
laboratory location (city) of sample preparation,
laboratory location (city) of analysis. When analyses
were perfonned at more than one laboratory location,
the predominant one would be reported.
line 2 name of individual submitting samples, client project
name, client account code or PO number.
line 3 type of sample, date samples received, date of report,
number of variables determined (number of data fields
in data section).
line 4 sample preparation code (generic), right justified, in 15
column fields corresponding to the variable represented
in the data field.
line 5 sample preparation code (laboratory), right justified, in
15 column fields corresponding to the variable
represented in the data field.
line 6 analytical sample weight (grams), right justified, in 15
column fields corresponding to the variable represented
in the data field.
line 7 laboratory analytical code, right justified, in IS column
fields corresponding to the variable represented in the
data field.
line 8 sample digestion, right justified, in 15 column fields corresponding to the variable represented in the data field.
line 9 sample extraction or leach, right justified, in 15 column
fields corresponding to the variable represented in the
data field.

line 10 analytical method (equipment or procedure as opposed
to sample digestion), right justified, in 15 column fields
corresponding to the variable represented in the data
field.
line 11 normal lower detection limit, right justified, in 15 column fields corresponding to the variable represented in
the data field.
line 12 normal upper detection limit, right justified, in IS column fields corresponding to the variable represented in
the data field.
line 13 variable names, right justified, in 15 column fields corresponding to the variable represented in the data field.
line 14 report units, right justified, in IS column fields corresponding to the variable represented in the data field.
6. The line immediately fonowing the last sample in the report
would contain the text:
END-OF-DATA
in columns 1-11,
7. Free text, containing whatever information the laboratory wished, could follow the END-OF-DATA line.
Lines 5 and 7 in the header would contain whatever codes the
laboratories chose to use and the meaning of these codes should be
described in the section after "END-OF-DATA:'
Lines 4, 8, 9, and 10 would contain generic codes which would be
defined as part of the standard format protocol.
The proposed format obviously contains redundancies and
perhaps more detail than many people would require; however
clients would be free to skip over any information that they are not
concerned with. Laboratories may choose to omit some information
and suffer whatever consequences arise if their clients would like to
see that information.
Others viewing this format will probably want other information
transferred, or perhaps the general format modified. These comments are welcome. If a standard report format is to be adopted, it
must be useable by as large a user group as possible.

Robert R. Craig
Carlin, NV 89822

Owen P. Lavin
Newmont Exploration
1700 Lincoln St.
Denver. CO 80203

U.S.A.

U.S.A.

Newmont Exploration

P.O. Box 669

Table 1. Example of a standard format for electronic data transfer from analytical laboratories.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
2.
25
26

X12230-9Bl
Fred Smith
soil

Best AS$aY Labs
Gold
Hill
90/11/22
SIEVE < 80#
51
30
FA30
LITHARGE FUSION

XG-01oo-W
XG-0200-W
XG0300-W
XG-0400-W

<

XG-OSOO-W

<
<

XG-0600-W
XG-07OO-W

XG-oBOO-W

>

<

FIRE ASSAY AAS
10
100000
AU
PPB
10.000
21.000
100000.000
19.000
10.000
20.ooow
56.000
10.000

Podunk, Nevada
SIEVE <

BOH

51
0.25
G22
HN03
HYDGGENAAS
0.5
100000
A5
PPM
6.000<
7.000<
7.000
7.000
7.000<

Bullethole, Nevada
901123-001
90/12101
4
SIEVE < 80#
51
0.25
X13
HN03
MlBK
AAS
0.5
100000
5B
PPM
1.000
1.000
1.000
2.000
1.000<

;
6.000
7.000<

Reno, Nevada
SIEVE < BOil
51
0.25
A32
HN03
COLD VAPOR AA
200
1000000
HG
PPM
0.030
0.050
0.030
0.050
0.020

;

;

2.000<
1.000<

0.020
0.020

END-OF-DATA
w indicates low sample weight used
i indicates insufficient sample available
column no ......

25

40

55

70

85
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Special Notes, Continued from Page 15
KLIP Geochemical Data Release
Data are now available on floppy diskette from the Kirkland Lake
Initiatives Program (KLlP) of the Ontario Geological Survey, a four
year, reconnaissance-scale reverse-circulation drilling project in the

Kirkland Lake area of northeastern Ontario. The KLlP data complement the currently available database from the overburden sampling
program in the Black River-Matheson (BRIM) area, which lies im-

NUMBER 70

Rio '89 Special IGE Volume
All manuscripts have been received, edited, and submitted for
publication for the special issue of the Journal of Geochemical Exploration containing papers from the 13th International
Geochemical Exploration Symposium held in Rio de Janeiro, Brazil

in October, 1989. This IGE special issue will fill all of Volume 40.
Thanks go out to all of the contrihuters and editors involved in
this special volume effort.

mediately north of the KLIP area. The data should be of great interest to exploration companies.

Paul rau£en

Data for overburden and bedrock samples collected in the KLlP
area from the 1979, 1980, 1981 and 1982 reverse circulation drilling
programs have been published as Ontario Geological Survey Open
File Reports 5335,5355,5356, 5394, 5395, 5456, and 5737. These
data have recently been made available as a series of either dBaseIV
or ACSII text files on 5.25 inch or 3.5 inch PC-DOS/MS-DOS com-

141 Union Blvd.
Lakewood, CO 80228
U.S.A.

Western Mining Corporation (USA)

Mineral Division

patible floppy diskettes. Sample locations, material types, and
results of geochemical and mineralogical analyses are provided. Requests for data must be accompanied by the required diskettes: 1)
one double sided, high density 5.25 inch disk or 2) one double
sided, double density or high density 3.5 inch disk. There is no
charge to copy the data onto diskettes.
For more information contact:

ACCURACY
RESPONSIBILITY INTEGRITY

Beth McClenaghan
Engineering and Terrain Geology Section,
Ontario Geological Survey

810 Quail St., Suite I • Lakewood, CO 80215 • Phone (303) 232·8371
4788 Longley Lane' Reno, NV 89502 • Phone (702) 827·3600

77 Grenville St.
Toronto, ON M7A lW4

Canada

TEL:

C:CNI::
;;V;;:
GEOCHEMICAL INC.

(416) 965-1183

Mining, Minerals, and Me
The Mineral Information Institute, a not-for-profit organization,
is sponsoring an educational package titled Mining, Minerals, and
Me. The package consists of ten activity centered modules designed
for use in elementary school classrooms. Each module contains an
assortment of rocks, minerals, posters, puppets, handbooks and a
teacher's guide which have been designed to help students recognize
the significance of our mineral resources and their proper development. Each of the ten modules is oriented towards a specific grade
level range from K through 6 and can be purchased separately.
Additional information can be obtained from:

Jackie Evangio.
Deputy Director
1125 17th Street, Suite 2070
Denver, CO 80202
U.S.A.
TEL: (303) 297-3226.

ACT LABS
ARE YOU EXPLORING USING
THE FOllOWING SAMPLE MEDIA?
VEGETATION' HUMUS' SOIL' ROCK
HEAVY MINERAL CONCENTRATES
STREAM SEDIMENTS' LAKE BOTTOM SEDIMENTS

FOR THE MOST COST EFFECTIVE AND
ACCURATE ANALYSES, WITH
RAPID TURNAROUND TIME, USE
OUR INAA "AU + 34" PACKAGES
For further information:

ACTIVATION LABORATORIES, LTD,
1336 Sandhill Dr.• Ancaster, Ontario, Canada L9G 4VS
Phone: 416-648·9611

FAX: 416·648·9613
Contact: Dr. Eric Hoffman

- - SAMPLE PREPARATION FACILITlES-NORTHEAST GEOCHEMICAL AND ASSAY CO,
198 Main Street, Yarmouth, Maine 04096

CANADA

Deer Lake, Newfoundland

Rouyn-Noranda, Quebec
Timmins, Ontario

Missis5uaga, Ontario
Thunderbay, Ontario

Fire Assay
Geochemistry

(207) 846-4673
(207) 846-6569

Saskatoon, Saskatchewan
Richmond, British Columbia
North Vancouver, British Columbia
Smithers, British Columbia
Galore Creek, British Columbia

U.s.A.

