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SOFTWARE REVIEW

We began our 25th anniversary
celebrations at the Prospectors and
Developers Convention at the Royal
York in Toronto during the week of
March 5th. The P&D Association of
Canada kindly provided us with a
hospitality suite on Sunday and
Monday nights and XRAL Laboratories
of Toronto, at the suggestion of Lynda
Bloom, generously sponsored the wine.
Our booth was well positioned in the
Gwendy Hall
ballroom and we enjoyed a constant
stream of interested people. Betty Arseneault "manned" the
booth, equipped with database and computer ready to sign
up new members (40 actually). Eion Cameron, Bill Coker,
Colin Dunn, Bob Garrett and I took it in turns to help her.
John Hansuld, current President of the PDAC and second
President of the AEG, hosted a most enjoyable cocktail hour,
prior to the Awards Banquet, for those sitting at specially
designated tables. Past and present executive were invited to
the AEG table, namely: Lynda Bloom, Peter Bradshaw, Eion
Cameron, Bill Coker, Ivor Elliott, Bob Garrett, Chris Gleeson,
Ian Nichol, Ian Thomson and Betty Arseneault. I had the
honour of sitting at the High Table — thank you, John. In his
speech, John Hansuld singled out Eion Cameron for special
mention of his 25 years of dedicated editorial service to the
Journal, a sentiment which we all echo. Pat Sheahan
organised her annual day of talks devoted to diamond

Geographic Information Systems in
Geochemistry
By Greg Lee

Geographic information systems (GIS) technology has
been effectively applied over the past several years to
geoscience programs that require spatial display or mapping
of multivariate datasets. As a member of the USGS Branch of
Geochemistry, I have enjoyed opportunities to utilize
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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 5or 3-inch IBM-compatible computer diskettes with ASCII (DOS)
format that can go directly to typesetting. Please use the metric
system in technical material.
Length Extended abstracts may be up to approximately 1000
words or two newsletter pages including figures and tables.
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.
All contributions should be submitted to:
EXPLORE
c/o J.T. Nash, Box 25046, MS973, Denver Federal Center
Denver, CO 80225, USA

Information for Advertisers
EXPLORE is the newsletter of the Association of Exploration
Geochemists (AEG). Distribution is quarterly to the membership
consisting of 1200 geologists, geophysicists, and geochemists.
Additionally, 100 copies are sent to geoscience libraries. Complimentary copies are mailed to selected addresses from the rosters
of other geoscience organizations, and additional copies are
distributed at key geoscience symposia. Approximately 20% of
each issue is sent overseas.
EXPLORE is the most widely read newsletter in the world pertaining to exploration geochemistry. Geochemical laboratories,
drilling, survey and sample collection, specialty geochemical
services, consultants, environmental, field supply, and computer
and geoscience data services are just a few of the areas available
for advertisers. International as well as North American vendors
will find markets through EXPLORE.
The EXPLORE newsletter is produced on a volunteer basis by
the AEG membership and is a non-profit newsletter. The advertising rates are the lowest feasible with a break-even objective.
Color is charged on a cost plus 10% basis. A discount of 15% is
given to advertisers for an annual commitment (four issues). All
advertising must be camera-ready PMT or negative. Business
card advertising is available for consultants only*. Color separation and typesetting services are available through our
publisher, Network Graphics, Inc.
Full page
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NOTES FROM THE EDITOR
Owen Lavin
This issue of EXPLORE will be published just before the
17th IGES in Townsville, Australia. The Townsville meeting
is shaping up to be a timely and an important one. As
mineral exploration moves away from the more developed
countries we find ourselves increasingly in the tropics, and
commonly on unfamiliar ground. The meeting should be an
efficient way for members to learn more and catch-up on the
very different challenges and problems of exploration in the
Tropics.
On a personal note, approximately five years ago, I was
honored with the opportunity to serve as editor of
EXPLORE. I rapidly accepted the position and attempted to
make my mark on this well established and respected
Newsletter. With the able assistance of Sherman Marsh,
Steve Zuker and a cast of assistant editors, I believe that we
were at least partially successful in that goal. At the time, I
felt a five year stint as editor would be about right. After
that I thought that I may grow tired of the obligation and
begin to run out of ideas and enthusiasm. I was correct. It
is now time to step aside and let others have their impact on
the Newsletter. Luckily, we have found two capable and
dedicated members to assume the responsibility. Tom Nash
and Sherman Marsh will be co-editors of EXPLORE. We
expect the transition to be orderly and gradual, although they
are already doing most of the work for this issue. I will
continue to serve as business manager for EXPLORE. With
that notification, I would like to thank the readership and the
AEG council for allowing me such broad editorial freedom.
It has been a pleasure serving as editor of EXPLORE. Please
give Tom and Sherm your assistance and support, as you did
for me.
Contributor's deadlines for the next four issues of EXPLORE
are as follows:
Contributor's deadline
Issue
Publication date
May 31, 1995
July 1995
88
August 31, 1995
October 1995
89
November 30, 1995
January 1996
90
February 28, 1996
April 1996
91
Owen Lavin
Editor EXPLORE
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exploration so we took the opportunity to promote the
Journal's first issue of 1995, "Diamond Exploration: Into the
21st Century", edited by W.L. Griffin. Betty and I put fliers
on every seat in the main hall and we are now reaping the
rewards as faxes for membership come in. The mood of
industry was noticeably optimistic at the P&D, with interest
in various commodities (base metals, gold, diamonds) and
representation from companies and agencies worldwide. The
new membership gained to date almost offsets our costs,
save several hundred dollars, which is well worth the
exposure for the Association.

PAGES

AEG member can order a back issue for the usual cost of $50
for pre-1994 issues, or $70 for 1995 when it becomes backissued. The member is entitled to receive all the issues in
that subscription year for that price, not just the one issue of
particular interest. To order extra copies of an issue or
volume in the current year is very expensive; Elsevier
normally pro-rates the institutional price and will provide us
with a quote. Contact Betty for further information if I have
not cleared this up!
Russell Myers tells me that registration is very healthy for
the 17th IGES in Townsville and approximately 500 delegates
are expected. The next issue of Explore will tell the tales
from Down-Under. Looking forward to seeing and chatting
with you there!
Gwendy Hall

<%

The WEQ extends its sincere appreciation
to lofin 2L tfansuU, Tresident of the
T.<D.Sl.C., for ad the hospitality and
encouragement received in celebrating its
25th anniversary at the Prospectors and
'Developers Convention in Toronto,
March, 1995.
CHAIR IN MINERAL
EXPLORATION
Eton Cameron and Betty Arsemeault doing a sterling job of
representing the AEG at the P&D, Toronto.

I made ten copies of the laminated poster and title you
see on our display unit in the photograph and have shipped
them to regional councillors and to those offering to promote
the AEG at meetings this year. The poster is rather 'wordy'
in that it describes the benefits of the AEG, the regular and
special issues of the journal, and the nature of the contents of
Explore. This is intentional so that it is a stand-alone,
comprehensive 'documenf from which readers can extract
the information they are seeking- It will be accompanied by
brochures and membership forms and be on display at these
meeetings (amongst others): "Geology and Ore Deposits of
the America Cordillera", Reno; "Mining, Exploration and the
Environment '95", Washington; and the "International Field
Conference on Carbonate-hosted Lead Zinc Deposits", St.
Louis. Andrew Bourque, our publicity chairman, is busy
devising schemes to increase our profile with the minimum
in financial expenditure, so send any ideas or offers to him.
As a footnote, some confusion has arisen with regard to
the costs of purchasing back issues of the Journal. Part of this
is due to the fact that we have to order from two sources,
Elsevier and Swets. In the terms of the new contract with
Elsevier, a back issue becomes such six months after
completion of the subscription year (the 1994 subscription
year will be complete with Volume 52 due out in April). An

Department of Geophysics and Astronomy
The University of British Columbia
The NormanB-KaevllChalrin Mineral
Exploration has recently been
establlshedbyTeckCorporatlonasa
means of stimulating research in
mineral exploration and of transferring
resulting technology to industry. We
are searching for an appointee who
has established an international
research reputation, or who has the
clear potential to do so. Applications
and nominationsfortheholderofthis
Chair will be considered at all
professorial levels.

Departments of Geological Sciences,
including the Mineral Deposit
Research Unit, Geophysics and
Astronomy, and the mineral
exploration community. Innovative
teaching at both the undergraduate
and graduate level will be expectedApplicants must possess a Ph.D.
Salary and rank will be
commensurate with qualifications.

In accordance with Canadian
immigration policy, priority will be
The appointee Is expected to develop given to Canadian citizens and
an active research program in state- permanent residents of Canada.
of-the-art methods of mineral
exploration using techniques which The University of British Columbia
could range from field to experimental welcomes all qualified applicants
to theoretical, and from disciplines as especially women, aboriginal people,
diverse as geology, geophysics, visible minorities and persons with
geochemistry, remote sensing, disabilities, Applications Including a
biogeochemlstfy, or hydrogeology, resume, a statement of research
We seekan applicant who maximizes interests, and the names of three
the interactions between the referees should be sent by July 31,
1995 to:
Dr, Rosemary Knight
Chair of the Keevil Chair
Search Committee,
Department of Geophysics and
Astronomy
129-2219 Main Mall
University of British Columbia
Vancouver, B.C. V6T1Z4, CANADA
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AEG BIBLIOGRAPHY ON DISKETTE
Those of you who are paid 1995 members will find a
bonus inside this issue of EXPLORE. We have included a
3.5" diskette which contains the latest version of the
Exploration Geochemistry bibliography. For the last two
years members of the Bibliography Committee have been
converting all the previously published versions of the
Exploration Geochemistry Bibliography into digital format
and have added new references from the last bibliography
(1984) through 1994.
Through the years the AEG has published five
bibliographies, four in soft cover and one hard cover edition
that contained all the previously published references from
1965-1981. In the original bibliographic efforts Herb Hawkes
was the motivating force and it was through these early
efforts that the present Bibliographic Committee was able to
compile the references onto this diskette. All the earlier
references were scanned into a database from the original
printed copies and then edited by Dorthe Jakobsen.
References from 1981 to 1994 were added by Graham CIoss,
who has been compiling references for EXPLORE on a
quarterly basis. The resulting diskette has over 11,000
references in DBF, DOS format. This format was choosen as
being one of the most commonly used in databases and word
processors. We hope that everyone will be able to use it in
their applications. For those of you that require Apple
formats and can't convert the bibliography file, please contact

