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The new Executive and Council of the
Association were duly elected and in-
stalled at the Annual General Meeting
held in May at the Goldschmidt Con-
ference in Baltimore (see "A Note from
the Secretary"). Special thanks are due
to our outgoing President, Stan Hoff-
man (who remains as an ex-officio
member of Council); to our outgoing
Treasurer, Lynda Bloom; and to those
members of Council who have com- i—^—is "*-'.-£ i*..,..
pleted their terms or who chose not to stand for re-election.

On behalf of the members of the Association, I welcome
those members new to the Executive, the Council, and to our
Committees. I would be remiss not to recognize the contribu-
tions of both continuing and retiring Regional Councillors,
Committee Chairmen, Committee members, Editors, and the
many other members who have contributed, or are continuing
to contribute, their time and talents to the betterment of your
Association. Most of these people are not formally identified in
this issue but nevertheless perform important duties for your
Association.

Although the work of the new Executive and Council has just
begun, it is not too early for you to identify members interested
in running for Council for the 1989-91 term. Ordinary Coun-
cillors are nominated by the current Executive and Council or
are nominated by a petition from members at large. Any Voting
Member in good standing is eligible for nomination to Council.
The petition form is available from the Secretary in Denver and
and may also be found on page 22 of EXPLORE 63. It must be
completed and returned to the Secretary before December 31,
1988.

Two particularly notable events of interest to Association
members took place at the Goldschmidt Conference. The first
was our co-sponsorship of, and participation in, the highly suc-
cessful and well-attended Platinum Symposium. It is
encouraging to see that there may be life after gold.

The second event was the formal session and subsequent
meetings, under the guidance of Dr. Arthur Darnley of the
GSC, Ottawa, related to planning for a future geochemical map
of the world. This idea is somewhat mind-boggling but one
worthy of our support. The ancillary tasks to be performed in
producing such a map will provide information that will be of
interest to all geochemists.

A few of these tasks include establishing standard sample
media and analytical methods for determining base-line chem-
ical data for local, regional, and international levels of
evaluation; determining the level of sample density that will
provide meaningful data; determining whether data from differ-
ent sample media and (or) analytical techniques can somehow
be normalized and combined into one data set; determining
how to take into account the gross differences between differ-
ent regions of the world related to various geologic processes
and to petrologic composition, both of which will be material

in interpreting the base-line chemical data; and selecting statis-
tical techniques that can evaluate the chemical data as to
precision, accuracy, and other parameters on a world scale.
This is truly a major international effort that will require the as-
sistance and cooperation of many people.

In closing, I emphasize that the AEG is your association.
Please feel free to contact members of the Executive or Council
with your comments or suggestions, whether positive or nega-
tive. A lack of response is interpreted to mean that you are
happy with the status quo.

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

Open House Forums In Canada
The ministries of the provinces and territories of Canada re-
sponsible for mineral exploration and development hold annual
"open house" forums where technical presentations, reviews of
activities, core displays, commercial exhibits, and poster dis-
plays are open to the public. These enable the explorationist to
become acquainted with what is happening in government and
industry.

The Cordilieran Roundup held in Vancouver February 2-5,
1988, with over 1,300 attendees was one such meeting. This
type of forum, where government, industry, and academe com-
bine to stimulate mineral exploration, is gaining popularity. The
main drawing cards are geologic descriptions, rock specimens,
drill core, map displays, and results of research for new discov-
eries. At the same time, individuals describe how a prospect
was found and give particulars of the deposit geology and/or
mining characteristics. Continued on page 3.
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Journal of Geochemical
Exploration Volume 30, Nu-
mber 2 has been issued
since the last newsletter. As
explained by the announce-
ment on page 14, Volume 30
is received by 1987 members,
and Volume 31 will be
received by 1988 members.

Exploration Geochemis-
try Bibliography,
November, 1984 to October,
1987 has been received by
members as Special Volume
Number 31, Supplement Nu-
mber 2. It is an excellent and
most useful compilation for
those needing updated com-
prehensive indexing of
geochemical subjects pub-
lished in western languages
including Russian papers
available by translation and
Chinese papers with English
summaries. The volume is
cross-indexed by area of lo-
cation, metallic commodity,
mineral name, subdiscipline,

and other key words.
We heartily thank Herb

Hawkes, for this Herculean
task well done and many
years of bibliographic work
for the Association. Hence-
forth, references should be
sent to Dr. L. Graham
CIoss, Colorado Schooi of
Mines, Golden, CO 80401,
U.S.A.

Another reference volume
which has been received by
current members without
charge is the 1988 Member-
ship Listing & Directory of
Geochemical Services
which includes the Bylaws of
the Association. The mem-
bership is listed alphabeti-
cally with address and tele-
phone number and indexed
by country. The directory
portion covers analytical lab-
oratories, consultants, data
processing and plotting ser-
vices, and much more.

Members joining now for
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1988 may still receive the
above-described Bibliography
and Directory free along with
the current issues of the Jour-
nal of Geochemical Explora-
tion. This is also the time to
use the same application (on
page 25 to renew or initiate
your 1989 membership.

Three special issues of
JGE that will be received by
members in the future are
described in the section let-
ters to the Editor. They are
the proceedings of the 12th
International Geochemical
Exploration Symposium, the
proceedings of the AEG
meeting in China, and a vol-
ume on epithermal gold
mineralization around the Pa-
cific. Something of the value
of these works was indicated
in this column last time: the
proceedings of the 11th IGES
held in Toronto (two-volume
set) now costs $268.25 from
Elsevier.

EXPLORE #63 was distrib-
uted to 10,105 different
professionals in the explo-
ration industry. More than

6,000 of these were mailed
by the Northwest Mining As-
sociation to the combined
memberships of NWMA and
AEG and the attendance lists
of several recent targe
meetings.

The remainder were dis-
tributed by individuals who
passed them out with a little
sales pitch to prospective
members at professional
meetings and during regular
business contacts: Stan
Hoffman in Canada, Paul
Taufen in Brazil, Graham
Taylor in Australia, Aif
Bjorklund in Finland,
D.A.V. Stow in the United
Kingdom, and Peter Rogers
in Nova Scotia.

As this is an effective way
to promote membership in
the Association, we encour-
age individuals to write to
EXPLORE requesting bulk
shipments. Please indicate
the date, place, and name of
the exploration meeting and
the number of issues desired.
Request should be made
about 4 to 6 months before
the meeting.

Scope This Newsletter endeavors to become a forum for late
advances in exploration geochemistry and a key informational
source. In addition to contributions on exploration geochemis-
try, we encourage material on multidisciplinary applications,
environmental geochemistry and analytical technology. Of par-
ticular interest are extended abstracts on new concepts for
guides to ore, model improvements, exploration tools, uncon-
ventional case histories, and descriptions of recently
discovered deposits.

Format Manuscripts should be double-spaced and include
illustrations where possible. Meeting reports may have photo-
graphs, for example. Text is preferred on paper and 5'/i-inch
IBM-compatible computer diskettes with ASCII (DOS) format,
which can go directly to typesetting. Please include the metric
system in technical material.

Length Extended abstracts may be up to approximately
1000 words or two newsletter pages including figures
and tables.

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

Pan/aha, Ph.O
PHISIDINT, BIOCHEMIST

Microbial• Plant ° Soil Melhods

CEREUS EXPLORATION TECHNOLOGIES INK
Specializing In

INNOVATIVE EXPLORATION TECHNIQUES FOR BURIED MINERAL DEPOSITS
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News & Comment
An example is the Cordilleran Roundup, an annual infor-

mation event at Vancouver, which is sponsored by the British
Columbia and Yukon Chamber of Mines in cooperation with the
B.C. Ministiy of Energy, Mines, and Petroleum Resources, the
Geological Survey of Canada, the Department of Indian Affairs
and Northern Development (Yukon), and the mineral explora-
tion community. It is a four-day program, with the mornings
given to oral and visual presentations and the afternoons to dis-
cussion and displays- The general format is as follows:

DAY 1- A.M. Presentation by the Geological Survey of Canada
and Department of Indian Affairs and Northern
Development (Yukon).

P.M. Poster displays by above.
Core shack.
Prospector's tent.
Service and supply forum.

DAY 2- A.M. Presentations by the British Columbia Ministry
of Energy, Mines and Petroleum Resources.

P.M. Poster displays by above.
Core shack.
Prospector's tent.
Service and supply forum.

DAY 3- A.M. Industry presentations — snapshot 89.
P.M. Prospector's tent.

Mineral Resource Forum.

DAY 4- A.M. Industry/Government presentations.
P.M. Mineral Resource Forum.

The core shack and prospector's tent format is particularly
useful in bringing mineral property owners and their holdings
to the attention of the exploration industry. Industry presenta-
tions describe the most recent discoveries or update the
development of active properties. In 1988 each deposit on the
program was summarized as a "snapshot" in two pages: name
of the project, description, location, land status, agreements,
history, geology, current exploration, reserves, costs, and au-
thor. Deposits described included; Lara, Windflower,
Lawyers, Snip, Harrison Lake Au, Ketza River, Skukum
Creek, Samatosum, Esperanza, Willa, Golden Bear, and
Skyline.

The popularity of this type of forum is documented by an
ever increasing attendance and by the greater distance people
are travelling to attend what normally would be considered a lo-
cal event. The success of these forums suggests that this
Canadian experiment might serve as a model to encourage ex-
ploration in other countries. Copies of a 24-page summary can
be obtained from the Chamber at the address below for $5 CDN.

The cost to attend the 1989 Cordilleran Roundup, including
Chamber membership for the year, will be on the order of
$40.00 CDN. The next Cordilleran Roundup will be held in Van-
couver from February 7th to 10th, 1989. For more information
contact:

Jack Patterson, Managing Director
British Columbia and Yukon Chamber of Mines
840 West Hastings Street, Vancouver, B.C. V6CIC8
(604) 681-5328

All the open house forums are inexpensive to attend, being
supported by industry and government to encourage explora-
tion and mining activity. On occasion they focus on a
geochemical theme, such as the 1985 Quebec "show and tell".
A technical volume entitled La Geochimie d'Explomtion au
Quebec — Seminaire d'information 1985 presents talks in En-
glish (3 papers) and French (14 papers). Document DV 85-11
(162 pages) is available at the following address for $16.00 CDN
including postage or on microfiche for $6.00 CDN including
postage:

Government du Quebec
Ministere de I'Energie et des Ressources
1620 boulevard de I'Entente, Quebec City
Quebec G1S 4N6 Canada

In this column E present high-
lights of the minutes of the
Annual General Meeting held
in Baltimore on May 12, 1988.
This satisfies the require-
ments of the By-laws and
provides those of you who
could not be present with in-
formation on the proceedings
and activities of your Asso-
ciation. If you have any
comments or questions
about the minutes, please
contact me.

a Attending Council mem-
bers included: C.E. Dunn,
E.L. Hoffman, C.E.
Nichols, and E.F. Weiland.
Members of the Executive in-
cluded S.J. Hoffman
(President), M.A. Chaffee
(President-elect), and S.R
Marsh (Secretary). Nine
members of the Association
also attended the meeting.
m The minutes of the 1987
Annual General Meeting were
accepted.

Secretary's Report
B The most notable change
in the past year has been the
publication of the outstand-
ing new Newsletter,
EXPLORE, which has been a
real boost to the Association.
The Association has received
164 new member applica-
tions in the last year bringing
the membership for 1987 to a
total of 865. To date, the
membership for 1988 is 650.
The membership is down
only 12% (103) from 1987, an
improvement from a decline
of 22% from 1986-1987. With
the publication of "Explore",
the Association is looking
forward to generating new
members and having a good
year in 1988.

a The Distinguished Lecturer
for 1987 was Howard Mc-
Carthy whose tour in the
United States and Canada
was enthusiastically re-
ceived. Mr. McCarthy is very

ASSAYING AND GEOCHEMICAL
ANALYSIS FOR GOLD AND

ASSOCIATED ELEMENTS
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EXTRACTIVE METALLURGICAL TESTING

Denver Reno Tucson
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pleased with the results and
enjoyed it very much.
B The Student Paper Prize for
1987 was been awarded to
Don Saxby for his paper en-
titled "Behavior of Scheelite
in a Cordilleran Stream".
^ The Association is conven-
ing the next International
Geochernical Symposium in
Rio de Janiero, Brazil in Oc-
tober, 1989. This meeting is
one of several international
symposia being sponsored
by the Association over the
next 4 years: Prague,
Czechoslovakia in 1990,
Reno, Nevada in 1991, and
Beijing, China in 1992. The
next Association meeting will
be jointly sponsored with the
Northwest Mining Associa-
tion in Spokane, Washington
on December 1-4, 1988.
m No increase in annual dues
is expected for the next year.
In addition to EXPLORE, ad-
vantages to members in 1988
included: a new bibliography
supplement, a directory list-
ing laboratories throughout
the world, which would also
include a listing of current
members and a reprint of the
By-laws of the Association, a
discount on books published
by Elsevier and the Institute
of Mining and Metallurgy,
and a discount on Practical
Problems in Exploration Geo-
chemistry by A.A. Levinson.
a The passing of Dick
Lewis, the Regional Coun-
cillor for Brazil, was noted
with regret. The Brazilian
membership has recently
elected Paul Taufen to fill
the position. The Australian
membership has elected
Graham Taylor to be a Re-
gional Councillor for eastern
Australia.

