
The Associolion of Expiorolion Geochemists NewsietJer 
NUMBER 68 

PRESIDENT'S MESSAGE 

Although I became your PresIdent in Oc­
tober 1989, this is my first opportunity to 
address the membership. Each new Pres­
identhopes 10 accomplish various goals 
durirlS his tenure in office. My goals are 
straightforward - communication and 
efficiency - bolh of which require con­
certed effort. These goafs are nO! dis­
similar /0 those of my predecessors and 
their efforts have paved the way for what­
ever improvements we con experience in 
1990. 

Communication is a simple concept ond one we've had thrown 
a/ us from many directions, however the concept is paramount in 
any organization and becomes more complex when personal ex­
changes are not possible. The vel)' basis of communication is the 
exchange of thoughts, opinions, concepts. etc. 

To be effective communication must flow in at least two direc­
tiolls_ II is the desire of your Executive alld Council 10 
commUllicate wilh the membership and in turn to have the memo 
bership communicate with us. The main AEG vehicfe for direct 
communicatioll is our newsleller EXPLORE. whiell has experi· 
enced rather prolollged delays during early /990. These delays 
have created an hiatus in our contact With you. Although EX­
PLORE has been with us only a couple of years we rapidly 
grasped its importance as our vehicfe of communication of the 
activities of Ihe Association GIld its members. Publication appears 
to be back 011 course attflls time and every efforl wiff be made to 
ensure quarterly publicalion 

At tllis point I should remind you EXPLORE is your newsleller 
and provides a venue for you 10 communicate opinions, com· 
meots, sharI tedmical papers, reports on meetings, etc. I strongly 
urge you 10 exercise your responsibIlity as members of A1::C by 
communicating with your Executive and Council. either publicly 
in EXPLORE or by personal contact. 

The Association is especially concerned wilh internalional 
communications. At a recent cowlCll meetiog Dr. WK. f7etcher, 
your Vice PreSident, enthusiastically accepted the role as Coor· 
dinalor of our Regional CounCIllors. ThIS position was 
established 10 ellsure closer communication with Regional Coun­
cillors and our international membership. 

Additional steps have been taken to ensure Ihe dissemination 
of AEC literature 10 those countries who have no members in our 
group. On our 1990 Dues Notice you were prouided the oppor· 
tunity to contribute to a Third I-i-brld Membership Fund. The 
degree of response was encouraging. Your previous President, Dr. 
M.A. Chaffee, noted tfle inability of some geographic areas of the 
world 10 acquire access to AEG publicalions. Lellers were sent to 
42 libraries and organizations throughout the world to enquire as 
to their interest in exploration geochemistry and Iheir desire to reo 
ceive the Journal of Geochemical Exploration. Nearly half of the 
orgaoizations have now expressed tfle desire for continuing cam­
munication with the Association Many of these groups are 
actively involved in geochemical exploration although none are 
members of AEe. Al this lime we are not certain that our Third 
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TECHNICAL NOTES 

Gres and Newgres: two programs to 
solve Gresens' (1967) hydrothermal 
alteration equation 
Overview 

l iNo programs have been developed for IBM-PC compatible 
microcomputers to model hydrothermal alteration using 
Gresens'(1967) original equation and a modified version of the 
equation (Leitch and Day, in review). The TurboPascal programs 
are ready-to· run, requiring no compilation. Memory, disk and 
graphics requirements are minimal. Output is supplied as tables 
and graphs which can be readily evaluated to determine loss and 
gain of various components during hydrothermal alteration. 

Theory 
Hydrothermal al teration is typically accompanied by migration 

of chemical species as new minera ls are formed or earlier miner­
als are destroyed. However, chemical typing of alteration is not 
possible by simply comparing percentage concentrations of com­
ponents in altered and unaltered rocks. Mdition of one compo­
nent will result in the apparent depression of concentrations of 
other components even though these components may in fact be 
hosted by minerals unaffected by the hydrothermal alteration. 
This effect can be accounted for by determining the overall in­
crease or decrease of rock volume during alteration. 