ACTLABS

WE'RE GROWING WITH
OUR NEW SERVICES
AND LOCATIONS

•

ENZYME LEACH-ICP/MS (Detects deeply buried
mineralization)

•

LITHOGOCHEMISTRY - SPIDERGRAMICP/MS
PKG (Low cost add on to WRA)

•

ULTRA-LOW LEVEL HYDROGEOCHEMISTRY
by ICP/MS

• ULTRATRACE ICP/MS Rock + Soil package
LEADERS IN LOW-COST, HIGH QUALITY SERVICES
WITH RAPID TURNAROUND.
The above unique services when added to our high quality INAA, ICP,
XRF and Fire Assay services, provide unrivalled capabilities in the
analytical industry to help you discover the mines of the future.
FOR FURTHER INFORMATION, PLEASE CONTACT:
•
ACTIVATION LABORATORIES LTD., 1336 Sandhill Dr., Ancaster, ON,
Canada. Tel: (905) 648-9611, Fax; (905) 648-9613, Dr. Eric Hoffman

EXPLORE

the Secretary and we will try to get you an acceptable
format. Included on the diskette is a "readme" file that
explains how to install the bibliography on your computer.
Many members have requested an updated membership
listing and in response we have also included the latest
(March, 1995) membership listing, giving current members
names and addresses and telephone and FAX numbers.
We hope that these databases will prove useful to you
and we plan to issue yearly updates to members at a
discount. For those of you who haven't renewed your 1995
dues yet, we will include a copy of the bibliography if you
pay your 1995 dues by June 30.
Sherman P. Marsh, Secretary
<n

NEWS OF MEMBERS
Ken Lovstrom has relocated to Tucson, AZ, where he will
continue his geochemical consulting activities. Dick Horsenail
has left AMAX Exploration and joined Ken in Lovstrom,
Horsnail and Associates. Dick remains in the Denver area
and is also Executive Director of the Minerals Exploration
Coalition (MEC). Ken's new address is: 1770 E. Ganymeade
Drive, Tucson, AZ 85737, USA; TEL: 602-797-4111; FAX: 602797-2571. Dick can be reached at 9160 W. 73rd Place, Arvada,
*£
CO 80005; TEL: 303-422-8886; FAX: 303-422-0788.

LETTERS TO THE EDITOR
In EXPLORE No. 82 Lynda Bloom presented data on
levels of cross-contamination from laboratory pulverizers and
suggested that a silica cleaner be pulverized between
samples. Neither this article nor the letter from Ian Devereux
published in EXPLORE No. 84, which replied to Lynda's
article, commented on the type of pulverizers used to obtain
the test data. Disc and ring pulverizers are contrite and
operate differently, which could lead to different problems of
varying magnitude. For example, shredding, smearing, and
cross-contamination of gold with reduced nugget effects may
be more pronounced with disc pulverizers, versus flattening
and reduced cross-contamination of gold, with larger nugget
effects for ring pulverizers. J have heard many comments on
these problems; however, they are more conjectural than
empirical. Any comments from readers, based on hard data,
would be interesting to hear.

•

ACTLABS, INC., 11485 Frontage Road N., Wheat Ridge, CO, USA. Tel:
(303) 456-2981, Fax: (303) 420-6646, Dr. J.R. (Bob) Clark

Dale A. Sketchley
Placer Dome Canada Limited
1440 Hugh Allan Drive
Kamloops, B.C., VIS 118 Canada

•

ACTLABS, INC., c/o M.E.G., 2235 Lakcshore Dr., Carson Cily, NV, USA.
Tel; (702) 849-2235, Fax: (702) 849-2335, S. Clark Smith

Dear Sir;

•

SKYLINE LABS, INC., 1775 West Sahuaro Dr., Tucson, AZ, USA. Tel:
(602) 622-4836, Fax: (602) 622-6065, W. (Bill) Lchmbeck

•

ACTLABS-SKYLINE PERU, SA, Av. de la Marina 2523, San Miguel, Lima
32. Tel:/Fax: (5114) 521413, Francisco Alarcon

•

JACOBS-SKYLINE ENSAYADORES Y QUIMICOS, SA. DE C.V.,
Capeche 196(esq.Gpe. Victoria), Colonia San Benito, Hermosillo, Mexico. Teh
(62) 10-02-54, Santos Carlos

XRAL's advertisement in EXPLORE No. 86 implies that
laboratories are currently using carcinogenic heavy liquids
for mineral separations. I have not seen warning labels on
any of the commonly used heavy liquids sold by other
Continued on Page 5
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Letters
Continued from Page 4

vendors. If XRAL's information is factual, readers of
EXPLORE should be advised of the offending products and
the time and place of their carcinogenic designation.
Stu Averill
President
Overburden Drilling Management Ltd.
Nepean, Ontario K2E 7X1 Canada
Editor's note: Do readers have any advice regarding poorly
advertised health hazards from chemicals in common use in
geochemical laboratories?

4

Software Review
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GIS in multidisciplinary projects that have focused on
mineral resource and geo-environmental assessments. The
study areas have ranged in size from individual mining
districts to entire states. In the following, I offer both
encouragement and realism to those sitting on the GIS
sidelines. Although the emphasis of my own experience has
been assessments, I hasten to stress that GIS may be
advantageously employed in a wide range of geochemical
investigations such as exploration, mine studies, university
research, modeling, environmental studies, hazards
identification, and more. A striking general aspect of GIS is
the applicability of the technology to a broad scope of
spatially-referenced studies.
There are, however, barriers to implementation of GIS.
These may include general confusion, learning curve
intimidation, system costs, evaluation and selection, and
setup and training time. Confusion comes in various forms,
starting with questions about the nature and applicability of
GIS, the myriad choices of commercial and public domain
systems, how to get data into a system, and vector versus
raster systems. I sympathize. Perspective on these can be
gained from the following a sketch of GIS implementation in
the Branch of Geochemistry. Motivation for establishing GIS
capabilities in the Branch included needs for (1) increased
ability to interpret extensive, multivariate geochemical data;
(2) enhanced capacity for graphically displaying geochemical
and other geoscientific information and interpretations; (3)
incorporating data in various digital formats; (4) data transfer
to and from other GIS users; and (5) high quality color map
production.
First, as a brief aside, some uncertainty may linger
regarding the differences between computer graphics,
computer-aided design/drafting/mapping (CADD) and GIS.
In fact, there is some overlap between these general
categories, but there are also many important differences. A
GIS is designed to enhance, combine, and analyze layers of
spatially-referenced data to produce interpretable results,
whereas the purpose of CADD programs is to produce
drawings or map illustrations. It is true that many GISs have
substantial map composition tools, and it is not unusual to
find GIS packages being used primarily for the purpose of

map production, but a notable distinction is that while
CADD programs create drawings and may even place
drawings on top of each other, there is no ability to analyze
relationships among multiple layers of data. A hallmark of
GIS functionality, on the other hand, is the ability to logically
analyze, transform, and combine multiple layers to create
new layers. Another important difference is that CADD
programs do not usually deal with geographic map
projection information, so that accurate locational
relationships between graphical elements and the earth's
surface are not maintained. This limitation is not always the
case, however, and GS-MAP, for example, by Gary Seiner
and Richard Taylor of the USGS, is public domain software
for geographically-projected map production. This software
is available from the U.S. Geological Survey as Open-File
Report 93-11.
Although most GIS software packages include facilities
for incorporating and displaying both vector (points, lines,
and polygons) and raster (grid cell) data, the GIS processing
functions of a particular system normally reside in one or the
other, but not both domains. In other words, GIS packages
tend to emphasize either raster or vector processing. Both
sides of the coin may boast relative advantages, such as
smaller data storage requirements for vectors versus greater
processing speed for rasters, but these types of issues were,
in my evaluations, less important than considering the types
of data that I wanted to analyze using GIS. Put simply,
vector GIS is well suited for thematic data such as geologic
Continued on Page 6

AA A P M C ANALYTICAL
XT i-K \* 1VI C LABORATORIES
SPECIAL EXPLORATION PACKAGES
Gco IT
Geo 2;
Gco 3:
Geo 4:
Gco 5:
Gco 6;
Assay 1:
Assay 2:
Assay 3:

30 Element ICP + wcl geochem Au
32 Element ICP + wet geochem Au
30 Element ICP + WKI geochem Au
+ Hg(i!.l. 5ppb)
30 Element ICP +• Fire geochem An. Pi, Pd
31 Elcmcnl ICP (30 + Tl) + Hg <d.l. 5 ppb)
Ullm-lrate 35 elements ICP f Au (1 ppb) (15g)
Cu, Pb, Zn, Ag. Au Wcl Assay
Cu, Pb, ZN, Wei ICP Assay +
Fire Assay Ag & Au
32 Element ICP * Fire Assay Au (1 AT.)

