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PRESIDENT’S MESSAGE

Your Association, which was offi-
cially founded in 1970, is now
beginning its 19th year. We have
been, and continue to be, a growing
organization with a positive out-
look for the future of the minerals
industries and allied fields

and for the role of the geachernist
in today's society.

Most of our members who were
active during the early years of the '
Association in the Executive and Council, and on com-
mittees, have now passed their batons to younger
members, many of whom are not as familiar with the
early history, growing pains, and functioning of the Asso-
cliation, When we were smaller, our day-to-day operation
was refatively simple, as compared to today, and could
be handled by a relatively few people. As a result, most
of the basic guidelines for each position in the Associa-
tion have been passed on orally to the next office holder
and have never been written down.

We are now in the process of compiting information
for each office in the Association as well as historical in-
formation concerning all past office holders. This
information will be put into an Operating Handbook
that will contain guidelines for present and future offi-
cers and committee members. The historical data
concerning the Association will provide another way of
recognizing past officers, who gave so freely of their time
and talents to make the Association what it is today.

By now, [ hope that all of you have read the informa-
tion that accompanied the 1989 dues notice concerning
the delays in mailings of the Journal and the Newsletter.
The delays resulted largely fram an ongoing effort to in-
crease the benefits of your membership. We are trying
very hard to remedy the problem and hope to have the
Journal and Newsletter mailings back on track during
1989. Your patience, especially that of new members in
1988, is appreciated by all concerned.

if you have not yet sent in your dues payment, please
do so promptly. Follow-up reminders cost all of us time
and money. | think your Association has a (ot to offer you
for your cost of membership. If, for any reason, you have
decided not to renew your membership in 1989, 1 would
apprectate your personally letting me know why. Clearfy
the Association caninot please everyone of you all of the
time but we witl try to do our best with the resources
availfable. If there is @ major problem out there, [ want to
know about it—and NOW! Thank you.

Maurice A. Chaffee
U.S. Geological Survey
Denuver, Colorado

TECHNICAL NOTES

Overbank Sediment as a Sampling
Medium in Geochemical Mapping

Edltor's Note: The following contribution from Norway pre-
senis some very inferesting observations regarding the
applicability of stream sediment geochermisiry fo routine explo-
ration. It questions a basic premise, that active stream
sediment is representative of the drainage basin geochemistry.
Arr alternate sample medium is suggested for iis superior abili-
ty to represent drainage basin geochemistry.

Collection of active sediments from a streambed in contact
with stream waler is a widely used sampling mediumn in geo-
chemical mapping. However, during normai discharge
conditions of a river only one or al most a few sources of lim-
ited area may be exposed to erosion. The major parts of the
slream will approach an equilibrivm with its surroundings,
which means that erosion and deposition of most places are at
a minimum, Consequenlly claslic stream sediment may reflect
only very limiled parts of the drainage area.

It may even be thal collection of aclive stream sediments al
regular intervals along a drainage channel, a normal geochemi-
cal practice, actually provides no more than that which could
be obtained from a few samples. Overbank deposits (flocd
plain sediment) are an alternative drainage sample lype with a
great potential in geochemical mapping.

Overbank sediments are products of major floods, Walter dis-
charge greatly exceeds the volume which flows within the
ordinary river channel and material suspended in the water of a

continued on page 6
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try, we encourage malterial on multidisciplinary applications,
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ticular interest are extended abstracts on new concepts for
guides to ore, model improvements, exploration tools, uncon-
ventional case hislories, and descriptions of recently
discovered deposils.
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illustrations where possible. Meeting reports may have photo-
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which can go directly to typesetting. Please include the metric
system in technical material.

Length Extended abstracts may be up lo approximately
1000 words or two newsletter pages including figures
and tables,
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ing slyle and accuracy of statement by thorough peer review.
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NOTES FROM THE EDITOR

Journal of Geochemlical
Exploration Volume 30, Nu-
mber 3, and Volume 31,
Number 1, have been issued
since the last newsleiter. The
latier issue is the first one to
be received by 1988 mem-
bers. If you didn’t get it,
check that you paid your
dues for calendar year 1988
and write Tnes Filicetti at the
Rexdale address given on the
back cover of this issue.

Efon Cameron, Editor-in-
Chief of the Journal has an-
nounced the following
accelerated publications
scedule:

31:2 (Regular papers) Feb. 8
31:3 (Regular papers) Mar. 20
32:1-3 (12th IGES) Apr. 12
32:1-2 (Chinese issue) May 12
In addition to the two special
issues listed above, a large
volume on Epithermal Gold
Mineralization of the Circurn-
Pacific is due in 1989 (see
EXPLORE 64, p.27).

Those who were not mem-
bers in 1988 can still join and
receive Volumes 31, 32, and
33 of the Journal by flling
out the form on page 25 and
indicating $30.00 (US) is be-
ing added for a 1988
membership,

Special thanks are due 1o
Keryl Fleming of the Nev-
ada Bureau of Mines and
Geology for editing assis-
tance with this issue. She has
also accepted the demanding
position of General Secretary
for the 15th International
Geochemical Exploration
Symposium which will be
held in Reno, April 28
through May 1, 1991

The Third Notice of the
1989 dues may be found on
page 25. Please check the
mailing label on the back

cover Lo see that you have
“PAID 1989". Send dues and
write aboul discrepancies to
the Rexdale office.

For the same $42.50 es-
tablished early in the
Association's history, mem-
bers receive a substantial
discount at AEG meetings,
this publication, and the
Journal of Geochemical Ex-
ploration. The Journal
includes the proceedings of
the AEG meetings and costs
libraries $300 a year. Sep-
arately the proceedings
volumes, like the three spe-
cial issues mentioned above,
generally cost between $100
and $200 US each.

You may have noticed the
artwork on page 28 of the
last issue. We anticipate a re-
curring need to fill spaces of
varying sizes and invite con-
tributions on mining,
exploration, and analytical
themes with or without
explanations.

EXPLORE 64 was distrib-
uied 1o 4000 different
professionals in the explora-
tion industry. In addition to
the regular membership mail-
ing, it was disseminated by
several council members
from a number of booths and
tables at the Northwest Min-
ing Association annual
meeting and the well at-
tended soils course; by Stan
Hoffman at the B.C.-Yukon
Chamber of Mines meeting;
by Chet Nichols at the
McKelvey Forum in Reno;
and by Clark Smith at the
SME-SEG meeting in Las
Vegas. Marc Beaumier of
the Ministere de |'Energie et
des Resources arranged for
the issue to be dispersed to
exploration geologists

7~
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throughout Quebec where
half of Canada’s exploration
budgel is spent.

We still need volunteers
lo distribute issues al the
many local and national

meetings. [f you plan to at-
tend one in the next six
months, please contact us at
the Reno address given on
the back cover.

Chet Nichols

A NOTE FROM THE SECRETARY

It has come to that time: of
the year again when the As-
sociation needs to nominate
a slate of Councillors to
stand for election, replacing
our out-going Councillors
who have served their two-
year term. As you know, we
have 12 Councillors, six of
whorn are elected or re-elect-
ed each year.

| know that all of you are
up-to-date on the Constitu-
tion and By-laws concerning
the nomination of Coun-
cillors but, just in case there
are one or two out there who
have forgotten, here's how it
works. We get our nomina-
tions for Council from two
sources: (1) by a resolution
of the Council and (2) by
having 6 voting members
nominate a voting member
for Council. Traditionally the
past President, the President,
and the Secretary generate a
slate fromn qualified voting
members and present it to
Council for approval.

At least two more norni-
nees are needed than the
number of positions open.
This means that we need 8
nominations about this time
every year. In addition, Coun-
cil members who have
served a two-year term can, if

they choose, run for a sec-
ond two-year termn. Thus
someane can be a Councillor
for the Association for 4
years if elected 1o a second
termn.

As one of those respons-
ible for generating the slate of
nominees, | would like to en-
courage voting members to
consider running for Council.

Right now, our list of nomi-
nees comes from voting
members who are friends,
acquaintances, or otherwise
known to the President, past
President and Secretary. |
would like to see some nomi-
nees from oulside this rather
narrow group and therefore
strongly urge and request
those of you who have an in-
terest in the affairs of the
Association o send in your
NOMINATION FOR COUN-
CILLOR. We don't have all
that much time left because
we must send out the ballots
at least two months before
the next Annual General
Meeting, which will be in Rio
de faneiro, Brazil, Oclober
1989, 50 DO IT TODAY!!

Sherman P, Marsh
US. Geological Survey MS973
Denver, Colorado 80225

LETTERS

Membership List and Directory of
Geochemical Services

The 1988 Association of Ex-
ploration Geochemists
Membership Listing and Di-
rectory of Geochemical
Services was mailed in the
fall to the entire membership.
The volume has been well re-
ceived and | was especially
pleased to hear from one of
the advertisers in Brazil who
wrote ‘Geosol is very satis-
fied with, and certainly will
participate in the future is-
sues of the Directory’.
Almost a dozen responses

have been received from vari-
ous sources about omissions
from the premiere issue of
the Directory of Geochemical
Services. | would like to hear
from anyone else with sug-
gestions, comments, etc. in
order to improve the next is-
sue. The offer of Dr. Jose Luis
Fernandez-Turiel who wrote ‘|
wish 1o become involved as
local agent... to ensure that
all laboratories, computer
services companies, consul-
tants, etc. in Spain, are listed’

is exactly the type of offer | US for non-memibers.
would appreciate having

from more of the members
outside North America. My

aim is to produce a Directory

Yours truly,

Lynda Bloom
Analytical Solutions Lid.

with a much greater interna- 665 Roselawn Avenue
tional representation. Suite 214

Additional copies of the Di- Toronto, Ontario
rectory are available to Canada M5N IL]

members for §10 US, or $20
Come to the Rio Meeting!

The organizing committee for the 13th Intemational Geochemical
Exploration Symposium (IGES) has been steadily planning for the
next AEG meeting in Rio de Janeiro during October of this year.
Developments for the meeting are moving along well, and on be-
half of the organizing cormmittee, we would like 1o bring AEG
members and other recipients of the newsletier up to date.

The 13th IGES will be held as part of an overall event, includ-
ing the Brazilian National Geochemical Congress, to extend
over one week (Oct. 1to 6). The registration and reception are
set for Sunday, Oct. 1, with workshops on various geochemical
themes to be held the Monday and Tuesday of the symposium
week, coincident with the Brazilian National Geochemical Cen-
gress, Plans are irming up, and at present 8 workshops are
scheduled. Themes for these are listed below:

1) Analytical Techniques for the Determination of Gold and
PGE's; Selective Exiraction Techniques Used in Exploration
Geochemistry.

2) Geochemistry of Precious Metals in Laterite

3) Design and Interpretation of Geochemical Surveys / Micro-
compuler Applications in Geochemistry

4) Geochernical Exploration Techniques for Petroleum

5) Carbonatite Exploration

6) Ironstones and Gossans including [sotope Applications

7) Uranium Geochemistry and Exploration in Humnid Tropical
Terrains

8) Applied Rare Earth Element Geochemistry

The organizing committee is inviting coordinators for these
workshops from 6 different countries and the input into these
topics of new ideas from such diverse sources promises to be
worthwhile.

The Brazilian Geochemical Congress, also taking place on
the first two days of the symposium week, attracted over 400
participants from throughout Brazil and from a number of for-
eign countries when the first congress was held last year. With
this demonstrated interest in geochemistry, the event represents
an opportunity for all to learn about applications of our disci-
pline in the exciting exploration terrains of Brazil,

During the final three days of the symposium week, the 13th
IGES itself will be held, While there is a specific request for pa-
pers on the major themes described in the first circular, all
quality papers will be considered for presentation and / or pub-
lication., We request prospective authors to review the
geochemica! exploration work they have been involved with
and consider submitting a paper to make this symposium a
guality event. The call for papers is already announced, and we
would appreciate receiving manuscripts on 5.25-inch floppy dis-
kettes as well as the typed versions.

Apart from the paper presentations and workshops, eight ex-
cursions to a number of ore bodies and mineral districts — and
even to a petroleumn preduction platform — are being arranged.
In keeping with the wide range of interests of the delegates, a
variety of deposil types has been selected, and excursions will
be organized to diverse physiographic regions within Brazil.
The destinations of these excursions are as follows:

I) Carajas Mineral Belt, This area in the Amazon Rain Forest
represents one of the great mineral occcurrences anywhere in
the world. Iron ore reserves of over 18 billion tonnes (at over
60% Fe I} accompany deposits of manganese, bauxite, copper,
and gold.

Tel. (416) 7890148
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2) Iron Quadrangle. In the state of Minas Gerais {General
Mines), the iron quadrangle holds a number of Au deposits as-
sociated with iron formations including the Morro Valho
deposit, which has produced Au for over 150 years. Wits-type
Au in quartz pebble conglomerates and the iron formations
themselves supply addilional interest to this excursion in a very
scenic part of Brazil,

3) Carbonatites of Araxa and Tapira. Mineral depaosits of Nb,
Ti, phosphate, and rare earths will be visited and the geology
and geochemistry of the carbonatite deposits where these com-
modities occur will be reviewed.