Rocklin, California
Sparks, Nevada
Carson City, Nevada
Elko, Nevada
Wheat Ridge, Colorado
Tucson, Arizona
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Environmental Monitor

The meetings are held on the third Tuesday of each month at 4:30

p.m. in Room 201 01 Berthoud Hall on the Colorado School 01
This first Environmental Monitor brief is brought to you from an
exploration geochemist (an explorationist), who ventured into the
arena of environmental scientists (environmentalists). The following
chart serves to grossly compare the two fields:

investigation

Environmentalist
Explorationist
lithosphere, hydrosphere, lithosphere, hydrosphere,
biosphere, atmosphere biosphere, atmosphere

media

soil, water, vapor, plants, soil, water, vapor, plants,

subject of

microbes, rocks

microbes, rocks (aquifers)

major
analytical

atomic absorption, IC? atomic absorption, ICP,
portable GClMS,
portable GC/MS,

tools

portable gas sniffers,
pH meter, Eh meter,
conductivity meter

portable gas sniffers,
mass spectrometer,

pH meter, Eh meter,

and by Richard Horsnail (Amax) on the interpretation of panned
concentrate gold anomalies in Eastern Belgium. The ongoing program for 1991 is as follows:

January 22, 1991
MALCOLM MASON, American Copper and Nickel Co.
Bulk Sampling Program and Quality Control 01 Assay Data,
Mineral Hill, Montana
February 19, 1991
RICHARD NIELSEN, Geocon, Inc.
Models

statistical software,
kriging, contouring
software, databases

statistical software,
kriging, contouring
software, databases

employers

mining companies,
government

government, consulting
firms

history

started in 1930's; boomed started in the 1960's;
with the advent of AA boomed with increased
environmental awareness
and ICP, in the
plus environmental
1960's 8< 1970's.
laws in 1970's.

Obviously the environmentalists and the explorationists have a
lot in common, and crossovers (in terms of scientific papers and
personnel) are very common. If the two groups can compare notes
more frequently, they very likely can avoid the "reinvention of the
wheel" many times over.

Chi·I Huang
Morrison Knudsen Corporation
Environmental Services Group

1120 Lincoln Street, Suite 1201
Denver, CO 80202
U.S.A.

Denver-Based Geochemical Exploration
Discussion Group
Following a successful trial series of three talks in February-April,
1990, a Denver-based Geochemical Exploration Discussion Group
has organized a complete program of presentations for the

1990·1991 season.

BIECQUIERlEl

samples, by John Watterson (USGS) on microbiological prospecting

conductivity meter
data analyses
tools/aids

aa

Mines campus. Speakers are asked to prepare presentations lasting
approximately 4S minutes and this is followed by 30 minutes of informal discussion. Attendances range from the low 20's to the high
30's and aU those i.nterested are welcome to attend.
In late 1990, the Discussion Group heard presentations by Alan
Coope and Owen Lavin (Newmont) on the use of standard reference

Trace Element Characteristics of Nevada Ores and Metallogenic

March 19, 1991
STEVE CONE, Cone Geochemical Inc.
Flow Injection Analysis and Its Application in Exploration
Geochemistry

April 16, 1991
AL HOFSTRA, U.S.G.S.
Genetic Models for Jerritt Canyon District
The Discussion Group is continually updating its mailing list and
all who would like to receive the month1y mailings should send their
name and address to J. Alan Coope, Newmont Exploration Limited,

1700 Lincoln Street, Denver, CO 80126, U.S.A.

Profesional Registration of Geoscientists British Columbia Notice
The Association of Professional Engineers and Geoscientists of
British Columbia is responsible for professional registration of geo~
scientists by virtue of the Engineers and GEoscientists Act of the
Province, proclaimed 2nd August 1990. This is a result of an initiative undertaken by the Association at the urging of many
members of the geoscience community.
Prohibition on the practice of geoscience by non-members, as

defined by the terms 01 the Act, is expected about 1st July 1992.
This allows sufficient time for individuals engaged in the practice of
geoscience to apply for registration. Applications will be accepted
beginning 1st January 1991. Infoooation and registration fooos
may be requested from the Association of Professional Engineers
and Geoscientists of British Columbia by mail, telephone, or FAX.
A two year "grandfathering" period will allow present practi-

tioners to apply. This will end 31st December 1992.
Becquerel Laboratories Inc.
6790 Kitimat Rd., Unit 4
Mississauga, Ontario
Canada, L5N 5L9
Telephone (416) 826-3080
(416) 826·4151
Fax

USE NEUTRON ACTIVATION TO
CONFIRM YOUR ANALYSES
NO CHEMICALS AND FEW STEPS
PRODUCES ACCURATE AND
PRECISE RESULTS

The Association of Professional Engineers and Geoscientists of
British Columbia

2210 West 12th Avenue
Vancouver, Be V6K 2N6
Canada

TEL: (604) 736-9808
FAX: (604) 736·2984

Advertise in EXPLORE
Support your newsletter!
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Field analysis using an anodic stripping
voltammeter