Gresens (1%7) recognized this problem and derived a simple 
equation for component loss/gain during alteration which indud­

conlinued on page 4 
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lnfonnation for Contributors to EXPLORE 
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 geochemistry, 
we encourage material on multidisciplinary applications, 
environmental geochemistry and analytical technology. Of 
particular interest are extended abstracts on new concepts for 
guides to ore, model improvements, exploration tools, 
unconventional case histories, and descriptions of recently 
discovered or developed deposits. 

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

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

Quality Submittals are copy-edited as necessary without 
reexamination by authors who are asked to assure smooth writing 
style and accuracy of statement by thorough peer review. 
Contributions may be edited for clarity or space. 
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Journal of Geochemical 
Exploration Volume 35, no. 
1-3; Volume 36, no. 1-3; and 
Volume 37, no. I have been is­
sued since the last newsletter 
and received by members. 
Those who paid dues for 1989 
will receive up through Vol­
ume 35, and those who pay 
dues for 1990 will start with 
Volume 36. The note on p. 15 
explains that this reduces the 
Volumes for 1989 from the 
usual three to two and splits 
the excellent collection of pa­
pers on circumpacific 
epithermal gold mineraliza­
tion. By using the form on p. 
30, new members may obtain 
back issues for up to three 
years. 

If your earth science 
library subscribes to the 
Journal but does not receive 
EXPLORE, it may be added 
without cost to our mailing list 
by making a request under the 
library's letterhead. Please 
write the Business Manager of 
the newsletter at our Reno ad­
dress, not the AEG office in 
Rexdale, Ontario. 

There are still some guide­
books left from the 1984 AEG 
Symposium in Reno at $30 
each including postage or $20 
for one with a minor defect. 
Among descriptions of numer­
ous deposits are previously 
unpublished material like the 
articles on the Northumber­
land gold mine, the Taylor 
silver district, and the Pilot 
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Mountain tungsten district. 
Titles of the field trips are: 
Sediment-hosted Gold Depos­
its, Sediment-hosted Precious 
Metal Deposits, Precious Metal 
Districts in Southern and 
Western Nevada, Precious 
Metal Districts in West-Central 
Nevada, Western World Mas­
sive Sulfide Deposil, Porphyry 
Molybdenum Deposits, Sul­
phur Mining District, Bedded 
Barite Deposits, Skarn Depos­
its, Virginia City Mining 
District, and Gooseberry Mine 
(vein gold). Allogether, 28 
mines and districts are de­
scribed. The paperbound 
book is 8Y, by 11 inches, 220 
pages, typeset in two-column 
formal, and well ilfustrated. 
Send your order to EXPLORE 
or call 702-331-4223 for more 
information. No unpaid pur, 
chase orders please. 

EXPLORE Number 67 was 
distributed to 4140 profession­
als including most of the 
volcanology, geochemistry, 
and petrology membership of 
the American Geophysical 
Union. Bulk shipments were 
made to John M.A. Forman 
for Brazil, Jose Luis Fer­
nandez-Turiel for European 
members, and Gunther 
Matheis in Germany for distri­
bution at a workshop. 
Chemex has graciously aided 
in air freight shipment of the 
last two issues. 

Chet Nichols 

World Membership Fund is adequate to supply all respondents 
with the Journal. Therefore, If there are members who would like 
to participate in this program, please forward your donations to 
Dave Jenkins, Treasurer. 

The 14th AEG International Symposium and the 5th IAGC Inter­
national Symposium on Geochemical Prospecting will be held in 
Prague, Czechoslovakia on August 29-31, 1990. The organizers 
have developed an exciting series of Sessions, Workshops, Poster 
Sessions and Excursions. This presents an excellent opportunity 
for the international community to exchange ideas and learn of 
methods used by our counterparts in other areas of the world 
The recent and dramatic changes in politics in eastern Europe 
will expand the opportunity for exchange and discussion. There 
is still time to arrange your schedule so you can attend. 