4) Gold Mineralization in Bahia. The Fazenda Brasileiro de-
posit in the Weber greenstone belt and the Jacobina Wits-type
gold deposit are included.

5) Proterozoic Copper, Chromium, and Emerald Deposits of
Bahia. The Caraiba Copper deposit, the chromium at Campo
Formoso, and the emerald deposit at Carnaiba will be visited.

6) Potassium and Magnesium Salt Deposits in Sergipe. Salt
deposits of the Taquari-Vassouras evaporites in Sergipe on the
eastern coast of Brazil will be visited in this excursion.

7) Campos Basin Petroleurn Deposit. A visit to this petroleum
basin near Rio de Janeiro will include a helicopter flight to a
producing platform.

8) Gold and Emeralds of Goias. The large Crixas Gold deposit
and the Santa Teresinha Emerald deposit will be visited on this
excursion to central Brazil.

9) Gold, Lead, and Zinc deposits of Paracatu. The large Morro
do Ouro gold depasit together with carbonate-hosted lead zinc
ores of Morro Agudo are to be visited.

Further details regarding the excursions will be provided in
the second circular. The next [nternational Geochemnical Explo-
ration Symposium will be a quality event and we hope to see
you there.

The Organizing Committee
13th IGES
Rio de Janeiro, Brazil

Journal News

An unusually large number of special issues are expected to be
published in 1989, some delayed from 1988. The estimated page

Full service laboratory offering
sample preparation, fire assay and
geochemical analysls

840 Greq Street
Sparks, Nevada 89431
Phone {702} 359-6311

“20 Years Service To The Mining Industry™

size and publication date are subject to large variance. All pa-
pers for the 12th IGES and Chinese special issues are edited

and are in the hands of Elsevier.

JGE SPECIAL ISSUES
EST.
VOLUME EDITORS PAGES EST. PUB.
12th IGES various 350 March, 1989
Chinese Xie, Jenness 250  April, 1989
South Africa Coetzee, Begley 150 June, 1989
Platinum Dunn et al. 180 October, 1989
Gas Kesler 120 October, 1989
Geochemistry
Geochemical Darnley, Garrett 150 November, 1989
Mapping
Epithermal Gold  Hedenquist, 450 December, 1989
White,
Siddeley

Eion M. Cameron
Editor-in-Chief

Journal of Geochemical Exploration

Geological Survey of Canada
60/ Booth Street

Ottawa, Ontario KIA 0E8, Canada

PERSONAL

[nformation on Association
members is received from
around the world, To keep
others informed of iterns
such as moves and promo-
tions, send a notice, pre-
ferably with photo, to
EXPLORE.

Clifford R. Stanley re-
ceives a great deal of
correspondence concerning
Special Volume 14, and
would like to advise that his
new address is Department
of Geology and Geophysics,
University of Calgary, Calgary,
Alberta T2N IN4, Canada.

Stan Hoffman, past Presi-
dent of the AEG, wishes to
advise members that, as of

January 1, 1989, he will be of-
fering his expertise as a con-
sultant on behalf of Prime
Geochemical Methoda Ltd.
See the advertisemnent on
page !0 for address and tele-
phone number,

ANALYSIS FOR GOLD AND

ASSOCIATED ELEMENTS

Denver
(303) 424-7718
TLX (ITT) 498-0224

Reno
(702) 355-8826

Tucson
(602) 622-4836
TLX {ITT) 489-0880
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Expioration geologists
sick Bondar-Clegg
for irrefutable assays
and 1;gi?chemical analyses.

25 years.

BUNDAR-CLEGG

Bondar-Clegg, Inc. Bondar-Clegg & Company Ltd, Chimitec Ltée
Sparks, Nevada (702) 3599330 Ottawa, Ontario (613) 749-2220 Ste-Foy, Québec (418) 683-1777
Lakewood, Colorado (303) 9891404 N. Vancouver, B.C. (604) 585-0681
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TECHNICAL NOTES

continued from poge !

flooding river will be deposited on the river flood plain at an el-
evatign higher than the normal stream channel, New overbank

sediment will be deposited on top of older overbank sediment

during later floods. Depasits of more or less horizonlal strata,

varying from a [ew millimeters to several decimeters, character- -

ize the overbank deposits.

A vertical section through overbank sediment provides a sed-
imentation history. A composite sample af such a section will
give an integrated picture of the chemical and mineralogical
conditions in the whole drainage basin over a long time span,
and by one sample it is possible to geochemically characterize
the whole drainage basin.

Compare and contrast the representive nature of geochemi-
cal data obtained from active sediments versus overbank
sediment. In Norway, experience in the use of overbank sam-
pling has found that:
® Querbank sediment represents large drainage areas, and can,
therefore, be collected at widely separated sample sites. They
are more representative of drainage basin geochemistry than
aclive stream sediment.
® Overbank sediments are transported physically in water sus-
pension and little alfected by chemical processes compared to
stream sediment which occasionally has coatings of secondary
oxides. The interprelation of the dispersion pattemns of over-

and note some disadvantages.

Generation Earth gutgass-
ing continues today and a
greal variely of gases are ex-
pelled through volcanoes,
spreading cenlers, and deep-
seated fauils. However, the
gases that are most useful in
geochemical exploration re-
sull from interaction of ore

AEG ANNUAL GENERAL MEETING

and gangue minerals with the
hydrosphere, biosphere, and
atmosphere. Sulfur gases,
such as H,S, C5,, COS, and
50, are produced by reac-
tion of ore and gangue
minerals with groundwater,
Sulfuric acid is a commaon
product of sulfide oxidation,
and, when these waters react

14TH INTERNATIONAL
GEOCHEMICAL EXPLORATION SYMPOSIUM
5TH SYMPOSIUM ON
METHODS OF GEOCHEMICAL PROSPECTING
Prague, Czechoslovakia ® August 29-31, 1950

Sponsors:

Association of Exploration Geochemists

bank sediments may, therefore, be relatively simple.
e Overbank sediments are less influenced by pollution than lra-

ditional stream sediments.

® Since younger overbank sedimentls are depositd on top of
older averbank sediments, shallow sampling may provide evi-
dence of the effects of pollulion whereas by sampling at greater
depths natural dispersion patterns exisling before main ep-
oches of pollution will be gbtained.

® Sampling of overbank sediments can be performed at rela-

tively low cost per unit area,

® Qverbank sediments are well suited to be sample medium in

a geochemical atlas of the world.

RolF Tore Ottesen and Tore Volden

Geological Survey of Norway
PO.Box 3006 Lade

N-7002 Trondheim

Norway

Gases as Geochemical Indicators
of Concealed Mineral Deposits

Explorationists are coming to
the realization that the days
of easy prospecting are over.
We find more and more that
our search leads us to areas
covered by barren, exotic
overburden. If we are to fnd
new mineral deposits, we
have to develop new geo-
chemical techniques tg “see
through” this overburden.
One such technique is to
look for gaseoqus indicators
that are exhaled from blind
deposits. This idea is not
new. [n the classic volume on
mining, De Re Metallica
published in 1556, Georgius
Agricolla noted ...we search
for the peins by observing the

hoar frost, which whitens all
herbage excep! that growing
over the veins, because the
veins emit a warm and dry
exhalation which hinders the
freezing of the moisture....

We can only speculate on the
number of veins found by
prospectors who heeded this
ingenious observation, but
modern investigators are in-
deed finding gas anomalies
over buried deposits.

In this article I will discuss
briefly the generation and mi-
gration of gases, how they
are sampled and analyzed,
factors affecting gas anoma-
lies, present a case history of
their use in glaciated lerrain,

International Association of Geochemistry and Cosmochemistry
Prague Geological Survey and
other geological organizations of Czechoslovakia

Symposium Themes:
L. Geochemistry related to human activity
2. Geochemical mapping: regional, ecological, and ore districts
3. Mathematical processing of geochemical information
4. Geochemistry of ore systems (U, Au, Pt, W, 5n, Cu, Pb, Zn
and othérs): new approaches to solving prospecting and pre-
diction problems

Pre-symposium Workshops August 28:
1. Panning in geochemical prospecting and its integration with
other geachemical prospecting techniques
2. Biogeochemical research and prospecting
3. Geochemical modelling of ore districts
4. Teaching in geochemistry
5. Analytical techniques and reference samples
6. Geochemical data bases

Panel Discussions August 28-31:
Subjects to be announced.

Excursions:
Y August 25-27 Deposits of gold, scheelite, tin-tungsten, and
polymetallic ores in southern and western Bohemia.
J August 28 Geological and ore-deposit localities in the vicinity
of Prague.
% September 14 Polymetallic deposils in eastern Bohemia and
Moravia and deposits of gold and polymetallic ores in the neo-
volcanites of Slovakia.

Exhibitions:
@ Science publications and apparatus, computer technology
and programmes,
® Films and videos on geochemical prospecting and geochemi-
cal solution of ecologic problems,

Officlal Language; English with a possibility of translating
Russian contributions into English.

Abstract Deadline: June 30, 1989

All members of the AEG received the first circular directly
from Czechoslovakia. For more details contact: Dr. Frantisek
Mrna General Chairman, Geological Survey of Prague, 118 21
Praha [, Malostranske nam. 19, Czechoslovakia.




Searching for Gold?

> Chemex Labs plays a major role in the ongoing search for gold and other
precious metals by offering quality analyses at low prices coupled with high
volume capability and fast turnaround time.

Fire Assay

» This service is made possible through our extensive fire assay facilities —
some of the largest in North America. Fire assay remains the most widely used
method of analysis for gold, silver and platinum group metals. In addition to
classical gravimetric finish, you may choose — depending upon the detection
limit required — our inhouse neutron activation finish for a 1 ppb detection limit
or the standard atomic absorption finish for a 5 ppb detection limit.

© Chemex Labs ki

212 Brooksbank Avenue Westend Industrial Park 175 Induslriel, C.P. 284 450 Mathesaon Bivd. E. Unit 54
Morth Vancouver, B.C. Pasadena, Newfaundland Rouyn, Quebec Misslasauga, Ontarla
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Fax: (700) 6BE-2774 Fax: (819) 797-0106 Fax: (416) 880-3942
994 Glendale Ave., Unit 7 651 River Street 103 Norlh Parkmont 2723 South Cole Road
Sparks, Nevada Elko, Nevoda Industriat Park Bolse, ldaho B3709

89431 (702) 356-5395 89801 Butte, Montana 59701 (208) 362-3435
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with calcareous minerals,
CO, is produced. Heliurn and
radon produced by radioac-
tive decay have been used in
the search for deposits of
uranium and thorium. Hydro-
carbon gases (and helium)
have been useful guides in
exploration for oil and gas
fields.

gas analyzer (quadruple
mass spectrometer) and pro-
grarnmable calculator.

Migration. Gases naturally
migrate from regions of high
pressure to regions of low
pressure, i.e., from depth to-
ward the surface. The two
mechanisms of migration are
(1) diffusion and (2) mass
transport. Diffusion of gases,
particularly through dense
solids, is a very slow process
(miltimeters/year). Mass
transport, on the other hand,
can result in rapid movement
of gases, because they are
transported in a fluid (vapor
or liquid) through intercan-
necting open spaces. Gas
mavement through faulls and
fractures has been docu-
mented, and indeed con-
cealed faulis have been

mapped by measuring gases
emanating from them. Sim-
ilarly, gases readily move
through sail or other uncan-
solidated overburden. Mass
transpart is probably the
dominant mechanism that
brings gases ta the surface.
Affecting Parameters. Gas
exhalatiions have been found
to correlate with changes in
barometric pressure. Field
studies measuring radon and
mercury vapor show that
maximurn outgassing coin-
cides wilh maximumn rate of
fall of barometric pressure.
Increased gas exhalation has
also been found to correlate
positively with earth tides
and gases vent fromn faults
during earthquakes as a re-
sult of increased permeability
caused by tectonism.

Some gases are quite sol-
uble in water, for example H,S
and 80,, and may form solid
or non-volatile compounds
that preclude their escape to
the surface. Groundwater has
displaced helium anomalies
up to 2 km from their source
befare venting. Rain can
“seal-off" surface soil and in-
hibit or occlude the
exhalation of gas.

Sampling. Gases are sam-
pled by (1) extracting
interstitial soil air from shal-
low depth, (2} placing
collectors in the ground for
extended periods of time, or
(3) degassing soil or rock by
heating. Soil gases are com-
monly sarnpled at a depth of
172 to 1 meter by drilling a
hole with an auger or by driw
ing a hollow probe into the
ground. Either methad must

insure that atmospheric air is
excluded.