Treasurer's Report
m The Association ended
1987 with surplus of about

$9000 (US). The use of VISA
and Mastercard for payment
of dues and publications was
introduced during the last
year and has been very well
accepted. The total bank as-
sets of the Association are
$128,000 (US) putting it in a
healthy financial state. The
budget for 1988 projects a
deficit of about $8000; it will
be up to the Executive to cut
costs and increase revenues.
Audited statements for 1987
will be published in a future
issue of "Explore".
The 1988-1989 Executive

President M. A. Chaffee
First V. P. A. E. Soregaroli
Second V.P. D. D. Runnells
Secretary S. P. Marsh
Treasurer D. M. Jenkins

The 1988-1990 Ordinary
Councillors

The Association's Auditor re-
corded 203 unspoilt ballots.
On the basis of the ballots
counted the following Ordi-
nary Councillors were
elected from the ten candi-
dates:H. E Bonham, C. E.
Dunn, J. A. Jaacks, P. E
Matysek, F. R. Siegel, S.
Clark Smith
a Maurice A. Chaffee, the
Association's new President,
stated that the Association
was in the process of moving
the position of Treasurer from
Toronto to Vancouver, Cana-
da and that the mandated
appointment of auditors was
being delayed until this move
could be effected. An auditor
from Vancouver would be ap-
pointed as soon as possible.
• C. Nichols, EXPLORE's ed-
itor, encouraged the
membership to submit items
and articles of interest.

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

The environment at the sur-
face of the Earth pervasively
impacts our quality of life
both positively and nega-
tively. Our simultaneous
needs for food, shelter, ener-

gy, minerals, and clean water
all require us to interact inti-
mately with this environment.
However, there are also natu-
rally hostile aspects of our
environment that affect our

health and economic well-
being that too frequently are
overlooked or ignored.
Actions taken without appro-
priate understanding of the
environment at and near the
land surface can result in sat-
isfaction of one need at the
expense of another. For ex-
ample, natural selenium is
concentrated to toxic levels
by irrigation waters in the San
Joaquin Valley of California,
where a significant percent-
age of the nation's food is
grown. This same situation
occurs at numerous other lo-
cations in the United States
where the natural hazard is
further amplified by activities
such as waste disposal and
mining — as well as irriga-
tion. Such inadvertent
problems have recently rais-
ed both local and national
alarm and have generated in-
tense conflicts between
various special-interest
groups. Until we have a bet-
ter understanding of the
environment at the surface of
the Earth, new hazards and
conflicts will continue to ap-
pear in unexpected places,
resulting in untold financial,
health, and social costs to
government and individuals.

The proposed Environ-
mental Geochemistry
Program will address natu-
rally occurring toxic
elements such as selenium,
boron, and cadmium, to
name only a few. The Pro-
gram will provide not only
needed geochemical infor-
mation, but of equal
importance, an integrated
multidisciplinary framework
within which broad-scale en-
vironmental and resource-
management issues can be
addressed. A key aspect of
the Program will be coor-
dination with other USGS
programs and with other in-
ternational, federal, and state
agencies, academia, industry,
and environmental organiza-
tions. This coordination will
constitute the nation's first
fully integrated, inter-organi-
zational geoscience
assessment of the land sur-
face. Priorities for topic and
study-area selection will be
based on present knowledge
of potential natural contam-
ination or degradation
hazards, on the perceived
need for a rapid response,

and the interest and coopera-
tion of other agencies.

The Environmental Geo-
chemistry Program will
produce scientific surveys,
reports, and assessment
maps of naturally occurring
toxic elements. It will also
bring together (a) a national
database of geochemistry
and surficial-Earth parame-
ters useful to many diverse
groups, including other feder-
al and state agencies, land-
use planners, environmental
organizations, and explora-
tion companies, and (b) a
more quantitive understand-
ing of natural processes that
affect the makeup and stabil-
ity of our environment.
Environmental-assessment
strategies will be developed
that will allow evaluation and
prediction of areas with envi-
ronmental contamination or
degradation hazards due to
natural processes or human
intervention. The results of
research from the Environ-
mental Geochemistry
Program will help define the
best approaches to effectively
solve present environmental
problems, to know when

AGGRESSIVE NEW

COMPANY

SEEKS GOLD PROPERTIES

WITH

PROFESSIONAL WORK
PREFERABLY IN
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ADVANCED STAGES

OF EXPLORATION

IN NEVADA OR
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cleanup is infeasible given
the natural constraints, and
to formulate optimum land-
use strategies that will mini-
mize potential future

environmental problems
Lorraine H. Filipek
USGS, Box 25046, MS 97i-
Federal Center
Denver, Colorado 80225

The five-element suite is clas-
sically developed in hydro-
thermal veins containing
minerals with the charac-
teristic transition metals
nickel and cobalt, the semi-
metals arsenic and bismuth,
silver, and a variable pres-
ence of uranium. Five-
element veins occur on a
scattered basis throughout
the world in such famous
districts as Cobalt-Gowgan-
da, Great Bear Lake and the
Erzgebirge, as well as many
others.

The mineral assemblage in
five-element veins contains
ordinary base-metal sulfides,
but consists mostly of arse-
nides and sulfarsenides. Also
striking is the low iron con-
tent of the assemblage; even
pyrite and arsenopyrite are
absent. A touch of mercury is
present, although para-
genetically separated from
the other minerals, and its
presence is sporadic. Most
five-element districts contain
significant amounts of ura-
nium as uraninite, although
uranium is conspicuously
missing in the Thunder Bay,

Table 1.Five-element Asso-
ciations 1. Five element (Ni-
As-Ag-Co-Bi) veins.e.g. Co-
balt-Gowgandadistrict,
Ontario; Thunder Bay district,
Ontario.

2. Shale-hosted stratiform
copper deposits (in
part).e.g.Manfeld rucken,
Germany; Shaba veins, Zaire.

3. Unconformity-type ura-
nium veins.e.g. Athabasca
Basin, Saskatchewan.

4. Mississippi Valley-type
lead-zinc deposits (in
part).e.g. Viburnum trend
and Fredericktown district,
Missouri.

5. Sandstone-type uranium
deposits.e.g. Colorado
Ptateau,U.S.A.

Cobalt-Gowganda, and Kon-
gsberg-Modum districts.

The five-element assem-
blage, or the portions of it
that carry nickel-cobalt min-
eralization, is rare in
hydrothermal deposits. In
fact, only five types of depos-
its carry this type of minerali-
zation, as shown in Table 1,
which lists them in order of
abundance of the five-ele-
ment type assemblages. Note
that all of these with the ex-
ception of sandstone-type
uranium deposits are the foci
of controversies regarding
their genesis. This observa-
tion is perhaps not
surprising, as the five-ele-
ment assemblage may be an
indication of unusual and
specific geochemical param-
eters for formation of the
deposits.

Shale-hosted stratiform
copper deposits are good
representatives of the five-el-
ement assemblage, except
for silver. Arsenic is low, and
most minerals are sulfides
rather than arsenides. Also
present here, but very poorly
represented in the five-ele-
ment suite, is an elemental
association characterized by
molybdenum, tellurium, se-
lenium and cadmium. This
association is recurrent in
two other deposit types to be
discussed.

Unconformity-type ura-
nium veins have variable
amounts of nickel- cobalt-ar-
senic mineralization, as well
as sometimes abundant base
metal sulfides and even gold.
The molybdenum-selenium-
tellurium- cadmium associa-
tion is also characteristically
present. A conspicuous point
is the absence of both arse-
nopyrite and barite.

Mississippi Valiey-type
lead-zinc deposits have an
accessory mineral suite that

1 AT Fire assay for drilling
samples
"16 element ICP data FREE
for every 10th sample
analyzed

"Offer ends March 31, 1989

3805 Atherton Road ® Rocklin, California 95677
Phone: 916/624-9701 © FAX: 916/624-8986
1498 Kleppe Lane ® Sparks, Nevada 89431
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is exceptionally well devel-
oped in the Viburnum Trend
and Fredericktown districts of
southeast Missouri, but oc-
curs in a number of other
districts as well. Notably, the
molybdenum-selenium-tell-
urium-cadmium association
is absent, and the silver con-
tent of the mineralization is
low.

The sandstone-type ura-
nium assemblage has a well-
developed molybdenum-se-
lenium-tellurium-cadmium
association with only minor
five-element type mineraliza-
tion. Barite and arsenopyrite
are both absent, but silver
may be more significant.

Ali of the foregoing is sug-
gestive of a pattern which is
underlain by a more funda-
mental process. Transport of
nickel and cobalt is the main
problem, and occurrence of
these metais in hydrothermal

mobilization and deposition
of a five-element ore solu-
tion. Mobili2ation is governed
by high temperatures, proba-
bly in the neighborhood of
400°C, high salinity and rela-
tively oxidizing conditions,
probably controlled by the
magnetite-hematite buffer.
Deposition is governed by re-
duction, dilution, and cool-
ing; boiling appears to p!ay a
role as well.

The five-element veins are
thus of non-magmatic origin,
as are the other four deposit
types previously discussed. If
this assertion is accepted,
how then did the five-ele-
ment veins originate and
what is their relationship to
the four other non- magmatic
ore types?

Kissin (1988) has shown
that there is a strong associa-
tion between most five-
element ore districts and rift

Five-Element Veins

U - bearing
5- element deposit

R i f t | A x i s 5-element deposit
corbonaceojjs sedimenls; f w/o U

meteoric H£O
Precipitation

controlled by: boiling,
reduction end /or
cooling /dilution.

Normal Fault

U - rich
granitic basemen!

MobilizationNi.Co.As,Ag
+ base

metals Relative oxidizing connate
waters scavenge metals in
narrow alteration zones in
wide areas.

deposits is limited to the five
cases just discussed.

Crerar et a!. (1985) have
shown that temperature and
salinity play an important
role in determining the rela-
tive stabilities of tetrahedral
vs. octahedral complexes.
High temperature and sa-
linity favor the stability of
tetrahedral complexes of
nickel and cobalt.which are
a!so the forms in which sol-
ubility is enhanced. Cobalt
and nickel in igneous rocks
are normally strongly parti-
tioned into magmatic phases
and do not enter magmatic-
hydrothermal solutions. Oxi-
dizing conditions in neutral
to slightly alkaline solutions
also will augment transport
of arsenic and suppress
transport of iron.

The foregoing outlines
some of the parameters for

Figure 1.Hypothetical ge-
netic mechanism for five-
element veins.The system is
centered on an active conti-
nental rift overlying a thermal
plume.

structures in the continental
crust (Figure 1). The thermal
anomaly associated with rift-
ing can produce tempera-
tures up to 400°C at relatively
shallow depths. Connate wa-
ters mobilized in this
environment scavenge met-
als from narrow alteration
zones, but over large areas. A
spectrum of rock types
serves to supply the metals
to the solution. Granites,
black shales, and suifide-rich
metavolcanics are all suita-
ble, but granites appear to be
required if uranium occurs.

These solutions are highly
saline and relatively oxidiz-

Unconformity - type Uranium

Fluvial sediments
( carbonates, volcanics)

Basin- marginal fault

Thermal

Anomaly
Mobilization (25O-IOODC)
of mixed connate and
circulating meteoric waters.

ing at the hematite-magnetite
buffer. They travel to near the
surface via the open struc-
tures associated with rifting
where they deposit their ores
due to cooling and dilution
by meteoric water and are re-
duced by such local factors
as carbonaceous sediments
or the sulfides in fahlbands.
Diabasic hypabyssal intru-
sions associated with rifting
may act as throttles localiz-
ing boiling beneath them.