A. E. Soregaroli 
President 

Advertise in EXPLORE 
Support your newsletter. 
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By now, all Voting members should have received their ballots for 
the 1990 OrdinalY Councillor election. Your ballot must be re­
turned to the Association office in Rexdale, Ontario by the end of 
July, 1990 in order for your vote to be valid. I encourage all Voting 
members to take a few minutes to read the short biographies on 
each candidate and then vote for five of your choice. Please exer­
cise your right to vote; it is your chance to take an active part in 
the affairs 01 the organization. DO IT NOW, DO IT TODAY J1JUR 
VOTE COUNTS!!! 

For those of you who are Affiliate Members, give some serious 
consideration to upgrading to Voting Membership. This will re­
quire a certain amount of effort on your part, but it will allow you 
to take part in the affairs of your Association. Anyone wjshing to 
do this can get an application form from any member of the 
Councilor execulive, or can receive one from the Rexdale, On­
tario office. Please consider this option and become active in your 
Association. 

Shennan P. Marsh, Secretary 
U.S. Geological Survey 
MS 973, Federal Center 
Denver, Colorado 80225 USA 
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Public Awareness 
of Science 
This is to draw your attention 
to a current major concern of 
the Royal Society of Canada 
and of many other societies 
and associations, and to seek 
your cooperation in a com­
mon cause: The Public 
Awareness of Science. 

This Society, along with 
many others, has been 
alarmed by public opinion 
sUlVeys that show that an in­
creasing number of Canadians 
know and care little about sci­
ence. Also, studies abroad 
and (on a local scale) in this 
country, show that the per­
centage of the population that 
is scientifically literate has 
been declining. This is of 
deep concern in a participa­
tory democracy in which 
more and more decisions at 
all levels of government in­
volve science and technology. 
It is even more alarming when 
we realize that progressive de­
terioration of our global 
environment can only be hal­
ted by hard decisions -
decisions that can only be 
reached and accepted by a 
public that is understanding 
and appreciative of science, 
technology, and engineering. 

Many of us feel that scien­
tists themselves must playa 
larger role in communicating 
with the public. This realiza-

tion led to the organization of 
a conference in Ottawa, March 
1988, which was attended by 
representatives of 32 scientific 
societies. The results of the 
conference were published in 
a widely distributed booklet 
entitled "Science and the Pub­
lic". The success of the Ottawa 
Conference has been attested 
to by the increased public 
awareness activities of many 
of the societies and other or­
ganizations that were 
represented. 

One recommendation from 
the 1988 Conference was that 
the Royal Society should set 
up an Advisory Committee on 
the Public Awareness of Sci­
ence (PAS). This Committee 
was established and, until 
now, has concerned itself with 
monitoring progress and effec­
ting information exchange 
between the original partici­
pating societies. A decision 
was made to formalize these 
exchanges through a newslet­
ter to help societies keep 
abreast of government initia­
tives and the activities of sister 
societies. 

The Minister has said that 
the scientific and technical so­
cieties must play a large part 
in remedying the sad state of 
public understanding of sci­
ence. I feel sure that you agree 
with him and I look forward to 
our societies working together 
to tackle the enormous com-

munication gap that separates 
scientists and the public, 

Digby J. Mclaren 
The Royal Society of Canada 
207 Queen Street 
p.o. Box 9734 
Ottawa, Ontario 
Canada KIG 5J4 

Editor's Note: Is not a simi­
lar effort needed in other 
countries? The grass roots in­
volvement of scientists in 
schools is a laudable funda­
mental objective. 