Collectors compaosed of
activated charcoal, zeolites,
metal, or plastic are buried in
the ground at shallow depth
and left for 1 to 3 weeks.
Gases are absorbed on these
materials and \aler desorbed
for analysis. Such collectors
have the advantage of averag-
ing short-lerm variations in
gas exhalation,

Soils are good natural gas
collectors because their or-
ganic and clay mineral
constituents readily absorb
gases. Rocks contain oc-
cluded or absorbed gases
that are released by heating
the pulverized rock for analy-
5is. Somme investigators
measure gases in fluid inclu-
sions; not only are these
measuremnents applicable to
geochemical exploration, but
they can constrain or charac-
terize ore-forming solutions.
Analysis. Early work on
gases was hampered by inad-
equate and time-consuming
analytical methods. Ad-
vances in analytical instru-
mentation, notably the gas
chromatograph (GC) and the
mass spectrometer (MS),
now permil rapid and reli-
able analysis of gases.

Using a GC, several gases
in a sample can be separated
and analyzed. Good sensi-
tivity is achieved by selecting
different colurnns, detectors
and operating conditions.

Mass spectrometers, espe-
cially the compact, quad-
ruple types, are increasingly
used for gas analysis. Many

Phone: 916/878-8596

Instant Locations in the Field

+60 FEET OR BETTER

» Full feature electronics Loran-C system...

» Rugged light weight fully field portable...
* Perfect system for Nevada work.
- Inexpensive — as little as $20 per day...

* Rent by day week month or rent to own...

* Free pick up and defivery Reno Sparks Elko...
« Limited supply — reserve now!

Horcat Tustraments

FAX: 916/878-8597

gases can be analyzed by
rapidly scanning a broad
range of masses (cornmonly
from mass 2 to mass 300).
The USGS uses the truck-
mounted MS, shown in Fig-
ure 1, to perform gas analysis
in the field. Small hand-held
instruments analyse for sin-
gle gases in the field, for
example for O,, CO,, Rn, and
helium. All instruments are
calibrated with standard ref-
erence gases.

Mass units from AMU 2 to
100 are scanned in about 45
seconds and analytical data
are recorded on rmagnetic
tape.

Case History. Soil gas
anomalies far CO, and O,
along a traverse aver a mas-
sive sulfide deposit in
Wisconsin are shown in Fig-
ure 2. Stratabound massive
sulfide ore occurs in meta-
sediments and metavolcanics
that are covered by up to 65
m of glacial overburden. Acid
ground waters, resulting from
dissolution of sulfide miner-
als, react with calcite to
produce the CO,. Oxygen is
consumed in this reaction
and negative O, anomalies
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coincide with the positive
CO, anomalies. Geochemists

20

Di RIU S8 i

Figure 2. Plots of CO, and
0, in soil gas along a tra-
verse over the Crandon
massive sulfide deposit, Wis-
consin, USA. Tick marks on
horizontal axis are sample
sites; sampling interval is 15
m except at the right where it
is 30 m. Total traverse length
is about 450 m. Hachured
block = stringer ore, dotted
block = massive ore, s =
isolated lenses of sulfides.
Solid and dashed lines repre-
sent sampling and analysis
on two different days.

in Great Britain and the USSR
have found similar antitheti-
cal O, and CO, anomalies.
Concentrations of metals in
surface soil samples did not
reflect the deposit.

Other Applications. At one
time oil and gas deposits
were discovered by finding
hydrocarbon megaseeps on
the surface. Oil and gas ex-
ploration today uses the
detection of microseeps of
hydrocarbon gases. These
seeps may have no obvious
surface expression but they
can be direct indicators of oil
or gas fields at depth. Gas
caps in some fields contain
several percent He, and soil
gas He anomalies have delin-
eated petroleum deposits.
Hydrocarbon gases have also
been found over base and
precious metal deposits.

Disadvantages. Gases are
more difficult to sample and
analyze than soil or rock.
Many natural phenomena
such as barometric pressure
and rainfall affect gas exhala-
tions. Gas anomalies can be
displaced by groundwater, or
along faults. Knowledge of
the geology, mineralogy, and
hydrology in the exploration
area helps to interpret gas
anomalies.

Gas measurements do of-
fer hope for prospecting in
areas covered by exotic over-
burden (alluvium filled
valleys, gravel covered pedi-
ments, glacial till, or barren
rock) where conventional

surface sampling may fail.
They are at least one more
tool in the prospector’s “bag
of tricks.”

The work of many people
is included in this note with-
out giving credit. [ would be
happy to send a list of refer-

ences to anyone interested.

Howard McCarthy

U.S. Geological Survey

¢/o Mackay School of Mines
U. of Nevada-Reno

Reno, NV 89557

(702) 784-1765
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GSI Has It!

GSI Brings A New Horizon To Soils...

15-ELEMENT RECONNAISSANCE PACKAGE FOR
SOILS AND STREAM SEDIMENTS (SRP)

A new high precision quantitative analytical paclage with complete statistical support,
contour mapping and interpretational support is now available from GSI. The package
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of soil and stream sediment surveys for bulk mineable gold deposits and other metal
deposits. It is designed specifically for use on soil and sediment samples that have been
properly dried and sieved to -80 mesh, No other geologic materials or sample
preparations will be analyzed using this package. Detection limits are reported at 2-sigma
and samples containing elemental concentrations greater than the published upper
limits of this package may be subject to significant analytical errors.

For data sets containing 500 or more samples, GSI will provide, at no additional charge,
statistical dara including contour plots of five elements or variables or any combination
of the two, along with interpretational support of the data set. One additional contour
plot will be run for each additional 100 samples in a given data set.

If you are not presently using GSI rmultielernent data for soil and sediment
reconnaissance programs, you should be. Experience the GSI difference. We're sure that
when you do, you will have a new high powered weapon in your exploration arsenal,
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Te: 0.05 1,500
Boge Mata(n
Cu 0.01 7,500 ..
Mo 0.02 1,500
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A Test in Pattern Recognition:

Defining Anomalous Patterns in Surficial
Samples which Exhibit Severe Nugget Effects - 11

In the technical note of the same title in EXPLORE (No. 63, July
1988, pp. 12-14), the groundtruth of a computer-simulated Au
geochemical anomaly (Figure 2a), and two realizations of that
groundtruth were presented.

These two realizations were collected with sample sizes such
that an an average of (.25 and | grain per sample (Figures 2b
and 2¢, respectively) were collected over the anomaly.

A third realization of an unknown groundtruth (with sample
sizes corresponding to 0.25 grains per sample) was presented
in Figure 2d.

As promised in the first technical note, the groundtruth for
the realization of Figure 2d is presented in Figure 3a and a simi-
lar realization from this groundtruth using a sample size
corresponding to, on average, 1 grain per sample is presented
in Figure 3b.

For both of the example groundtruths and their realizations
presented in these two articles, it appears possible to correctly
define the tocation of the anomaly with samples containing, on
average, | grain per sample (Figures 2c and 3b), but virtually
impossible to correctly define the location of the anomaly when
sample sizes producing, on average, (.25 giains per sample are
used (Figures 2b and 2d).

Clearly, larger sample sizes have improved our ability to rec-
ognize the anomaly because they have decreased the variance
produced by the nugget effect and created a more stable geo-
chemical response.

Sampling theory (Gy, 1982), grain size studies (Clifton et al.
1969) and Poisson statistics (Ingamells 1981, Figure 1) have
demonstrated that extremnely large sample sizes are generally re-
quired to obtain Au analyses with precisions of 50% or less,

Unfortunalely, the precision associated with the realizations
using sample sizes corresponding to, on average, 1 grain per
sample is 200%, calculated using the following formula:

p = 200
'ED

where p is the precision expressed in % {equal to twice the co-
efficient of variation - standard deviation divided by the mean)
and g is the average number of grains in the sample.

This is much higher than the 50% precision level, which
based on theoretical considerations, has been recommended
by several authors (e.g. Clifton et al. 1969); yet in the example
shown, the precision is low enough to allow us to define the
correct location of the simulated anomaly.

This apparent discrepancy is not a result of these specific
randomly sampled realizations of the groundtruths, but rather
can be shown to be caused by several other important factors.

First, the objective of the geochemical survey must be
considered.

One may wish only to locate an anomaly, or may wish to go
further by locating the anomaly and defining the sample site
containing its highest relative concentration.

Obviously, in the second case, a lower level of analytical pre-
cision ¢high level of sample reproducibility), and thus a larger
sample size, is required.

The second factor which must be considered is the number
of samples which were collected from anomalous sites.

Clearly, if the sample density of the survey is so low that only
one sample will likely be collected from anomalous material, a
very high level of sample reproducibility (low level of precision)
is required to ensure that the sample records an anomalous
concentration.

The chance of detecting the anomaly (¢) will be equal to the
chance of detecting a gold grain in the anomalous sample (d),
and thus is only a fuiction of sample size (at least for this
case).

However, if several samples will likely be collected from

anomalous material, either because of a larger sample density
or a larger anarnaly, the chance of detecting the anomaly in one
of these samples can be calculated by the following formula;

c=1—-(-dr

[ ]
GOLD ?
(nuggets)

Groundiruth for Au-bearing quarlz vein with easiward dispersion (size
of dots represenl relative concentrations). Groundtruth for figure 2d.

Fig 3b
e s How Horizon Soflwnze,

Sample realization of groundtruth (32) using {given a specific anoma-
lous concentration) an average of |.00 nugget per sample at the
anomalous sites.
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where n is the number of samples collected from anomalous
material.

The chance of anomaly detection is no longer solely a func-
tion of d, the chance of detecting at least one geld grain in an
anomalous sample; it is a function of both d and n.

Thus, if 5 samples were collected from anernalous material
and each of these samples had a 20% chance of containing a
gold grain (corresponding to an average of approximately 0.25
grains per sample), the chance of one of these 5 samples being
anomalous is 67%.

With 10 samples collected from anomalous material, the
probability of obtaining one anomalous sample becomes 83%.

Clearly there is safety in numbers.

The last factor considered here involves the criteria by which
we define a set of anomalous concentrations as an anomaly.

These will vary depending on the circumstance of the survey,
but for a single element which is subject o a nugget effect,
these criteria will largely be a function of the number and spa-
tial distribution of the anomalous samples (i.e. - the pattern the
anomalous samples make on the map).

The absolute magnitudes of the sample concentrations will
generally be less important due to the large variance imposed
by the nugget effect.

Thus, we may require that several nearly adjacent samples re-
cord anomalous concentrations before we confidently consider
the region they define to be an 'anomaly’.

The chance of obtaining anomalous concentrations in m of
the n samples collected from anomalous sites can be calcu-
lated by the following lormula:

c=1~(1 —dmh
where:
— (N
h=(n)

Thus, il we require that 2 of 5 samples collected [rom anoma-
lous material record anomalous concentrations before we have
encugh confidence to say we have correctly located the anoma-
ly, the chance of anomaly detection becomes 34%. If 3 of the 5
anomalous sites must record anomalous concentrations, the
probability of detection drops to 8%. Raising the requirements
for anomaly detection reduces the probability of detection.

Therefore, the probability of anomaly detection is dependent
on a variety of factors.

Those factors considered here include the size of the sample,
and thus the chance of collecting a gold grain from an anoma-
lous site, the number of anomalous sites, and the number of
samples which must be anomalous before the ‘anomaly’ can be
located with confidence,

It is important for geochemists 1o consider al| of these factors
in light of their survey objectives in order to define the sample
size required to produce a survey which has only a small
chance of not detecting an anomaly when it is present,

In this way, exploration expenses can be directly related to
the probability of anomaly detection, and geochemical surveys
can be designed and implemented in the most cost efficient
manner.

HECDORE P. PASTER, PH.D.
Cansuiling Pelrographes

11325 Exet Cirrmsres Doww
Esgewond, Colorato S5
Day or Mght: (350} IT1-507%

This brief example forms part of a larger project investigating
the relationships between sampling theory, sample size, sample
density, pattern recognition, cost effectiveness and practicality
(logistical feasibility) in geochernical exploration surveys.

Clifford R. Stanley
Dept. of Geology and Geophysics
University of Calgary

and
CyberQuest Exploration Systems
Vancouver, B.C. V6C 1/8

Barry W. Smee
Abermin Corporation
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Terrain Analysis in
Exploration Geochemistry

An examination of the characteristics of the surficial geologic
landscape is an essential step in any land-use planning pro-
cess. Terrain geologists commonly assess properties of the
landscape which may have an environmental or engineering ef-
fect on a resource use or development (i.e, aggregate and
mineral extraction, forestry operations, pipeline and hydro-
electric development, settlement location facilities, etc.).
Mapping of terrain and scil landscapes also has great potential
for use in geochemical exploration programs, such as to deter-
mine depth of overburden, direction of glacial ransport, and
deglaciation patterns.

Most of the Canadian Cordillera has been subjected to multi-
ple glaciations in the Pleistocene, and glacial deposits have
been subsequently reworked in the Holocene. Terrain analysis
(surficial geclogical mapping) provides information about the
physical characleristics of the surficial geologic landscape.
Among important parameters affecting lateral and vertical geo-
chemical dispersion which can be evaluated are:

= genesis and composition of surficial deposits

- direction of glacial transport and source of transported

debris

= glacial stratigraphy, thickness of surficial deposits, and

depth to bedrock

+ landform-geologic boundary relationships

« slope gradient, aspect, and position

= s0il type, texture, and composition

- site drainage, seepage, and groundwater flow patterns

Exploration decisions based on results of incorrectly de-
signed or interpreted soil surveys can prove costly. Highly
variable sample composition, genesis, depth of deposit, land-
scape position and drainage regime can introduce excessive
noise into a data set. Discussion of many of the effects various
site and physical properties have on geochemical dispersion
patterns is presented in an SEG-AEG publication by Fletcher et
al. (1986), Exploration Geochemistry: Design and Interpreta-
tiont of Soil Surveys. Important soil descriptive parameters are:
site {opography, site drainage, groundwater movement, over-
burden transport and origin, sample texture, scil type and soil
horizon, and depth to bedrock.