'00,--------,

Studies are underway at the Geological Survey of Canada (GSC)
into applications of a field portable instrument, the PDV 2000 made
by Chemtronics of Australia, based upon anodic stripping voltammetry (ASV). The unit weighs 12 kg, can be battery operated and
can fit under an aircraft seat; a complete description is given in
Untem et ai. (1988). Briefly, the electrochemical cell comprises a
glassy carbon working electrode whose surface can be coated with
mercury, a Ag/AgCI reference electrode and a Pt counter electrode.
Sample and electrolyte solutions are introduced via an entry port in
the acrylic cell and are removed following analysis by activating a
drain button; a maximum volume of 10 ml is accommodated. Programs are entered using a built-in keyboard and results are
displayed, in units of concentration or current generated, on a
digital readout or on paper tape. An RS 232C port allows attachment of a microcomputer for data viewing, manipulation and
storage. ASV consists basically of two processes: the first step is the
deposition whereby metal ions are reduced at the working cathode
and are preconcentrated from solution; and secondly, a positive
potential scan is applied, stripping the metals back into solution at
their respective oxidation potentials, the currents so generated being
proportional to their concentrations. The resultant voltammogram
provides the analytical data and peak height or area can be
measured. The sensitivity achieved is dependent upon the plating
time employed (the longer the negative potential is applied, the
more metal is deposited) and the sweep or scanning rate chosen. A
supporting electrolyte is required to ensure a conductive medium
and to minimise migration of ions due to the electrical field; this
preference or indeed demand for high salt matrices makes ASV
unique compared to atomic absorption spectrometry (AAS) for example where such samples pose analytical challenges. Electrolytes
can be judiciously chosen to separate element peaks which would
otherwise overlap at a common potential and negate measurement.
The project described in summary form here is the application of
the PDV 2000 to the determination of Zn, Cd, Pb and Cu in
sulphide-selective leaches and waters. A mercury film is plated initially onto the carbon electrode thus forming a substrate of large
surface to volume ratio and providing a high amalgam concentration during analyte deposition. Cadmium, Pb and Cu can be deter-
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Figure 1. Effect of Cu on a 10 Ilg 1-1 2n solution in the presence of
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Figure 2. Effect of Ni on a 10 I'g 1-1 Zn solution in the presence of
500 ~g [·1 of Ga.
mined simultaneously using a plating potential of -900 mV; Zn
is not reduced at this potential and requires a more negative value
of about -1200 mV. However, a Cu-Zn intermetallic compound, CuZnn (n=1,2,3), is formed in the mercury film which is stripped off
near the oxidation potential of Cu(-190 mV). This results in a
decrease of the Zn peak (-1010 mV) with a corresponding increase in
the Cu peak. Gallium is added to preferentially bind with the Cu,
thus leaving Zn free to be oxidised. Nickel interferes in a similar
manner to Cu on Zn, though to a lesser extent. Figures 1 and 2
demonstrate the tolerance of a 10 I'g l~l (ppb) Zn solution to the addition of Cu and Ni, respectively, in the presence of 500 I'g 1~1 Ga.
In geoanalysis, excesses of Cu and Ni over Zn of 30- and 40-fold are
rare; calibration by the method of standard additions (Le. adding
known spikes) was found to be valid when the Zn peak was reduced
to 50% but not beyond. A chiaro-acetate buffer was used in this
work; a sodium chloride-ascorbic acid electrolyte showed a more
limited range of tolerance to Cu in analysis for Zn but a wider range
(by approximately a factor of two) to Ni.
Table 1 indicates the detection limits obtained for these elements
in a 10-ml sample solution at plating periods of 60 and 300 seconds
(s) and scan rates of 375 and 900 mV s-l. As the plating time is the
dominant factor in the analytical efficiency and a linear improvement in detection power with deposition was not seen, all subsequent work was carried out at a 60~s plate and a 900 mV s~l scan
rate. Cadmium was most sensitive to deterioration of the Hg film,
manifesting itself in a lack of precision. Plating of the Hg was performed twice daily (5 min. task). Waters were analysed by adding a
5-ml sample aliquot to the cell followed by 5 ml of buffer (+ 500 ~g
1~1 Ga when determining Zn) and applying one of the two voltage
programs. Results are given in Table 2. The method of standard additions was preferred to direct calibration to eliminate any matrix effects and calibration drift; thus analytical time totalled approximately 4 min. per sample for the determination of the Cd, Pb and Cu
"package" and 4 min. for Zn. The cell was rinsed with deionised
water between samples. Agreement with certified values is excellent
for the two reference standards, SLRS-l and NBS 1643a. Three
replicate analyses of 1643a gave the following precisions, expressed
as relative standard deviation: 5.5% for Zn, 3.7% for Cd, 1.7% for
Pb and 3.8% for Cu. The hydrothermal vent waters were spiked at
10 ~g I-I of Cd and Cu and 12 ~g I-I of Pb; values obtained by ASV
and flame AAS following preconcentration with APDC and MIBK
extraction agreed well. The Salton Sea brines demonstrate the
capabilities of the technique in analysing high salt matrices contain-
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TABLE 1. Detection limits for Zn, Cd, Pb and Cu by ASV at 60-s and 300-s plating
periods and stripping rates of 375 mV 5.1 and 900 mV 5.1
Detection limit {ftg 1-ll-

Element
Program 1:
Zn
Cd
Pb
Program 2:
Cd
Pb
Cu

375 mV s-l 60-5

900 mV 5-1 60-5

900 mV s-l 300-s

1.2
0.4
0.4

0.7
0.3
0.3

0.6
0.2
0.1

0.6
0.6
1.5

0.5
0.4
1.3

0.3
0.2
0.8

••o
D

D

o

I

GRAPHER· accfptS)'{ItJI ASCtleommaOl Sjlacedclitmledilicol

*The values are given as concentration in a lO-ml solution in the electrochemical cell.

up to 32000 XY P3ItS. You may eombirnl 3n unlimlled number olilies

on tac~ gfaplt Choaie 1r<)lllliVe types 01 enOl batS "lid six types 01
besHit lines Include an oVellay gtid lor euy I!1la rd!tfencing.

TABLE 2. Results of analyses of water samples for Zn, Cd, Pb and Cu by ASV after a
60-5 plating period, with a 900 mV 5. 1 stripping rate

f"

Concentration (~g 1.1)
Other'

C,
ASV

Other'

WaterSample ASV

Other'

Cd
ASV

SLRS-l

<2

1.34b

<0.6

Q.DISb

<0.6

O.106b

3.7

3.58b

reference}
NBS 1643a

68

12'

8.1

10'

29

2~

21

18'

(reference)
P149Z

12

II

9.8

10

12.5

13

9.9

10

Zn

Pb
Other'

ASV

I~
If.

{river

~

,",

\\

\\

I"

, "m~ ".;.... t ., ,om" ...

'

I

.

Use anyCOlllbon.lbooOll1Ot3t a!llllo9i1nlhmlC ves WIth ilUtOlll.lllcor
us~t·spec,r~ lies and labelS lexl may conla'n 5uperscnpls.
",bswPIS. and m",oo JonI51,omGRAPHER~'s eornp!ete syml.ll'll
hbrary. ,nchld""l Greek ttUffS and sped,,1 sym/:lc)lS

(hydrothermal
vent)

P1495

"

I

37

38

9.4

10

13.5

13

10.0

10

"

34

10.5

10

11.9

12

11.0

10

F25
378
(groundwater)

392

10

II

<0.6

<I

31

29

Fn

'26

.10

22

21

3.2

44

40

26

2.

<0.6

<I

<0.6

<I

35

"

332

344

2.'

<0.6

<1

3350

3400

SURFER" creolles conlou, pIols It <)Ill yCiU/ data QIj!d!ty and
Ploty Yoo may speedy contwr lIbet hequcncy a..::I krlll,ll ..... egr.ol.or
conloo. toltfVitS. anddata PCI'U,ng. CIvlou iI rrctilOQUtal bot'def With

10000

11000

3800

'000

1700

1700

5100

.900

t,es

1.000

1_

3900

'000

1800

1700

7200

7000

(hydrothermal
vent)

PH94
(nydrothefTl\al
vent)

(groundwater)

5..,
(seep)

Goldcrttk
(step)

Brine·IO
(Saiton Sea)
Brine·IS
(Salton Sea)

anlll~s,

or

iI

uSe<-dthMd si'oapec

aAnalysis by flame or graphite furnace atomic absorption spectomeiry, unless otherwise specified.
bNational Research Council of Canada certificate of analysis (1967).
cGtadne.y et al. (1987\.

ing up to 5% Na and 15% C1. The high concentrations of the analytes necessitated 50
1£1 rather than 5 ml sample aliquots.
The sulphide-selective leach, earlier evaluated by Olade and Fletcher (1974), was
employed in this work as it is so readily adaptable to a field laboratory (hot plates etc.
are not required). Reference materials (AEG-GXR series and standards prepared under
the Canadian Certified Reference Materials Project) were selected to test the ASV
technique. To each sample of 500 mg, an equal weight of KCl0 3 was added, followed
by 5 ml of 12M HC!. The test-tube was capped and agitated for 30 min., diluted to 40
ml with water and the residues separated off by centrifugation (settling by gravity in
the field). The oxidising nature of the solution precluded taking an aliquot larger than
50 ~I for analysis by ASV. Results for Zn and Pb by one program, and for Pb and Cu
by the other, are shown in Tables 3 and 4, respectively. The same leaches were ana~
lysed by flame AAS for validation and results agree wen with the exceptions of Zn in
GXR-4 and the UM ultramafic series where the ratios of Cu:Zn are extremely high;
well beyond 20:1. The other partial leach data, shown for comparison in Tables 3-4,
are those reported by, Olade and Fletcher (1974) using this attack (UMs); Viets et a1.
(1984) using HCI, KI and ascorbic acid (GXRs); and Lynch (1990) using aqua regia. All
results for Cd by ASV were below the detection limit of 8 1£g g~l, the highest value
found by AAS being that of 4.1 ~g g-l in GXR-2.