The unconformity-type
uranium deposit has factors
in common with five-element
veins (Figure 2). The scenar-
io shown here is modified
after the model of Wallis et
al. (1985) for the McLean de-
posit of the Athabasca Basin
of Saskatchewan. The basin
is centered on a thermal
anomaly producing tempera-
tures in the range 100 to 250X.
A solution resembling a
five-element ore solution is
generated within the basin
and rises to the vicinity of an
unconformity usually with
fluvial sediments. Here, re-
duction occurs largely

Figure 2.Generation of an
unconformity-type uranium
deposit at the margin of a
thermally anomalous era-
tonic basin (modified after
Wallis etal., 1985).

controlled by accumulations
of carbon. Meteoric water, ap-
parently carrying uranium as
well as such elements as se-
lenium, tellurium, and
vanadium, seems to interact
with the five-element solu-
tion, forming the deposit.

Sandstone-type uranium
deposits (Figure 3) represent
one end of a spectrum which
passes through the unconfor-
mity deposits to five-element
veins at the other end. The
ore-depositing solution de-

Figure 3.Generation of
sandstone-type uranium de-
posits of roll- type, with
indigenous reductant, or pen-
econcordant type, with
introduced reduc-
tant.Uranium may be derived
from pyroclastics in basinal
fill, as well as from upland
areas.

Sandstone - type Uranium

Upland source
area (volcanics,
granitic rocks)

Shallow Cratonic Basin
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rives its metals from the
weathering of pyroclastic vol-
canics and/or uranium-rich
granites. The oxidized solu-
tion in a shallow continental
basin travels toward the cen-
ter of the basin where either
an introduced or an indige-
nous reductant precipitates a
roll or a peneconcordant de-
posit.The five-element type
mineralization associated
with this sort of deposit is
merely a trace, reflecting its
derivation from a generalized
source under oxidizing con-
ditions and precipitation by
strong reduction.

The genesis of stratiform,
shale-hosted copper deposits
is still a highly controversial
topic, and the mechanism
presented in Figure 4 is one
proposed recently by Jowett
et al. (1987)based on the Pol-
ish Kupferschiefer. Foreland
rift basins are subject to
anomalously high heat flow,
which mobilizes oxidized
connate brines. The solu-
tions pass upward along the

and pass to the margin
where deposition occurs.
The basin may require some
anomalous heat flow, how-
ever, to attain the
temperatures proposed. In
contrast to the cases dis-
cussed previously, the
solution is reduced and car-
ries lead and zinc in much
greater abundance than
copper.

There is a long-standing
controversy on the nature of
the ore-carrying solution,
which I do not propose to re-
solve here. However, whether
chloride complexing or bi-
sulfide complexing is the
mechanism, nickel-cobalt
sulfides are the least soluble
components and will precipi-
tate first in the paragenetic
sequence. The reducing
character of the ore solution
will prevent transport of arse-
nic.although it is unclear why
the silver content is low in
these deposits.

Figure 6 is intended to
summarize the relationship

Shale - hosted Stratiform Copper Deposit

F o r e l a n d R i f t B a s i n s

-sandstone.
/ r

shale^_

basement

sides of the basin, the dips of
which are much exaggerated
here, and into a zone of re-
duction in the shale. The
process is envisaged as oc-
curring during diagenesis of
the sediments, while per-
meabilities are quite high.
Although the temperatures
are fairly low, the salinities
are high, resulting in rea-
sonably effective transport of
cobalt and nickel.

Finally, Figure 5 illustrates
the Mississippi Valley-type
lead zinc deposit. The gener-
alities of this diagram are not
particularly controversial,
and the situation shown is
approximately that in south-
east Missouri. Connate brines
are mobilized in source beds
usually believed to be shaley

Figure 4.Generation of
shale-hosted stratiform cop-
per deposits by circulation of
connate brines in diagenetic
stage sediments filling fore-
land rift basins. Deposition
occurs by reduction in shales
(areas of Eh (-); after Jowett et
al., 1987).

between the five types of ore
deposits just discussed. The
vertical axis represents tem-
perature, and the horizontal
axis represents the approxi-
mate degree of involvement
of the ore solution with base-
ment. Looking then at the
uranium-bearing deposits,
the highest temperatures are
associated with the five-ele-
ment veins, which are
essentially entirely derived by
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Mississippi Valley-type Lead - Zinc Deposit

MVT deposit

Paragenetic sequence:
Co-Ni minerals -*-
chalcopyrite 4- pyrite
—>- galena + sphalerite

+ pyrite

Basement

Mobilization of connate brines
( variable interaction with basement )

Figure 5. Generation of a Mississippi Valley-type deposit by
migration of connate brines to a pinch-out and/or facies change.

interaction with basina! flu-
ids. Thus, some deposits
which have traditionally been
difficult to classify, e.g. Pri-
bram and the Beaverlodge
district of Saskatchewan, may
be intermediates. According
to this idea, as well, sand-
stone-type deposits may lie at
the opposite end of the spec-
trum, formed at low
temperatures and derived en-
tirely from basinal fill.

The stratiform copper and
Mississippi Valley-type depos-
its overlap, and they may be
in a sense closely related. It
has been shown, for exam-
ple, that oxidation of a
Mississippi Valley ore solu-
tion can yield a stratiform
copper ore solution.

In conclusion, then, the
five-element association in
ores appears to characterize

400-

CD

o

c
o

300-

CD

ZJ

o
1—
CD

I

100-

^Five-element
(Ag-Co-Ni-As-Bi±U)
veins _ ...

Stratiform
Copper

Mississippi
Valley-type

Unconformity-
type Uranium

Sandstone -
type Uranium

0 100
% Derived from Basinal Fill

Figure 6. Proposed relationship between temperature of
mobilization of ore (after Crerar et a!., 3985) vs. percentage
derivation of ore components from basinal fill. Arrows indicate
transitional relationship between five-element veins and
unconformity-type uranium deposits and possible relationships
between sandstone-type and unconformity-type uranium
deposits.

nonmagmatic genesis of a
spectrum of ore deposit
types related to differing
phases of development of
sedimentary basins.

Stephen A. Kissin
Dept. of Geology
Lakehead University
Thunder Bay, Ontario

Canada P7B 5EI
Phone:(807) 343-8461
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Introduction
At present there are few use-
fui indicators in exploration
for platinum-group element
(PGE) deposits. The general
opinion is that large, layered
intrusions formed from high-
MgO magmas are a good tar-
get using the models based
on the PGE deposits of the
Bushveld, Great Dyke, Pen-
ikat and Stillwater intrusions.

Many intrusions may be
broadly divided into a lower
ultramafic zone, a middle
mafic zone and an upper in-
termediate zone. Coarse-
grained pyroxenites or gab-
bros occurring close to the
transition from the ultramafic
to mafic zone, and which
contain chromite or sul-
phides, may be enriched in
PGE. However, many intru-
sions are neither exposed
well enough nor mapped
well enough to use this
model.

Most current exploration
programmes for PGE consist
of sampling of mafic and ul-
tramafic rocks and determin-
ing Rh, Pt, Pd and Au. Fre-
quently a few samples will
have Pt and Pd contents of
about 100 ppb. While con-
tents of 100 ppb Ptand Pd
are anomalous in mafic and
ultramafic rocks they could
simply represent the pres-
ence of sulphides and not
necessarily indicate a favour-
able environment for a PGE
deposit. The topic of this pa-
per is how to use the ratios
of Ni and Cu to the PGE to
decide the significance of
such low geochemical
values.

and Jowett, RJ. (1987) The Kup-
feuschiefer Cu-Ag ore deposits in
Poland: a reappraisal of the evidence
of their origin and presentation of a
new genetic model, Can. J. Earth Sci.,
v. 24, p. 2016-2037.

Kissin, S.A. (1988) Nickel-cobalt-na-
tive silver (five-element) veins: A rift-
related ore type, p. 268-279 in Geza
Kisvarsanyi and S.K. Grant, eds., Pro-
ceedings Volume, North American
Conference on Tectonic Control of
Ore Deposits and the Vertical and
Horizontal Extent of Ore Sys-
tems. University of Missouri-Rolia.

Wallis, R.H., Saracoglu, N.T Brum-
mer, J.J., and Golightly, J.R(1985)77;i?
geology of the McClean uranium de-
posits, Northern Saskatchewan, p.
101-131 in T.I.I. Sibbald and W. Petruk,
eds. Geology of Uranium Deposits,
Can. inst. Min. Metal)., Spec, v.32, 268
pp.

Factors Effecting the Dis-
tribution of Ni Cu and PGE
in Mafic and Ultramafic
Rocks

The distribution of the PGE,
Ni, and Cu in mafic and ultra-
mafic rocks is thought to be
controlled by sulphides,
chromite, olivine and plat-
inum-group minerals (the
reasons for this is discussed
in more detail in Barnes et
al. 1988). The distribution of
major rock types and the ef-
fects of oiivine and chromite
crystallization are illustrated
in Fig. la. Because all known
PGE-deposits are in layered
intrusions that formed from
high-MgO basaltic magma,
the chilled rocks of an intru-
sion with potential for a PGE-
deposit should lie in the
high-MgO basalt field. How-
ever, in a normal exploration
progmramme only cumulate
rocks may be available to
sample. If these rocks con-
tain cumulus olivine or
chromite they will be dis-
placed from the original
liquid composition along the
olivine or chromite vectors
(Fig. la), i.e. towards the
right-hand corner of the dia-
gram. The liquid from which
the olivine and chromite has
been removed, and cumulate
rocks that subsequently form
from the depleted liquid, will
be displaced in the opposite
direction. Cumulate rocks
from an intrusion with PGE
potential should lie along the
olivine or chromite vector
and pass through the high-
MgO basalt field.

The Pd/Ir ratio changes



EXPLORE NUMBER 64 PAGE 9

rapidly during olivine and
chromite crystallization and
hence is a good discrimina-
tor of the degree of evolution
of the magma and its poten-
tial to produce a PGE
deposit. Unfortunately Ir
analysis is expensive and
thus the Pd/lr ratios are not
always available. Figs, lb and
Ic show the distribution of
the major mafic and ultra-
mafic rocks for Pd/Rh and
Pd/Pt versus Ni/Cu. However,
these diagrams are not as ef-
fective at discriminating an
intrusion with PGE potential
because the ratios of Pd/Rh
and Pd/Pt are affected less by
olivine and chromite crystall-
ization.

Sulphide segregation also
has an important influence
on the formation of PGE-de-
posits. The effects of sul-
phide segregation cannot be
seen on Figs. 1 a,b and c, be-
cause Ni and Cu both have
similar partition coefficients
into sulphide liquid.

Partition coefficients for Pd

and Ir into a sulphide iiquid
are not known exactly (they
are in the range 1000 -
100,000) but they are usually
assumed to be similar.
Therefore, as in the case of
the Ni/Cu ratio, the Pd/lr ratio
of the magma or cumulate is
not changed by the segrega-
tion of a sulphide liquid. In
order to study the effect of
sulphide saturation the Ni
and Cu to PGE ratios must be
considered. Fig. 2a shows the
fields for mafic and ultra-
mafic rocks on a plot of Ni/
Pd versus Cu/Ir.

If sulphides have not been
removed from the magma
then the Ni/Pd and Cu/Ir ra-
tios will be similar to that of
extrusive rocks (komatiites,
high-MgO basalts, and flood
basalts) and the intrusion
had potential to form a PGE-
deposit. However, to generate
a PGE-deposit some sulphide
segregation is necessary. Be-
cause the partition
coefficients for Cu and Ni
into sulphides are much less
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PGE-
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Contour plotting
Mesh diagrams
Scatter diagrams
Histograms
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Figure lb.
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than for PGE, the segregation
of sulphides from a magma
causes the Ni/Pd and Cu/Ir
ratios to increase in the cu-
mulate and decrease in the
fractionated magma, relative
to the initial magma. Any cu-
mulate containing the first
formed sulphides should be
enriched in PGE relative to Ni
and Cu and will tend to plot
below the field defined by ex-
trusive rocks. If rocks plot in
this area it suggests that pro-
cesses favouring the forma-
tion of a PGE-deposit oper-
ated. The fractionated mag-
ma may subsequently form a
cumulate containing later
sulphides, but this rock
will be depleted in PGE be-
cause of the earlier sulphides
will have stripped the magma
of PGE. Rocks formed from
magma depleted in PGE by
an earlier sulphide segrega-
tion wilt plot above the field
of extrusive rocks defined by
komatiites, high-MgO basalts
and flood basalts. Such rocks
do not make good explora-
tion targets, they do however

suggest that PGE-enriched
rocks might lie strati-
graphicaly below them. It
should also be remembered
that if each cyclic unit in an
intrusion represents a new
influx of magma the process
may be repeated several
times.