The Terrain Classification Systern (Ryder and Howes, 1984),
provides a slandardized systern for classifying surficial geologic
materials and their dominant physical characteristics. Aerial



EXPLORE NUMBER G5

PAGE 16

Figure 1.

photographs are used to map the distribution of different terrain
types of large, often inaccessible areas in a cost-effective man-
ner. By combining stereoscopic analysis of aerial pholos with
ground truth followup, a terrain scientist is able to reliably map
and describe the distribution of discrete lerrain units using gen-
esis, texture, drainage, landform expression, slope and
geomorphic process (e.g., mass wasting). Terrain maps are
commonly displayed on a photo mosaic (Figure 1), topographic
(Figure 2), or orthophoto base. The landscape represented
within the dashed square of Figure 2 is displayed by the 3-di-
mensional sketch of Figure 3.

Unfortunately, terrain maps are rarely prepared prior to de-
signing and/or interpreting soil surveys. Why unfortunately? A
preliminary photo interpretation of the surficial geology could
significantly enhance the effectiveness of a sampling program,
thereby reducing costs. For example, appreciating the direction
of ice movemnent, location of deep overburden, genesis of soil
parent material, location of wetlands, and recognition of areas
of thin overburden cover can fundamentally affect where a sur-
vey is conducted, whal sample density is selected, and how the
data are interpreted. The subsequent geochemical interpreta-
tion might benefit frorn orientation and/or followup of the
surficial landscape by field terrain mapping to augment or re-
fine the photo interpretation.

As an example, consider the broad, northern valley of Figure
1 underlain by sedimentary rocks. Tributary valley glaciers co-
alesced in the main valley and then flowed in a northwesterly
direction. Rock outcrops, shallow colluvium (talus), and thin
glacial till occur on the steeper, mid to upper slopes (Rs/Cy,
Rhs/Mbv/Cbv, Ca, Rs/Cbv). Geochemical anomalies in these ar-
eas would be generated by active downslope mechanical and
hydromorphic dispersion and would normally lie close o their
source (25-300 m). Anomalies in shallow-till on some midstope
areas (Mbv/Rh/Ov) reflect a close-to-bedrock source although
mechanical transport is mainly subparallel to the valley ice
movement. Hydromorphic anomalies could be located by sam-
pling seepage zones, streams, or shallow organics (Ov).

The lower slopes are mantled by thicker till (probably 1 to 3m
average depth) with scattered organic deposits occupying wet
depressions (Mbh/Obv). Geochemical anomalies in well-
drained tills display a theoretical characteristic shape compris-

Figure 3.

ing a sharp up-ice cul off with concenlrations declining and the
ancmaly broadening in a down-ice direction. Secondary hydro-
morphic anomalies are likely to form in the organic wetlands.
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[n the valley bottom secondary dispersion is important and
sampling bogs (Ob, Obv) and stream sediments (FAL) is likely
to Jocate hydromorphic anomalies. Thick Lill and hummocks
and ridges of stratified drift (Mb/FGr, FGrt/abv, FGr/Mb) probably
prevent the easy recognition of the bedrock sources of mechan-
ically derived anomalies without trenching or deep overburden
sampling.

Mineral exploration in glaciated areas is often made difficuit
by the presence of overburden. However, a terrain scientist
working with a geochemist should, in most cases, be able to
determine how the glacial sediments can be used to indicate
rather than obscure bedrock sources of mineralization. A cor-
rectly designed and interpreted geochemical survey,
incorporating fundamental terrain analysis, can result in signif-
cant time and cost savings to an exploration program. In fact,
the cost involved in carrying oul terrain mapping is very small
in comparison to the money which can be wasted on poarly de-
signed programs and incorrectly interpreted results.

The Pearl Harbor File has been discussing the interpreta-
tion of soil survey data from a VMS property in Newfoundland.
In this issue the column illustrates how geochemical interpreta-
tion can benefit from a terrain analysis.

Denny E. Maynard,

Westland Resource Group
13-251 West 14th Street

North Vancouver, B.C. VIM P4
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| PEARL HARBOR FILE

Volcanic Massive Sulphide in
Newfoundland — Conclusion

Part | and Part 2 of the VMS case history reported in Issues 62
and 63 indicated that strikingly different soil survey results
could describe the same area, a factor attributed to sampling.
The second set of data is probably maore reliable, a judgement
based on a more homogeneous data set and less erratics in the
distribution of elements such as Fe and Mn. We found that it
was a mistake to believe the first set of data without confirming
the occurrence of anomalous conditions. Money would have
been wasted, probably nothing of importance discovered, and
control of the land relinquished. Is this an odd example, or
could it be the norm? How many readers of this column have
tested Lhe quality of their data before proceeding to the next
stage of exploration? | would appreciate hearing your experi-
ence on this matter.

This property continues to be under active exploration and a
VMS praspect has yet to be discavered. [n order to provide
some suggestions on what should be done next, 1 asked Mr.
Denny Maynard, a terrain geologist who has written a separate
column in this issue, to examine the surficial deposits of the
property through an air photo interpretation. This exploration
procedure sees anly rare application, but in view of its low cost
and excellent potential to save needless expenditures through a
focussing of effort, it would be my recommended [otlowup
aproach.

The interpretation provided by Maynard is summarized on
Figure 6 and has been augmented by discussions with the au-
thor and reference to published regional Qualernary reports
and maps. We should always be careful of the tendancy of spe-
cialists to interpret property data independently of each other,
without reference to other workers on the same ground, to the
detriment of their own recommendations.

The sampled landscape is rather featureless, covered by gla-
cial till of variable thickness. Bedrock-controlled sidges,

mantled by thin till (probably ranging from 0.5 - 3 m depths)
occur in the west of Figure 6. Erosional slopes and incised
streamn channels in the northeast also have bedrock close to
surface. Subdued gentle slapes underlain by Lill up to 15 metres
thick drain to the north and east. Wetlands, occupied by thin or-
ganic deposits, occur in linear depressions within the ridged
terrain and in larger depressions on the subdued ground.
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Figure 6.

Very few archive soil anomalies of any element are associ-
ated with the shallow to-bedrock ridged terrain (other than in
seepage depressions) in the west. This implies a bedrock
source of significant concentrations of base metals is unlikely
in this area. By contrast, multielement soil anomalies in the
east coincide with areas having less than 3 m of drift. Areas of
thicker {ill are not associated with many anomalous signals.
Clearly, data from the laiter areas should be considered sep-
arately from data from the thin drift environments.

Quaternary maps and the local terrain suggest the last ice-
flow direction was southwesterly. Earlier glaciations probably
followed a more extensive southward flow. Bedrock sources are
thus predicted to lie {0 the north and/or northeast. Tills repre-
senting both flow directions accur in the area of thicker
overburden. Geochemical signatures from bedrock immediately
underlying anarmnalous soil sites are unlikely to be translated to
the surface soil through 8 to [0 metres of low perrmeability till
withoul lateral displacement. Possible presence of an early till
deposited by southward flowing ice would complicate inter-
pretation by providing a second source in addition to a source
northeast of an anomalous area where the bedrock is near the
surface.

Wet Drilling?
Wet Samples?

'LEGEND has new cloth and finon (olefin) sample bags

ideal for wet samples, Low prices. High quali%'. Large

stock. Many sizes. Example: 10" x 17" cloth bag for

$27.14 per hundred. 10" x 17" Flnon Bag with ta

for $26.14 per hundred (prices are for 1600 bag lots).
Fire assaying & Geochemical analysis

LEGEND Metallurgical Laboratory, Inc.
125 Manuiiel Street
Reno, Nevada 89502
phone (762)786-3003 fax {702)786-3613
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A program of trenching, pitting or deep overburden sampling
would determine the three dimensional characleristics of sur-
face soil anomalies and check for chemical and physical
differences in underlying till. Till fabric studies reconstructing
vertical variation in ice directions would assist in predicling
probable location of bedrock sources of metal responsible for
the surface soil anomalies. Predicted source area locations
could then be compaied to positions of known conducters ta
establish drill targets.

Staniey J. Hoffman

Prime Geochemical Methods
2834 W 24th Avenue

Vanicouver, B.C. V6L IR4 Canada

ANALYSTS’ COUCH

Bias in Analyses for Gold

A significant trend in the values obtained for Au in rocks by var-
jous methods has been reported previously (Hall and Bonham-
Carter, 1988). It was found that the mean value by direct neutron
activation analysis (INAA) was greater than the mean by fire
assay-based methods (FA) which, in turn, was greater than the
mean value by methods incorporating wet chemical digestion
(e.g., agua regia, AR). This pattern was also evident in a round-
robin analysis carried out to characterize three soil reference
samples for Au in which 15 comrnercial laborataries and the
GSC participated. The results for these and two parphyry cop-
per drill-core samples are illustrated in Fig. 1.
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r_] Fire Assay =
§ ﬂ MNAA 5 178
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Figure 1. Cu-B cuw-C

Mean Au values for replicate analyses of five reference
samples by three distinct methods

The data fall clearly into three groups of analytical methods
classified according to sample decomposition pracedure, re-
gardless of the final measurement technique employed (Table
1). For the three soils, the average value for Au obtained by wet
chemical methods is 58-70% of that by direct INAA, while the
corresponding figure for the two drill-cores is 69%. Methods
based upon fire assay (e.g., FA/AAS, FA/AICP-ES) yield, on aver-
age, 81-86% of the mean value obtained by INAA for the soils;
the corresponding figure for the drill-cores is somewhat lower,
at 74%.

These differences are significant as the precision associated
with each mean is good. For example, analysis of soil A in trip-
licale by three INAA laboratories yielded a relative standard
deviation of 10%. The low results for these and 31 rock samples
by AR/GFAAS were investigated further at the GSC. Recoveries
of Au spikes added to the sample during digestion confirmed
that there was no evidence for loss of Au by adsorption of the
undissolved sample, reduction to metallic Au or vaporization, .

The residues remaining after aqua regia digestion were fil-
tered off and analyzed by INAA, Significant amounls of Au were
found in the residues, sometimes even exceeding the amount

TABLE 1. Classification of rmethods

WET NEUTRON
CHEMICAL FIREASSAY | ACTIVATION
Decomposition | Aquaregia or |Pb fire assay None
HBr - Bry Separation via
Separation by |cupellation
extraction into |into Ag bead
MIBK
Analysis Flame AAS Flame AAS INAA directly
GFAAS GFAAS
ICP = ES DCP - ES
INAA {Ag bead)
ICP - MS

AAS  Atomic absorption spectrometry DCP  Direct current plasma
GF  Graphite furnace ES Emission spectrometry
ICP  [nductively coupled plasma M5 Mass spectrometry

leached. This is illustrated graphically in Fig. 2. The best-fit line
obtained by platting Au by AR/GFAAS vs Au by INAA has a
slope of only 0.55. However, when the Au remaining in the resi-
due is added to that leached by agua regia and this value is
then plotted against Au by INAA, a slope of 0.95 is obtained
which Is not significantly different from 1.00. Hence, indications
are that the INAA value is accurate and that aqua regia is inef-
fective in solubilizing all the Au.

Madifications o the aqua regia procedure, such as prior
evaporation with HF or HCI, did not improve results. Typically,
the weight of the residue remaining after HF-aqua regia decom-
paosition on a i0-g sample would be about 8 g (i.e., itis nota
“total" attack). The distribution of Au in these soil samples was
particularly homogeneous, A decrease in the sample weight
from 10 g to 1 g while maintaining the volume of aqua regia at
25-30 ml did increase the extraction efficiency dramatically (Ta-
ble 2). Addition of HF further improved extraction to the paint
that results are virtually identical to those by INAA, Reduction of
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Figure 2 Au by INAA

Gold by agua regia/AAS (= Au in residue)
versus gold by INAA
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sample size from 10 g to | g to ensure complele recovery of Ay
is NOT being advocated in view of the well-known nugget effect!

It is thought that the low extraction efficiency by agqua regia
{also shown by HBr-Br,) is due to a lack of intimate, prolonged
contact between the 10-g sample and the acid mixture. Occasio-
nal manual stirring is carried out during the evaporation with
agua regia but constant agitation is more desirable. Magnetic
stirring is not easily adapted to large-scale production and
tends to promote only localized mixing. Hot-plates equipped
with shaking tables are no longer manufactured for safety rea-
sons. Heating by microwave irradiation, with its different
mechanism of energy transfer, may solve this problem and is
now under investigation at the G5C.