Membership & 
Services Directory 
We wish to thank all Regional 
Councillors and other AEG 
members who have taken the 
time to review the member­
ship list and make necessary 
corrections for the 1990 Direc­
tory. Your time and efforts 
were greatly appreciated. 
Erick Weiland and 
Stan Hoffman 

Proportional 
Transfer Dots 
I have developed a set of 
black 'rub-on' dots useful for 
preparing geochemical sUlVey 
maps. They are correctly pro­
portioned so that there are no 
gaps in the sizes of the dots in 
the range Imm to 13mm (I'z 
inch). In the past I have at­
tempted to use commercial 
sheets or combinations of 
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such sheets which has always 
ended up in utter frustration 
because at least one critical 
size was missing. For inter­
ested members I am willing to 
supply these 8.5 x 14 inch 
sheets at cost. Because they 
are specially ordered one at a 
time, they currently cost $30 
each. 
W.E. Sharp 
Department of Geological 

Sciences 
University of South Carolina 
Columbia, S.c. 29208 U.SA. 
Tel 803-777-6929 
FAX 803-777-683916437 

L.v. Tanson Dies 
It is with sadness that I report 
on the death of Academician, 
L.V, Tauson of the USSR, who 
passed away on November 23, 
1989 in Irkutsk. Academician 
Tauson was a leading figure in 
Soviet geochemistry, and his 
passing will be felt by all 
geochemists . 
Sian Hoffman 

POSITION WANTED 

Dr. Stephen A. Shaver of the Dept. 
of Forestry and Geology, Uni­
versity of the South in Sevvanee, 
Tennessee recommends the 
following student for a tempor­
ary sampling position: 

Cindy McIlveen 
University of the South 
SPO 
Sewanee, TN 37375 
Tel.(615) 598-0700 

Information on Association members is received from around the 
world. To keep others informed of items such as moves and pro­
motions, send a notice, preferably with photo, to EXPLORE. 

C.J. Oates, formerly Senior Geochemist for the Exploration Di­
vision of Western Mining Corporation in Kalgoorlie, Western 
Australia, is now Senior Geochemist for Western Mining Explora­
tion S.A. in Santiago. His new address is Las Nives 3357. Las 
Condes, Santiago, Chile. 

EXPLORE OUR 
T-SHHrr OFFER: 

order yours today! 
Sizes: SML, MED, LGE, Xl 
Colors: 0 White on Royal Blue 

o Ok. Blue on While 
o Lt. Green on Gray 

Cost: 0 AEG Members $10 
o Non-Members $12 

Send check or money order to: 
AEG, P.O. Box 523 
Rexdale, Ontario, 
M9W 5lA, Canada 
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continued from page I 

ed the specific gravity of the parent and altered rocks and a 
volume factor (F \~ the ratio of the volume of the altered rock to 
that of the parent rock): 

Xn ~ WB - WA ~ w[(F')(xsl(SB/S,J - XA[ 

where W A, We are the weight of component n in parent rock A 
and altered rock B; w is the initial weight of parent rock; XA, Xs 
are the weight proportions of component n in parent rock and al­
tered rock B, used directly from chemical analyses; and SA' Ss are 
the specific gravities of parent and altered rock,measured on rep­
resentative rock chips. 

Since F v is fixed for all components, it can be theoretically de­
termined by assuming that one or more components are 
immobile during alteration and setting Xn to zero. Leitch and Day 
(in review) used exactly the same principles as Gresens (1967) 
but derived a new equation for Xn: 

log(xnl ~ 10gCWBIW,J ~ 10g(Fv) + 10g[(XBIX,J(SB/S,JI· 
The advantages of this equation over the original are described 

fully by Leitch and Day. An important difference is that the new 
equation is dimensionless thereby facilitating comparison of com­
ponents. Both equations produce similar trends when comparing 
several samples in the same series. The practical problem for 
both equations, therefore, becomes one of selecting which com­
ponents are immobile and will be used as the reference point for 
components which are obviously mobile. 