Continued on Page 20
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Analyst's Couch Continued from Page 19
TABLE 3. Results of analyses of standard reference materials for Zn and Pb by ASV
after a 60-5 plating period, with a 900 mV S-l stripping rate.
Concentration (pg 8'"1)

Sample

Ph

Zn

ASV

AAS

Olher
partial
leachb

478
488

490

625

760

slXl
410

530

170

207

KC10sHCI

GXR·l
(jasperoid)
GXR-2
(soil)
GXR-3 (hot
spring deposil)

43l

456
144
140
GXR~
<16
(copper millhead) <16
3J)
GXR·s
(soH)
34
GXR~
58

450
470
136
139
64
OJ

J5
37

48

64

82

(soU)

60

66

UM·l
(u!tJ3mafic)
UM·2
(u!tJ3mmc)
UM4
(ultramafic)

""

TIllA

<16
<16
<16
<16
<16
<16
<16

(till)

II

lJl

lKSD4

148

{lake sedim~nl}

152

153
153
46
4J

STSD-4.
46
(stre3msedimentl 42

59

Totat'

"

49

118

with the potential of using surface waters in
Olher

ASV

partial
leach b

Total'

AAS

computer was mandatory at low levels of these
metals to allow the analyst to examine the

558
550
665
660
16
12
36
38
12
12
68

520
530
680
670
l4
10
3B
39

675

730

voltammograms and alter the default mode of

620

690

II

15

66

<8
<8
J7
39
15
15
28

189

I"

"

82

107

97

3J)
15

I.

II

11

18

13
20

"

76
76
14
15

"

"

11

13

21

13
67
65

7J

101

42
4J
15
16

"

26
87
87
11
11

5J)
OJ

91

13

16

TABLE 4. Results of analyses of standard reference materials for Pb and Cu by ASV
after a 60-5 plating period, with a 900 mV 5- 1 stripping rate.
Concentration Ipg Ifl)

GXR·l
(jasperoid)
GXR-2
(soil)
GXR-3 (hot
spring deposit)
GXR~

(soil)

UM·1
(ultramafic)
UM·2
(ultramafic)
UM4
(ultramafic)
TIll4

IIilI}

TotaJ&

AAS

552
546
6J<J
640
15
13
J6

520
530
680
670
14
10
JB
39

675

730

620

690

II

65
66
<8
<8
35
J8
15
13

"

13
61
65

II

15

42

"

13

21

73

101

26

77
77

81
81

OJ

(lake sedimmt)

SlSD4

13
14

II
11

13

(stmm~t)

1020
1035
64

980
990

940

1110

68

66

76

70
10
8

10

IS

6050
6090

2300

6510

347

340

3~

34
34

55

66

J660

3896

4100

951

95J)

594

580

<21
<21
5965
5956
310
33J
28

J5J)

373J)
768

3890

&Xl

840

8JO

5J)

576
601
128
139

91

24

570
154
156
28

28

1.8

"

Totala

AAS

J6
J684

42
4J
15
16
17

Other
partial
leach b

ASV

68

2J

lK5D4

KC1OJ-HCI

Other
p.rtW
leachb

ASV

(oopper miIlhead) J6
GXR·5
II
(soil)
II

GXR.o

c.

Ph
KaOiHCI

..

"

560

"

geochemical exploration. The use of a micro-

peak computation where appropriate. Further
application studies are in progress, notably that
involving the determination of Au which is supported by 6 mining companies. This technique
finds widespread use in environmental analysis
where it enjoys the advantage of specifically
measuring the '1abile" element, i.e. the free
hydrated ion and those complexes easily
dissociated under experimental conditions. This
instrument is also being evaluated for analysis
required on-site in electrogeochemical explora-

tion methods ("CHIM" solutions).

aYalues for the GXR-series are taken from Govindaraju (1989); the UM-series from Cameron (1972); and the remaining from
Lynch (l990i.
bYalues for the GXR-series are taken from Viets el al. (1984); the UM-series from Olade and Fletcher (1974); and the remaining from Lynch (1m).

Sample

The PDV 2000 was tested under field
laboratory conditions in the Snow and Ruttan
Lake regions of northern Manitoba this summer
and found to be very robust. The effectiveness
of oil to precipitate Zn, Cu, Cd and Pb from
mine processing waste was evaluated together

KCIOJ,HCI

72

J5

EXPLORE

ill
JO

31

66

OS

51

·Yalues for the GXR-series are taken from Govindaraju (1989); the UM-series from Cameron (1972); and the remaining from
Lynch (1m).
bYalues for the GXR-series are taken from Viets et al. (1984); the UM-series from Olade and Aetcher (1974); and the remain·
ing from Lynch (1m).

N.B. Details of this work are given in a
manuscript submitted to Chemical Geology.

Gwendy E,M, Hall and Judy E. Vaive
Geological Survey of Canada
601 Booth Street
Ottawa, ON K1A DEB
Canada
TEL: (613) 992-6425
References Cited
Cameron, E.M., 1972. Three geochemical

standards of sulphide-bearing ultramafic rock:
UM-1, UM-2, UM-4. Geo!. Surv. Can., Pap.
71-35, 10 pp.
Gladney, E.S., O'Malley, B.T., Roelandts,!. and
Gills, T.E., 1987. Standard Reference Materials
Compilation. NBS Spec. Pub. 260-111.
Govindaraju, K., 1989. 1989 Compilation of
working values and sample description for 272
geostandards. Geostand. News!., Spec. Iss., 113
pp.
Lintern, M., Mann, A. and Longman, D.,
1988. The determination of gold by anodic stripping voltammetry. Ana!. Chim. Acta, 209,
193·203.
Lynch,

J., 1990. Provisional values for eight
new geochemical lake sediment and stream sediment reference materials LKSD 1-4, SrsD 1-4.
Geostand. News!., l4, 153-167.
Olade, M. and Fletcher, K., 1974. Potassium
chlorate-hydrochloric acid: a sulphide selective
leach for bedrock geochemistry. J. Geochem.
Explor., 3: 337-344.
Viets, J.G., Clark, J.R. and Campbell, W.L.,
1984. A rapid, partial leach and organic separation for the sensitive determination of Ag, Bi,
Cd, Cu, Mo, Pb, Sb, and Zn in surface
geological materials by flame atomic absorption.
J. Geochem. Explor., 20, 355-366.

EXPLORE

NUMBER 70

PAGE 21

Fipke, C.Eo 1990. Tools to identify diamond mines. Can. Min.
111(9): 28·32.

J.

Gardner, L.R. 1990. Geochemical analysis of silicate rocks and soils

Exploration Geochemistry
This list comprises titles that have appeared in major publications
since the compilation in EXPLORE Number 69. Journals routinely
covered and abbreviations used are as follows: Economic Geology
(EG); G.ochimica et Cosmochimica Acta (GCA); the USGS Circular
(USGS CIR) and Open File Report (USGS OFR); G.ological Survey
of Canada Papers (GSC Paper) and Open File Report (GSC OFR);
Bulletin of the Canadian Institute of Mining and Metallurgy (ClM
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, Colorado 80401, Chairman AEG Bibliography
Committee. Please send new references to Dr. Closs not to
EXPLORE.
Agterberg, F.P. and Bonham·Carter, G.F. (Eds,) 1990. Statistical Ap·
plications in the Earth Sciences. GSC Paper 89-9. 588 p.
Annels, A.E. and Boakye, E,B. 1990. Evaluation of Offin River gold
placer, central region of Ghana. TRANS IMM. 99: AI5-25.
AsiE, M, and Parry, S,j, 1990. Nickel sulphide fire assay for the col·

lection of the platinum~group elements and gold from chrornitites
using reduced bead size. Min. & Petrol. 42(4): 321-326.
Bell, K. (Ed.) 1989. Carbonatites: Genesis and Evolution. Unwin
Hyman. 618 p.
Bonham-Carter, G.F. 1990. Comparison of image analysis and
geographic information systems for integrating geoscience maps, in

by XRF using pressed powders and a two-stage calibration
cedure. Chern. G.oL 68 (1/2): 169-162.