The slightly low results for the soils by fire assay-based meth-
ods compared to INAA were within the limits set by the
associated standard deviations. This is not the case for the por-
phyry copper drill-cores (low by 26%). However, the presence
of nigh concentrations of Cu is known to be detrimental in ob-
taining a clean separation of Au (and PGEs) into the Pb button
in Pb fire assay. Modification to the procedure (e.g., leaching
with HCI) may not have been adequate in rernoving Cu prior to
fusion. Some loss of Au lo the slag and during cupellation, de-
pending upon sample matrix, is not unexpected {(Diamantatos,
1984, 1987).

It is extrernely difficull to assess the accuracy of any analyti-
cal method for Au in the absence of certified standard reference
materials (SRMs) al these lower levels (10-300 ppb).

A joint program between the G5C and CANMET is now at the
stage of preparing six rock samples for certification in Au and
the PGEs. Initial distribution for the purpose of certification will
take place in 1989. In the meantirme, it would be informative if
the [NAA laboratories would provide us with replicate data on
the SRMs routinely analyzed and used in their calibration pro-

GOLD & PRECIOUS METAL
EXPLORATION

Acme Analytical’s 1988 Special Offer

Geochemical Gold & 30 element ICP Analysis
$10.75/sample

Detection: Au 1 ppb.

Geochem Ay, Pt, Pd, Rh + 30 element ICP Analysis
$16.25/sample

Minimum 20 samples per batch or $5.00 surcharge.
Rocks, add $3.00; Soils, add $.85 for preparation

Prices in Canadisn dollars

Acme Anslytical Laboratories Lid.
852 E. Hastings St.,

Vancouver, B.C. V6A 1R6

(604) 253-3158

FAX 604-253-1716

cedures. While the literature provides us with studies on Au in
geological materials using wet chemical and fire assay meth-
ods, there is an obvious absence of practical papers on Au by
INAA, except for those employing radiochernical separations.

The significance of the bias described here is (a) that results
for Au by wet chemical methods may be lower than INAA by as
much as 50% in some cases and (b) that caution should be
used in interpreting data obtained by more than one method.
This low bias for Au by wet chemical methods is variable and
dependent upon the sample matrix, For example, it has been
found to be almost insignificant (10%) in some ore-grade rnate-
rials. Although good precision is vital in analysis for gold, Ut is
most important to the exploration induslry that this problem of
accuracy be resolved.

TARLE 1. Ellecu of modificalions to Ukt squa redla {aR) leach

Valwdi In ppb, biodtets indicate aumbes of analytes

AMALYSIE §Y GFAAS 1HAA
1
SAMPLE o ample 1-g Lample No
AR InCl + AR KF + AR AR HF + AR
SollA 380 32 EXE] B! GEE] 66 £ 7
{1 {2} {2} {1) (1) {3}
Toil B B8 £ 15 211 BEd WAL 125 £ 16 146 £ 16
n {2) 1) (3 (3} {9}
3ol C 324 Wzs AL 4 3sta | 8227 552 10
{3) {2 {2) {1 3] {5}

GFaas: Guaghite fursace alomlc abiorpnion 1pocromelny
HAA, Iniumenisl neulron scivation snslyti

NB: This study is described in more detail in a paper to be sub-

mitted to the Journal of Geochemnical Exploration.

Gwendy E.M. Hall

Head, Analytical Methods Development

Geological Survey of Canada

601 Booth Street, Ottawa KI1A 0E8
J. Alan Coope and Erick E Weiland

Newmont Exploration Ltd.
200 West Desert Sky Road
Tucson, Arizona 85737
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MEETING REPORTS

Prospecting in Arid Terrain

The Second International
Conference on Prospecting
in Arid Terrain, jointly spon-
sored by the Australian
Institute on Mining and Mel-
allurgy, the [nstitution of
Mining and Metallurgy, Lon-
don, and the Association of
Exploration Geochemists,
was held at the University of
Western Australia on 26-30
April, 1988. There were 255
registrants including 30 from
overseas representing 16
countries,

After opening speeches,
Jim Ross (Western Austra-

lia) presented the keynote
address Prospecting in arid
terrains - geological prob-
lems and opportunities,
which focused on the deeply
weathered lateritized environ-
ments typical of the Yilgarn
Block of Western Australia.
Many of the papers which fol-
lowed, including several on
Wesl Africa, addressed the
nature of lateritic terrains in
now-arid environments, and
exploration for gold. There is
no doubt that such terrains
are the source of much low
cost gold in Australia and
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other countries. However the
number of operating mines
casls doubt on problems as-
socialed with finding them.

It was not until the last day
that the emphasis shifted to
prospecting in the rnany oth-
er arid environments, with
Paul Theobald (USA) giving
examples of exploration tech-
nigues in loess environments
of Saudi Arabia, Mexico, and
Alaska. The use of calcrete
(Willem Van Der West-
huizen, South Africa) and
resistant minerals (D. Kus-
ter, Germany) in various
parts of Africa, although
hardly novel techniques, ad-
ded some variety.

There was a great empha-
sis on geochemical
prospecting techniques, with
the discovery of many new
deposits in Australia being
attributable to geochemistry
(albeit Au anomalies in RAB
and/or RC drilling). Whereas
during the “nickel boom" of
the early 1970’ laterite was
considered to be a hindrance
to exploration, today due to
considerable research (e.g.
in CSIRO) and sophisticated
analytical and data handling
techniques, laterite is a wide-
ly utilized sampling medium.
The discovery of the John-
ston Range gold deposits by
mulli-element laterite geo-
chemistry (Ray Smith,
Western Australia) bears wit-
ness to this.

Other lopics addressed
were groundwater resources
for mining ventures {6 pa-
pers), remote sensing
techniques (6), geophysics
(2), geclogy (3) and the envi-
ronment (1). One successful
application of remote sensing
was the use of an airborne
Thematic Mapper Simulator
to distinguish mafic from ul-
tramafic rocks in the PGE-
mineralized Munni Munni
Complex of WA (Colin Simp-
son, Canberra). Participants
were also privileged lo hear
the first public discussion of
exploration leading to the
discovery of the huge King-
tyre uranium deposit in the
Great Sandy Desert (D.G.
Jackson, Western Australia).

Copies of the Abstract Vol-
ume may be purchased from
the Australian Institute of
Mining and Metallurgy,
Clunies Ross House, 191 Roy-
al Parade, Parkville, Victoria,

Austratia 3052 for $A45 plus
postage. It is the intention of
the Organizing Committee to
publish the full texts of pa-
pers in a special Aust. LM.M.
volume.

After many months of be-
low average rainfall, Perth
was an apt venue for an arid
terrains conference. How-
ever, despite the gbvious
detailed planning by Bryan
Smith and the staff of Wors-
ley Alumina, the heavens
opened on the day of the
field excursion to Bod-
dington-Worsley south of
Perth. Bauxite has been-
mined in these environ-
mentally sensitive jarrah for-
ests since 1966.

Following analysis of some
lateritic pisolites, a major
gold deposit 4 km long con-
taining 45 Mt at 1.8 g/t in
laterite overlying a previously
unrecognized greenstone
was discovered in the early
1980%s. The mine, which

poured its first gold at the be-

ginning of August 1987, is set
1o increase gold output to
more than 250,000 oz p.a.
following the completion of a
major expansion. Despite the
ever-present red mud, the 80
participants were given de-
tailed explanation of ihe
local geology, lateritic pro-
files, bauxite and gold
distribution, and environ-
mental factors.

Approximately 60 regis-
trants visited various gold
deposits in the Eastern Gold-
fields on pre- and post-

conference field trips, and a
further 8 participants visited
the Pilbara region. An excur-
sion guidebook lor Bodding-
ton and Eastern Goldfields
can be obtained from Univer-
sity Extension, University of
Western Australia, Nedlands,
Westemn Australia, 6009 for
SAZ0.

At the completion of the
Conference, a Workshop on
the very topical theme Explo-
ration in Lateritic Environ-
ments was attended by 60
participants. Topics dis-
cussed were climalic effects

on lateritic weathering, re-
golith terrain mapping,
geochemical exploration and
geophysical exploration .
This concluded a most suc-
cessful week and plans are
now being drawn up to hold
the third conference possibly
somewhere in North America
in 1991.

Graham F. Taylor
CSIRO / Division of Explora-
tion Geoscience
PO, Box 136
North Ryde NSW 2113
Australia
Phone:(02) 887-8666

First International Gold Conference

The First [nternational Gold
Conference was held October
20- 22, 1987, in San Jose,
Costa Rica, sponsored by the
Ministry of Natural Re-
sources, Energy, and Mines
of Costa Rica, Minera Nacio-
nal S. A. [MINASA| (a Costa
Rican government mining
company), Los Alamos Na-
tional Laboratory, and the
United States Geological Sur-
vey. The Regional Office for
Central America Programs
(ROCAP), United States Agen-
cy for International Develop-
ment provided funds for the
conference. Over 250 partici-
pants from 15 countries were
in attendance.

In 1986, regional geologic
and geochermnical studies
were begun by the United
States Geological Survey and
Los Alamos National Labora-
tory, in cooperation with the

Costa Rican Ministry of Natu-
ral Resources, Energy, and
Mines, and the University of
Costa Rica. Because the data
identlfied areas with poten-
tial for undiscovered gotd
deposits, the government of
Costa Rica requested that the
results be dissemninated al an
international gold
conference.

The conference was open-
ed by Jose M. Blanco,
General Manager of MINASA,
Jorge Rodriquez, President of
MINASA, and Alvaro Umana,
Minister of Natural Re-
sources, Energy, and Mines.
The government's support for
the mining sector was clearly
slated. A modern mining law
is now before the Costa Ri-
can legislature. The morning
sessions concluded with pre-
sentations by Carl Duisberg
{ROCAP) and Joe Frank (Los

e —————————]
ANALYTICAL METHODS
FOR GEOCHEMICAL
EXPLORATION

J.C. Van Loon and R.R. Barefoot

Written for the practicing analyst,
Analytical Methods for Geochemical
Exploration offers thoroughly tested
chemical analysis methods for deter-
mining what base or preclous metals
are in geochemical exploration samples,
such as rocks, soll, or sediment. Theory
is kept to a minimum. and complete
procedures are provided so that no

o
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conduct analyses.
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Alamos) and program over-
views by Norman Page (U. S.
Geological Survey), Stephen
Bolivar (Los Alamaos), Nester
Chamorro (MINASA), and a
discussion of the regional ge-
ology of Central America by
Dr. Gregorio Escalante, a
consultant in San Jose.

The afternoon presenta-
tions highlighted the U.S.
Geological Survey's regional
geologic studies. Steve Lud-
ington described the geclogic
history and stratigraphy of
Costa Rica and the volea-
nologic framework for the
epithermal gold deposits.
Dave Pance presented re-
gional gravity and aeromag-
netic maps of Costa Rica.

Bill Bagby provided a stim-
ulating discussion on the
Tilaran-Montes del Aguacate
gold district, Three models
for gold deposits were pre-
sented: a) Sado-type
epithermal vein deposits suc-
has those in the Sacrafamilia
District, b) hot-spring Au-Ag
deposits like the one at Cana-
mazo, and ¢} stockwark
quartz veins that occur along
the margins of silicic intru-
sions. Bagby and Ludington
both noted the spatial asso-
ciation between gold min-
eralization and rhyolitic
intrusions.

Norman Page, speaking for
Don Singer, presented the
methodology and results of a
country-wide mineral re-
source assessment of Costa
Rica, including estimaltes for
numbers of undiscovered de-
posits for several deposit
types. The results of the U.S.
Geological Survey studies are
available in a geologic folio
(U.S. Geological Survey, Mis-
cellaneous [nvesligations
Map | - 1965).

Alejandro Arauz began the
next session with a discus-
sion of the orientation survey,
on which the regional geo-
chemical survey was based.
Greg Cole described the data
processing methods used in
the study, as well as new
techniques to be used in the
[uture. The geochemical
studies resulted in a series of
geochemical maps that re-
vealed spatial patterns that
Larry Maassen was able to
correlate with major geologic
units, areas of known miner-
alization, and urban
contamination.

Stephen Bolivar showed
how regional geochemistry
could be used to identily not
only the gold district, but in-
dividual subdistricts within
the gold belt that contain ele-
menial signatures suggestive
of possible hot- spring Au-Ag
deposits. The morning ses-
sions concluded with a
presentation by Allen Clark
(East-West Center), who at-
tempted to quantify the value
of the Los Alamos and U.S.
Geological Survey regional
program. He was able to
show net benefit/cost ratios
from 17:1 to 33:1, depending
on discounting procedures,

The results of the Los Al-
amos geochemical work are
presented in a geochemical
atlas, available through MIN-
ASA, which contains several
geochemical maps al a scale
of 1:200,000, and a descrip-
tion of sampling and data-
processing methodology
(Los Alamos [nformal Report
LA-10969-MS). All raw data
are included on microfiche,

The afternoon session be-
gan with Ray Krauss
(Homestake Mining Co.),
who showed that environ-
mental protection can be
complementary to mining,
using McLaughlin, California
as an example. The remain-
ing afternoon sessions were
by Costa Rican officials who
described legal aspects of
the current mining law, in-
cluding import restrictions,
tax laws, import duties, and
lending policies.