Cdfl,
•ftj-dS'
$12.10

U.S.
SH.90
$9.30

$13.65
$16,05
$ 7,50
$16.00
S 16.40

$10.55
$12.35
$ 5.R0
$12.35
$12.60

S18.2Q
$15.00

$14,00
$11.55

REGULAR PRICE SUMMARY
Soil sample preparation
8-1-SS
$ .90
Rock and core sample preparation
( 3.9(1
$ 3.05
30 Elcmcnl ICP aquu rcgia digestion
$ 6.00
$ 4.60
35 Elcmcnl tola) digestion
$ 8.05
$fi20
Hg by AA
S 3.45
% 1.65
Geochem whole nick (11 oxides. LQI & 5 mewls)
$12.35
S9.50
Wcl genthem Au (10 g)
$ 5.RS
$ 4.50
Geochcm fiie Au (30 g)
$ H.20
$ 6.30
Geochem fire Au, Pi, Pd (3(1 g)
$10,90
$ 8.40
Assau Au by lite assay (1 AT.)
$10.05
$ 7.75
Assay Au & Ag by fire assay (1 AT,)
S14.3O
$11.00
Carbon & Sulfur by Leco
% 8.05
$ 6.20
Surcharge Tor batches less ihan 10 samples, Cdn $6.00; U.S. $5.00
Main Laboratory
U.S.
Chile
852 E. Hastings St.
(shipping address)
Av. Oceanica 7152
Vancouver, B.C.
250 H Street
Pudahuel, Santiago. Chile
Canada Vf.A 1R6
Blaine, WA 98230
Cell. 569 223 1077
Tel: (604) 253-3158
Tel: 562 643-0007
Fax:(604)253-1716
Fax: 562 643-0021
1995 prices subject to change without notice
FOR THE LAST 10 YEARS, OVER 3 MILLION SAMPLES WERE ANALYZED

PAGE 6

NUMBER 87

Software Review
Continued from Page 5

maps, composed of discrete types of information, whereas
continuously variable data, in contrast, is best suited for
raster GIS and image processing. The GIS projects in which I
have participated have utilized data generated from various
scientific disciplines: geologic (vector), geochemical (raster),
geophysical (raster), remotely sensed (raster), linear features
(vector), digital line graphs (vector), digital elevation (raster),
mineral occurrence (vector), and land use (vector). This
experience exemplifies the fact that any interdisciplinary GIS
effort will likely involve both raster- and vector-based
information and an evaluation of alternatives for
implementation should include consideration of types of data
that will be emphasized and facilities for data translation
between systems.
Geochemical data, while generally site-based in nature,
are usually projected into areal expressions or interpretations.
The task of reasonably extending site-specific observations to
areas has historically been effected in various ways. These
range from scientists' judgements, exercised by manually
drawing boundaries around areas thought to be geochemically similar; to assigning chemical values to stream drainage
basins; to computer-generated mathematical interpolations of
variables used to provide spatially continuous gridded
"surfaces" or contours to represent the data. Those who
blanch at the notion of interpolating point data through areas
in which no "real" data exists should keep in mind that this

BECQUEREL
LHBORRTQRIES
CANADA
6790KjliniatRd.,Unit4
Mississauga, Ontario, L5N 5L9
Tel: (905)826 3080
Fax: (905)8264151
Contact: Steve Simpson

Neutron activation analysis
specialists
• Au, As, Sb, W + multielement suite
• Independent - accurate - total analyses
• Exploration and research
AUSTRALIA
Lucas Heights Research Laboratories
New Illawarra Rd, Lucas Heights, NSW 2234
Pose PMB 1, Menai, NSW 2234
Tel: (02)543 2644
Fax: (02) 543 2655
Contact: David Garnetl / Helen Waldron

EXPLORE

has always been done intuitively when using the more
traditional method of "eyebaliing" data value distributions
and hand drawing boundaries around areas. Similarly,
geologists routinely use intuitive interpolation to extend
"real" site-based observations to "fill in" mapped fault lines
and lithologic polygons in areas between points where they
have actually stood. I will not launch into a full scale
promotion of interpolation here, except to say that I have had
success with the approach and regularly use it to produce
geochemical layers for use in GIS applications.
The algorithms used to create spatially continuous
characterizations of point data vary considerably in type,
complexity, and cost. The subject of interpolation is worthy
of expanded separate treatment, but I will limit my
comments here to a surface modeling package that I
currently (happily) use.
In the discussion that follows, my use of trade names is
for descriptive purposes only and does not imply
endorsement by the U.S. Geological Survey.
EARTHVISION

The Branch of Geochemistry has been successfully using
EarthVision software, by Dynamic Graphics, Inc., to
interpolate geochemical data for a variety of projects. This
UNIX-based package incorporates what I consider to be the
"cat's meow" of interpolators, although the price tag reflects
its power — $12,500 for the basic 2-D package, with 3-D
gridding and other module options available at additional
cost. The algorithms used in the robust surface modeling
part of the package have yielded excellent results, and
functions are included which allow a scientist to impose
faults or other desired gridding boundaries, such as lithologic
terrane outlines, on the data, so that separate interpolations
are performed on opposite sides of these boundaries.
Further, the software incorporates visualization and graphical
editing features that allow users to view and fine-tune the
results of gridding. All popular map projections are
supported. EarthVision also provides good map composition
capabilities and produces excellent output on various color
hardcopy devices. Getting geochemical data into EarthVision
has been easily accomplished, whether coming from our inhouse STATPAC format, from spreadsheets such as Quattro
or Lotus, from databases such as Paradox or dBase, or even
as text files created or edited with word processors. Grids
produced by EarthVision can be exported to an ASCII format
so that they may be imported by other applications. For
more information, contact Dynamic Graphics, Inc., 1015
Atlantic Ave., Alameda, CA 94501, TEL: 510-522-0700.
After creating spatially continuous characterizations of
geochemical data, it can be argued that a GIS which
emphasizes raster-based /image processing functions is
particularly well suited for geochemical applications. We
conducted evaluations that stressed functionality, user
community, and price, then installed two separate GIS
packages. The first was IDRISI, obtained as a low cost, yet
quite comprehensive raster GIS/image processing system
which could operate using typical personal computer
hardware configurations already found in many scientists'
offices. IDRISI is very easy to install and serves as a
Conti?iued on Page 7
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relatively easy-to-use, readily available GIS resource for
geochemical applications and training.
IDRISI
IDR1SI is packaged as a comprehensive set of over 100
DOS-based (soon to be available in Windows version)
program modules. This GIS is well-documented, menu
and/or command driven, and runs on typically-equipped
IBM-compatible machines. Minimum requirements are listed
as an Intel 80xxx processor, MS-DOS 2.11 or later, 512 Kb of
free RAM, and EGA or better graphics adaptor, and, for
hardcopy output, a dot-matrix, inkjet, or laser printer.
Recommended are a math coprocessor, an 80386 or later CPU
with a processing speed of at least 25 Mhz, an 80 Mb or
larger hard disk drive, and a super VGA graphics adaptor.
IDRISI is a raster (grid cell) based GIS and image
processing system and was designed to provide geographic
research tools on a low-cost non-profit basis. According to
IDRISI project director Ron Eastman, "since its introduction
in 1987, IDRISI has grown to become the largest raster-based
microcomputer GIS and image processing system on the
market. It is used in over 80 countries around the world by
a wide range of research, government, local planning,
resource management, and educational institutions. Today
the project maintains a permanent staff and a long-term
development plan. It is run within the Graduate School of
Geography at Clark University as a non-profit project and
maintains close links with the United Nations Institute for
Training and Research (UNITAR) and the United Nations
Environment Programme Global Resource Information
Database (UNEP/GRID), both of whom have helped substantially in underwriting the development of the project."
IDRISI has numerous input/output filters which facilitate
data transfer, and in-house software has been formulated to
provide data conversion from our STATPAC and GS-MAP
formats. The cost of IDRISI is $640, with student and
government discounts available. For more information,
contact The IDRISI Project, Clark University, Graduate School
of Geography, 950 Main St., Worcester, MA 01610, (508) 7937526.
Two important needs remained after the procurement of
IDRISI, however. One was to be able to easily create and
edit high quality, large format projected map compositions
using the GIS software, and the other was to be able to
directly (natively) communicate, data-wise, with collaborators
using ARC/INFO as their GIS.
ARC/INFO, by Environmental Science Research Institute
(ESRI), has emerged as an industry standard in the vector
GIS domain, and is widely used for digital geology and other
thematic data. It was felt, therefore, that our GIS efforts
would be best served by having native ARC/INFO functionality included in our system to expedite data interchange
with those using ARC/INFO.
IMAGINE, by ERDAS, Inc., was selected to fill both these
needs. I predict that we will use IDRISI to ask "what if"
types of questions to create desired geochemical models, and
then bring this information into IMAGINE for final
Continued on Page 8
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modification and combination with ARC vector layers to
produce final output maps.
IMAGINE
ERDAS, Inc., founded in 1978, has thousands of licenses
in over 80 countries worldwide. ERDAS IMAGINE
incorporates many features which are ideally suited for
geochemical and multidisciplinary geoscience applications.
IMAGINE is a GIS/image processing package that has
comprehensive raster-based functionality as well as vector
functions that are a licensed subset of ARC/INFO by ESRI.
This is proving to be a very useful system that allows
seamless transfer of data to and from other ARC users as
well as utilization of image processing and GIS techniques to
process gridded geochemical surfaces created with
EarthVision. 1 can directly import the native binary form of
Earth Vision grids into IMAGINE and also easily import
maps created with GS-MAP. The powerful image processing
functions in IMAGINE, such as supervised and unsupervised
classification techniques, are useful for identifying areas with
geochemical signatures that are significant in an investigation. Easy-to-use modeling functions allow complex
operations to be invoked with minimum effort by the user.
The import/export filters are quite extensive, and I have
found the "generic binary" option, which allows the user to
specify parameters, to be extremely useful. The software also

PACRIM '95
19-22 November 1995

Auckland, New Zealand
PACRIM '95 will examine the geology and ore
deposits of the dynamic environment of the Pacific
Rim. It will also examine the political, economic and
environmental constraints on mining and exploration in
this area of increased investment. The Congress will
have eight main themes.
1. Metallogeny at plate boundaries
2. Case histories of recent discoveries
3. Mining and the environment
4. Mining geology: problems and solutions
5. Mining and metallurgy
6. Political and economic constraints
7. Structural geology, tectonics, geophysics
and geodynamics
8. Petrology, geochemistry and volcanology