The Programs 
The programs were written to meet the foJ/owing objectives: 

• Testing of different parent rock types with one suite of samples 
collected, for example, around a vein; 

• Selection of different immobile components for one suite of 
samples; and 

• Rapid graphical evaluation of results. 
To these ends, the programs are menu based, permitting aban­

donment of a line of testing in favour of selecting a new test 
scenario. Main menu options are presented in the sequence nor­
mally chosen, that is, selection of data, selection of immobile 
components, and finally evaluation of results. 

Option I of the main menu graphs component loss/gain 
10g(Xn) versus volume factor (F v) for each component of one 
sample (Fig. I). Similar behaviour of components during alteration 
can be evaluated and a preliminary selection of immobile compo­
nents made. Option 2 allows fine-tuning of the list of immobile 
components by graphing F v versus components for every sample 
in a series (Fig. 2). Option 3 then graphs Xn versus position (for 
example, distance from a vein) for every component (Fig. 3). In 
the case of options 2 and 3, data are provided in tables or as 
graphics. Option 4 returns to the data selection menu. 

Technical Details 
Both programs are written in TurboPascal and have been com­

piled as .COM files of approximately 57 kbytes. Data are input as 
_ ASCII files of which the numeric fields are free-format. Up to 25 

Lacl<ey 
Claim Staking· Geological Services 

Surveying 

NEVADA 
702-348-0092 

2032 CEDAR FLAT AD. 
WILLIAMS, OR 97544 

OREGON 
503-846-6996 
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components can be evaluated (not including specific gravity and 
position data). The input file can contain up to 10 different parent 
rocl{s and 10 separate rock suites each consisting of 20 samples. 
Hercules and IBM graphics versions are available. Due to the sim­
ple form of the equations, the current versions do not depend on 
the presence of a math co-processor. 

Stephen Day 
Knox GeoVentures 
7958 Columbia Street 
Vancouver, B.C., Canada V5X 2Z4. 
rei (604) 321-0994 

Craig Leitch 
Department of Geological Sciences 
University of British Columbia 
Vancouver, B.C., Canada V6r 284, 
rei (604) 228·2646 

References Cited: 
Leitch, c'H.B. and Day, SJ. (1990) (In review): NEWGRES: A Turbo· 

Pascal Program to solue a modified uersions of Gresens' hydrothermal 
alteration equation. Computers and Geoscience. 

Gresens, R.L. (1967): Composition-volume relationships of meta­
somatism, Chern. Geol., 2:47-55. 

Gallium, a Rediscovered Pathfinder 
Element: Example, Sagebrush over the 
Betze Gold Deposit, Nevada 
Several decades ago, Soviet papers began to describe the associa­
tion of Ga in plants with various types of are deposits (Surkser 
and Mitskevich, 1960; Flerova and Flerov, 1964; Dvornikov et aI., 
1973; Dvornikov and Ovsyannikova, 1974). 

Results from a recent study of big sagebrush (Artemisia triden­
tata NutL) in the Carlin ll-end, show elevated levels of Ga that 
spatially correlate with the Setze deposit, a world class Au ore­
body (The Mining Record, 1989), Highlights of our results for 
Artemisia from the Setze deposit, given below, seem to agree with 
results reported by Dvornikov et al. (1973) where anomalous con­
centrations of Ga were found in species of Artemisia directly over 
Au deposits in the Donbas region of the Soviet Ukraine. 

Perhaps this note will stimulate some dialogue on reasons for, 
and possible value of, the association of Ga with Carlin-type dis­
seminated Au deposits, an association shown in a chart on 
geochemistry in gold exploration (Bondar-Clegg, and Co., Ltd 
1987). 