The third day was devoted
lo a field trip to the Be-
llevista- Montezuma gold
prospect, which is being de-
veloped by Rayrock Yellow
knife Resources. Miguel Alan,
site geologist, provided an
overview of the project.
About 80 field trip partici-
pants, mostly foreign visitors,
exarnined the geology ex-
posed by development and
the progress of a 10,000 m ro-
tary drilling program. This
deposit is an excellent repre-
sentative of the type of bulk-
tonnage epithermal gold de-
posits found in Costa Rica.

The most exciting results
of the conference were the
compilation and dissemina-
tion of an extensive database
on viable precious-metal de-
posits being developed in
Costa Rica, and that the po-

tential exists, discovered

through an interagency, inter-

disciplinary program, for the
discovery of large hot-spring
Au-Ag deposits as well as

Stephen L, Bolivar &
Steve Ludington

Los Alarnos National Labora-
tary, MSO462

Los Alamos, N.M. 87545

possible extensions of the Phone:(505) 667-1868

known gold belt.

SPECIAL NOTES

Associated Societies

The Canadian Quaternary Association

The Canadian Quaternary Association {Association cana-
dienne pour l'etude du Quaternaire) was founded in 1979 to
bring together researchers and practitioners with an interest in
the Quaternary Period in Canada. The Association (also known
by the acronym CANQUA) was incorporated in March 1988. Its
objectives are the advancement and dissemination of knowl-
edge about the Quaternary Period, by means of public meetings
and exhibits, through the publication of newsletters, position
papers, and papers from meetings, and through lecture series
and field conferences. The Association also has a mandate to
co-operate with other Quaternary Associations both inside and
outside Canada.

Membership in CANQUA stands at close to 300, and interests
of the members represent all areas of research involved with
the Quaternary. CANQUA is a member of the Canadian Geos-
cience Council, and it is also an affiliated Society with the
Geological Association of Canada. The membership is repre-
sented by a Council of twelve members; two from the Pacific
region, two from the plains and Arctic, three from the Central
region (Ontario), three from the Eastern region (Quebec), and
two from the Atlantic.

CANQUA, together with its sister assaciation in Quebec,
AQQUA, and Nalional Research Council, was responsible for
an invitation to, and the subsequent hosting of, the Xiith Con-
gress of the International Quaternary Association in Ottawa in
late July and early August, 1989. The theme of the meeting will
be Late Glacial and Post-Glacial Processes and Environ-
ments in Montane and Adjacent Areas. In 1990 CANQUA
has invited AMQUA (The American Quaternary Assaciation) (o
a joint meeting at the University of Waterloo. The topic will be
Rapid Change in the Quaternary Record

The Association is now invelved in the Proxy Data Resource
Group in the Royal Society of Canada’s development of the Ca-
nadian input to Global Change. This will be the major thrust of
international scientific bodies through the course of the next
one or two decades, Reports on the activities of the Assaciation
appear in the CANQUA Mewsletter/Bulletin which is issued
twice a year, Scientific publications for CANQUA are released
through Geographie physique et Quaternaire, For [urther infor-
mation on CANQUA please contact:

Alan V. Morgan

President, CANQUA
Quaternary Sciences Institute
University of Waterloo
Waterioo, Ontario N2L 3G1

International Geochemical Mapping

The February 1988 issue of EXPLORE contained a two column
statement outlining the objective, plans, and future arrange-
ments for this new project. It was an abbreviated version of
documentation previously submitted to the IUGS/IGCP Selection
Committee in Paris. The project was formally accepted by this
Committee in February. This was an important event, which will
encourage government earth science organizations to give offi-
cial support and allow their scientists to participate. Without
this type of organizational backing the project cannot move
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ahead in any significant way.

The project was launched in May as planned, on the opening
morning of the VM Goldschmidt Conference in Baltimore at a
session entitled International Geochemical Mapping. Eight pa-
pers on various aspects of the subject were presented by
speakers from Canada (Darnley, Garrett), China (Xie Xuej-
ing), Norway (Bolviken), UK (Plant), and USA (Duval,
McNeal). Arrangements are being made to have several of
these papers published in a special issue of the Journal of Geo-
chemical Exploration during 1989.

The inaugural business meeting for the project took place lat-
er during the same conference. The business meeting was
opened by Dr. Maurice Chaffee (USA), President of the Asso-
ciation of Exploration Geochemists. IUGS rules governing the
extablishment of IGCP Projects required that the Project Leader
be formally elected. Dr. Chaffee proposed Dr. A.G. Dairnley
(Canada); this was seconded by Dr. B. Bolviken (Norway) and
Prof. Xie Xuejing (P.R.C) and the motion was carried
unanimously.

Organization

The principal item of business was the organizational struc-
ture for the project. The aim is to encourage broad geographic
participation in parallel with the establishment of specialized
working groups. The latter will have to deal with technical prob-
lerns on an international basis. It was agreed that under the
guidance of a Steering Committee, there will be four Technical
Committees plus a number of geographically distributed Re-
gional Committees. The Steering Committee, under the
chairmanship of the IGCP Project Leader, will be composed of
the leaders of the Regional and Technical Committees.

The Technical Committees will each have a minimum of 5
members. Responsibilities will be divided as follows:

Field Methods Committee: to include all matters concerning
selection of sample media; methods of sample collection; sam-
ple spacing, including utlra-wide spacing; sample mass;
particle size(s) for analysis; collection of replicate samples; use
of composite samples; selection and collection of material for
reference standards; in-field sample processing, etc.
Analytical Methods Committee: to include ali matters con-
cerning sample preparation and digestion; selection of
analytical techniques; use and adoption of reference materials;
provision of international inter-laboratory reference materials;
expansion of analytical suites, etc.

Data Processing and Management Committee: to include
reconmendations on the organization and contents of a world
index of geochemical surveys; methodology for levelling/nor-
malizing diverse data sets; development of standard formats for
trans-border data-sets and map publication; evaluation of data
interpretation methods for the principal user-groups, etc.
Radiometric Methods Committee: to include all aspects of
the collection, standardization, compilation and interpretation
of geochemical data obtained by airborne gamma-ray spec-
trometry. A working group has already commenced work on
methods for combining existing airborne radiometric data un-
der the auspices of the International Atomic Energy Agency,
Vienna. The Convenor is Mr. A. Y. Smith of the IAEA., Note that
the Radiometric Methods Committee has comprehensive re-
sponsibility for this particular technique.

The function of each of these committees is to produce tech-
nical reports, summarising recommended methods and
procedures, based on a review of international information and
experience.

Nominations for membership of the Technical Committees
were solicited. Some have already been recieved. It is requested
that additional names should be sent to the Project Leader as
soon as possible.

Regional Committees: the following geographoic regions
were identified as having institutional arragnements which
would facilitate an early commencement of work; leaders
names are given where known:

J. McNeal(USA) ............ North America (incl. Greenland)

XieXuejing ...........coooi i China
EMrna (CSSR) ..., Eastern Europe
B. Bolviken (Norway) ..................... Western Europe
PV.Koval ........ccoo i USSR

It is believed that there are good prospects in the near future
for establishing Regional Committees to represent Latin Ameri-
ca, India and Australasia.

In addition, steps will be taken to encourage the formation of
Committees representing Africa, SE Asia, Japan, and the Middle
East. The UN and related International Aid Agencies are being
informed and their assistance requested to spread information
about the relevance of the project to agriculture and health as
well as to resource development.

National Committees: it is expected that some countries
which intend to take an active part in the International Geo-
chemical Mapping Project, and which have geochemical data
to contribute, or geochemical programs to arrange, will wish to
extablish a national committee for geochemical mapping. This
is particularly important where countries are large and several
agencies are involved. Thus, steps have already taken place in
Canada to establish such a body. Dr. P.H. Davenport of the
Newfoundland Department of Mines is Chairman. Detailed ar-
rangements will obviously vary. It is important that each
participating country should have a national representative who
can participate in meetings of the relevant Regional Cornmittee.
Futore Meetings

Paper and/or Poster Sessions on International Geochemical
Mapping are being planned for the following international con-
ferences which have been identified as suitable occasions for 1}
organization of paper and/or poster sessions on the theme of
Regionai Geochemical Mapping to stress methodology, prod-
ucts, and applications, 2) Technical Committee workshops to
review specific problems:

1989 July, International Geological Congress, Wash., D.C.

1989 October, IGES, Rio de Janeiro

1990 August, IAGC, Prague

1991 (various options, suggestions invited)

1992 IGC, Japan

It is expected that, in addion to the major international meet-
ings, Regional Committees will identify other suitable events,
conferences etc., within their own geographic regions where
periodic IGM Regional Meetings can be held to plan and coor-
dinate regional activities.

Questions to be Resolved

Following the decisions on the organizational aspects of the
project, a number of scieritific matters were raised. Some are
mentioned below. It is anticipated that, as the project pro-
gresses, many of them will be the subject of workshops prior to
the formulation of recommendations. Decisions will have to be
taken. During the formative stages of the project, comments on
these and other issues would be welcomed.

1) In many countries there are increasing signs of awareness
amongst scientific policy makers that geochemical surveys can
have environmental significance. Scientific concern about the
rate of “global change” is beginning to attract media attention
and creating some popular pressure for government action,
which in turn creates a need for factual information. Recognis-
ing that most existing geochemical surveys were conducted for
mineral exploration purposes, what additional steps could be
taken in order to maximise the environmental usefulness of ex-
isting or new data? For example, could additional analyses of
retained sample material be undertaken; how might the design
of future surveys and analytical procedures be modified?

2) Given the desirability of obtaining a global geochemical
overview as rapidly as possible, there is an urgent need to es-
tablish the most satisfactory method(s) for wide-spaced
sampling. In this context, the question of single or composite
samples is important. Stream (or river) sediments are generally
considered to be the most universally available sampling me-
dia. On the basis of Norwegian experience, a strong case has
been made for “overbank” sampling, but questions have been
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raised as to whether the lechnique is of widespread appli-
cability (7).

3) Could the major river systems of the world be sampled by
means of a few thousand samples in order lo acheive wotld-
wide coverage quickly? What would be the analytical require-
ments in order to detect significant regional differences? Could
the material collected serve for control reference purposes?

4} There is a need to subdivide the wortd into physiographic-
climatic zones, within each of which, geochemical methods
can be optimised. [t will be necessary to have overlap between
the zones 50 that data can be normalised. Where are the most
suilable areas for these overlap studies? Who will perform
them?

5) Should samples be totally or partially digested? For geolog-
ical purposes the former is preferable; for mineral exploration
applications some partial extractions are advantageous and this
is especially true for environmental interpretation. Conversely, it
is easier Lo oblain standardized data where total extractions are
used.

6) A number of countries involved in providing technical as-
sistance hold large amounts of geochemical data pertaining to
developing countries. These data are potentially suitable for in-
corporation in world maps and it is highly desirable that they
should be used, otherwise there will be no information about
some areas of the world, It will be necessary to obtain formal
permission from the countries concerned before these data can
be used for this purpose. Who should take this initiative?

All geochemists are asked to inform their colleagues about
this project especially any contacts they have in developing
countries in order to encourage the widest possible support
and involvement, [t is expected that there will be a small fund
available to assist a few participants ftomn developing countlries
to attend project meetings. More information can be provided
by the Project Leader:

Dr. A. G. Darnley

IGCP International Geochemical Mapping Project
Geological Survey of Canada

60! Booth Street

Ottawa, Ontario

Canada KIA 0E8

Tel. {613} 895-4903

Fax (613} 996-9390

Telex 053-3117 EMAR OTT

AEG COUNCIL MINUTES

Actions of September 8, 1988

1. The Treasurer reported that there would be a shortfall of
about $20,000 in 1988. This is due to numerous reasons, inclug-
ing funding symposia, printing the Directory and Bibliography,
publishing the new format of this newslelter, publishing special
volumes, and some rather complicated financial arrangements
with Elsevier.

2. It was recommended that the Executive study the possi-
bilities of a dues increase for 1989, not to exceed $10 for all
classes of membership and not to exceed a total of $50.

3. Neneth and Thody of Vancouver, B.C., Canada were ap-
pointed auditors for the Association.

4. Council approved a copyright search to see il the name
EXPLORE had been copyrighted.

5. Council approved 49 affiliate members and | student
member,

Actions of October 6, 1988

1. After careful study, Council recommended that the dues for
1989 remain at the present rates of $42.50 for Members and As-
sociate Members, $20.00 for Students, and $100.00 for Corporate
members.

2. The possibility of a trade mark for EXPLORE was re-
searched and found to be feasible. Appropriate papers were

being processed.

3. A "flyer" containing the 1989 dues nolice and explanatoiy
information about the Association and about the publication of
the Joumal for distribution to all members, was approved by

Council.