Abstracts and papers will be published in a proceedings
volume which will be available at the conference. To express
interest, and for more information: Mrs. Charmayne Perera,
The Australasian Institute of Mining and Metallurgy, P.O.
Box 660, Carlton South, Victoria 3053, Australia Phone:
+61-3-662-3166, Fax: +61-3-662-3662 or E-mail:
J.Mauk@aucklaod.ac.nz
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supports many hardcopy output devices for map production.
IMAGINE runs on several platforms, primarily UNIX, but
also includes Windows NT; here it has been implemented on
a SUN SPARC 670 server using SUN-OS version 4.1.3. I
access the software both by SUN workstations and by a
personal computer operating as an X-terminal using
Hummingbird Exceed for Windows. The IMAGINE software
comes packaged in several modules and the provided
functionality is quite comprehensive. The cost for the basic
package starts at $11,000. The configuration I use includes
Vector (ARC/INFO), Map Composer, Spatial Modeler, Image
Enhancement, Import/Export, Perspective View, Image
Catalog, and Radar modules. Images displayed in different
viewers may be linked together and simultaneously roamed
and queried. For more information, contact ERDAS, Inc.,
2801 Buford Highway, NE, Suite 300, Atlanta, GA, 303292137, TEL: 404-249-9000.
For production of high quality color hardcopy maps,
IMAGINE incorporates an easy-to-use Map Composer
module that provides WYSIWYG ("what-you-see-is-whatyou-get") map creation. These maps can include raster
images together with ARC/INFO vector coverages, and
opacity can be varied to let underlying images show through
overlying layers. An example is shown in figure 1 which is
composed of a shaded relief image derived from digital
elevation data overlain by translucent red polygons which
represent a range of concentration of an element in a
geochemical surface, which was imported as a binary grid
file from EarthVision. This combination of images is, in turn,
overlain by ARC/INFO vector coverages of the study area
boundary and streams and rivers.
I am currently using two color output devices to produce
hardcopy from IMAGINE — a Tektronix Phaser III thermal
wax printer that can generate graphics output of up to 11" by
17" in size, and a Hewlett-Packard DesignJet 650C, a color
inkjet plotter/printer that produces maps of up to 36 in.
width and semi-unlimited {roll feed) length. If larger sheets
are required, IMAGINE produces panels that can be
combined as mosaics. Both devices produce 300 dots-perinch resolution output and the results have been excellent.
The DesignJet has been particularly heavily used for
IMAGINE map compositions and has shown to be quiet,
easy and inexpensive to operate, insensitive to operating
environment variables, and reliable. The maps that have
been produced have been enthusiastically received. The
Phaser printer has also been heavily used and, although the
output has been very good, the device is considerably slower
than the DesignJet and has also shown to be fairly expensive
to operate, due to the cost of the color waxes used.
Although I am enthusiastic about geographic information
systems applications in geochemistry and other earth science
investigations, my zeal is not unqualified. First, it is naive to
assume that procurement and installation of a GIS constitutes
implementation. Training and considerable personal learning
time are necessary ingredients. Second, I have likened GIS
applications to Oriental stir-fry; the cooking part is fun,
quick, and easy, but the preparation part is time consuming,
tedious, and possibly frustrating. In other words, getting all
the data together and in suitable form as digital information
layers for the actual GIS processing really constitutes the
lion's share of the effort. And this preparation may consume
Continued on Page 9
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considerable time, particularly if geology is to be used but
has not yet been digitized.
Despite potential problems, I encourage geochemists to
utilize GIS tools in their work. GIS is becoming easier to use,
decreasing in cost, and gaining widespread application in
geoscience. I see my own continuing efforts as a growing
experience, akin to learning more and more about how to use
the word processing, database, spreadsheet, and statistical
software packages that intimidated me not very long ago.
Advances in GIS technology and user interfaces are helping
to ease the pain of getting started and, as in other ventures
into computer applications, once there, users are usually glad
they made the trip.
Greg Lee
U.S. Geological Survey
Denver, CO 80225
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NEWS RELEASES
IUGS Gros Morne Declaration: Assessing
Rapid Environmental Change
Earth scientists at the International Workshop on
Geological Indicators of Rapid Environmental Change, held

July 11-14, 1994 at Gros Morne National Park,
Newfoundland, Canada, issued a declaration on the
importance of assessing rapid natural changes and of humaninduced environmental changes. The declaration stressed the
importance of documenting geological processes and
geoindicators by collecting systematic, long-term datasets.
Geochemical monitoring of topics such as water quality, CO2
and ozone in the atmosphere, and ocean salinity is
recommended, but the statement does not mention topics of
concern to the AEG, such as continental geochemical
mapping, monitoring of long-term effects of remediation, or
natural contamination by volcanoes and unmined mineral
systems. The full statement was published in Episodes, v.17,
no. 1-2, p. 2, 1994. JTN

Co-Operative Research Centre for
Landscape Evolution and Mineral
Exploration
The Australian Government CRC Program has awarded
funds for the this centre in Wembley, WA. The centre seeks
to generate new knowledge of regolith-landscape evolution,
to identify the resulting implications for mineral exploration
and mining, to develop new exploration models, and to
devise new or improved geochemical exploration methods.
The centre will emphasize transfer of this knowledge to the
mineral industry, geological surveys and universities. Some
Continued on Page 10
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News Release

Keevil Chair in Mineral Exploration,
U.B.C.

Continued from Page 9
A$16M new funding is provided by the grant over seven
years. This is supported by a similar level of funding from
industry and government research users, as well as
secondment of staff from the core organizations (Australian
National University, University of Canberra, Australian
Geological Survey Organization, and CSIRO Division of
Exploration and Mining. AEG members in the CRC LME
include Raymond E. Smith, (Director), Charles Butt, Ravi
Anand, and Ian Robertson. Smith and others can be reached
c/o CSIRO Div. of Exploration and Mining, PMB PO,
Wembley, WA 6014, Australia; TEL:. (639) 387-0272; FAX
(619) 387-0146.

New Gold Standards
A series of 17 certified gold standards are available from
LQSi. The new standard are an outgrowth of 20 years of
experience with round robin analyses of rock and
mineralized samples, including a two year round robin on
gold ores that has 59 participants. Data for elements in
addition to gold are reported but not certified. Most of the
gold reference material have concentrations lower than 10
g/t and come from Nevada. For information contact Stephen
Ivy, LQSI TEL:. (708) 331-3249, or Lynda Bloom, XRAL, in
Toronto.TEL:. (416) 445-5755.