The same approach has
also been applied to the Cu/
Rh and Cu/Pt ratios (Figs. 2b
and c). These diagrams are
not as discriminating as the
Cu/Ir diagram because the ef-
fect of olivine addition and
sulphide removal is similar
for Figs. 2b and c, i.e. it
raises the Ni/Pd ratio and
does not change the Cu/Rh
or Cu/Pt ratio. Thus an ol-
ivine cumulate may falsely
appear to be depleted in PGE
and rocks formed from mag-
mas which have separated
olivine will appear enriched
in PGE.
Conclusions

The use of Ni and Cu to PGE
ratios could be an interesting
exploration tool for PGE de-
posits. Plots of Pd/Ir versus
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Ni/Cu and Ni/Pd versus Cu/Ir
can be used to distinguish
the effects of olivine and
chromite fractionation and
sulphide sergregation and
thus help to define intrusions
with potential for a PGE-de-
posit. Because Ir analyses are
expensive, Rh and Pt may be
used instead of Ir, but these
elements may present ambig-
uous results.

Sarah-Jane Barnes
Sciences de to Terre

Universite du Quebec
555 Boulevard de Wnioersite
Chicoutimi G7H 2B1
Canada
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As time has been short between the writing of this column and
publication of issue 63,1 will leave conclusion of the VMS case
history for Issue 65.

[n Issue 63, Figure 3 displayed the Cr data for a soil survey
looking for Au and asked the question "do you see anything pe-
culiar in the data display?" Before answering this question one
might ask "why look at aqua regia teachable Cr data searching
for Au?" Is one looking for the Cr-bearing mica, fuchsite, which
is sometimes prevelant around Au deposits? I would not sug-
gest that was an objective here. Perhaps one is looking for
major geochemical patterns which would help unravel the na-
ture of the underlying geology or the composition of the
overburden. That is a valid application.

Geochemical data show an unusual pattern of lines alternat-
ing between high (170 to >250 ppm) and low (<11 to 55 ppm)
values, particularly in the east. This unusual distribution would
immediately suggest chrome contamination introduced from
pulverizer plates, if the samples were rock chips, but such a
source for Cr is unlikely using nylon mesh sieves to separate
the minus 80-mesh fraction used for soii samples. If the distri-
bution is not contamination-related, could it be an analytical
error? Again, would you be particularly worried about obtaining
the valid aqua regia leachable Cr results?

The inductively coupled plasma (ICP) used to determine Cr
(as well as 29 other elements simultaneously) normally proves
reliable Cr results, the amount of Cr depending on the sample
and the strength of the extraction. However, the ICP requires a
sophisticated computer program and numerous corrections to
ensure reliable chemical determinations for all elements. Al-
though Cr is probably not of direct exploration interest, it could
indicate erroneous computer-calculated correction factors
which could affect determinations of elements you might be in-
terested in (i.e., base metals, As, Sb). The lab was asked to
investigate.

Their examination revealed many very small soil samples
were submitted for analysis. Analysis was not possible on the
available minus 80-mesh fraction and so to provide a set of re-
sults, the lab elected to pulverize those very small samples in
their entirety (i.e., pebbles as well as fines) prior to the analysis
(introducing Cr from the pulverizer plates) and added an appro-
priate $2.00 surcharge for the procedure. Under pressures of
the field season the additional charge was not appreciated until
after the geochemicai interpretation.

The field individual responsible for the small samples was
working under contract. As large soil samples weigh more than
small soil samples and carrying them any distance can reduce
sampling rates significantly, small samples were taken. The ap-

parent analytical error was actually a sampling error, which
once recognized, was rectified in future surveys.
Editors reminder: Readers of this column are encouraged to
send in their case histories for future publication. ! will be re-
volving between sampling, analysis, and interpretation^
examples. Please assist me with writeups from your files.

Stanley J. Hoffman
BP-SELCO
Suite 700 890 West Pender Street
Vancouver, B.C. V6C1K5
Canada
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Our knowledge of the mi-
graiton of Pt and Pd in
surface and ground waters in
extremely limited, largely
owing to the lack of practical
and sensitive methods by
which to analyze for these el-
ements in this medium.
Pogrebnyak et al. (1984) have
studied streams draining a
Pt-Pd occurrence in Trans-
baikal, associated with CuS
mineralization, and found Pt
to range from <5 ppt (ng/liter)
to 40 ppt and Pd to range
from <I ppt to 10 ppt. How-
ever, all detectable Pt was
present in suspended form
(0.3 fxm), whereas the major-
ity of Pd was present as a
true solute.

An elegant but time-con-
suming method requiring
yield determinations has
been employed by Hodge et
al. (1986) at the Scripps Insti-
tution of Oceanography to
study Pt in the marine envi-
ronment. Using 2 liter
samples, they found Pt Eo
range from 0.10 to 0.25 ppt in
a depth profile of the Pacific
Ocean off the California
coast.

At the Geological Survey of
Canada (GSC) there has been
much effort in the past sever-
al years devoted to establish-
ing analytical methods to de-
termine Pt and Pd in vegeta-
tion, as well as improving de-
tection limits and accuracy
for these elements in rocks
and sediments. Thus, we de-
cided to investigate proce-
dures for the determination
of these elements in waters,
not only to explore their mi-
gration in the vicinity of an
ore deposit but also to obtain

more information on their
geochemical cycles (uptake
in vegetation, controls on
solubility, etc).

The method now estab-
lished is an extension of that
employed for Au in waters
(Halloa/ . , 1986). Briefly, Pt
and Pd are absorbed onto
300 mg of activated charcoal
from a filtered (0.45 |xm) 1 li-
ter water sample which has
been acidified with 10 ml of
concentrated HC1 (0.1M). The
charcoal is filtered off, ashed
at 650°C and the analytes sol-
ubilized in 1.5 ml of aqua
regia.

Following evaporation and
cooling, the volume is made
up to 5 ml, thus effecting a
concentration factor of 200.
Analysis is carried out by
ICP-mass spectrometry (ICP-
MS) or graphite furnace
atomic absorption spec-
trometry (GFAAS). These
techniques are of compara-
ble sensitivity but the former
is essentially simultaneous
owing to its rapid scanning
facility. Detection limits are
in the order of 0.5 to 1.5 ppt,
based upon 3 x the standard
deviation of blanks taken
through the procedure; re-
coveries are grater than 95%
for both elements.

Five tap water samples,
spiked at 25 ppt, produced
results of 24.6 ±1.4 ppt for Pt
and 24.9 ± 0.4 ppt for Pd.
The feature of calibration by
isotope dilution in 1CP-MS is
particularly attractive since
addition of the isotope prior
to concentration would elimi-
nate any variability in
recovery values.

Furthermore, sample intro-
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duction by electrothermal
vaporization (ETV) in ICP-
MS, rather than by nebuliza-
tion, requires only (xl volume
so that the concentration
procedure can be designed
to result, for example, in only
1 to 2 ml (Park and Hall,
1986). Hence, analysis by iso-
tope dilution ETV-ICP-MS
provides even lower limits of
detection for Pt and Pd, in
the range 0.1 - 0.5 ppL Gold
is also fulty recovered by this
procedure and can be deter-
mined by either analytical
technique.

It was found that the mini-
mum quantity of concen-
trated HCI required to main-
tain 50 ppt Pt and Pd in solu-
tion for at least two months
was 10 ml/liter (0.1M). An ac-
idity of 0.05 M retained Pt in
solution for 20 days but Pd
dropped by 40% over this pe-
riod. If transportation of acid
in the field is difficult, it is
the practice at the GSC for
analyzing Au in waters, sim-
ply to filter in the field and to
leach Au adsorbed onto the
walls of the container later in
the laboratory, using Br2HCI.
This procedure was tested for
Pt and Pd, after allowing
standard solutions to sit for
several weeks. Partial recov-
ery was obtained for
adsorbed Pd, while lost Pt
was not recovered at all.
However, if 20 ml of Br2-HCI
were used undiluted as
leachate in the bottles, then
90% of the adsorbed Pd was
recovered; again, this pro-
cedure was completely
ineffective for Pt. Thus, until
further leaching experiments
are complete, we advise ac-
idifying the filtered water
sample within 24 hours of
collection.

In the few samples collect-
ed to date, only Pt has been
detected. It was found at a
concentration of 340 ppt in a
stream near the Tulameen de-
posit, B.C. and at a concen-
tration of 64 ppt in a lake at
the Rottenstone deposit, Sas-
katchewan. These analyses
were performed by ICP-MS
and confirmed by GFAAS
(368 and 65 ppt, respec-
tively). Unfortunately, these
samples although clear in
color, were not filtered in the
field prior to acidification, so
it is impossible to ascertain
whether Pt was suspended,

colloidal, or in true solution.
Surprisingly, water collect-

ed from a tailings pond (pH
= 4) at Rottenstone showed
no detectable quantities of Pt
(or Pd). Water recently col-
lected over a gossan (pH =
4.4) located in the Ferguson/
Yathkyed Lakes region,
N.WT., Canada, was found to
contain 3 ppt Pt (background
of 0.2 ppt), which is a lower
limit as a delay of 48 hours
occurred between collection
and filtration/acidification. A
detailed survey of the vegeta-
tion in this area is in pro-
gress for Pt and Pd contents.

Brines from the Salton Sea
geothermal system in Califor-
nia have been analyzed by
this procedure. It was neces-
sary to dilute the brine,
containing about 24% total
dissolved salts, by a factor of
20 to obtain full recovery for
Pt and Pd spikes. With a dilu-
tion factor of only 2 for the
brine, a recovery of about
60% was obtained for each
element and this was in-
creased to 75% by using 600
mg of activated charcoal (cf.
300 mg), an amount which
begins to hamper efficient
filtration.

In summary, Pt and Pd can
be determined (together with
Au) to a level of 1 ppt in 1-li-
ter water samples by pre-
concentration on activated
charcoal followed by analysis
using ICP-MS or GFAAS. Care
must be taken to preserve the
analytes in solution by ad-
ding 10 ml/liter concentrated
HCI if analysis is delayed. Al-
ternatively, the preconcentra-
tion on activated charcoal
can be carried out in the field
laboratory and the filtered
residues shipped to the ana-
lytical laboratory. Brines can
also be analyzed by this
method with initial dilution
by a factor of 20, thus in-
creasing detection limits to
20 ppt.

N.B.: Details of this meth-
odology will be given in a
manuscript soon to be sub-
mitted to the Journal of
Geochemical Exploration.