pro~

Garrett, R.G. 1990. A robust multivariate allocation procedure with
applications to geochemical data. In Agterberg, EP. and Bonham~
Carter, G.F. (Eds.) GSC Paper 89·9: 309·318.
George, H. and Bonham·Carter, G.r. 1990. Spatial modelling of
geological data for gold exploration, Starr Lake area, Saskatchewan.
In Agterberg, F.P. and Bonham-Carter, G.F. (Eds.) GSC Paper 89-9:
157·169.
GruDsky, E. 1990. Spatial factor analysis: a technique to assess the

spatial telationships of multivariate data. In Agterberg, FoP. and
Bonham-Carter, G.F. (Eds.) GSC Paper 89·9: 329-347.
Hammer, J. et al. 1990. Element and isotope geochemical investigations of the Kupferschiefer in the vicinity of "Rote Faule'; indicating
copper mineralization. Chern. G.oL 85 (3/4): 345-360.
HarlE, j, and Davis, I,e, 1990. Regionalization in geology by
multivariate classification. Math. G.oL 22(5): 573·588.
Harris, D.P. and Pan. G. 1990. Subdividing consistent geologic areas
by relative exceptionalness of additional infonnation: Methods and
case studies. EG 65(5): 1072-1083.
Hess, P,e, 1989. Origins of Igneous Rocks. Harvard Univ. Press. 336 p.
Hirner, A.V., Kritsotakis, K. and TobschoU, H.J. 1990. Metal-organic
associations in sediments - 1. Comparison of unpolluted recent and
ancient sediments and sediments affected by anthropogenic pollution. AppL G.ochem. 5(4): 491-505.
Hirner, A.V. et al. 1990. Metal-organic associations in sediments -lI.
Algal mats in contact with geothermal waters. Appl. Geochem. 5(4):

Agterberg, F.P. and Bonham-Carter, G.F. (Eds.) GSC Paper. 89-9:
141-155.

507·513.

Bonham·Carter, G.F., Agterberg, F.P. and Wright, D.F. 1990.

Hood, P. 1990. Mineral Exploration: Trends and developments in
1990. Can. Min. J. 111(1): 11·34.

Weights of evidence modelling: a new approach to mapping mineral
potential, in Agterberg, F.P. and Bonham-Carter, G.F. (Eds.) GSC
Paper 89·9: 171-183.

Journel, A.G. 1989. Fundamentals of Geostatistics in Five Lessons.
American Geophysical Union. 40 p.

ferent chemical attacks used in ammonium geochemistry. AppL

Kovalevskiy, A.L. 1990. Sampling-object choice in mercury
biogeochemical prospecting for ore deposits. Geochem. Intern.

G.ochem. 5(4): 471-473.

27(4): 92-100.

Chakhmakchev, v'A. 1990. Hydrocarbons as geochemical indicators
of oil and gas at depth. G.ochem. Intern. 27(3): 29·40.

Kika!, A, (Ed,) 1990. The Rate of Geological Processes. Special Issue.
Earth·Sci. Rev. 28: 1-184.

Choudhury, K.R, and Guha, R, 1989. X-ray diffraction and trace
element studies on cassiterite of Bastar District, Madhya Predesh.

Leake, D.E. 1900. Granite magmas: Their sources, initiation and
consequences of emplacement (Presidential Address). J. Geol. Soc.

Indian Minerals 44(2): 117-135.

147(4): 579-589.

Colin, F. et al. 1990. Lateritic weathering of pyroxenites at Niquelandia, Goias, Brazil: The supergene behavior of nickel. EG 85(5):
1010·1023.

Lehman" D. et al. 1990. The Bolivian Tin Province and regional tin
distribution in the central Andes: A Reassessment. EG 85(5):

Bradley, A,D. et aI, 1990. The geochemical significance of two dif·

(ooray, P.G. 1989. Geoscientific Writing and Editing. American
Geological Institute Course Notes No.2.
Corey, M,e, and Chatterjee, AX 1990. Characteristics of REE and
other trace elements in response to successive and superimposed
metasomatism within a portion of the South Mountain Batholith,
Nova Scotia, Canada. Chern. G.oL 85(3/4): 265-285.
Criss, R,E, and Flack, R,I. 1990. Oxygen isotope map of the giant
metamorphic~hydrothermal system around the northern part of the
Idaho batholith, U.S.A. Appl. G.ochem. 5(4): 641-655.
Davis, G.R. et al. 1990. Barite dispersion in drainage sediments in
arid climatic regimes. TRANS IMM 99: BI5-20.

1044-1058.
Ie Roex, A.P. and Watkins, R.T. 1990. Analysis of rare-earth
elements in geological samples by gradient ion chromatography: An
alternative to ICP and INAA. Chern. G.ol. 88(1/2): 151·162.
Lipin, B.R, and McKay, GA. (Eds,) 1989. Geochemistry and
Mineralogy of Rare Earth Elements. Reviews in Mineralogy 21: 348p.
Mallik, A.K. 1989. Platinum group of elements in Sittampundi
Complex, Tamil Nadu. Indian Minerals. 44(2): 104-116.
Marcotte, D. 1990. Multivariate analysis and variography used to
enhance anomalous response for lake sediments in the Manicouagan
area, QuebeG in Agterberg, F.P. and Bonham-Carter, G.F. (Eds.)
GSC Paper 89-9: 349·356.

Continued on Page 22

PAGE 22

Recent Papers
Continued from Page 21
MarqUis, R. et aJ. 1990. Progressive alteration associated with
auriferous massive sulfide bodies at the Durnagami Mine, Abitibi
Greenstone Belt, Quebec EG 85(4): 746-764.
Mellinger, M. 1990. Computer tools for the integrative interpreta~
tiDn of geoscience spatial data in mineral exploration. In Agterberg,
F.P. and Bonham-Carter, G.F. (Eds.) GSC Paper 89-9: 135-139.
Mishra, R.c. 1989. On the non-availability of scheelite in stream

sediments from known mineralized skarn area of lawai Basin, Pali,
Rajasthan. Indian Minerals 44(2): 136-142.
Moore, D.M. and Reynolds, R.e., Jr. 1989. X-Ray Diffraction and
the Identification and Analysis of Clay Minerals. Oxford Press. 332 p.
Myers, R,E. et al. 1990. Geochemical stratigraphy of the
Klipriviersberg Group volcanic rocks. S. Air. J. Geol. 93(1):
224-238.
Neiva, A.M.R., Neiva, J.M.e. and Silva, M.M.V.G. 1990.

Geochemistry of gold quartz vein walls from 'ales (northern Portugal). Chern. Geol. 82(5/6): 217-251.
Noack, Y. and Nahan, D. (Eds.) Geochemistry of the Earth's Surface
and of Mineral Formation. Special Issue. Chern. Geol. 84(114):
1-382.

OUveira, e.G. and Leonardos, O.H. 1990. Gold mineralization in
the Diadema Shear Belt, Northern Brazil. EG 85(4): 1034-1043.
Peck, D.e. and Keays, R.R. 1990. Geology, geochemistry and origin
of platinum-group element - chromite occurrences in the Hazlewood
River rompler, Tasmania. EG 85(4): 765-793.

Preussinger, H. 1990. Host-rock geology of the metamorphosed
massive SUlfide deposits at Gorob in the Pan-African Damara
Orogen, Namibia. J. Air. Earth Sci. 10(4): 717-732.
Renner, R.M. et al. 1990. A partitioning process for geochemical
data sets. In Agterberg, F.P. and Bonham-Carter, G.F. (Eds.) GSC
Paper 89-9: 319-328.

Rheault, M.M. et aL 1990. Mineral exploration using digital image
processing of LANDSAT, SPOT, magnetic and geochemical data. In
Agterberg, F.P. and Bonham-Carter, G.F. (Eds.) GSC Paper 89-9:
39-46.