The University of British Columbia announces the
Norman B. Keevil Chair in Mineral Exploration, established
by the Teck Corporation to stimulate research in mineral
exploration and to transfer the resulting technology to
industry. The University is searching for an appointee who
has established an international research reputation, or who
has the clear potential to do so. Applications and
nominations for this chair will be considered at all
professorial levels.
The appointee is expected to develop an active research
program in state-of-the-art methods of mineral exploration
using techniques which could range from field to
experimental to theoretical, and from disciplines as diverse as
geology, geophysics, geochemistry, remote sensing,
biogeochemistry, or hydrology. They seek a person who will
maximize the interactions between the Departments of
Geological Sciences, including the Mineral Deposit Research
Unit, Geophysics and Astronomy, and the mineral
exploration community. Innovative teaching at both the
undergraduate and graduate level will be expected.
Applicants must posses a Ph.D. Salary and rank will be
commensurate with qualifications.
In accordance with Canadian immigration policy, priority
will be given to Canadian citizens and permanent residents
of Canada. The University of British Columbia welcomes all
qualified applicants, especially women, aboriginal people,
visible minorities and persons with disabilities.
Applications including a resume, a statement of research
interests, and the names of three referees, should be sent by
31 July 1995 to Dr. Rosemary Knight, Chair of the Keevil
Chair Search Committee, Department of Geophysics and
Astronomy, 129-2219 Main Hall, University of British
Columbia, Vancouver, B.C., V6T 1Z4, Canada.
<$£
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TECHNICAL NOTE
Geochemistry and mineralogy of acid
mine drainage at the Holden mine,
Chelan County, Washington
by /.£. Kilburn, S.J. Sutley, and G.C. Whitney
INTRODUCTION
The large amounts of pyrite and other sulfide minerals in
massive sulfide deposits (such as Holden) give them ail
unusually high acid-generating capacity that can cause
environmental problems. Under oxidizing conditions, water
draining these deposits can dissolve and transport high
concentrations of metals (Smith and others, 1994) and can
potentially release these acidic and metal-rich discharges into
the environment, adversely affecting not only the local water
quality but the biota as well (Plumlee and Edelmann, 1995).
Recent geochemical studies, however, indicate that despite
the ugly appearance of mine dumps and secondary encrustaContinued on Page 11
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tions, the metal content of acid-mine drainage at the
Holden site is relatively moderate in comparison to other
mine waters (Ficklin and others, 1992; Plumlee and others,
1993) and appears to be naturally mediated with little impact
on the local environment.
The Holden orebody is a relatively low-grade copperzinc-silver-gold volcanogenic massive sulfide deposit (VMS)
located within the crystalline core of the northern Cascade
Range, north-central Washington (see Fig. 1) (Nold, 1983;
Dragovich and Derkey, 1994). The mine, which began
production in 1938, ceased operations in 1957 because of high
production costs and a drop in the copper market. While
operating, over 212 million pounds of copper, 40 million
pounds of zinc, 2 million ounces of silver, and 600 thousand
ounces of gold were extracted from 10 million tons of ore
(McWilliams, 1958). At present, the mine site consists largely
of mill tailings, waste dumps, portals and shafts, dismantled
mill, and other abandoned surface structures.
The U.S. Geological Survey, in cooperation with the U.S.
Forest Service, is currently conducting geochemical studies at
the Holden mine as part of an integrated mineral-resource
and mineral-environmental assessment of Wenatchee
National Forest. The study at Holden was designed to
rapidly identify, at a relatively low cost, possible
contaminating effects of waters draining the sulfide-rich mill
tailings, underground workings, and unmined ore zones at
the deserted mine site. Sample media for this investigation
included water:, effluent-related secondary sulfate salts, ironoxide and hydrous metal oxide precipitates, and mill tailings.
A complete listing of the analytical results, sample locality
maps, and description of the analytical techniques are given
in Kilburn and others (1994).
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seeps issues immediately into Railroad Creek or accumulates
in numerous standing pools at the foot of the tailing
impoundment. The second source is acidic, metal-rich water
emerging from the mine portal. In addition to acid drainage,
a less conspicuous source of contamination shows up at the
base of the mill tailings in the form of various soluble
efflorescent salts derived from sulfide weathering and related
acid-generation.
Seep Water
A sample of active seep water collected at the base of the
mill tailings had a pH of 2.9, conductivity of 1250 fiS/cm,
and contained 690 mg/L SO 4 , as well as concentrations (in
/ig/L) of >6,000 Al, 6.8 Cd, 53 Cu, 50,000 Fe, 1,000 Mn, and
3,800 Zn. Quiescent or inactive seep water collected from a
standing pool also at the foot of the tailings had a pH of 2.8,
conductivity of 1110 juS/cm, and contained 456 mg/L SO4.
Dissolved metals included (in jig/L) 1,500 Al, 21 Cu, 23,000
Fe, 140 Mn, and 130 Zn (Kilburn and others, 1994). Applying
the pH-metal classification of Ficklin and others (1992),
whereby drainage water are classified according to pH and
the sum of base metals (Cu+Zn+Cd+Co+Ni-t-Pb) in solution,
the active seep discharge can be interpreted as a high acidhigh metal solution, whereas the dormant pool water can be
regarded as high acid-low metal. The concentrations of some
metals in the two samples are lower than anticipated,
considering the nature of the deposit and source of the
samples (base of the tailings). Of particular interest are the
comparatively low concentrations of Cu and Zn in solution.
The geologic, geochemical, and external controls for high
acid-extreme metal drainage discussed by Plumlee and others
(1992;1993) are clearly in place at the Holden deposit where
mining of massive sulfide ore has afforded oxygenated water
easy access to tremendous volumes of highly permeable,
fine-grained, sulfide-rich tailings. The geochemical metalpartitioning processes of sorption and mineral precipitation
do not appear to exert much of a diluting influence or
control with regard to the dissolved metal species (other than
Fe). The pH is far too low for significant sorption reactions to
take place (Smith and others, 1994), and chemical analysis of
highly oxidized precipitates associated with the actively
flowing seep water contained, not surprisingly, 32 percent Fe,
but only moderate concentrations of 160 ppm Cu and 130
ppm Zn (Kilburn and others, 1994).
Continued on Page 12
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Location of Holden mine.
Results and Discussion
Two major sources of contaminated water flowing
directly into nearby Railroad Creek were identified. The first
source consists of a series of highly acidic metal-rich seeps
located at the base of the mill tailings. Water from these
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The preponderance of Fe detected in the water and
oxidized precipitates is consistent with a pyrite-dominated
system, while the rather low Cu and Zn concentrations
suggest a lack of significant chalcopyrite and sphalerite in the
tailings, apparently an indication of efficient milling
procedures at the Holden mine. Analytical data for mill
tailings seem to corroborate this line of reasoning, showing 5
percent Fe, 0.6 ppm Au and only moderate amounts of Cu
(110 ppm) and Zn (190 ppm) (Kilburn and others, 1994). The
tailing sample, however, may not be representative because it
consisted of a single grab sample collected at the surface.
Moreover, surface tailings would be the first material to face
dissolution by oxidation and weathering processes, liberating
trace metals and concentrating the immobile Au.
Portal water
Effluent water emerging from the mine portal rapidly
flows downhill nearly a quarter mile before discharging
directly into Railroad Creek. A thick, milky-white, flocculent
material, later identified as amorphous Al and Fe hydroxides,
is suspended in the water or adhered to rocks and debris
along the length of the mine drainage. Water collected at the
mine portal had a pH of 5.2, conductivity of 760 fiS/cm, and
contained 410 mg/L SO^ in addition to concentrations (in
fj.g/1) of 1,000 Al, 21 Cd, 570 Cu, 580 Fe, 350 Mn, and 4,800
Zn. Chemistry of portal water remained remarkably uniform
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while flowing down the hillside prior to entering Railroad
Creek. A sample of the effluent discharge taken just above its
confluence with Railroad Creek had a pH of 5.0, conductivity
of 800/j.S/cm, and carried 406 mg/L SO,, as well as (in
/ig/L) 940 Al, 21 Cd, 580 Cu, 370 Fe, 350 Mn, and 4,9OO Zn
(Kilburn, and others, 1994). The drop in dissolved Fe is
attributed to the continued hydrolysis of Fe and precipitation
of Fe-hydroxides. According to the classification of Ficklin
and others (1992), the effluent water are considered an acidhigh metal solution; the high metal rating is based almost
entirely on the very high Zn content. This is not surprising
since Zn, which is the major base metal component in mine
drainage, is highly mobile and resists sorption reactions
within the pH range of the Holden portal water (Plumlee
and others, 1993; Smith and others, 1994).
The flocculated Al and Fe hydroxides, which are
amorphous and were identified by chemical evidence,
probably precipitated as a result of pH-dependent solubility
reactions (Smith and others, 1989). The development of the
metal hydroxides and corresponding acidic, metal-rich adit
water is attributed to many complex, and sometimes
indistinct geochemical and geologic mechanisms {Plumlee
and others, 1994). Although these interacting processes or
controls are unique to each deposit, certain general inferences
can be made regarding the evolution of the Holden adit
water.
Ground water flowing along faults, fractures, or other
permeable zones within the abandoned underground
workings reacts with, and readily oxidizes and dissolves
pyrite and other sulfides, liberating H+, Fe2*, SO/", trace
metals (such as Zn, Cu, Fb, and Mo) and high concentrations
of acid to the migrating water. The ensuing acidic water are
highly corrosive and aggressively attack not only sulfide
minerals but the enclosing wallrock as well, prompting the
acid dissolution of resistive minerals such as the
aluminosilicates (releasing major elements such as Al, Ca, K,
Na, and Mg) while consuming acid in the process. Influenced
by various buffering reactions such as the wallrock
interaction described above and/or dilution by divergent
ground and mine water, the pH of the solution rises causing
precipitation of Al and Fe hydroxides and sorption or
coprecipitation of the dissolved trace metals with these same
hydrous metal oxides (Smith and others, 1994). Chemical
analysis of the metal hydroxides confirms their affinity for
attracting and scavenging trace metals, in particular Ag (1.6
ppm), Cu (710 ppm), Mo (19 ppm), Pb (160 ppm), and to a
lesser extent Cd (0.63 ppm) and Zn (200 ppm) (Kilburn and
others, 1994). How long the sorbed metals remain immobile
within the solid phase is subject to the capacity of the
scavenging metal hydroxides to resist dissolution (Smith and
others, 1993).
Secondary sulfate salts
A less obvious source of contamination at the Holden site
is secondary sulfate salt encrustations. The soluble salts form
thin coatings on basal tailing material and other debris as
seepage at the base of the mill tailings evaporates during
intervals of dry weather. These encrustations store acid and
metals in soluble salts that quickly dissolve during contact
with rain or snow melt, releasing their toxic constituents to
the environment.
Continued on Page 13
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Samples of the sulfate-rich coatings were collected along
the periphery of the tailings pile near the base. Ensuing XRD
analysis of the salts revealed an extremely complex
mineralogy, accommodating numerous interrelated secondary
sulfates as well as minor amounts of relict primary minerals.
Magnesium and aluminum sulfates were the common constituents in all the samples, with crusts gathered along the
western fringe of the tailings pile exhibiting the most
complex sulfate suites, including Fe, Cu, and Zn phases.
Most of the salts contain relatively low to moderate metal
concentrations, with some notable enrichments in Cd (3 to
16 ppm), Cu (94 to 5,800 ppm), and Zn (320 to 15,000 ppm).
Especially high metal accumulations were detected in
coatings from the western lip of the tailings pile where metal
levels reached 13 ppm Ag, 370 ppm Cd, 43,000 ppm Cu, 280
ppm Mo, 120 ppm Pb, and 40,000 ppm Zn {Kilburn and
others, 1994). These extreme metal concentrations are
associated with the multiple or complex sulfate phases
previously alluded to and include: pickeringite
[MgAl3(SO4)4-22HaOI, halotrichite [AI2Fe(SO4)4-22H2O, kalinite
[KA1(SO4)2-11H2O1, alunogen [A12(SO,)3-17H2O, siderotil
[FeSO4-5H2O], antlerite [Cu3(SO4)(OH)4, gunningite
[ZnSO4H2O], chalcanthite [CuSO4-5H2O], and bonattite
[CuSO4-3H2Ol.
The underlying cause of the growth of efflorescent sulfate
minerals in company with exceptionally high metal
concentrations is obvious: local highly-acidic water
transporting high to extreme levels of Fe, Al, Cu, Zn, and
other metals. The details, however, remain problematic. A
plausible explanation comes from the sample locality itself,
positioned immediately below the dismantled mill and
related waste dumps — likely areas of sulfide weathering.
Acidic, metalliferous runoff from these sites, on their descent
to Railroad Creek , would inevitably advance directly over
the metal-rich salt flats, causing seasonal precipitation of
metal-rich sulfate salts.
Conclusions
From these reconnaissance data, it remains uncertain
whether the acidic, metalliferous seep and portal water pose
an environmental threat to Railroad Creek. Diverse sorption
and metal-partitioning reactions play a dominant role in
controlling and mediating the dissolved metal content of
portal water prior to entering Railroad Creek. Compositions
of water samples taken from Railroad Creek immediately
above and below the mill tailings showed very little variance
and compare favorably with background levels noted
elsewhere along Railroad Creek and its tributaries. Given the
relatively low discharge volumes from the seeps and portal
and the high flow in Railroad Creek, it appears that metal
concentrations and pH in the contaminated water are quickly
diluted to background levels or the metals are precipitated.
The impact of seasonal variation, however, was not
addressed and could be significant.
The extreme metal contents of secondary salts in the
Holden mine area could be sources of contamination and are
cause for some concern. The dissolution and aqueous
dispersion of these salts following storms could possibly lead
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to short-term spikes or increases in the acidity and dissolved
metal content of nearby Railroad Creek. If, and to what
extent, this represents an environmental hazard, or is in
anyway harmful to creek biota, however, is unknown at this
time.
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CALENDAR OF EVENTS
International, national and regional meetings of interest to
colleagues working in exploration and other areas of applied
geochemistry.
•Apr, 10-13, '95, Geology and Ore Deposits of the
American Cordillera, Geological Society of Nevada
Symposium III (Bob Hatch, Geological Society of Nevada,
P.O. Box 12021, Reno NV 89510; TEL: (702) 323-4569; FAX:
(702) 323-3599)
• Apr. 23-26, '95, Geology of Industrial Minerals, ann. rritg.,
El Paso, TX (Gretchen Hoffman, New Mexico Bureau of
Mines and Mineral Resources, Campus Station, Socorro, NM
87801, TEL: (505) 835-5640; FAX: (505) 835-6333; e-mail:
gretchen@gis.nmt.edu; pre-and post-meeting field trips)
•May 15-19, '95,17th International Geochemical
Exploration Symposium, Exploring the Tropics, Townsville,
Queensland, Australia (Russell Myers, 17IGES, National Key
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•May 24-26, '95, 5th V.M. Goldschmidt Conference,
University Park, PA, USA (Technical Program Chair, Mike
McKibben, TEL: (909) 787-3444; FAX: (909) 787-4324; E-mail:
McKibben@UCRACl.UCR.EDU )
•June 3-6, '95, International Field Conference on
Carbonate-hosted Lead Zinc Deposits, int'l mtg., SEG
Anniversary Field Conference (David Leach or Martin
Goldhaber, USGS, Branch of Geochemistry, MS 973, PO Box
25046, Federal Center, Denver, CO 80225, USA, FAX: (303)
236-3200; e-mail: dleach@helios.cr.usgs.gov)
•June 7-9, '95, African Mining '95, Windhoek, Namibia
(IMM, 44 Portland Place, London WIN 4BR, UK; TEL: (071)
580-3802; FAX: (071) 436-5388)
•June 12-14, '95, Second International Conference on Arsenic
Exposure and Health Effects, San Diego, CA (Dr. Willard R.
Chappell, Campus Box 136, University of Colorado at
Denver, Denver, CO 80217-3364; TEL: (303) 556-4520; FAX:
(303) 556-4292; e-mail: rwormington@castle.cudenver.edu)
• Aug. 2S-Sept. 2, '95 Tectonics and Metallogeny of
Early/Mid Precambrian Orogenic Belts, Montreal, Canada
(J.A. Percival, Geological Survey of Canada, 601 Booth St.,
Ottawa, Ontario K1A 0E8, Canada, TEL: (613) 995-4723; Fax:
(613) 995-9723; e-mail: jpercival@601.C.gsc.emr.ca)
•Sept. 4-8, '95, International Symposium on Environmental
Biogeochemistry, Rio de Janeiro, Brazil (Symposium
Secretariat, Prof. Luis Henrique Melges, FAX: 55-(0)21-2484870; E-mail: iseb@bruerj)
•Sept. 11-14, '95, Canadian Mineral Analysts 27th Annual
Conf., Kelowna, B.C. (Wes Johnson, Chemistry Dept,
Okanagan Univ. College, Kelowna, B.C V1V 1V7, Canada
(604-762-5445; FAX: 604-470-6005).
•Nov. 6-9, '95, Geological Society of America, Ann. Mtg.,
New Orleans, LA (Vanessa George, 3300 Penrose Place,
Boulder, CO 80301; TEL: (303) 447-2020; FAX: (303) 447-1133).
Please check this calendar before scheduling a meeting to
avoid overlap problems. Let this column know of your
events.
Fred Siegel
The George Washington University
Department of Geology
Washington, DC 20052
USA
TEL: (202) 994-6194
FAX: (202) 994-0450