4. A publicity "flyer” for distribution at the Northwest Mining
Association Meeting, was approved by Council.

5. A new Student Prize Commiltee was formed under the
Chairmanship of R. Klusman and is aclively soliciting papers.

6. Further progress was reported on obtaining subscriptions
to our Journal for libraries in developing countries.

7. The duties and terms of office for Regional Councillors
were defined and approved by Council.

8. Council approved an expenditure of funds for producing a
T-shirt with the Explore logo on the back and the Association
logo on the front, These are to be sold at meetings and through
the mail as a fund raiser for the Association.

Sherman P, Marsh
US. Geological Survey M5 873
Denver, Colorado 80225

INFORMATION REQUESTED

Lost Members

We do not have the caorrect
address for the following
members whose mail has
been returned as undeliver-
able. If you know how to
contact any of these people
please notify the Association
secretary or Erick Weiland,
Terra Technology, 5531 East
Kelso St., Tucson, AZ 85712.
Thank you for your help.

Atkinson, Ross David
Sparks, Nevada

Beswick, Anthony E,
Naughton, Ontario Canada

Birk, Dieter
Sydney, Nova Scotia Canada

Brake, Sandra S.
Golden, Colorado

Brozowskl, Rohert A,
Marguette, Michigan

Campbell, Terry L.
Oklahoma City, Oklahoma

Carpenter, Donald J.
Hye Mt, New Mexico

Chater, Geoffrey
Fort Worth, Texas

Chisholm, J.M.
Kensington, N.5.W. Australia

Dousset, Plerre-Edousrd
Caen, France

Duchscherer, W,
Golden, Colorado

Evans, Geoffrey M.
San Jose, Costa Rica

Felder, F
Don Mills, Ontario Canada

Garnett, David L.
Menai, N.S.W. Australia

Gerdenich, Michael J.
Ann Arbor, Michigan

Giles, David L.
Lakewood, Colorado

Gintautas, Peter A,
Denver, Colorado

Herron, Calvin R.
Bishop, Califormnia

Hill, Walter E.
Winnemucca, Nevada

Hill, John, G.
Reno, Nevada

Holopainen, Kathryn D.
Vancouver, B.C, Canada

Lepeltier, C.J.
New York, New York

Lippoth, Richard E.
Silverton, Colorado

Liu, Quan-Qing
Beijing, China

Lopez, L.
El Paso, Texas

Lowder, Gary G.
N.S.W,, Australia

Neal, Willlam L.
Kennewick, Washington

Nelson, Carl E.
Denver, Colorado

Olson, Roger H.
Golden, Colorado
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Parr, Michael G.
Nashwaul, Minnesota

Patel, Jamnadas M.
Toronto, Ontario Canada

Pazlar, Karel
Bamako, Mali W.Africa

Schumacher, Andrew L.
Elko, Nevada

Stephenson, John F
Toronto, Ontario Canada

Teclemariam, M.H.

Asmara, Ethiopia

Thompson, E.G.
Toronto, Ontario Canada

Trost, Paul B.
Golden, Colorado

Van Ingen, Robert
Toronto, Ontario Canada

Veek, Bruce M.
Reno, Nevada

York, Terrel M.
Lakewood, Colorado

NEW MEMBERS

To All Voting Members: AFFILIATE MEMBERS

Pursuant to Article Two of the
Association's By-Law No.l,
narnes of the following can-
didates, who have been
recommended for member-
ship by the Admissions
Committee, are submitted for
your consideration. If you
have any comments, favor-
able or unfavorable, on any
candidate, you should send
thern in writing to the Secre-
lary within 60 days of this
natice. If no objections are
received by that date, these
candidates will be declared
elected to membership.
Please address comments to

7 Sherman P. Marsh, Secretary
. AEG, U.S. Geological Survey,

i Mail Stop 973, Box 250486,
% Federal Cenler, Denver, Colo-
\rado 80225, U.S.A.

P ditors note: Councif has
decided that all new appli-

tanis will receive the journal
d newsletter upon applica-

n for membership. The
cess of application to the
ronto office, recommenda-
1 by the Admissfons
%m:’tree, review by the
cil. and publication of
icant’s names in the
isletter remains
ZGnged.

“ING MEMBERS

Z, Alejandro J.
Igist
am Coates & Assoc.

* San Jose, Costa Rica

Leigh A. Readdy
President

Geological and Exploration
Associates

Washington, U.S.A.

Alberg, Thomas A.
Alberg & Assoc., Inc.
Washington, US.A.

Bartell, A.O.
Managing Engineer
Bristol N.W, Silica
Washington, U.S.A,

Boldracchi, Raffaele
U.N.D.P.
Libreville, Gabon

Celenk, Omer
Manila, Philippines

Davies, J.L.

Director Geological Surveys
Branch

Dept. of Natural Resources
and Energy

New Brunswick, Canada

Delong, Richard F.
BP Minerals America
Nevada, U.S.A.

Duke, Jesse L.
Geologist

Noranda Exploration Co. Ltd.

Yukon, Canada

Dummett, Hugo T.
Westmont Mining Inc.
Arizona, U.S.A,

Fontana, John V,
Direct Geochemical Surveys
British Columbia, Canada

Fox, Peter E.
Fox Geaological Consultants
British Columbia, Canada

Franklin, Peter
Gemcon Services Inc.
British Columbia, Canada

Galli, Peter E.
Galli Mineral Associates
Nevada, U.S.A.

Garverich, Michael R.
Blue Range Mining Co.
Montana, U.S.A.

Gavie, Gary T.
Geologist

Freeport Sulfur Cornpany
Texas, U.S.A.

Gerouki, F
Inst. of Geol. & Min. Expl.
Athens, Greece

Giroux, Gary
Montgomery Consultants
British Columbia, Canada

Godwin, Colin 1.
British Columbia, Canada

Gormley, Gordon P.

Manager of Exploration, Pre-

cious Metals
Denison Mines Ltd.
British Columbia, Canada

Hammitt, Ray W,
Molycarp Inc.
Colorado, U.S.A.

Heiser, Lois
Indiana University
Indiana, U.S.A,

Heithersay, Paul
Geopeko
N.S.W,, Australia

Jackson, Martin Edward
De Beers Geology - Capex
Cape Province, South Africa

Jaworski, Kathie M.
Geologist
Ontario, Canada

Jennings, C.M.H.
Senior Vice-President,
Exploration

Ontario, Canada

Jones, C.B.

Project Geologist

City Resources (Aust.) Pty.
Western Australia

Jones, Dennis
Geoquest International
Ontario, Canada

Kogler, Klaus
Uranerz Expl. & Mining Ltd.
Saskatchewan, Canada

Kokkola, M.
Espoo, Finland

Lee, Linda
Geologist

MineQuest Exploration Asso-

ciates Ltd.
Brtish Columbia, Canada

Looney, Brian B.
Research Engineer
Savannah River Laboratery
South Carolina, U.S.A.

Luppichini, Eva-Lena
Swedish Geological Survey
Uppsala, Sweden

Macarthur, Ron
British Columbia, Canada

McAusland, J.H.

FPEng Mining

Emjay Enterprises

British Columbia, Canada

Madera, Alexander Y.
Philex Mining Corp.
Baguio City, Fhilippines

Martinez, Rohert
Coeur-Rochester Inc.
Nevada, U.S.A.

Maynard, Denny E.
Surficial Geologist
British Colurnbia, Canada

Mohon, John P.
Geologist
Nevada, U.S.A.

Morton, Louise M.
J. & L. Morton
Mt. Pleasant, W.A., Australia

Moaier, Elwin L.
U. S. Geological Survey
Colorado, U.S.A.

Newman, J. E.
British Columbia, Canada

Nicholson, George, E.
British Columbia, Canada

Petersen, Jon Steen
University of Aarhus
Aarhus, Denmark

Rogers, Michael
Geologist

Geochemicai Services, Inc.
California, U.S.A.

Sawiuk, Myron 1.
British Columbia, Canada

Schafer, Robert W.
Addwest Gold Inc.
Nevada, US.A.

Schmidt, Jeanine
U. 5. Geological Survey
Alaska, US.A.

Schmitt, Jean-Michel
Ecole Nationale Superieure
Fontainbleu, France

Seglund, J. A.
Missouri, U.S.A.

Shepherd, Thomas J.
British Geological Survey
London, England

Soderlind, James
Trinidad Mlnes Co.
Washington, U.S.A.

Spevak, Mike
Minois, U.S.A.

Stephen, George R.
Horizon Research Inc.
California, U.S.A.
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Suchomel, J. Barion
Western Mining Corp.
Nevada. U.S.A.

Sutcliffe, T. A.
Caleb Brelt Internanional Lid.
Merseyside, England

Wolfram, Mork W.
Bondar-Clegg Inc.
Montana., U.S.A.

Wright, Jaypes, H.
Willaton. WA, Australia

Szava-Kovats, Robert
Geochemist

Bondar-Clegg & Co. 14, STUDENT MEMBERS
Britjsh Columbia, Canada Driscoll, Alan 1. Ir.
Tedesco, Steven &;ﬂ:::z Tﬁcsh:;

CST Oit & Gas Corp, gint. L2
Colorado, U.S.A. Joboson, Robert L.
Troeng. Bjorn Idaho, U.SA.

SCAB Oliver, Tom

Sweden Arizona, U.S.A

Weber-Dieffenbach, Klaus
Munich. West Germany

Pujolriu, Liu}sa
Barcelona, Spain

RECENT PAPERS

Recent Papers oo
Analytical Geochemistry

This column highlights analytical papers of geochemical inter-
est published in major inlemaliona! journals. These include:
Analytical Chemistry (Anal. Chem.). Analvsl, Journal of Analvti-
cal Atomic Spectrometry (J. Anal. AL, Spectrom.), Analylica
Chimica Acta (Anal. Chim. Acta). Talanla. Applied Speclroscapy
(Appl. Spectrasc.), Specirochimica Acta Parl B {Spectrochim.
Acta), Alomic Spectroscopy (Al. Spectrasc.) and Anaiylical Pro-
ceedings (Anal. Proc.).

Pertinent papers from Geostandards Newsletter, published in
April and October yearly. are 0o numerous o cite. This journal
is a “must” for the geachemisl. Where the number of authors
on one paper is greater lhan four, "el al." is used. This Jist cov-
ers those issues received by the aulhor since those listed in
EXPLORE 64.

Compiled by Gwendy E.M. Hall, Head of Analytical Melhods
Development, Geolagical Survey of Canada, 601 Beoth Street.
Ottawa, Canada K1A OE8. Please send new references to Dr.
Hall, not to EXPLORE.

Auallitla, T.U. and Plckering, W.F. 1988, Sediment analysis-
lability of selectively extracted fractions. Talanta, 35: 559-566.
Dan, D. snd Dong, Y. 1983. A PVC-coared carbon rod ion-
selecrive elecrrode for thallium and its applicanaon (o the onaly-
sis of rocks and minerols. Talama, 35: 589-590.

de Benzo, Z.A., Fernandez, M.R., Carrlop, N., and Ejurl,
E. 1988. Determinarion of Cu. Zn. Fe. and Mn in slurries of
ashed plant tissue by atomic absorption spectrome(ry. Al. Spec-
trosc., 9: 87-92.

Franldin, T.C. and Adenlyl, W.K. 1988. Cationic surfactanis
in electrochemicat derermination of sulfide minerals. Ans.
Chim. Acla, 207: 311-317. -

Gilbert, M.M., Powell, H.K.J., and Fardy, J.J. 1988. Deler-
mination of cobadt in plant digests by adsorption stripping
voliammetry. Anal. Chim. Acla, 207: 103-109.

Harada, A., Tarutani, T., and Yoshlmura, X. 1988, Spec-
trophotometric determination of germanium in rocks afier
selechive adsorption on Sephodex gel. Anal. Chim. Acta, 209:
333-338.

Haswell, S.L. Mendham, L, BuHer, M.J. and Smith, D.C
1988. Determination of arsenic in solid semples by cold acid
solubilisation hydride generation atomic absorplion specrome:
iry. J. Anal. AL. Spectrom., 3: 731-704.

lwasak), K. nod Heragachl, H. 1388. Determination of rare
eorth elements in geological sumples by inductively-coupled
plasmag atomic emvission spectrometry ofter oxalate coprecipita-
ton and cation-exchange column separation. Anal. Chim. Acla,
208: 163:172,

Kande, Y. and Tedra, M. 1988. Sequential multi-element analy-
3is of sediments and soils by inductively-coupled plasma/
aglomic emission spectromelry with a conputer-comtrofled
rapid-scanning echelle monochromator. Anal. Chim. Acta, 207:
269-281,

Kiss, E. 1988, Jon-exchange separation and spec-
trophofomnetric delerminalion of boron in geological malerials
Ansl. Chim. Acla, 211: 243-256,

McLaren, J.W,, Beauchemin, D., and Berman, S.S. 1988.
Analvsis of the marine sediment reference material PACS-} by
inductively coupled plasma mass spectyrometry. Spectrochim.
Acta, Part B, 43B; 413424,

Nakamura, T., Okubo, K., and Sato, L 1988. Atomic absorp-
lion spectrometyic determination of copper in calcium
carbonate scale and carbonate rocks by direct atomizotion of
soltd samples. Anal Chim. Acla, 209: 287-292.