Ridgway, J., Appleton, J.D. and Levinson, A.A. 1990. Ammonium
geochemistry in mineral exploration - comparison of results from
the American cordilleras and the southwest Pacific Appl Geochem.
5(4): 475-489.
Ripley, E.M. 1990. Platinum-group element geochemistry of Cu-Ni
mineralization in the basal zone of the Bobbitt Deposit, Duluth
Complex, Minnesota. EG 85(4): 830-84l.

SamoyIov, V.S. 1990. Geochemical Carbonatite Classification.
Geochem. Intern. 27(4): 58-67.

NUMBER 70

EXPLORE

Sangster, D.F. 1990. Mississippi Valley-type and Sedex lead-zinc
deposits: a comparative examination. TRANS IMM 99: B21-42.
Saunders, J.A. and Rowan, E.L. 1990. Mineralogy and geochemistry

of metallic well scale, Raleigh and Boykin Church oil fields,
Mississippi, USA. TRANS IMM. 99: B54-58.
Soares, A. 1990. Geostatistical estimation of orebody geometry:
Morphological kriging. Math. Geol. 22(7): 787-802.
Viets, J.G. and Leach, D.L 1990. Genetic implications of regional
and temporal trends in ore fluid geochemistry of Mississippi Valleytype deposits in the Ozark region. EG 85(4): 842-86l.

Watson, G.P. and Renea, A.N. 1990. Data integration studies in northern New Brunswick. In Agterberg, F.P. and Bonham-Carter, G.F.
(Eds.) GSC Paper 89-9: 185-19l.
Wendlandt, R.F. and Bhuyan, K. 1990. Estimation of mineralogy
and lithology from geochemical log measurements. American
Association of Petroleum Geologists Bull. 74(6): 837-856.

Whiting, B.H. and Sinclair, A.J. 1990. Variation of gold content with
depth in the San Antonio gold mine. CIM Bull. 83(941): 43-46.
Wilson, M. 1989. Igneous Petrogenesis. Unwin Hyman. 466 p.

Analytical Geochemistry
This column highlights analytical papers of geochemical interest
published in major international journals. These include: Analytical
Chemistry (Anal. Chern.), Analyst, Journal of Analytical Atomic
Spectrometry (j. Anal. At. Spectrom.), Analytica Chimica Acta
(Anal. Chim. Acta), Talanta, Applied Spectroscopy (Appl. Spectrosc.), Spectrochimica Acta Part B (Spectrochim. Acta), Atomic
Spectroscopy (At. Spectrosc) and Analytical Proceedings (Anal.
Proc).

Pertinent papers from Geostandards Newsletter, published in
April and October yearly, are too numerous to cite. This newsletter
is a "must" for the geochemist. Where the number of authors on one
paper is greater than four, "et aI:' is used. This list covers those
issues received by the author since those listed in EXPLORE
Number 68.
Compiled by Gwendy E.M. Han, Head of Analytical Methods
Development, Geological Survey of Canada, 601 Booth Street,
Ottawa, K1A OE8, Canada. Please send new references to G.E.M.
Hall, not to EXPLORE.
A useful issue entitled "Fundamental Reviews'~ Anal. Chern., 62,
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include recent advances in ICP-AES, ICP-MS, AAS and elec-

trochemical techniques. An updated ''bible'' on standard reference
materials, their descriptions and elemental concentrations, has been
published by Geostand. Newsl. (july, 1989, Spec. Iss.) - this is a

NECESSITY for every geochemist concerned with quality control/quality assurance. Requests for this issue can be made through
G.E.M. Hall: (FAX (613) 996-9990).
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P_O ..Box 18325, Reno, NevadaM.SII,·· 1702) 849,1235

Bozic, J., et aL 1989. Rapid procedure for the dissolution of a wide
variety of ore and smelter samples prior to analysis by inductively
coupled plasma atomic emission spectrometry. Analyst, 114:
1401-1403.
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Kuldvere, A. 1990. Decomposition of cinnabar and organomercurials in geological materials with nitric acid - sulphuric acid for
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International, National and Regional
Meetings of Interest to Colleagues Working
in Exploration and Other Areas of Applied
Geochemistry
111an 7-11, '91 Short course entitled "Hydrothermal Alteration: Its
Relationship to Mineralization;' University of Nevada, Reno,
Nevada (Mining, Division of Continuing Education, University of
Nevada, Reno; Reno, Nevada 89557. IEL (303) 784-4046).
Continued on Page 24
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Calendar of Events
Continued from Page 23

IIFeb. 17-21, '91. Exploration in a changing environment, mtg.,
Sydney, Australia, by Australian Society of Exploration
Geophysicists, and Geological Society of Australia (ASEG/GSA,
Box 925, Crows Nest, N.S.w., 2065, Australia).
IIIIFeb. 25-28, '91. SME of AIME ann. mtg" Denver, Colorado
{Geochemistry: Robert R. Craig, Newmont Exploration, P.O. Box
669, Carlin, NV 89822.
IIMarch, '91. International Conference on Economic Evaluation of
Mineral Resources (lntergeoekonomika 1991 CSSR, GEOFOND
Bratislava branch Kosice, Eng. St. Richter, Ph.D., Garbanova 1, 040
11 Kosice, Czechoslovakia. TEL: 437 649
IIMar. 11-14, '91. Society of Engineering and Mineral Exploration
Geophysicists 4th Annual Symposium on the Application of
Geophysics to Engineering and Environmental Problems, University
of Tennesse Conference Center, University of Tennesse, Knoxville,
Tennesse (Richard A. Hopkins, Chainnan, Marrich Inc., 6000
Kaywood Road, Knoxville, Tennesse 37920. TEL: (615) 573-4188).
IIIIApr. 15-19, '91. Environmental polution mtg., Lisbon, by European Centre for Pollution Research and others (lnt'l Conference on
Environmental Pollution, 11-12 Pall Mall, London SW1Y 5LU,
England. TEL, 01-930-6825; FAX: 01-976-1587)
IIIIApr. 21-28, '91. 2nd AusIMM-SME World Gold '91, Cairns,
Australia (Meetings Dept" SME, TEL: (303) 973-9550, FAX: (303)
979-3461, Telex: 881988, or Mrs. j.M. Webber, CEO, AusIMM, P.O.
Box 122, Parkville, Vic 3052, Australia, TEL: (613) 347-3166, FAX:
613-347-8525, TELEX: AA 33552)
IIApr. 26-May 1, '91. 15th International Geochemical Exploration
Symposium, Reno, NV. (Keryl Fleming and Mario Desilets, Nevada
Bureau of Mines & Geology, Univ. of Nevada, Reno, NV
89557-0088. TEL: (702) 784-6691, FAX (702) 784-6691.
IIApr. 29-May 2, '91. Remote sensing and exploration geology,
mtg., Denver, Colorado (Nancy Wallman, Environmental Research
Institute of Michigan, Box 8618, Ann Arbor, Ml. 48107-8618, TEL:
(313) 994-1200, x3234, FAX, (313) 994-1575)
IIIMay 5-10, '91. Geology of industrial minerals mtg., Banff, Alberta (Wylie Hamilton, Alberta Research Council, Alberta Geological
Survey Department, Box 8330, Station F, Edmonton, Alberta, T6H
SX2, Canada. TEL, (403) 438-7676)
IIIMay 13-17, '91. Brazil Gold '91 (USA-Charles Thorman, USGS
(Denver), FAX, (303) 236-5448; Canada-C.jay Hodgson, Queens U.,
FAX: (613) 545-6592; UK-Robert Foster, U. Southampton, FAX:
59-3052; Australia-David Groves, U. Western Australia, FAX:
9-386-6577)
IIIMay 27-29, '91. GAC-MAC (Annual mtg.), Toronto, Canada (J.
Fawcett, Department of Geology, University of Toronto, Toronto,
ON M5S 1A1, Canada)
IIAug. 30 - Sept. 3, '91. Source, transport and deposition of metals
mtg., Nancy, France (25 Years SGA Meeting, CREGU BP 23, 54501
Vandoeuvre-Ies-Nancy Cedex, France, FAX: 33-83-44-00-29)
IIIIAug. 11-24, '91. XX General Assembly IUGG, Vienna, Austria
(IUGG Organizing Committee, c/o ZAMG Hohe Warte 38, A-1190
Vienna, Austria, TEL: 43-222-36 4453 ext. 2001)
I!IIIISept. 16-19, '91. Second International Symposium on Environmental Geochemistry, Uppsala, Sweden (prof. Dr. Mats
Olsson, Department of Forest Soils, Swedish University of
Agricultural Sciences, Box 7001, S-750 07 Uppsala, Sweden, TEL: 46
18672212, FAX: 46 18 300831)
aOct. 21-24, '91. Geological Society of America, ann. mtg" San
Diego, California (Vanessa George, GSA, Box 9140, Boulder, CO
80301, USA, TEL (303) 447-2020)
IIIIAug. 24-Sept. 3, '92. 29th International Geological Congress, Kyoto,
japan (Secretary General, IGC-92 Office, p.o. Box 65, Tsukuba, Ibaraki
305, japan, TEL: 81-298-54-3627; FAX: 81-298-54-3629)
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Please check this calendar before scheduling a meeting to avoid
overlap problems. Let this column know of your events. Please indude telephone number, and telefax number if available.
Fred Siegel