BITNET: ndfrs@gwuvm.gwu.edu
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NEW MEMBERS
To All Voting Members:
Pursuant to Article Two of the Association's By-Law No.l,
names of the following candidates, who have been
recommended for membership by the Admissions
Committee, 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, Mail Stop 973, Box 25046,
Federal Center, Denver, Colorado 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 application to the Nepean office,
recommendation by the Admissions Committee, review by
the Council, and publication of applicant's names in the
newsletter remains unchanged.
FELLOW
Lombard, Paul A.
Geochemist/Geologis t

Nova Scotia Dept Natural Resources
Halifax, N.S., CANADA
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Cole, David M.
Sr, Explor Geol

Newmont
Manadao, INDONESIA
Coleman, Peter
Manager

Australian Lab Services
Alice Springs, NT, AUSTRALIA
Croft, Glynn
Manager
Australian Lab Services
Kalgoorlie, WA, AUSTRALIA
Donaghy, Peter
Manager

Australian Lab Services
Orange, NSW, AUSTRALIA
Farmer, Matthew
Sr. Geologist

Newmont Exploration
Carlin, NV, USA
Highsmith, Patrick
Project Geologist

BHP Minerals
Englewood, CO, USA
Continued on Page 16
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Abbot, Wayne

Society of Economic Geologists

Manager

Australian Lab Services
Garbutt, QLD, AUSTRALIA
Alexandrov, John
Manager

Australian Lab Services
Charters Towers, QLD, AUSTRALIA
Al-Saleh, Ahmed
Asst Prof Geology

King Saud University
Riyadh, SAUDI ARABIA
Andrews, David S.
Principal Geologist

RTZ Mining and Exploration
Antofogasta, CHILE

International conference
on the scientific and
economic aspects of
carbonate-hosted lead-zinc deposits

Technical Session
Workshops

>- Field Trips
*- Exhibits

For Information contact:

SEG Conference
U.S. Geological Survey
RO. Box 25046
MS 973, Federal Center
Denver, CO USA 80225-0046
fax (303) 236-3200

Aruscavage, Philip
Tech Advisor - Chemistry
USGS

SAUDI ARABIA

Sponsored by: Society of Economic Geologists, Society of Geology
Applied to Mineral Deposits, Association of Exploration Geochemisis,
and U.S. Geological Survey.
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Circosta, Genesio
Sr. Geologist

Placer Exploration
Ironbank, SA, AUSTRALIA
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Regal Riverfront Hotel
St. Louis, Missouri USA
June 3 to 6, 1995
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Johnson, Doug
Manager

Australian Lab Services
Malaga, WA, AUSTRALIA
Kelly, Allan J,
Geochemist
WMC
Belmont, WA, AUSTRALIA
Lungan, Adrian
Expl Manager, Indonesia

Placer Exploration
Jakarta, INDONESIA
Presley, John
Manager

Australian Lab Services
Cloncurry, QLD, AUSTRALIA
Rosenbauer, Prof.
Mineralogy-Petrology Institute
Gottingen, GERMANY
Schuh, Wolfram D.
Project Geologist

Freeport Indonesia
Tucson, AZ, USA

SHORT COURSES
Pacific Northwest Mining and Metals Conference
"Mining, Exploration and the Environment '95"
Bellevue, Washington, May 1-2, 1995
Diamond Exploration: "Physical and Chemical Evaluation of
Kimberlite Indicator Minerals" (Use of Heavy Mineral
Concentrates in Diamond Exploration). Course Leaders: Dr.
Tom McCandless and Dan Sculze.
2 days - cost US$300.00.
New Lithogeochemical Exploration Techniques: "Quantitative
Analysis of Hydrotherma] Alteration: Applications in Mineral
Exploration." Course Leader: Hans E. Madeisky.
1 day - cost US$200.00 per participant (includes manual and
diskette)
Alkalic Mineral Systems: Course Leader: Dr. Felix Mutschler
1 day - cost US$200.00.
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Spiller, Ray
Manager

Australian Lab Services
Eaglehawk, VIC, AUSTRALIA
Thomas, Andy
Manager

Australian Lab Services
Mt Isa, QLD, AUSTRALIA
STUDENTS
Braxton, David
University of Utah
Salt Lake City, UT, U.S.A.
Sakulbenjayotin, Somchai
King Mongkut Inst. Technology
Bangkok, THAILAND

RECENT PAPERS
This list comprises titles that have appeared in major
publications since the compilation in EXPLORE Number 86.
Journals routinely covered and abbreviations used are as
follows: Economic Geology (EG); Geochimica et
Cosmochimica Acta (GCA); the USGS Circular (USGS Cir);
and Open File Report (USGS OFR); Geological Survey of
Canada Papers (GSC Paper) and Open File Report (GSC
OFR); Bulletin of the Canadian Institute of Mining and
Metallurgy (CIM Bull); Transactions of Institute of Mining
and Metallurgy, Section B: Applied Earth Sciences (Trans.
IMM). Publications less frequently cited are identified in full.
Compiled by L. Graham Closs, Department of Geology and
Geological Engineering, Colorado School of Mines, Golden,
CO 80401-1887, Chairman AEG Bibliography Committee.
Please send new references to Dr. Closs, not to EXPLORE.
Albino, G.V., 1994. Geology and lithogeochemistry of the
Ren gold prospect, Elko County, Nevada - the role of
rock sampling in exploration for deep Carlin-type
deposits. J. Geochem. Explor. 51_(1): 37-58.
Anon., 1992. Regional Geochemistry of the Lake District and
Adjacent Areas. British Geol, Surv. 98 p.
Arai, S. and Yurimoto, H., 1994. Podiform chromitites of the
Tari-Misaka Ultramafic Complex, southwestern Japan, as
mantle-melt interaction products. EG 89(6): 1279-1288.

Bioremediation: Course details being determined. Course
Presenter: Jeff Campos of Envirotech.
1 day - cost US$200.00.

Banks, D., Reimann, C, Royset, O., Skarphagen, H. and
Saether, O.M., 1995. Natural concentrations of major and
trace elements in some Norwegian bedrock groundwaters.
Applied Geochem. 10(1): 1-16.

Introduction to Enzyme Leach Geochemistry.
Half Day - cost US$100.00.

Bellehumeur, C, Marcotte/ D. and Jebrak, M., 1994. Multielement relationships and spatial structures of regional
geochemical data for stream sediment, southwestern
Quebec, Canada. J. Geochem. Explor. 51(1): 11-35.