Gwendy E.M. Hall
Geological Survey of Canada
601 Booth Street
Ottawa K1A 0E8 Canada
Phone: (613) 992-6425
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The Journal ofGeochemi-
cat Exploration is a
publication of The Associa-
tion of Exploration Geo-
chemists. Its Editor wel-
comes articles on any aspect
of the science of geochemis-
try as applied to the discov-
ery or genesis of mineral de-
posits of any type, including
metals, nonmetals, or petro-
leum. Articles by both
members and nonmembers
are accepted. Topics may in-
clude, but are not limited to:
e New interpretive
techniques

® Comparison of sampling or
analytical techniques
© Environmental geochemi-
cal studies

© Case histories
® Regional, local, or detailed
geochemical studies
® New analytical techniques
or applications
© Mathematical and comput-
er applications to data
interpretation
© Review articles

Information regarding the
format of articles can be
found on the inside cover of
the Journal. Submittals are
made to the Editor-in-Chief:

Dr. Eion M. Cameron
Deny Laboratory
Department of Geology
University of Ottawa
Ottawa, Ontario KIN 6N5
CANADA

Serving the Mining Industries in
Canada & U.S. for 20 Years

Multi-Elements Analysis by 1CP, AAS
Gold and Silver analysis by fire assay

Conventional Assay, Geochemical
Analysis, Computer services

on site samples preparation services
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Geologists who work with
heavy liquids should be
aware of the toxicity of the
various ones in use. There is
a new heavy liquid, sodium
polytungstate, available that
is nontoxic. This heavy liquid
can be diluted with distilled
water to vary the specific
gravity can from I to 3.0. It is
available in powdered form
from Sometu, Falkenried 4,
D-1000 Berlin 33, West Ger-
many at DM I30 per
kilogram. Even though the
cost is approximately 1.6

times more expensive than
tetrabromoethane, the safety
factor and clean-up with dis-
tilled water is worth the
difference in price. In addi-
tion, I suggest using coffee
filters with this liquid as they
increase the flow rate, have
excellent wet strength, and
most importantly, they are
cheap. A comparative study
using this liquid is available
in a recent note by J.E. Cal-
lahan published in the
Journal of Sedimentary Pe-
trology Vol. 57, No. 4, p. 765-766.

publication schedule of the
JGE on new members of the
association represents a new
problem for the AEG council
and actions are being taken
to return to a reasonably un-

derstandable schedule of
publication. Rest assured
members in good standing in
1988 will receive all of their
issues of JGE, .albeit publica-
tion will carry into mid 1989.

Kodalith, a high contrast
film with excellent resolution
for photographing figures
and diagrams, is available
from Kodak. The problem is
that you end up with a nega-
tive when you project using
standard 35mm techniques
(i.e. black with white lines).
You can use various colors of
Dr. P. H. Martin's synchroma-
tic transparent water color
dyes (manufactured by Salis
International 4093 North 28th
Way, Hollywood, Florida
33020, A.C. 800-843-8293 at
$1.99 per bottle) to eliminate
the black and white effect.
The nontoxic dye can be

painted on the slide with a
small brush, producing al-
most any color effect. I
particularly like the lemon-
yellow color but others are
available. This process has
been written up in several
Kodak brochures. One addi-
tional point is that your
kodalith slides don't fade like
the diazochrome technique
that 1 described in the News-
letter several years ago.

John E. Callahan
Department of Geology
Appalachian State Univ.
Boone, NC 28608
Tel. 704-262-2746

Where is my Journal?
The Journal of Geochemical
Exploration (JGE) represents
one of the main benefits of
AEG membership. Our con-
tract with Elsevier Scientific
Publishers assures members
of receiving at least 800
pages of technical material in
JGE annually. Recently,
Elsevier has modified our
contract to permit publica-
tion of up to 1200 pages
annually, at no additional
cost to the AEG membership
for the extra 400 pages.

Unfortunately, delays in
publication consequent to
the preparation of a large nu-
mber of special volumes has
meant that the first issue of
the 1988 year is not sched-
uled until late November,
1988. This answers the ques-
tion many new members in
1988 have wondered: when
will their JGE issues for 1988
arrive? Long term AEG mem-
bers received Volumes 28

and 29 in 1987, Volume 30, in
March and July, 1988. The
last installment of Volume 30
is scheduled for release in
late October, 1988.

Members in good standing
in 1988 will receive Volumes
31, 32 and 33. Members in
1988 have received a copy of
a 1988 update of our geo-
chemical bibliography, 1988
Membership Listing and Di-
rectory of Geochemical
Services and issues 62 and
63 of EXPLORE (in addition
to this number 64). Please
wait until you see an an-
nouncement of JGE
publication of Volume 31 in
Notes from'the Editor before
writing to the AEG office to
enquire about the status of
your 1988 membership. The
address label on this issue
reveals your membership sta-
tus for 1988.

The effect of the delay in

To Ail Voting Members:
Pursuant to Article Two of the
Association's By-Law No. 1,
names 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
them in writing to the Secre-
tary within 60 days of this
notice. If no objections are
received by that date, these
candidates will be declared
elected to membership.
Please address comments to
Sherman P. Marsh, Secretary
AEG, U.S. Geological Survey,
Mail Stop 973, Box 25046,
Federal Center, Denver, Colo-
rada 80225 USA.
Editors note: Council has
decided that all new appli-
cants will receive the journal
and the newsletter upon ap-
plication for the membership.
The process of application to
the Toronto office, recom-
mendation by the
Admissions Committee, re-
view by the council, and
publication of applicant's
names in the newsletter re-
mains unchanged.
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I here's a lot at stake in mining
exploration and development. That's
why North America's leading mining
companies turn to Bondar-Clegg for
accurate assays and geochemical
analyses:
® fire assay;
® atomic absorption;
o emission spectroscopy (ICP, DCP);
• X-ray fluorescence;
© instrumental neutron activation;
® whole rock analysis; and
© computer services.

For professional, competitively
priced services, with fast turnaround,
call any .one of Bondar-Clegg's fully
equipped laboratories or field
stations strategically located across
North America.

Bondar-CIegg, Inc.
Sparks, Nevada (702) 359-9330

Lakewood, Colorado (303) 989-1404

Bondar-Oegg & Company Ltd.
Ottawa, Ontario (613) 749-2220

N. Vancouver, B.C. (604)985-0681

Chimitec Lt£e
Ste-Foy, Quebec (418) 683-1777
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Acme Analytical^ 1988 Special Offer

Geochemica! Gold & 30 element ICP Analysis

$10.75/sample

Detection: Au 1 ppb.

Geochem Au, 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

Acme Analytical Laboratories Ltd.
852 E. Hastings St.,
Vancouver, B.C. V6A1R6
(604) 253-3158
FAX 604-253-1716
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Fire assay remains the most widely used
and platinum group metals. In addition to

212 Brooksbank Avenue
North Vancouver, B.C.

V7J 2C1 (604) 984-0221
Fax: (604)984-0218

994 Glendale Ave., Unit 7
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Fax: (709) 686-2774

651 River Street
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89801
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Fax: (702) 738-1728

175 Industriel, C.P. #284
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J9X 5C3
(819) 797-1922

Fax: (819) 797-0106

103 North Parkmont
Industrial Park

Butte, Montana 59701
(406) 494-3633

Fax: (406) 494-3721

Analytical Chemists
Registered Assayers
Geochemists

450 Matheson Blvd. E. Unit 54
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(416) 890-0310

Fax: (416) 890-3942

2723 South Cole Road
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(208) 362-3435
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Cut costs and turnaround time by doing laboratory precision
analysis in or near the field using the Scintrex range of
analytical instrumentation specifically designed for
Geochemistry.

The UA-3 Uranium Analyzer offers 0.5 ppb sensitivity for U.
Direct analysis for waters and minimal sample preparation
for silts, soils, rock or other media.

The HGG-3 Mercury Spectrometer provides on-the-spot,
highly specific determinations of mercury in soils, soil gases,
rocks, water and sediments.

As compact as an electric typewriter, the unique AAZ-2
Zeeman Modulated Atomic Absorption Analyzer handles
analysis of precious metals, base metals and other elements
down to the low or sub ppb range.

For more information about how these geochemical analyzers
can benefit your field program, contact Scintrex at 222
Snidercroft Road, Concord, Ontario, Canada, L4K 1B5,
Telephone: (416) 669-2280, Telefax; (416) 669-5132, Telex:
06-964570.
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Let us show you the cost effectiveness and exploration capabilities
of ADVOL geochemistry

EXAMPLE SITUATION: Locate the 5-acre potential ore bodies in a 660~acre claim block
Budget: $135,000 direct cost
Object: to obtain enough information to recommend program

acceleration, claim retention or abandonment

OPTION A: 32 points of information OPTION B: 208 points of information
32 drill holes (@ $4200 including assays) 28 drill holes @ $4200 located for reasons
on a 600* x 1500' grid shown by a 180-sample ADVOL survey on

a 400* x 400' grid
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THE METHOD
- Shallow (1M - 6") soil samples
- Separation of mineralogical clays (the long-term collectors)
- Thermal desorption of adsorbed gases
- Analysis of gases by quadrupole mass spectrometer
- Analytical data in MS-DOS* format

GASES USED FOR INTERPRETATIONS
- Sulfur oxides and hydrides - Organohalides
- Organic sulfurs - Nitriles
- C-| - C7 hydrocarbons - CO2

RESULTING MAP FEATURES
- Area partitions or zones
- Linear and/or areal halos
- "Anomalies"

Please give us a call - this exploration tool might help ensure that
an orebody does not slip through your grid of data points

2200 West Berry Avenue
Littleton, Colorado 80120

(303) 794-8389
ADVOL Geochemistry - Photogeology

*MS~D0S is a registered trademark of the Microsoft Corporation
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This list comprises titles that have appeared in major publica-
tions since the compilation in Newsletter No. 63. Journals
routinely covered and abbreviations used are as foilows: Eco-
nomic Geology (EG); Geochemica et Cosmochimica Acts
(GCA); United States Geological Survey Circular (USGS CIR);
and Open File Report (USGS OFR); Geological Survey of Cana-
da Papers (GSC Paper) and Open File Report (GSC OFR);
Bulletin of the Canadian Institute of Mining and Metallurgy (CIM
Bull.); Transactions of Institute of Mining and Metallurgy, B:
Section Applied Earth Science (Trans IMM). Publications less
frequently cited are identified in full.

Compiled by L. Graham CIoss, Department of Geology and
Geological Engineering, Colorado School of Mines, Golden,
Colorado 80401. Please send subrnittais or contributions to Dr.
Closs, not to EXPLORE.

Abe, K. and Shigeno, H. 1986. Li and Cs concentrations in
the thermal and hot spring waters from some geothermal fields
in Japan, and their significance. Bull. Geol. Survey. Japan. 37
(12): 625-
Amichba, T.M. and Chistyakova, N.I. 1988. Tin levels in iron
hydroxides. Geochem. Intern. 25(6): 127-129.
Attanasi, E.D. and DeYoung, J.H., Jr. 1988, Physical deposit
measures and commercial potential: the case of titanium-bear-
ing heavy-mineral deposits. Math. Geol. 20(2): 97-110.
Barford, NX. 1985. Experimental Measurements: Precision,
Error, and Truth. 2nd Ed. Wiley.
Barnes, H.L. and Ulraer, G.C. (Eds.) 1987. Hydrothermal Ex-
perimental Techniques. Wiley. 523 p.
Barnes, S.J. 1987. Unusual nickel and copper to noble-metal
ratios from Rana layered intrusions, northern Norway. Norsk

Geologisk Tidsskrift. 67(3): 215-
Barnes, R.J. 1988. Bounding the required sample size for geo-
logic site characterization. Math. Geol. 20(5): 477-490.
Barnes, S.J. 1988. Automated plotting of geochemical data
using the Lotus Symphony package. Comp. and Geosci. 15(3):
409-411.
Barinaga, C.J. and Farwell, S.O. 1988. Soil-sorbed, sulfur-
containing gases: analytical methodology and preliminary ap-
plication to geochemical petroleum prospecting. Appl.
Geochem. 3(2): 165-172.
Barrie, C.T. and Kyle, J.R. 1988. Geology, geochemistry and
tectonic setting of the Khayyam and Stumble-On Massive sul-
fide deposits, Prince of Wales Island, Alaska. EG 83(1): 182-196.
Barriga, F.J.A.S. and Fyfe, W.S. 1988. Giant pyritic base-met-
al deposits: The example ofFeitais (Aljustrel, Portugal). Chem.
Geol. 69: 331-343.
Bajwah, Z.U., Seccombe, P.K. and Offler, R. 1987. Trace ele-
ment distribution, Co:Ni ratios and genesis of the Big Cadia
iron-copper deposit, New South Wales, Australia. Min. Deposita.
22(4): 292-300.
Beaty, D.W., Hahn, G.A. and Threlkeld, W.E. 1988. Field,
isotopic, and chemical studies of tourmaline-bearing rocks in
the Belt-Purcell Supergroup: Genetic constraints and explora-
tion significance for Sullivan type ore deposits. Can. J. Earth.
Soc. 25(3): 392-402.
Bergman, S.C., Dunn, D.P. and Krol.