Analytical results have been obtained by inductively~coupled 
plasma emission spectroscopy for Ga in 62 ashed samples of 
sagebrush. These samples were collected by Erdman on Septem­
ber 26-30, 1987 from three traverses near or over the Belze deposit 
at Barrick's Goldstrike Mine (Bettles, 1989). Results show a high 
anomaly-to-background contrast, a range of 11.9·156 ppb (dry­
weight basis), and distribution patterns generally consistent with 
the projection of the Betze high-grade sulfide orebody that occurs 
about 800 ft (250 m) below the surface (Fig. I). The orebody is 
hosted in the Devonian Popovich Formation, which is overlain by 
Upper Devonian sedimentary rocks of the Rodeo Creek unit of 
Bettles (1989). Gold concentrations in sagebrush, analyzed by 
graphite furnace atomic absorption, ranged from 0.58 to 3.1 ppb 
(dry-weight basis) and showed no pattern that relates to the un­
derlying deposit. 

Strong positive statistical correlations were found betvveen Sb, 
As, and Ga; and moderate correlations were found between Sb, 
As, and Au. In an extended R-mode factor analysis, a multivariate 
procedure that can be used to identify groups of associated ele­
ments, Sb, As, and Ga dominated the first factor in a three-factor 
model (Fig. 2). Samples from 62 sites were included in the analy· 
sis, and the sample with the highest factor score for factor 1 came 
from a site directly over the reduced ore zone. This sample con­
tained the highest values of As and Ga (3,000 and 156 ppb, 
respectively) and the third highest value of Sb (146 ppb). It also 
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Figure I. Distribution of Ga concentrations (ppb, dry- weight ba­
sis) in big sagebrush along two east-west traverses over the 
deeply buried Betze ore body at Barrick's Goldstrike Mine. 

contained anomalous Au (1.9 ppb), 
The Ga anomalies at Setze may result from the dominant 

chalcophile behavior of Ga in hydrothermal processes, as de­
scribed by Vlasov (1966) and more recently by Burton and Culkin 
(1978). According to Burton and Culkin (1978), "The main affinity 
of gallium in these reactions is with zinc, and it is in sphalerite 
that unusually high concentrations of gallium have been widely 
recorded." Sphalerite is the most common base-metal sulfide in 
the Setze deposit, yet we found no significant correlation between 
Zn and Ga in the sagebrush results. 

Another explanation for the Ga anomalies may relate to the 
lithophile properties of Ga during the hydrothermal processes in 
which Ga is also ubiquitous in aluminosilicates, segregating to­
gether with the sulfide minerals (Vlasov, 1966). According to 
Vlasov (1966), where orebodies occur in carbonate rocks some 
Ga may be partitioned into aluminosilicates when the surround­
ing host rocks are silicates and carbonaceous argillites. These 
conditions are similar to the host rock for the Setze deposit, the 
Popovich Formation. This unit is a sequence of impure lime­
stones consisting of medium- to thick-bedded carbonaceous, silty 
to muddy limestones with interbedded calcareous siltstones and 
mudstones (Betties, 1989), 

Soil gas measurements along the traverses over the Setze de­
posit revealed alkane gas anomalies whose source was ascribed 
to organic matter associated with the Au mineralization in the un­
oxidized ore (McCarthy et aI., 1988) These anomalies also 
correspond with the Ga anomalies in sagebrush. 

The apparent anomalies of Ga in samples of sagebrush over 
the deeply buried Betze deposit are difficult to explain, if judged 
by similar work in the Soviet Union. In discussing biogeochemical 
anomalies over concealed depOSits in the Soviet Union, Ko­
valevsky (1987) found that the "accessible depth" of biogeochem-
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ical prospecting was 40-60 m where species of Artemisia were 
used. However, orebodies most likely are not the only sources of 
Ga. We have evidence of Ga-rich haloes in soils over many other 
Au deposits in the western U.S. (Henderson, unpublished data), 
so the Ga source may be much more extensive than the actual 
deposit. 