For further information or to receive conference announcements contact:
Pacific Northwest Mining and Metals Conference
c/o GeoCotistrux
6401 - 106th Ave. NE, Kirkland, WA 98033 USA
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Bowell, R.J. and Bruce, I., 1995. Geochemistry of iron ochres
and mine waters from Levant Mine, Cornwall. Applied
Geochem. 10(2): 237-250.
Bullis, H.R., Hureau, R.A. and Penner, B.D., 1994.
Distribution of gold and sulfides at Lupin, Northwest
Territories. EG 89(6): 1217-1227.
Castro, L.O., 1994. Genesis of Banded Iron-Formation. EG
89(6): 1384-1397.
Cheng, Q., Agterberg, F.P. and Ballantyne, S.B., 1994. The
separation of geochemical anomalies from background by
fractal methods. J. Geochem. Explor. 51{2): 109 130.
Cheng, Q., Hattori, K., Fan, J. and Wang, S., 1994.
Exploration history and geology of disseminated gold
deposit at Maoling in Proterozoic sedimentary rocks in
North China Platform. J. Geochem. Explor. 51/1): 93-108.
Church, S.E., Riehie, J.R. and Goldfarb, R.J., 1994.
Interpretation of exploration geochemical data for the
Mount Katmai Quadrangle and adjacent parts of the
Afognak and Naknek Quadrangles, Alaska. USGS Bull.
2020. 67 p.
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Guanghai, Liu, et al., 1994. The integrated geologicalgeophysical-geochemical prospecting model of the
Lianhuashan copper-silver deposit. Mineral Deposits
13(2): 170-178.
Gustavsson, N., Lampio, E., Nilsson, B., Norbled, G., Ros, F.
and Salrninen, R., 1994. Geochemical maps of Finland and
Sweden. J. Geochem. Explor. 51(2): 143-160.
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Isley, A.E., 199 . Hydrothermal plumes and the delivery of
iron to Banded Iron Formation. J. Geol. 103(2): 169-185.
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northeastern China. J. Geochem. Explor. 51(1): 79-91.
Kettles, I.M. and Shilts, W.W., 1994. Composition of Glacial
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Bull. 463. 58 p.

Cook, S.J. and Fletcher, W.R., 1994. Platinum distribution in
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161-191.

Kobayashi, T., Semba, T., Yamada, Y., Williams, S. and Kato,
Y., 1994. A case study of the application of a
microcomputer-based favorability evaluation system:
Uranium exploration in the Alligator River Uranium
Field, Northern Territory, Australia. Math. Geol. 26(8):
937-960.

Davidson, G.J. and Large, R.R., 1994. Gold metallogeny and
the copper-gold association of the Australian Proterozoic.
Min. Deposita 29(3): 208-223.

Komov, I.C., 1994. Geochemical element associations at gold
deposits. Geochem. Intern. 31.(11): 62-

Eden, P. and Bjorklund, A., 1994. Ultra-low density
sampling of overbank sediment in Fennoscandia. J.
Geochem. Explor. 51(3): 265-289.
Ferreira-Filho, C.F., Naldrett, A.J. and Asif, M., 1995.
Distribution of platinum-group elements in the
Niquelandia layered mafic-ultramafic intrusion, Brazil:
implications with respect to exploration. Can.
Mineralogist 33: 165-184.
Freedman, Y.E., Magaritz, M., Long, G.L. and Ronen, D.,
1994. Interaction of metals with mineral surfaces in a
natural groundwater environment. Chem. Geol. 116(1/2):
IllGray, J.E. and Coolbaugh, M.F., 1994. Geology and
geochemistry of Summitville, Colorado: An epithermal
acid sulfate deposit in a volcanic dome. EG 89(8): 19061923.
Gray, J.E., Coolbaugh, M.F., Plumlee, G.S. and Atkinson,
W.W., 1994. Environmental geology of the Summitville
mine, Colorado. EG 89(8): 2006-2014.

Kontis, E., Kelepertsis, A.E. and Skounakis, S., 1994.
Geochemistry and alteration facies associated with
epithermal precious metal mineralization in an active
geothermal system, Northern Lesbos, Greece. Min.
Deposita 29(5): 430-433.
Kotzer, T.G. and Kyser, T.K., 1995. Petrogenesis of the
Proterozoic Athabasca Basin, northern Saskatchewan,
Canada, and its relation to diagenesis, hydrothermal
uranium mineralization and paleohydrogeology. Chem.
Geol. 120(1/2): 45-89.
Lahermo, P., Mannio, J. and Tarvainen, T., 1995. The
hydrogeochemical comparison of streams and lakes in
Finland. Applied Geochem. 10(1): 45-64.
Lang, I.M., Zehner, R.E. and Hahn, G.A., 1994. Geology,
geochemistry, and ore deposits of the Oligocene Hog
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Large-scale alteration effects in the Rico paleothermal
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Hoffman, C.F., 1994. Microthermometry and geochemistry
of fluid inclusions from the Tennant Creek gold-copper
deposits: Implications for ore deposition and exploration.
Min. Deposita 29(3): 288-300.

Thorns, M.C., 1994. A freeze-sampling technique for the
collection of active stream sediments used in mineral
exploration and environmental studies. J. Geochem.
Explor. 51(2): 131-141.

Zimmerman, B.S. and Larson, P.B., 1994. Epithermal gold
mineralization in a fossil hot spring system, Red Butte,
Oregon. EG 89(8): 1983-2002.
ft*.

Vistelius, A.B., 1992. Principles of Mathematical Geology.
Kluwer Acad. Pub. 477 p.

Geochemical Analysis of
Groundwater Monitoring

Tree core showing annual rings

New and traditional geochemical methods are
increasinly applied to environmental problems
such as active and abandoned mine lands.
Summitville, CO, has been a testing ground of
many technologies which have been reported
in three recent publications:

Summitville mining Summitville mining

1) Environmental Considerations of Active and
Abandoned Mine Lands: US Geological
Survey Bulletin 2220, [numerous excellent color
photographs];

Metals in solution
in surface water

2) Proceedings: Summitville Forum '95:
Colorado Geological Survey Special Publication
38 [many geochemical, geophysical, and
geotechnical papers];
3) Economic Geology, v. 89, n. 8, 1994.

Metals in solution
in ground water
Monitoring grotindwater quality by geochemical analysis of single tree rings: new
micro-analyses by laser-ablation inductively coupled plasma mass spectrometry
show great promise, but preliminary results show that nature is more complex
than the concept shown here.
Carol Quesenberry, illustrator, in USGS Bulletin 2220.
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ASSOCIATION OF EXPLORATION GEOCHEMISTS
SPECIAL BOOKS OFFER 1994/1995
The following books published by ELSEVIER SCIENCE are available from the AEG on a post-paid basis.
Members are entitled to a reduction of the normal price.
Author/Title
Non-member
Member
Price US$
Price US$
Augustithis, S.S. Atlas of Metamorphic-Metasomatic Textures
and Processes
Bardossy, G. and Aleva G.J.J. Lateritic Bauxites
Buchanan, D.L. Platinum-Group Element Exploration

195.50
186.00

117.50
112.00

105.50

63.50

Tropical and Subtropical Terrains
Chapman, N.A. et al. The Pocos de Caldas Project: Natural Analogues

205.50

123.50

of Processes in a Radioactive Waste Repository
Das, H.A., Faanhof A. and van der Sloot, H.A. Radioanalysis

214.50

128.50

in Geochemistry
David, M. Handbook of Applied Advances Geostatistical

132,50

79.50

Ore Reserve Estimation
Didier, J. and Barbarin, B. Enclaves and Granite Petrology
Fletcher, W.K. Analytical Methods in Geochemical Prospecting

96.00
168.00
116.00
172.00
112.50

57.50
101.00
69.50
103.00
67.50

302.50

181.50

168.50

101.00

160.00

96.00

Butt, C.R.M. and Zeegers, H. Regolith Exploration Geochemistry in

Govett, G.J.S. Rock Geochemistry in Mineral Exploration
Gulson, B.L. Lead Isotopes in Mineral Exploration
Hedenquist, J.W., White, N.C. and G. Siddely Epithermal Gold
Mineralization of the Circum-Pacific; Geology, Geochemistry,
Origin and Exploration
Howarth, R.J. Statistics and Data Analysis in
Geochemical Prospecting
Kauranne, L.K., Salminen, R. and K. Eriksson Regolith
Exploration Geochemistry in Arctic and Temperate Terrains
Kwak, T.A.P. W-Sn Skarn Deposits and Related Metamorphic

Mysen, B.O. Structure and Properties of Silicate Melts

155.50
222.50
112.50 '

Naqvi, S.M. Precambrian Continental Crust and its
Economic Resources

151.50

Skarns and Granitoids
Laznicka P. Breccias and Coarse Fragmentites

93.50
133.50
67.50
91.00

Total Payment enclosed
To qualify for discount, all orders must be received by the AEG before June 1,1995. Orders must be accompanied by
payment. Orders will be shipped by surface mail.
Send orders to AEG, P.O. Box 26099, 72 Robertson Rd., Nepean, Ontario K2H 9RO, Canada. Fax orders (+1) 613 828 9288
Please note that cheques, International Money Orders,
UNESCO coupons, International Postal Orders, VISA and
MasterCards are acceptable. All payments are in US funds.

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$ 15.00 to be submitted to
reimburse the AEG for bank charges.