L.G. 1988. Rock and mineral chemistry of the Linhaisai Mln-
ette, Central Kalimantan, Indonesia, and the origin of Borneo
diamonds. Can. Min. 26(1): 23-43.
Bischoff, J.L. and Rosenbauer, R.J. 1987. Phase separation
in seafloor geothermal systems: An experimental study of the
effects on metal transport. Am. J. Sci. 287(10): 953-978.
Bolivar, S.L. et al. 1987. Geochemical Atlas of the San Jose
and Golfito Quadrangles, Costa Rica. Los Alamos Nat. Lab.
Rept. LA-I0965-MS. 4 p. 30 plates.
Brown, A.V., Page, N.J. and Love, A.H. 1988. Geology and
platinum-group-element geochemistry of the Serpentine Hill
Complex, Dundas Trough, Western Tasmania. Can. Min. 26(1):
161-175.
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Butler, J.C. 3988. Summarizing the information content of a
set of measurements. Geobyte 3(1): 30-35.
Cameron K.L., Cameron, D.D. and Kelleher, P.C. 1988.
Producing geological illustrations using PC-based computer-
aided drafting. Comp. and Geosci. 14(3): 291-297.
Camp ell, A. and Petersen, U. 1988. Chemical zoning in wolf-
ramite from San Cristobal, Peru. Min. Deposits. 23(2): 332-137.
Chaudhury, A. 3986. Geochemistry and petrology of Archean
gold-bearing uolcanics in Ramagiri gold held, Andhra Pradesh,
India. Indian Min. 40(1): 13-

Closs, L.G. 1988. Geochemistry-Exploration 1987. Min. Eng. 40
(5): 314-335.
Constantopoulos, J. 1988. Fluid inclusions and rare earth ele-
ment geochemistry of fluorite from south-central Idaho. EG 83
(3): 626-636.
Dhannoun, H.Y., Al-Dabbagh, S.M.A. and Hasso, A.A.
1988. The geochemistry of the Gercus red bed formation of
northeast Iraq. Chem. Geol. 69: 87-93.
OiLabio, R.N.W., Newsome, J.W., Mclver, D.F. and Low-
enstein, P.L. 3988. The spherical form of gold: Man-made or
secondary? EG 83(1): 153-162.
Duane, M.J. 1988. Genesis, mineralogy and geochemistry of
uranium in the Gortdrum stratiform copper deposit, Ireland.
Min. Deposita. 23(1): 50-57.
Eales, H.V., Field, M., deKlerk, W.J. and Scoon, R.N. 1988.
Regional trends of chemical variation and thermal erosion in
the Upper Critical Zone, Western Bushueld Complex. Min. Mag.
52(364): 63-80.
Edgar, A.D. (Ed.) 3988. lamprophyres and Related Rocks and
Layered Intrusions. Can. Min. 26(1): 1-243.
Eldridge, C.S., Compston, W., Williams, I.S., Both, R.A.,
Walshe, J.L. and Ohmoto. 1988. Sulfur isotope variability in
sediment-hosted massive sulfide deposits as determined using
ion microprobe SHRIMP. I. An example from the Rammelsberg
orebody. EG 83(2): 443-449.
Emmons, D.L. and Coyle, R.D. 1988. Echo Bay details explo-
ration activities at its Cove gold deposit in Nevada. Min. Eng.
40(8): 791-794.
Fasfous, B.R.B., Attawiya, M.Y. and El-Rahmani, M.M.
1988. A contribution to the geochemistry of uolcanites and as-
sociated mineralization in Hamata talc mine, Eastern Desert,
Egypt. J. Afr. Earth Sci. 7(1): 195-199.
Fedikow, M.A.F. 1974. Preliminary results of biogeochemical
studies in the Lynn Lake area, Manitoba. Manitoba Min. Res.
Div. OFR84-3,104p.
Fedikow, M.A.F. 1985. The vegetation geochemical signature
of the Agassiz stratabound Au-Ag deposit, Lynn Lake, Manitoba.
Manitoba Min. Res. Div. OFR 85-6, 94 p.
Fedikow, M.A.F. 1986. Detection of gold mineralization and
lithologic mapping within the Agassiz Metallotect (Lynn Lake
area) utilizing black spruce (Picea mariana) bark. Manitoba
Min. Res. Div. OFR-86-1, 61 p.
Fedikow, M.A.F. 1986. Mercury gas surveys over base and pre-
cious metal mineral deposits in the Lynn Lake and Snow Lake
areas, Manitoba. Manitoba Min. Res. Div. OFR 85-11, 45 p.
Fedikow, M.A.F. 1987. Results of a vegetation geochemical sur-
uey near Bissett, Southeastern Manitoba. Manitoba Min. Res.
Div. OFR 86-3,116 p.
Fedoseyeva, V.I. and Zvonarera, G.V. 1988. Gold (III) hy-
droxochloride-complex adsorption on aluminum oxide.
Geochem. Intern. 25(5): 115-119.
Ferguson, J. 1987. A possible role for light hydrocarbons in
Pb-Zn mineral exploration. Min. Mag. 51(262): 527-534.
Ferreira, K.J. and Fedikow, M.A.F. 1988. Preliminary results
of a humus geochemical survey over the Rod Cu-Zn deposit,
Snow Lake, Manitoba. Manitoba Res. Div. OFR 87-12, 35 p.
Fritz, S.J. 1988. A comparative study ofgabbro and granite
weathering. Chem. Geol. 68: 275-290.
Gulson, B.L. 1987. Lead Isotopes in Mineral Exploration.
Elsevier. 245 p.
Gulson, B.L., Large, R.R. and Porritte, P.M. 1988. Gold ex-
ploration using lead isotopes at Tennant Creek, Australia. Appl.

Geochem. 3(3): 243-254.

Hall, G.E.M. and Bouvier, J.L. 1988. A procedure to lower the
detection limits of detection for silver, cadmium and lead in the
analysis of geological materials by atomic adsorption spec-
trometry. GSC Paper 87-27. 5 p.
Harnois, L. and Moore, J.M. 1988. Geochemistry and origin
of the Ore Chimney Formation, a transported paleoregolith in
the Grenuille Province of southeastern Ontario, Canada. Chem.
Geol. 69: 267-289.
Hennet, R. J-C, Crebar, D.A. and Schwartz, J. 1988. Organ-
ic complexes in hydrothermal systems. EG 83(4): 742-764.
Jebrak, M. 1985. Contribution a' /' Histoire Naturalle des Filons
(F, Ba) du Domaine Varisque Francois et Marocain-Essais de
Caracterisation Structurale et Geochimique des Filons en Exten-
sion et en Decrochement. Document du BRGM no. 99. 510 p.
Jewell, P.W. and Parry, W.T. 1988. Geochemistry of the Mer-
cur gold deposit (Utah, USA). Chem. Geol. 69: 245-265.
Jones, T.A. 1988. Mode/ing geology in three dimensions. Geo-
byte 3(1): 14-20.
Khayretdinov, I.A., Kononenko, A.G., Belikova, G.I. and
Kononenko, N.P. 1987. Structures, textures, and shapes of geo-
logic bodies of electrochemical origin. Intern. Geol. Rev. 29(9):
1073-1083.
Kim, O.B. and Na, C.K. 1987. A study of the application ofhy-
drogeochemica/exploration by the natural waters for the metal
ore deposits, J. Korean [MM. 24(4): 255-
Klein, T.L. and Criss, R.E. 1988. An oxygen isotope and geo-
chemical study of meteoric-hydrothermal systems at Pilot
Mountain and selected other localities, Carolina Slate Belt. EG
83(4): 801-821.
Kochetkov, A.Y., Zlobin, V.A. and Popov, A.B. 1987. Radio-
active elements and gold in the Mesozoic magmatic rocks of
the Central Aldon. Akademiia Nauk SSSR, Sibirskoe. Otdelenie,
Geologiia i Geofizika 12(335): 38-48.
Komov, I.L., Lukashev, A.N. and Koplus, A.V. 1987. Geo-
chemical Methods of Prospecting for Non-Metallic Minerals.
VSP Utrecht. 240 p.
Kovalevsky, A.L. 1987. Biogeochemical Exploration for Miner-
al Deposits. (Rev. Ed.) VSP Utrecht. 224 p.
Kozlov, V.D., Dudkinskiy, D.V. and Svadkovskaya, L.N.
1987. Geologic and geochemical examination of granite intru-
sins of the Iultin region, Chukotka, in the local predicting and
estimating tin-tungsten mineralization. Akademiia Nauk SSR,
Sibirskoe Otdelenie, Geologiia i Geofizika. U(334): 51-73.
Kronberg, B.I., Murry, F.M., Daddor, R. and Brown, J.R.
1988. Fingerprinting geological materials using SSMS (Spark-
source mass spectrometry). Chem. Geol. 68: 351-359.
Krupp, R. 1988. Physiochemical aspects of mercury metal-
logenesis. Chem. Geol. 69: 345-356.
Kulish, Ye A., Pokalyuk, V.V. and Reshetnyakov, V.V. 1987.
Mineralogical-geochemical features of Upper Archean weather-
ing profile in the Krivoy Rog Region. Intern. Geol. Rev. 29(11):
1327-1336.
Kuzvart, M. and Bohmer, M. 1986. Prospecting and Explora-
tion of Mineral Deposits. 2nd Ed. Elsevier. 506 p.
Lamba, V.J.S. and Agarkar, P.S. 1988. The tin potential of
Precambrian rare-metal bearing pegmatites ofBastar District,
M.P., India. Min. Deposita. 23(3): 218-221.

Large, R.R., McGoldrick, P.J., Berry, R.F. and Young, C.H.
1988. A tightly folded, gold-rich, massive sulfide deposits: Que
River Mine, Tasmania. EG 83(4): 681-693.
Lovering, T.G. and Hedal, J.A. 1987. Trace elements in mag-
matic concentrates from stream sediments in southwestern
New Mexico - A potential tool for reconnaissance geochemical
exploration in arid lands. USGS Bull. 1566. 31 p.
Lund, N.G. 1987. Index to National Geochemical Reconnais-
sance Surveys, 1973-1986. GSC Mapl661A.
Marmont, S. 1987. Ore Deposit Models #13: Unconformity-type
uranium deposits. Geoscience Canada. 14(4): 219-
McArthur, G.J. 1988. Using geology to control geostatistics in
the Hellyer Deposit. Math. Geol. 20(4): 343-366.
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McGee, E.S. 1988. Potential for diamonds in kimberlites from
Michigan and Montana as indicated by garnet xenocryst com-
positions. EG 83(2): 428-432.
Mellinger, M. 1987. Multivariate Data Analysis: Its Methods.
Chemometrics and Intelligent Lab. Syst. (Elsevier) 2: 29-36.
Mellinger, M. 1987. Correspondence Analysis: The Methods
and Its Application. Chemometrics and Intelligent Lab. Syst.
(Efsevier). 2: 61-77.
Mellinger, M. 1987. Interpretation of Lithogeochemistry using
Correspondence Analysis. Chemometrics and Intelligent Lab.
Syst. (Elsevier) 2: 93-108.
Mellinger, M., Quirt, D. and Hoeve, J. 3987. Geochemical
signatures of uranium deposition in the Athabaska Basin of
Saskatchewan, Canada. Uranium 3:187-209.
Middelburg, J.J., Van der Weijden, C.H. and WoitHez,
J.R.W. 1988. Chemical processes affecting the mobility of ma-
jor, minor and trace elements during weathering of granitic
rocks. Chem. Geol. 69: 253-273.
Mitchell, R.H. 1986. Kimberlites. Plenum. 422 p.
Mysen, B.O. (Ed.) 1987. Magmatic Processes: Physiochemical
Principles. Lancaster Press. 500 p.
Nielsen, E. andFedikow, M.A.E 1986. Till geochemistry of
the Minton Lake-Nickel Lake area (Agassiz Metallotect) Lynn
Lake, Manitoba. Manitoba Min. Res. Div. OFR 86-2. 36 p.
Nielsen, E. and Fedikow, M.A.E 1987. Glacial dispersion of
trace elements in Wisconsin Till in the Dot Lake - Macleltan
Mines area. Manitoba Min. Res. Div. OFR 87-2. 45 p.
Nisbet, E.G. and Kyser, T.K. 1988. Archean carbon and gold.
Nature. 331(6153): 210-
Ojo, O.M. 1988. Stream sediment geochemistry and Gu-
berunde Horst, "Gongola Basin", Upper Benue Trough, Nigeria.
J.Afr. Earth Sci. 7(1): 91-101.
Panno, S.V., Harbottle, G. and Sayre, E.V. 1988. Distribu-
tion of selected elements in the shale of the Davis Formation,
Buick Mine Area, Viburnum Trend, Southeast Missouri. EG 83
(1): 140-152.