The George Washington University
Department of Geology
Washington, D.C. 20052
U.S.A.
TEL: (202) 994-6194
FAX: (202) 994-0458

Following is the list of titles contained in the next issue of the
lournal of Geochemical Exploration to be published.
VOLUME 39, NOS. 1-2

SPECIAL ISSUE

INTERNATIONAL GEOCHEMICAL MAPPING
International Geological Correlation Program Project 259

Sponsored by
International Union of Geological Sciences
and

UNESCO
edited by ARTHUR G. DARNLEY and ROBERT G. GARRETT

Geological Survey of Canada, Ottawa, Onto KIA DEB, Canada

CONTENTS
Preface
International geochemical mapping A.G. Darnley (Ottawa, Ont.,

Canada)
Some problems, strategical and tactical, in international geochemical
mapping
Xie Xuejing (Hebei, P.R. China)
Geochemical patterns related to major tectono-stratigraphic units in the
Precambrian of northern Scandinavia and Greenland
A. Steenfelt (Copenhagen, Denmark)
Geochemical metallogenic provinces: a discussion initiated by results
from geochemical mapping across northern Fennscandia
B. Bolviken (Trondheim, Norway), G. Kullerud and R.R. Loucks (West
Lafayette, Ind" U.S.A.)
Regional geochemical data compilation and map preparation, Labrador,
Canada
RD. Garrett, R.M.P. Banville and S.W Adcock (Ottawa, Ont., Canada)
A comparison of regional geochemical data from lakes and streams in
northern Labrador: implications for mixed media geochemical mapping
P.H. Davenport (St. Johns, Nf/d., Canada)
Metallogenic domains and their reflection in regional lake sediment
surveys from the Meguma Zone, southern Nova Scotia, Canada
P./. Rogers and AK. Chatterjee (Halifax, Nova Scotia, Canada), and
1.W. Aucott (London, U.K.)
Tectonic terranes, metallogeny, and regional geochemical surveys: an example from northern British Columbia
WJ, McMillan, S. Day, and P.F. Matysek (Victoria, B.c., Canada)
Regional geochemistry and the identification of metallogenic provinces:
examples from lead-zinc-barium, tin-uranium, and gold deposits
I,A. Plant, N. Breward, P..R. Simpson, andD. Slater (Nottingham, U.K.)
Application of geochemical mapping techniques to a complex Precam~
brian shield area in Labrador, Canada
A. Kerr and P.H. Davenport (St. Johns, Nfld., Canada)
Modern aerial gamma-ray spectrometry and regional potassium map
of the conterminous United States
I.S. Duva/ (Reston. Va" U.S.A.)
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*SPECIAL BOOKS OFFER 1991*
The following books, published by Elsevier Science Publishers, are available from the AEG Oil a post-paid basis.
Members are elltitled to a 40% reductioll on the normal price.
Author/Title

Nou-member Member
Price
Price
$
$
Bardossy, G., Lateritic Bauxites
168.50 101.00
Bardossy, G., Karst Bauxites
134.25
80.50
Bj0rkland, A.J., Geochemical Exploration 1983
92.50
154.25
Boyle, R.W., Geochemical Prospecting from Thorium and Uranium Deposits
134.25
80.50
Buchanan, D.L., Platinum-Group Element Exploration
51.50
85.75
Das, H.A., Radioanalysis in Geochemistry
120.00
72.00
David, M., Handbook of Applied Advanced Geostatistical Ore Reserve Estimation 80.00
48.00
David, M., Geostatistical Ore Reserve Estimation
53.00
88.50
Davy, R., Geochemical Exploration in Arid and Deeply Weathered Environments 140.00
84.00
De Kun, N., Mineral Economics of Africa
117.25
70.50
Govett, GJ.S., Rock Chemistry in Mineral Exploration
148.50
89.00
Gulson, B.L., Lead Isotopes in Mineral Exploration
55.00
91.50
Gupta, H.K., Geothermal Resources: An Energy Alternative
63.50
105.75
Hedenquist, J.W., Epithermal Gold Mineralization of the Circum-Pacific
274.25
164.50
Howarth, RJ., Statistics and Data Analysis in Geochemical Prospecting
148.50
89.00
Jenness, S.E., Geochemical Exploration 1987
205.75 123.50
Kuzvart, M., Industrial Minerals and Rocks
128.50
77.00
Kuzvart, M., Prospecting and Exploration of Mineral Deposits
162.75
97.50
Kwak, T.A.P., W-Sn Skarn Deposits
128.50
77.00
Laznicka, P., Breccias and Coarse Fragmentites
182.75
109.50
Laznicka, P., Empirical Metallogeny
285.75
171.50
Naqvi, S.M., Precambrian Continental Crust and its Economic Resources
137.25
82.25
Parslow, G.R., Geochemical Exploration 1982
142.75
85.50
Rich, R.A., Hydrothermal Uranium Deposits
82.75
49.50
Rose, A.W., Geochemical Exploration 1980
234.25
140.50
Rudawsky, 0., Mineral Economics
85.75
51.50
Sumner, J.S., Principles of Induced Polarization for Geophysical Exploration
82.75
49.50
Taylor, R.G., Geology of Tin Deposits
112.75
73.50
Trendall, A.F., Iron-Formation: Facts and Problems
177.25
106.25
TOTAL PAYMENT ENCLOSED

US $

To qualify for the discount, all orders must be received by the AEG before 14th May 1991. Orders must be accompanied by payment.
Orders will be shipped by surface mail.
Send orders to AEG, P.O. Box 523, Rexdale, Ontario M9W 51A, Canada.

Please note that cheques, International Money Orders.

UNESCO coupons, International Postal Orders, VISA
and MasterCard are acceptable. All payments are in US
funds.

Charge:

o MasterCard

Credit Card Account number here:

Expiration date

For users of VISA or MasterCard, minor variations in billing
may reflect currency exchange rates at the time of bank
posting. Please note that the cheques drawn on overseas

banks require an additional US S15.00 to be submitted to
reimburse the AEG for bank charges.

o VISA

Signature _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Name _________________
Address
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Lunbeck, James E.
Salt Lake City, UT, U.S.A.