Charge:

I f MasterCard

OviSA

Credit Card Account number here:

Exoirv date:
Signature
Name
Address

,
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AEG PUBLICATIONS
The following special volumes are available from the A E G on a post-paid basis (surface mail) to all.
Both member and non-member prices are listed.
Member
Non-Member
Description
Price
Price

Sp. Vol.
No.
4

Application of Probability Plots In Mineral Exploration (A.J. Sinclair)

uss

8.00

USS

12.00

7

Geochemical Exploration 1977 Proceedings of the Denver Geochemical
Symposium (ed. J.R. Waterson and P.K. Theobald)

us$

20.00

USS

40.00

to

Gold-81, precious Metals In the Northern Cordillera
(ed. A A LBvirtson)

uss

7.50

USS

18.00

it

Exploration Geochemistry Bibliography to January 19S1
(complied by H.E. Hawkes)

uss

10.00

uss

20.00

11,1

Exploration Geochemistry Bibliography Supplement 1 to
October 1984 (complied by H.E. Hawkes)

uss

10.00

uss

17.00

11,2

Exploration Geochemistry Bibliography Supplement 2 to
October 1987 (compiled by H.E. Hawkes)

uss
us$

10.00

us$
us$

17.00

5.00

uss

30.00

uss

55.00

uss

35.00

USS

60.00

uss

25.00

uss

25.00

(to USA)

uss

20.00

uss

25.00

(Foreign)

uss

23.00

uss

28.00

1992 AEG Membership Listing and Directory erf Exploration
Geochemical and Environmental Services

uss

10.00

uss

20,00

Journal of Gaochemical Exploration In Subscription Years 1993 ana earlier
whole year or part

uss

50.00

ft
14

4+ 14

Writing Geochemical Reports (S.J. Hoffman)

i

PROBPLOT, An Interactive Computer Program to Fit Mixtures of Normal
(or Log Normal) Distributions with Maximum likelihood Optimization
Procedures (C.R. Stanley)
; e.g. CGA EGA, Hercules)
Graphic card type
B087 chtp (Y/N)
Plaasa nil In blank*.
Program dl»k cannot ba sent without this Information. •
Combination offer

•

PRICE REDUCED

GEOEXPO/86, Proceedings of an exploration symposium focussing on
Cordllleran environments held in Vancouver May 12-14. 1988
(ed. I.L Elliot and 8.W. Smee)
Reviews in Economic Geology Volume 3, Exploration
Geochemistry; Design and Interpretation of Soil Surveys
(ed. W.K. Fletcher).
This volume was co-sponsored by the SEQ,

NOTE:

7.00

N/A

Members may order back issues or volumes for thB usual membership fee. The member
may elect to receive ell Issues of that subscription year or juse the issue/volume
desired (the price la the same). The 1994 subscription year wilt oe "back Issued*
six months after completion (ca. Oct., 1995).

AEG T-Shirt Size; •

S•

M•

L • XLG

USS

10.00

us$

160.00

US $

12.00

uss

24G.25

Colour: • Royal blue - white print • Grey - Ice green print
• White - rich blue print
Epttharmal Gold Mineralization of the Circurn-Pacific; Geology,
Geochemistry, Origin and Exploration, Volumes 1 and a. Journal of
Gaochemical Exploration, Volumes 35 and 36: Hard-Covered Edition)
Blogeochemical Exploration - Simplified. Short Course Notes 200 pp
(C.E. Dunn, J.A. Erdman, G E M . Hall, and S.C. Smith)

uss

25.00

(Airmail Cost $10.00)
US $
40.00

25.00

(Airmail Cost S5.00)
US S
40.00

For both oftho above

uss
uss

Soils of the World. Colour wall chart. 95 cm x 135 cm in size.
Published by Elsevier.

uss

22.00

US$

2B.00

Beochomical Exploration 1980 - Hannover (ed. A.W. Rose and H. Gundiach)
Hard cover edition

uss

35.00

USS

50.00

Practical Problems in Exploration Geochemistry. 1987. (A.A. Levmson,
P M D Bradshaw and I. Thomson) 359 pp.

us s

35 00

US S

80 00

Do you need a receipt? Include self-addressed envelope and US $ 2.00,
otherwise your cancelled check or bank card statement is your receipt.

uss

2.00

US$

2.00

Is your check drawn on a bank outside U.S.A. or Canada?
If yes, add USS 15.00.

uss

15.00

uss

15.00

X

uss

10.00

TOTAL

uss

Applied Blogeochemical Prospecting In Forested Terrain
(C.E. Dunn, G.E.M. Hall, and Scaget)

•

Do you raqulra airmail? It yve, add US $10.00 par voluma.
(Specify numbar of volumma)

40.00

US $
60.00
(Airmail Cost $15.00)

Send Orders to: P.O. Box 26099, 72 Robertson Road, Nepean, Ontario, K2H 9R0, CANADA
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AEG APPLICATION FOR NON-VOTING MEMBERSHIP*
to the Association of Exploration Geochemists
Please complete the section relevant to the class of membership sought and supply your address on this form.
Mail the completed application, together with annual dues, to the address below.

MEMBER
I
I am presently employed by:

wish to apply for election as a Member of the Association of Exploration Geochemists.

(employer)

(employment litle)

I am actively engaged in scientific or technological work related to geochemical exploration and have been so for the past two years. I
have read the Code of Ethics of the Association and, in the event of being elected a Member, agree to honour and abide by them. Witness
my hand this
day of
19
. = _
(Signature of applicant)

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

Student status must be verified by a Professor of your institution or a Fellow of the Association of Exploration Geochemists- I certify that
the applicant is a full-time student at this institution.
(Printed Name and Title)

(Signature)

NAMF AMD ADDRFSS
(to be completed by all applicants)

Name:
Address:

Telephone:
bus:
fax:
home:
email:

Annual Dues
All applications must be accompanied by annual dues . Select one or two below:
1
2

1995 member dues '
1995 student member dues
If you require a receipt, include a self-addressed envelope and add
If your check is not drawn from a U.S.A. or Canadian bank, add

US$

70
40
2
15
TOTAL

All payments must be in US funds. Payment by check. International Money Order, UNESCO Coupons, International Postal Orders, VISA and Master
Card are acceptable. For users of VISA or Master Card, minor variations in your billing may reflect currency exchange rate fluctuations at time of bank
transaction.
If you pay by charge card, please provide the following information: type: Master Card
Credit card account number:
Name:

VISA
Expiration date:

Signature^

Please note: Your completed form should be mailed to the Business Office of the Association and will be acknowledged upon receipt. The Admissions
Committee reviews all applications and submits recommendations to Council, who will review these recommendations at the next Council Meeting or
by correspondence. If no objection is raised the names, addresses and positions of candidates will be listed in the next issue of the Association Newsletter.
If after a minimum of 60 days have elapsed following submission of candidate information to the membership no signed letters objecting to candidates
admission are received by the Secretary of the Association from any Member, the Candidate shall be deemed elected, subject to the receipt by the
Association of payment of required dues. Send completed application, together with annual dues to:
Association of Exploration Geochemists, P.O. Box 26099, 72 Robertson Road, Nepean, Ontario, CANADA K2H 9R0
TEL: (613) 828-0199, FAX: (613) 828-92S8, email: aeg@geology.isis.org
*Application for voting membership requires the sponsorship of three voting members. Request a voting member application from the Association office.
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THE ASSOCIATION OF EXPLORATION GEOCHEMISTS
P.O. Box 26099, 72 Robertson Road, Nepean, Ontario K2H 9R0 CANADA
Telephone (613) 828-0199

OFFICERS
January 1994 - December 1995
William B. Coker, First Vice President
Geological Survey of Canada
601 Booth Street
Ottawa, Ontario K1A 0E8
CANADA
TEL: (613) 992-2378
FAX: (613)996-3726
email: coker@gsc.emr.ca

Gwendy E.M. Hall, President
Geological Survey of Canada
Room 702, 601 Booth Street
Ottawa, Ontario K1A 0E8
CANADA
TEL: (613) 992-6425
FAX: (613) 996-3726
email: hall@9Sc.emr.ca

Sherman P. Marsh, Secretary
U.S. Geological Survey
MS 973, Denver Federal Center
Denver, Colorado 80225
USA
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Becquerel Laboratories Pty, Ltd.
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email: bq@atom.ansto.Qov.au

Elon M. Cameron, Treasurer
Geochemistry Subdivision
Geological Survey of Canada
601 Booth Street
Ottawa, ON KIA 0E8, Canada
TEL: (613)496-6420
FAX: (613)996-9990
email: cameron@gsc.emr.ca

COUNCILLORS
1993-1995
John Fortescue
Jeffrey A. Jaacks (ex-officio)
Owen P. Lavin
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Frederic R. Siegel
Erick F. Weiland

1995-1997
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John S. Cone
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Giintar Mathels
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Agnate Steenfelt
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Larry P. James
Southern Africa 1995-1997
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UK and Republic of Ireland 1994-96
Peter R. Simpson

COMMITTEES
Australian Geoscience Council
Representative
Russell D. Birrell
Canadian Geoscience Council
Representative
Colin E. Dunn
Awards and Medals Committee
Graham F. Taylor, Chair 1995-1996
John S. Cone
Robert G. Garrett
Gunter Matheis
Barry W. Smee
Bibliography Committee
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Gwendy E.M. Hall
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Gwendy E.M. Hall
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Publicity Committee
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Education Committee
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Laboratory Quality Services International
You'll be making big decisions... You need to know how much
confidence to place on the assay data your decisions are
based on. LQSi has a different kind of standards program
you can use for any project and any laboratory.

The LQSi Program
•/

Receive one standard sample per month.

•

Submit the standard to the lab with your
samples.

•

Report the data to LQSi.

v

Review LQSi's statistical summary report to
compare results with laboratories worldwide
on up to 26 elements.

•

Use the Parameter Report (shown below) to
check for bias, inconsistency and trends over
time.

LIST OF ADVERTISERS
Acme Analytical Laboratories, Ltd
Actlabs - Enzyme Leach
AEG Publications
Atoka Exploration
• • • ? ^ y • • • ->• • * •
Becquerel Laboratories, Inc
Bondar Clegg & Company, Ltd
Chemex Labs Ltd
>••-:•
Cone Geochemical, Inc
Elsivier
Laboratory Quality Services International (LQSi)
MEG Shea Clark Smith
,,.,,.
Pacific New Mining
PACRIM
SEG Meeting
UBC
XRAL - X-Ray Assay Labs
XRAL Heavy Liquids

. 5
.4
21
14
.6
.7
.9
11
20
24
13
15
.8
15
. 3
12
10

EXPLC

i i i Ii i Ii iI
A unique homogenenous standard sample is prepared and
distributed to participants each month. Laboratories have
no way of knowing what result to expect. LQSi provides
rapid and informative graphical reports, which allow you to
evaluate laboratory capabilities at a glance.
For a sample report and more information, contact Dick
Hogan at (708)331-3249 ext. 30 or fax at (708)331-3040.
LQSi: 16130 Van DrunenRd., South Holland, IL60473USA.
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