Pat tan, J.N. and Appangoudar, S.M. 1988. Geochemical be-
havior of trace elements during bauxite formation at Belgaum
(Karnataka) and Yercaud (Tamil Nada), India. Chem. Geol. 69:
291-297.
Pelletier, M. 1987. Carte ^interpretation geochimique par pon-
deration. CIM Bull. 80(904): 63-
Peterson, J.A. 1988. Distribution of selected trace and major
elements around the massive sulfide deposit at the Penn Mine,
California. EG 83(2): 419-427.
Plyusmin, A.M. 1988. Formation ofaquerous disposal-flows
of gold deposits in Bald Mountain Landscapes. Geochem In-
tern. 25(3): 78-82.
Pollard, P.J., Pichavant, M. and Charoy, B. 1987. Contrast-
ing evolution of fluorine-and boron-rich tin systems. Min.
Deposita 22(4): 315-321.
Pronk, A.G. and Burton, D.M. 1988. Till geochemistry as a
technique for gold exploration in northern NewBrunswick. CIM
Bull. 81(915): 90-98.
Raymond, G.E and Armstrong, W.P. 1988. Sample bias and
conditional probability ore reserve estimation at Valley. CIM
Bull. 81(111): 128-136.
Reid, J.C. 1988. Case Study: Selecting personal computers for
a small geological organization. Geobyte 3(3): 36-41.
Roberts, R.G. and Sheahan, P.A. (Eds.) 1988. Ore Deposit
Models. Geol. Assoc. Can. Reprint Series 3. 200 p.
Robinson, G.D., Healey, K. and Kelly, V.C. 1988. Use of tour-
maline in stream sediments to detect submarine exhalatiue
sulfide deposits: examples from Central Virginia, USA. Appl
Geochem. 3(2): 225-230.
Rock, N.M.S. and Groves, D.I. 1988. Do lamprophyres carry
gold as well as diamond? Nature 332(6161): 253-
Roslyakova, N.V. et al. 1988. Geochemistry of the formation
of gold-ore deposits. Geochem. Intern. 25(4): 94-103.
Rudnitskiy, V.E 1988. Migration of material during the forma-
tion of the Ural sulfide-ore deposits. Geochem. Intern. 24(1):
53-61.
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Saether, O.M., Bolviken, B., Lag, J. and Steinnes, E. 1988.
Concentration and chemical form of lead during natural trans-
portation in groundwater. Chem. Geol. 69: 309-319.
Sahin, A. and Abokhodair, A. 1988. Geostatistical approach
in design of sampling patterns forJabal Sayid sulfide deposit,
Western Saudi Arabia. J. Afr. Earth Sci. 7(4): 679-690.
Schafer, R.W, Cooper, J.J. and Vikre, P.G. (Eds.) 1988. Bulk
Mineable Precious Metal Deposits of the Western United States.
Sym. Proc, Geol. Soc. NV. 755 p.
Schlag, C. and Willgallis, A. 1988. Similarities in tin mineral-
ization associated with the Brandbery granite of South West
Africa/Namibia and granites in northern Nigeria, revealed by
geochemical data. J. Afr. Earth Sci. 7(1): 307-310.
Schmidt, J.M. 1988. Mineral and tuhole-rock compositions of
seawater-dominated hydrothermal alteration at the Arctic vol-
canogenic massive sulfide prospect, Alaska. EG 83(4): 822-842.
Serezhnikov, A.I., Seletskiy, Yu. B. and Minacheva, L.I.
1987. Geochemistry and origin of the Mutnov Geothermal Field
in Kamchatka. Intern. Geol. Rev. 29(9): 1049-1064.
Shikazono, N. and Shimizu, M. 1987. The AglAu ratio of na-
tive gold and electrum and the geochemical environment of
gold vein deposits in Japan. Min. Deposita. 22(4): 309-314.
Shotyk, W. 1988. Review of the inorganic geochemistry of peat
and peatland waters. Earth Sci. Rev. 25: 95-176.
Silayev, A. Ye. 1987. Composition ofplutonic rocks associated
with tungsten deposits of different types. Intern. Geol Rev. 29
(10); 1234-1245.

Solomon, M., Walshe, J.L. and Eastoe, C.J. 1987. Experi-
ments on convection and their relevance to the genesis of
massive sulfide deposits. Aust. J. Earth Sci. 34(3): 311-
Taylor, R.P. and Strong, D.F. (Eds.) 1987. Recent Advances in
the Geology of Granite-Related Mineral Deposits. CIM Spec. v.
39.
Terashima, S. and Ishihara, S. 1986. Copper, lead, zinc, ar-
senic, and sulfur of the Japanese granitoids (3): Green tuff belt
of northeast Japan and outer zoneof southwest Japan. Bull.
Geol. Surv. Japan 37(12): 605-
Titley, S.R. 1987. The crustal heritage of silver and gold ratios
in Arizona ores. Bull GSA99(6): 814-
Tornroos, R. and Vuorelainen, Y. 1987. Platinum-group met-
als and their alloys in nuggets from alluvial deposits in Finnish
Lapland. Lithos. 20(6): 491-
Turner, R.J.W. and Einaudi, M.T. (Eds.) 1986. The Genesis of
Stratiform Sediment-Hosted Lead and Zinc Deposits: Confer-
ence Proc. Stanford Univ. Publ. Geol. Soc. V. XX. 227 p.
Walker, M.G. 1988. Expert systems in geological exploration;
Can they be cost effective. Geobyte 3(3): 18-23.
Westerhof, A.B. 1986. Heavy minerals in exploration: the pre-
sent state of an old art. ITC Journal 4
Whitford, D.J., Korsch, M.J., Porritt, P.M., and Craven,
S.J. 1988. Rare-earth element mobility around the volca-
nogenic polymetallic massive sulfide deposit at Que River,
Tasmania, Australia. Chem. Geol. 68: 105-119.
Whittaker, A. 1988. Low-cost log analysis using a graphics-
based microcomputer and "off-the-shelf" software (Part I. A
spreadsheet template to simplify mud log evaluation) Geobyte
3(2); 76-83.

Whittaker, A. 198?. Low-cost log analysis using a graphics-
based microcomputer and "off-the-shelf" software (Part 2. Ex-
tending spreadsheet templates with interactive graphics tools).
Geobyte 3(3): 24-35.
Wyman, D. and Kerrich, R. 1988. Lamprophyres a source of
gold. Nature 332(1616): 209-
Yartsev, A.P. 1988. Geochemical features of pyrite in Ka-
zakhstan gold deposits. Geochem. Intern. 25(3): 66-77.
Zlotnik-Khotkevich, A.G. and Andriyanova, N.A. 1987. Ori-
gin of mineral zoning of sulfide ores in massive sulfide
deposits. Intern. Geol. Rev. 29(9); 1065-1072.
Zuzuk, F.V. and Kryukov, V.L. 1988. Sorption of nickel by sev-
eral minerals in the weathered crust. Geochem. Intern. 25(1):
90-97.

This column highlights analytical papers of geochemical inter-
est published in major international journals. These include:
Analytical Chemistry (Ana!. Chem.), Analyst, Journal of Analyti-
cal Atomic Spectrometry (J. Anal. At. Spectrom.), Analytica
Chimica Acta (Anai. Chlm. Acts), Talanta, Applied Spectroscopy
(Appl. Spectrosc), Spectrochimica Acta Part B (Spectrochim.
Acta.), Atomic Spectroscopy (At. Spectrosc.) and Analytical Pro-
ceedings (Anal. Proc).

Pertinent papers from Geostandards Newsletter, published in
April and October yearly, are too numerous to cite - this journal
is a "must" for the geochemist. Where the number of authors
on one paper is greater than 4, "et al." is used. This list covers
those issues received by the author since those listed in EX-
PLORE No. 63.

Compiled by Gwendy E. M. Hall, Head of Analytical Meth-
ods Development, Geological Survey of Canada, 603 Booth
Street, Ottawa, Canada, K1A 0E8. Please send new references to
Dr. Hall, not to EXPLORE.

Berrow, MX. 1988. Sampling of soils and plants for trace ele-
ment analysis. Anal. Proc, 25: 116-118.
Brooks, R.R. and Lee, B.S.1988. The determination of Plat-
inum and palladium in rocks and soils by electrothermal
atomic absorption spectrometry of extracts of their iodo com-
plexes. Anal. Chim. Acta, 204: 333-337.
Carrion, N. et al. 1988. Determination of copper, chromium,
iron and lead in pine needles by electrothermal atomisation
atomic absorption spectrometry with slurry sample introduc-
tion. J. Anal. At. Spectrom, 3: 479-484.
Eid, M.A. et al. 1988. Wall-stabilized plasma arc applied to the
determination of rare earth elements in phosphate samples. J.
Anal. At. Spectrom., 3: 453-458.
Jarvis, K.E. 1988. Inductively coupled plasma mass spec-
trometry: a new technique for the rapid or ultra-trace level
determination of the rare-earth elements in geological mate-
rials. Chem. Geol. 68: 31-40.
Kostitsyn, Yu S. and Zhuravelev, A.Z. 1988. Analysis of er-
rors in and methods of optimizing the method of isotope
dilution. Geochem. intern. 25(2): 100-113.
Kothny, E.L. 1987. Note on the interpretation ofPt and Pd val-
ues in vegetation near the limit of determination with a
graphite furnace technique. Appl Spec. 41_(4): 700-702. (Note:
Table II should read nanogram/gram.)
Kvasov, A.I. 1988. Determination ofPd, Pt, irandAu in rocks
by concentrating them in a nickel sulfide matte and subsequent
neutron activation analysis. Geochem. Intern. 25(2): 122-124.
Lenahan, W.C. and Murry-Smith, R.L. 1986. Assay and Ana-
lytica! Practice in the South African Mining Industry. Chamber of
Mines of South Africa. 640 p.
Roy, N.K. and Das, A.K. 1988. Determination of antimony in
rocks and sulfide ores by flame and electrothermal atomic-ab-
sorption spectrometry. Talanta, 35: 406-408.
Stallings, E.A., Candelaria, L.M. and Gladney, E.L. 1988.
Investigation of a fusion technique for the determination of to-
tal sulphur in geological samples by ion chromatolography.
Anal. Chem., 60: 1246-1248.
Walker, R.J. 1988. Low-blank chemical separation of rhenium
and osmium from grain quantities of silicate rocks for mea-
surements by resonance ionization mass spectrometry. Anal
Chem., 60: 1231-1235.
Vien, S.H. and Fry, R.C. 1988. Rapid, direct analysis of whole
plant tissue by slurry atomization dc plasma emission. Appl.
Spectrosc, 42: 381-384.
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P.O. Box 523, Rexdale, Ontario, M9W 5L4 Canada

The Association of Exploration Geochemists (AEG) is a professional nonprofit organization promoting interest in the
application of geochemistry to the mineral industry and related fields. The AEG encourages membership and/or contributions from
individuals or organizations working with or providing geochemical data for a variety of uses including mineral exploration, analytical
technology, computer processing, environmental geochemistry, geobotany, biogeochemistry, and other applications.

Membership in the AEG offers many benefits. Advances in geochemical technology are presented regularly in symposia, short
courses, distinguished lecturers' workshops, field trips, the Journal of Geochemical Exploration (1200 pages annually), this
quarterly newsletter, and Special Volumes published or cosponsored by the AEG. Annual membership dues of $42.50 U.S. include
the Journal of Geochemical Exploration, EXPLORE, bibliography updates, discounts on most Special Volumes, and discounts on
registration fees for symposia or short courses.

PLEASE CHECK Q Renewal

Your Name and Address:

• New Member • New Address (i.e. different from address label)

Date

NAME

TITLE

AFFILIATION

ADDRESS _

Annual dues payable

Student membership (requires the signature of a member of the academic staff to
verify full-time student status)

Professor Institution

Corporate member

Note: Please check if you require current issues of EXPLORE
• 1 Quarter Q 2nd Quarter D 3 r d Quarter • 4th Quarter
(applicable only to back issues of current year) Complimentary to new members,
all others please include $5.00 per issue.

Q Check here if you do not want your name and address released as part of
the AEG mailing list.