Roelandis, 1. 1288. Application of inductively coupled plasima
spectromelry to the determinalion of nipe rare corlh elements
in riine new United Stoites Geolugical Survey reference somyples.
Al. Spectrose.. 9: 49 54.

Tessler, A. and Campbell, P.G.C., 1988. Commenis on the
lesting of the accuracy of an exiraction procedure for deterinin-
ing the partitioning of frace merals in sedimenis. Anal. Cheim..
60: 1475-1476,

Tielrooy, J.A., Vleeschhouwer, P.H.M., Krnak, J.C. and
Maessen, EJ.M.J. 1988. Determination of rare-earth elemenis
by high-performance liquid chromotographylinductively-
coupled plasma/atomnic emission specirometry. Ana). Chim.
Acla, 207: 149-159.

van Delft, W. apd Vos, G. 1988. Comparison of digestion pro-
cedures lor the determination of mercury in soils by cold-
vapour aternic absorption spechrometry. Anal, Chim. Acla, 209:
147-156.

Veohoe, H., Vondecasteele, C. Desmet, B., and Dams, R.
1988. Determination of beryllivm in environmental samples by
electrathermal olomic absorption spectromelry. J. Anal. At
Spectrom.. 3: 703-707.

Exploration Geochemistry

This lisl comprises lilles that have appeared in major publica-
tions since Lhe compilation in EXPLORE 64. Journals routinely
covered and abbrevialions used are as follows: Economic Geol-
ogy (EG); Geochimica el Cosmochimica Acta (GCA): The USGS
Journal of Research (USGS JR), Circular (USGS CIR); and Open
File Report (JSGS OFRY): Geonlogical Survey of Canada Papers
{GCS Paper) and Open File Report (GCS OFR); Bullelin of the
Canadian Institute of Mining and Metallurgy {CIV Bull); Trans-
actions of Instittite of Mining and Melallurgy, Section B: Applied
Earth Sciences (Trans IMM). Publications less frequently cited
are identified in full.

Compiled by L. Graham Closs, Depariment of Geology and
Geologlcal Engineering, Colorado School of Mines, Golden,
Colorado 80401, Chalmmaa AEG Bibliography Comminee. Please
send new relerences to Dr. Class. not to EXPLORE.

Barreit, TJ. and Jambor, J.L. (Eds.) 1988. S2afloor Hydro-
thermal Alteration. Can. Min. 26(3): 429-888§,

Granath, G.1988. Patlen recognilion in geochemical hydrocar-
bon exploration: A fuzzy approach. Malh. Geol. 20(6): 673-65).
Grunsky, E.G. and Agterberg. F.P. 1988. Spatiol and muiti-
variate analysis of geochemical data from melovolcanic rocks
in the Ben Nevis area. Oriario. Math. Geo). 20(7): 825-86).
Gubae, J.1986. On the characier of distribution of chemical ele-
ments in Nature. Math Geo). 18: 425-432.

Guhn, J. el al. 1988. Gold mineralization potterns in relation (o
the lithologic und tecionic evolution of ihe Chibougamou min-



EXPLOAE MUMBER RS PAGE 33

THE ASSOCIATION OF
EXPLORATION GEOCHEMISTS
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ing disirict, Quebec. Conada. Min, Deposita 23(4): 293-298,
Gundobla, G.M, 1988. A sehavior of £ B and rare elernents i
granitoids of lalite-andesite series as related (o the problem of
graniloids ore potential. Geologiia Rudnvkh Mestorozhdenii. 30
OMDE

Ho. S.E. and Groves, D.l. (Eds.) Recent Advances in Under-
standing Precambrian Gold Deposiis. Univ. W. Ausl. 368 p.

Huston, D.L. and Large, R.R. 1988, Disiribution, mineralogy.
and geochemisiry of gold and silver in the North End oretiody,
Roseberg, Tasmania.EG 83(6): 11811192,

MacLean, W.H. 1983. Rare earth element mobility at consiant
inter-REE ratios in the alteration zone at the Phelps Dodge mas-
ste sulphide deposits, Maragami. Quebec. Min. Deposita 23(4):
231-238.

Merks, LW, 19585. Sompling ond Weiglung of Bulk Solids.
Trans. Tech. Publ. 410 p.

Nickelson, R.A.. Penchey, D. and Bal), T.X. }988. Tests on
use of sulphur goses in soils to detect hidden rmineralization.
Trans. IMM: BS7-63.

Reddy. R.K.T. and Koch, G.S., Jr. 1938, A case study of silver
exploration in ports of ldaho and Moniana using mathemuatical
modeling technigues. EG 83(5): 1008-1014.
Rodriquez-Clemeunte, R. and Tardy, Y. (Eds.) 1987. Geo.
chemisiry and Miagral Formation in the Eanh Surface. CSIC
Madrid. 8§93 p.

Schnelder. HJ., Oxgur. N. and Palacios, C.M. 1988. Rela-
lronship betiween alteration, rare earth efement dispibution.
and mineralizotion of the Murgul Copper Depusit, Northeastem
Turkay. £G 83(6): 1238-1246.

Shelon, K.L., Chil-Sup, So and Jin-Su Chang. 1933. Gold-
rich mesotherinul vein deposits of the Republic of Korea: Geo-
chemical Studies of the Junguon Gold area. EG 83(6):
1221-1237.

Shrivesirava, LP. and Alexander, P.O. 19858, Geornicrobiol-
0gv 0s on aid (o prospecling: A criticol study from Malanfkhand
and Zowar bose metal deposits, India. ). Geol. Soc. India 31(3):
328-

Swash, P.M. 1988, 4 mineralogical investigation of refractory
gold ores and their benefication, with special reference lo arse.
nical ores. 3.5. Alr. IMM. 85(5): 173-180.

Waryo, J.G. 1988, /r1 situ leaching of disseminated gold depos-
is - grological factars. Min. Eng. 40¢10): 973-975.

Wheeler, G.R. 1988, Epithermal gold deposits in Oregon. Min.
Eng. 40(11): 1033-1035.

CALENDAR OF EVENTS

InlernaNonal, Nallonal and Reglonal Meenings of Inlerexi
1o Colleagues Working In Exploration vnd Oiher Areos of
Applied Geochemnlistry

sApr. 1321, '89 Conference Juneau & Trade Show. Alaska
Miners Association, on the melallogeny and mineral develop-
menl of Southeast Alaska, the Yukan and British Columbia
(Albert H. Clough, Conference Chainman, (JO U.S. Bureau of
Mines, P.O. Box 020550, Juneauw. AK 998020550 Tel.
907-364-211))

mApr. 24-26, "83 Workshop on engineering and eovironimen-
el applications of geophyslcs, Seattle W4 (May 19-21,
Allanta, GAY(Chuck Bierlev. 133 S. Van Gardon #200. Lake-
wood, CO 80228. Tel. (303) 988-1648)

BApr. 23-26, "89 Amer. Assoc. Petroleum Geotogisls, ann. mig..
San Anlonio, TX (AAPG. Box 979, 1444 S. Boulder, Tulsa, OK,
74101, Tel: 918-584-2555)

BMay [-5, 89 Geology of industrial minerals of the Pacific
Northwest, Portland, OR (Ron Geilgry, Oregon Depl. of Geology
& Minera! Industries, 910 State Office Bldg.. Portland. OR 92701
Tel: 503-229-5580)

BMpy 1417, ‘80 GACMAC Geol. Assoc. Canada/Mineralogical
Assoc, of Canada, ann. mig., Montreal (Colin Stearn, Rm. 238,
3450 Universily St.. Montreal, H3A 2A7. Tel: 514-3984082)
aMay 23-25, '89 Gold 89 in Europe, Int'] Syinposium on gold
melallogeny, exploration and beneficiation, (F Tollon, Labora-
toire de Mineralogie, Universite Paul Sabatier, 39 Aflees Jules
Guesda 31400 Toulouse, France. Tel: 61.53.02.35)

wune 26-30. ‘89 Gold geology & exploration, intl. mig..
Shenyang, China (Zhu Fengsan, Chinese Soc. of Metals, 46 Don-
#sixi Dzjie, Beijing, People’s Republic of China. Tel: Beijing
553768)

wuly 9-19, '89 28th lutd. Geotoglical Congress, Washinglon,
D.C. {(Bruce B, Hanshaw. Box 1001, Hemden, VAL 22070-1001.
Tel: 703-648-6053)

mAug. 7-11, ‘89 Caribbean Geological Conlerence, Chris-
vansted, St. Croix, U.S. Virgin Islands (Fred Nagle. Dept. of
Geological Sciences, Box 249176, Univ. of Miami, Coral Gables,
FL. 33124, Tel: 305-284-4253

mAug. 14-09, '89 Symposium: Precambrian Granitoids {pe-
trogenesis, geochemistry, and metallogeny){Organizing
Committee, Dept. of Geology, Univ. ol Helsinki, P.O. Box 115,
SF-00)71 Helsinkl, Finlang)

mSept. 7-9. 89 Internalional Gold Expeo. Reno, Nevada (Engi-
neering & Mining Journal, Indusirial Presentations Inc., 12371
East Cornell Avenue. Aurora. CO 80014, Tel. (303) 6966100y
w0at. 1-6. '89 13th Interuvations] Geochemical Exploration,
Symposium (Dorival C. Bruni, Sociedade Brasiliero da Geo-
quimica, P.O. Box 2432CEP 20010. Rio de Janiero, BR RN (see
No.64. p.27)

&(0ct. 2-6, ‘89 Remote sensing lor exploralion geology. mig..
Calgary, Albena (Robert H. Rogers, Box 8618, Ann Arbor. MI,
48107-86138. Tel: 313-994-1200

m0ct. 16-20, ‘89 Mathematical methods in geology, intl.
mig.. Pribram, Czechoslovakia (Vaclay Nemec, GEOINDUSTRIA.
Geologicka 2. 152 00. Praha 5 Barrandov, Czechoslovakia)
a0ct. 22-25, '89 Gold 89 mtg., Reno , NV, Soc. of Mining Engi-
neers and Ausiralasian Inst. of Min. and Metall. {(Meelings
Depl., SME, Box 625002, Litlelon, CO, 80162. Tel: 303-973-8550)
mNov, 6-9, 'BY Geological Soclety of America ann. mig.. St.
Louis, with associated socielies (Vanessa George, GSA, Box
9140, Boulder, CO, 80301, Tel: 303-447-2020)

mApr. 1-5, '90 Geology and ore deposits of the Great Basin,
Reno, NV ((Geol. Soc. Nevada, Box 12021, Reno, NV 89510)
aMay 6-12, ‘90 Pacific Rim 90 congress. on the geology. struc-
ture, mineralisation. econoimlcs and feasibility of mining and
developmient in the Pacific Rim, Gold Coast, Queensland, Aus-
tralia (The AusIMM Pacrim 90, PO. Box 731, Toowong Qld 4068,
Australia, Tel, 07-371-7900 (€617-371-7900 (inlemational)

wWune 28-July 3, "0 IMA 1890 15th Gen. Meeting of the Intemna-
tional Mineralogical Association, Beijing. China (Dr. Wang
Zejiuy, Chinese Academy of Geological Sciences, Baiwanzhuang
Road 26, Fu Wai, Beying 100037, China)

wuly 2-6, '90 Minera(s, materials & Industry, Edinburgh,
Scotland. 14th Congress of the Cousicil of Mining and Mela)-
Jurgical Institulions (The Secretary. IMM, 44 Poridand Place,
London WIN 48R, England

mAug. 12-18, *90 81h Symnp. of Inll. Assoc. on (he Genests of
Ore Deposits,Ottawa, Canada (L.M. Cumming, Secrefary, 8lh
IAGOD Symposium, Geological Survey of Canada, 601 Booth St.,
Ollawa, Oniario, Canada K1A OLE8

mAug. 25-31, ‘90 14th Internatlonel Geocbemlcal Explora-
\loa Symposium, Praha, Czechostovakia (Geological Survey
UG/, Symposium on geochemical prospecliog, Malastranske
nam. 19, 118 21 Praha |, Czechoslovakia)

RApRT. 28-May 1, 'O 15th International Geochemical Explo-
mation Sympasium, Reno, NV (Richard B. Jones, Nevada
Bureau of Misies & Geology, Univ. of Nevada. Reno, NV
83557-0088. Tel: 702-784-6691)

Note io AEG Colizagues: There will be 1500 spaces availnhle for
low-cost housing for the 28th InternaNonal Geological Con-
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greas in Washington. D.C., July. 1989. ot Universiny dormitones
ot The George Woshington Universiry. Georgeiown Universim,
and American University. Reod the second circular for the Con-
yress corelully when you receive it ond make vour reserogtions
lor Mhe Ipw-cosr housing as soon os you con becuuse these
spaccs wil! undoubredly be “explorotion torgets” for owr 0s30-
ciotion as well as other professionol groups ond colleogues.
Plesse check Ihis calendar belore scheduling a meeting 10
avaid overlap problems. Let 1his column know of vour events,

Fred Siegel

The George Washington Universiry
Deporiment of Geology
Woshington, 0.C. 20052
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