To All Voting Members:
Pursuant to Article Two of the
Association's By-Law No.1,
names of the following candidates, who have been recommended for membership by the

Admissions Committee and
Council, are submitted for your
consideration. If you have any

comments, favorable or unfavorable, on any candidate,
you should send them in writing
to the Secretary within 60 days
of this notice. If no objections

are received by that date, these
candidates will be declared
elected to membership. Please
address comments to Sherman

P. Marsh, Secretary AEG, U.S.
Geological Survey, MS 973,
Federal Center, Denver, CO
80225, U.S.A.
Editors note: Council has decided that all new applicants
will receive the journal and
newsletter upon application for
membership. The process of ap-

plication, recommendation by
the Admissions Committee,
review by the Council, and
publication of appJicant's names
in the newsletter remain
unchanged.

AFFILIATE MEMBERS
Andrews, D.S.
Senior Geologist

Rio Tinto Min.& Expl.
Sarmiento, Ecuador

Archer, Robert A,
Project Geologist
Rio Algom Expl.
Timmins, ON, Canada

BagUn, Garry R,
Caringbah, NSW, Australia
Baker, Philip M.
Exploration Geochemist
Western Mining Corp.
Kalgoorlie, WA, Australia
Beers, Armond H.

Chief Ge%gist
Simpiot Resources
Nampa, 10, U.S.A.

Bell, Robert
Project Geologist
Inco Expl. & Tech. Servo
Pasadena, NF, Canada

Benbow, Denis D.

Magellan Pet. Aust. Ltd.
Brisbane, Q'ld, Australia
Bettenay, Leigh
Director
Rock-Hard Geol. Servo
Kensington, WA, Australia

Butler, Ian K.
Butler Expl. Servo
Alexandra H'ld, Q'ld, Austrl.
Canela, Mario
Geochemist
San Luis Potosi, Mexico
Carranza, Emmanuel I.M.
Geologist
Dept. Envir. & Nat. Res.

Legazpi City, Philippines
Chaku, S.K.
Senior Geologist
Aust. Consol. Minerals

Perth, WA. Australia
GIoyn, Robert W.
Senior Geologist
Utah Geol.& Min. Survey
Salt Lake City, UI. U.S.A.

Mitchell, Charles. D" Jr.
Research Geologist
ARCO Oil & Gas
Plano, TX, U.S.A.

Ward, Peter
Marketing Manager
Classic Laboratories
Wangara, WA, Australia
Weekes, Scott

Atlantic Reg. Expl.Manager
Granges Inc.

Motilla, Jose L.
Geologist

Halifax, NS, Canada

San Luis Potosi, Mexico

Wilson, W.L.
Partner
Windfall Venture
Grand Junction, CO, U.S.A.

Neybergh, Henri
Belgium Geol. Survey
Bruxel1es, Belgium

STUDENT MEMBERS
Peck, David C
Centre Min. & Expl. Research
Laurentian University

Sudbury, ON, Canada

Bakheit, Abdalla K.
Technische Universitat
Berlin, Germany

QUirt, David
Research Scientist

Delaney, Tracy

S.R.C.

Vancouver, Be, Canada

University of B.C.

Saskatoon, SK, Canada

Elsheikh, Mohamed A.
Ransom, Anthony H.
Director Western Expl.
Corona Corp,
W. Vancouver, BC, Canada
Raven, Alan
Director
Intertech Minerals Corp.
Vancouver, Be, Canada

Grant, Brentan
Geologist
Townsville, Q'ld, Australia

Schlegel, G,c.
Exploration Geochemist
Anglovaal Ltd.
Marshalltown, R.So. Africa

Graybeal, Frederick T.

Shaw, Miles D.

Chief Geologist
ASARCO Inc.
Chatham, Nt U.S.A.
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Exp/. Manager - Andean Reg.
BHP-Utah International
San Francisco, CA, U.S.A.

Technische Universitat
Berlin, Germany
Motton Neil T.
University College
Ballarat, Vic, Australia
I

c ~)

Hammond, J.M.
Regional Expl. Manager
ACM Gold Ltd.
Perth, WA, Australia

Sheahan, Patricia

Haquin, Enrique C.
Mining Engineer
Santiago. Chile

Thomas, Jed
President

Sizes:

Sage Resources

SML, MED, LGE, XL

Missoula, MI. U.S.A.

Colors:

Johnson, Wesley M,
Director, QCITech. DeD.
Bondar-Clegg Co. Ltd.
Ottawa, ON, Canada
Krishnan, T.K.
Sr. Staff Ge%gist
Noramco Exploration
Vancouver, Be. Canada

Willowdale, ON, Canada

Van Leeuwen, Evert ).
Geochem. Lab. Supervisor
Noranda Exploration
Vancouver, Be. Canada
Vasconcelos, )oao M.M.
Comenius University
Bratislava, Czechoslovakia
Walraven, Felix C.
Pan-African Mining
Harare, Zimbabwe

White on Royal Blue
Ok. Blue on White
Lt. Green on Gray

§

Cost:

AEG Members $10
Non-Members $12

8

OrclerYour
T-Shirt Today!
Send Check or Money Order to:
EXPLORE

c/o Clark Smith
P.O, Box 18325

Reno, NV 89511
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1991 DUES NOTICE
ASSOCIATION OF EXPLORATION GEOCHEMISTS
P.O. Box 523 (Metropolitan Toronto), Rexdale, Ontario, M9W 5L4 CANADA
Your Name and Address:
(Current membership status is indicated on your address label.)
Please check

0

0

Renewal

o

New address

New Member

NAME _____________________________________________
TITLE
AFFILIATION
MAILING ADDRESS

Field of Interest selection

1

0

2

0

3

0

4

0

5

0

6

0

(Insert number in box)

1. Drainage (streams & lakes)
2. Soils

3.
4.
5.
6.

Lithogeochemistry
Biogeochemistry (geobotany)
Gas geochemistry
Heavy minerals

7.
8.
9.
10.
11.
12.

Statistical methods
Analy1ical instrumentation
Analy1ical procedures
Pollution
Theoretical
Other (specifyJ-.)___________

Specialty or topic of interest selection
(Insert number in box)

1. Mineral Exploration
2. Analy1ical
3. Environmental

TELEPHONE

4. Computer
5. Agricultural
6. Terrain (Quaternary)

7. Petroleum

8. Ground Water
9. Other (specify)

TELEX _____________________________________________
FAX
Date

o
o
o

o
o

Check here if you do not want your name and address made
available for sale as part of the AEG mailing list on address labels.
Annual dues for Voting or Affiliate Member, current year and
next year

US $ 85.00

Annual dues for current year, Voting or Affiliate Member

US $ 50.00

Not a Voting Member? Check box to receive appropriate forms .
Student Member
(Note that students must have this form signed by a member
of the academic staff verifying their full-time student status)
I certify that the applicant is a full-time student at this
institution .

US $ 20.00

(Signature and Title)
(Printed Name)
(Institution)

o
o
o

Corporate Member

US $100.00
US $ 30.00

Corporate Member
(without Journal of Geochemical Exploration)
Third World Membership Fund donation
(Your contribution in any amount will be put into a separate
fund to support memberships in Third World countries.)

US $

TOTAL B (THIS PAGE)

US $

TOTAL A (FLIP PAGE)
TOTAL ENCLOSED

US $

Please note that Cheques, International Money Order, UNESCO
Coupons, International Postal Orders, VISA and Master Card
are acceptable. All payments are in U.S. FUNDS. For users of
VISA or Master Card, minor variations in your billing may reflect
currency exchange rate fluctuations at time of bank posting.
Please note that cheques not drawn on U.S.A. or Canadian
banks require an additional $15.00 U.S. to be submitted to
reimburse the AEG on bank charges.

US $

Charge:
Master Card 0
VISA
Credit Card Account
Number I
Here
-L~~__L_~~~-L-L~~__L_L-~~~

0

L.

Expiration date
Signature
Print your name
Is your credit card number completed (If appropriate)?
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