Payment of annual dues automatically makes you an affiliated member.
If you would like to become an active (voting) member of the A.E.G., please mark
this box to receive the appropriate forms. Q

US $ 42.50

$ 20.00

$100.00

TOTAL

Personal checks, International Money Orders, UNESCO
Coupons, International Postal Orders, VISA and Master-
Card are acceptable. All payments are in U.S. FUNDS. For
users of VISA or MasterCard, minor variations in your billing
may reflect currency exchange rate fluctuations at time of
bank posting. Please note that checks not drawn on U.S. or
Canadian banks require an additional $12.00 U.S. to reim-
burse the AEG for bank charges. Make checks payable to
The Association of Exploration Geochemists.

Charge: MasterCard Q VISA Q

Credit Card Account Number Here:

Inter Bank #

Expiration date
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I wish to briefly summarize
my interest in the geochemis-
try of peatlands and establish
contact with others working
with peat.

My Ph.D. thesis (University
of Western Ontario, 3986) is
concerned with the inorganic
geochemistry of peats and
the physical chemistry of
peatland waters. I am partic-
ularly interested in the
frequent anomalous accu-
mulations of Cu and U in
peatlands (mires), and the
possible use of mires in geo-
chemical exploration. I am
having a difficult time finding
people in Canada and the
United States who share this
interest (except for Dr. R. E.
W. Lett at Barringer Magenta!)

1 have worked with the
Geological Survey of Finland
where peatlands are used in
exploration. In addition,
mires are used as sampling
media by industry in Finland
(Outokumpu) and Sweden
(Boiiden and LKAB), but i am
not well informed of work
here at home.

I have published several
small review papers on peat-
land geochemistry, and a
detailed review (200 MS
pages) is now in press at
Earth-Science Reviews. In ad-
dition, 1 am now preparing a
monograph for Elsevier on
the geochemistry of peat and
peatlands, and a part of one

The Association of Explora-
tion Geochemists will hold
its fifth annual Student Paper
Competition in 1988. Papers
eligible for the competition
must have been published in
a refereed scientific journal
within the Sast five years and
less that five years since the
graduation of the student au-
thor. Multiple authors are
allowed, although the stu-
dent must be the senior
author. The award will be an-
nounced in January, 1989
and the prize will consist of a

chapter will address the pos-
sible use of peatlands in
exploration geochemistry.

With almost 15% of Cana-
da covered by peatlands, I
would like to hear from ex-
ploration people who either
have used peat samples as
part of the exploration pro-
grams (and details of
problems, successes, fail-
ures, etc.) or would like to
use peat, but are not sure
where to begin. I think the
monograph would benefit
from this kind of feedback
because it may help me to fo-
cus on specific problems.
Even if I cannot help, at least
1 will have a better apprecia-
tion of the problems
involved.

In addition, 1 am sure that
there must be a great volume
of peat geochemical data out
there which has not been
published. If this is the case,
I am always looking for good
data which would strengthen
the book, and would appreci-
ate use of such data where
possible, with appropriate
credit to be given to the
source of the information.

William Shotyk, Ph.D.
Visiting Postdoctoral

Researcher
Geology Department
University of Western Ontario
London, Ontario

NGA 5B7 Canada

two-year membership at the
appropriate level in the Asso-
ciation of Exploration
Geochemists, including re-
ceipt of all publications.
Please send nominations
with three copies of the pa-
per and the current address
of the nominee to:

Ronald W. Klusman
Department of Chemistry-
Geochemistry
Colorado School of Mines
Golden, Colorado 80401
Tel. (303) 273-3610

Reviews in Economic Ge-
ology, Volume 3: Design and
Interpretation of Soil Surveys
has been enthusiastically ac-
cepted by the profession as
indicated by sales. We are
considering a proposal to the
Society of Economic Geolo-
gists that a future companion
volume on lithogeochemistry
be prepared. At this time, I
am requesting input on what
you would like to see in such

a volume. Please suggest
concepts, novel ideas, case
histories, and methodologies
along with contact individu-
als prepared to contribute
and perhaps participate as
instructor in a future short
course. Send your correspon-
dence to:

Stan Hoffman
BP Resources Canada Ltd.
#700-890 West PenderStreet
Vancouver, B.C. V6C1K5

•KSh h h

See rates on page 2

Magstream™ is an innovative and recently patented technolo-
gy which allows for the fast, safe and precise separation of mix-
tures of solid particulate materials. Separations are achieved
primarily through the differences in the non-magnetic materials'
specific gravities, and to a lesser extent, on differences in their
weak magnetic properties. This unique technology allows for a
specific gravity split point to be easily set with the turn of a sin-
gle dial over a working range from L5g/cm3 to over 21g/cm3 in
increments as low as 0.1g/cm3.

Magstream™ separators offer fast and safe alternatives to
conventional separation apparatus such as panning, spirals,
and toxic heavy liquids. The product line consists of three ver-
satile separators: a protable unit (Model 100); a laboratory
bench mounted unit (Model 200) pictured above; and a vari-
able-field floor-mounted unit (Model 1000E). Depending upon
the batch size each will quickly, safely and efficiently meet your
precise separation requirements. Separation capacities range
from batches of 100 grams to over 100 kilograms per hour, de-
pending on the model of separator and properties of the
materials being processed. Intermagnetics General Corpo-
ration, P.O. Box 566, Guilderland, New York. Telephone:
(518) 456-5466. Technical Advertisement
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in Progress
Editing the proceedings of
the 12th Internationa! Geo-
chemicai Exploration
Symposium was completed
in September. Eleven AEG
members kindly agreed to
this task on short notice.
Publication by the Journal
of Geochemical Explora-
tion is expected on
schedule, approximately one
calendar year after receipt of
the manuscripts from the or-
ganizers of the symposium in
January-February, 1988. Final
editing to ensure consistency
was by Stuart Jenness, a
past editor of the Canadian
Journal of Earth Sciences.
Selected abstracts from the
meeting will be published in
addition to papers.

The Chinese special issue,
being edited by Xie Xuejing
and Stuart Jenness, is near-
ing completion. This has
been a difficult exercise, both
for the authors and the edi-
tors, to communicate
knowledge in such a different
language. Considering the
enthusiasm of the geoche-
mists and the amount of
work being carried out in
that country, China is likely
to play a major part in the
further development of explo-
ration geochemistry.

The special issue Epither-
mal Gold Mineralization of
the Circum-Pacific: Geology,
Geochemistry, Origin and Ex-
ploration is planned for
publication in late 1989. It is
being edited by Jeffrey He-
denqulst, Noel White, and
Gordon Siddeley. Jeff He-
denquist has sent me a
provisional list of trie papers
offered. At twenty eight, this
is well above original expec-
tations. Regions covered will
include Japan, Kamchatka,
Philippines, Papua New Guin-
ea, Indonesia, Australia, New
Zealand, Fiji, Chile, Carib-
bean, Western United States,
and the Yukon. In addition to
papers on deposits, there will
be general papers discussing
the geology of epithermal
mineralization, and geo-
chemical and geophysical
methods of exploration.

Eion M. Cameron
Editor-in-Chief, JGE
University of Ottawa

13TH INTERNATIONAL

2nd BRAZILIAN
NATIONAL GEOCHEMICAL CONGRESS
Rio de Janeiro, Brazil * October 1-6, 1989

Excursions will be planned for the pre-symposium and post-symposium periods. 1) Carajas Mineral
Belt: The Carajas iron ore and manganese deposits; The Salobo copper/gold deposit. 2) Gold deposits
and iron ore deposits of the Iron Quadrangle: Sao Bento, Morro Velho, Moeda Formation
Witswatersrand-type gold, 3) Deposits in carbonatites and in alkalic complexes; niobium, phosphate,
bauxite, uranium and titanium ores of southwestern Minas Gerais. 4) Precious-metal deposits and
chromite/emerald mines of Bahia: The Weber greenstone belt and the Pazenda Brasiliero gold deposit;
The Witswatersrand-type Jacobina gold deposit; The Campo Formosa chromite and emerald mines.
5) Base-metal and uranium deposits of Bahia: the Caraiba copper deposit; the Boquira iron formation-
hosted lead deposit. 6} The Taquari/Vassouras potassium deposit in the Sergipe Basin.
7) Petroleum geochemistry excursion to the Campos oil field, Rio de Janeiro, emphasizing applied
organic geochemistry. 8) The Crixas gold deposit and Niquelandia garnierite iateritic nickel deposits of
Goias. 9) The Paracatu gold deposit, the Vazante Zinc silicate (willemite) deposit, and the Mississippi
Valley-type lead/zinc deposits of northwestern Minas Gerais. 10) A one-day excursion to visit analytical
laboratories and research centers in the Rio area.

Languages: English will be the official language of the Internationa! Symposium. Portuguese will be
the official language of the National Congress. In accordance with the interest shown, simultaneous
translation will be made available.

Technical Program: The event will comprise five days of technical sessions and workshops.
The symposium and congress will be structured as follows:

October 1 (eve.) Opening of the 2nd Brazilian Geochemical Congress
October 2-3 2nd Brazilian Geochemical Congress and Workshops of the 13th International

Geochemical Exploration Symposium
October 3 (eve.) Opening of the 13th JGES
October 4-6 13th International Geochemical Exploration Symposium

Themes for the meeting are: 1) enrichment and formation of ore deposits by geochemical
processes; 2) petroleum exploration geochemistry; 3) applied geochemistry in humid tropical terrains;
4) applied geochemistry in arid terrains; 5) exploration geochemistry for precious metals, strategic
metals (Cr, V, Mn, etc.) and high-technology metals (Ga, Y, In, etc.); 6) recent developments in
analytical chemistry techniques appropriate to exploration geochemistry; 7) geochemistry of
carbonatites and rare earth metals; 8) applications of lead isotope geochemistry; 9) environmental
geochemistry; 10) other subjects.

Workshops: 1) applied rare earth element geochemistry; 2) design and interpretation of
geochemical surveys including advances in statistical methods; 3) microcomputer applications in
geochemistry; 4) geochemistry of precious metals in laterite; 5) applied biogeochemistry;
6) carbonatite geochemistry; 7) analytical techniques for the determination of gold and PGE's; selective
extractions used in exploration geochemistry; 8) geochemical exploration techniques for petroleum;
9) others.

Call for Papers: Proposals for papers covering the listed topics must be submitted in English as
extended abstracts up to 1000 words or as completed papers. For the 2nd Brazilian Geochemical
Congress, either Portuguese or English will be accepted, but the contributions must be completed
papers, it is the aim of the symposium committee to do as much as possible to overcome any possible
language-barrier difficulties for visitors and local participants alike. Therefore, completed written texts
and figures of the oral presentations are requested and must be submitted by May 1,1989, and these
must be suitable for copying and binding for use by those attending the symposium. The symposium
committee requests that manuscripts be submitted whenever possible on diskette as unformatted ASCII
files to facilitate their review in word processor programs.

The format used for manuscripts for the 13th IGES must be that specified in the Guide to Authors
found in the first issue of the Journal of Geochemical Exploration to appear each year. The format used
for the 2nd Brazilian Geochemical Congress must be that specified in the "Revista Brasiliera de
Geociencias", furnished upon request. Please indicate the intended destination of the paper as either
the 13th IGES or the 2nd Brazilian Geochemical Congress.

Publications: Invited lectures and other selected contributions will be published in the proceedings
of the 13th IGES. Proceedings will be published as a special issue of the Journal of Exploration
Geochemistry. The annals of the 2nd Brazilian Geochemical Congress will be published in an annals
volume available at the event. A guide to the field excursions will be published, and publication will be
planned for a summary of the Workshop sessions.

Social Program consists of sightseeing in Rio, samba show, boat excursion to tropical islands,
shopping in Rio, and a bus tour to mountain towns surrounding Rio.

Exhibits, Advertising, Sponsorship: Any organization interested in booth space during the
symposium for exhibiting equipment or services, in sponsoring a symposium function (coffee breaks,
wine and cheese reception, printing of abstracts volume, etc.), or in advertising in the volume of
abstracts is asked to contact the following address, indicating the nature of its interest.

Contact for a copy of the First Circular or for further details:

RIO '89 (13th IGES - 2nd CBGq), A/C CPRM - LAMIN
Av. Pasteur, 404 - Urea, CEP 22292 - Rio de Janeiro, RJ, Brazil.

Tel: (55-21) 295-5297, Telex: (55-21) 22685, Fax: (55-21) 325-6044.
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