Although biogeochemistry has become a useful tool in the 
search for concealed deposits, the processes by which plants re­
spond to concealed mineral occurrences are, at best, poorly 
known. Only basic research, minimally funded under the present 
economic conditions, can throw some light on these processes. 
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Particle Size Distribution of Gold in 
Geochemical Samples 
Variation of Au particle size in geochemical samples has strong 
bearings on the reproducibility of Au analyses. This issue has 
been discussed by many aUlhors (Clifton et ai., 1969; Harris, 1982; 
Nichol, 1986); however, these discussions were based on the as­
sumption that all Au particles in a sample are of the same size. 
Actually there are normally many different sizes of gold particles 
in any natural sample. Infonnation about the actual distribution of 
particle sizes of gold in a sample is scarce and limited only to 
coarser particles 1270 mesh (Day and Fletcher, 1986; Flelcher and 
Day, 1988), or 631-' (Shelp and Nichol, 1987)1. In order 10 explain 
correctly the complicated relationship between gold particle size 
distribution in different samples and the precision of gold analy­
sis, a special technique is needed to obtain detailed infonnation 
about the quantity of different sized gold particles finer Ihan 631-'. 

We are using a technique developed by Shen (1976, 1977), the 
basic idea of which is to separate a given sample into enough 
fractions so that there will be no more than one grain of gold (51-') 
in each individual fraction. According to theoretical calculation, if 
the number of fractions separated is five times the total number of 
gold grains in Ihe bulk sample, the probability of two Au grains in 
anyone fraction is only 1.5%. The necessary number of fractions 
separated could be obtained by two or three successive trials car­
ried out by a very experienced analyst. 

The size of gold grains in each fraction can be calculated from 
the gold mass in each fraction as determined by a special spec­
trographic procedure (Shen, 1976, 1977). The details of the 
procedure will be published in English elsewhere (Shen, in prepa· 
ration). In this short note, we will only demonstrate some 
preliminary work comparing gold particle size distribution to pre­
cision of gold analysis using this technique. 

Table 1 shows the Au content and analytical precision, based 
on a small number of replicate analyses, for three samples. 

Table 1. 

Sample no. Gold content Analytical precision 
(Ppb) (%RSD) 

R3 44 162 
R4 21 24 
R6 2920 54 
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The gold contents of R3 and R4 have similar concentration levels, 
yet the precent relative standard deviations (96RSD) for the two 
samples are quite different. Sample R6 has a high gold content, 
yet the analytical precision is fairly good. 

Tables 2 and 3 show the gold particle size distribution obtained 
by using Shen's technique. Most of the grains in samples R3 and 
R4 are within the 5·10)..1.. range; however, the gold grain sizes are 
much more uniformally distributed in R4 than in R3 (Table 3). 

Table 4 shows the gold contents attributed to the dispersed gold 
in R3, R4, and R6, which are obtained by subtracting the gold 
contents attributed to the discrete particulate gold (51L) from the 
total contents of gold in the samples. 

Table 2. 

R3 R4 R6 

Particle size Number of Particle size Number of Particle size Number of 
range(l-t) particles range(J.L) particles range(J.L) particles 

5·10 443 5·10 130 5·10 t2 
10·20 2 >10 0 10·20 26 
20·24 0 20·30 17 
40·60 I 3040 5 
>60 0 40·60 3 

60·80 I 
>80 

(Total 446 gold grains 
in 100 gm sample) 

(Total 130 gold grains 
in 123 gm sample) 

(Total 64 gold grains in 
24 gm sample) 

Table 3. 
R3 R4 

Particle size Number of Particle size Number of 
range (J.L) particles range (fL) particles 

5·6 77 5·6 127 
6·7 207 6·7 3 
7·8 139 7·8 
8·9 16 8·9 
9·10 4 9·10 

10·20 2 
50·60 I 

Table 4. 

Sample no, Total gold Gold (ppb) Gold (ppb) Percent 
(ppb) attributed to attributed to contribution 

particulate gold dispersed gold of dispersed 
(>5~) «5~) gold 

R3 44 31 14 31 
R4 21 I 20 93 
R6 2920 428 2492 85 

Tables 2, 3, and 4 indicate that: (1) a very large portion of dis· 
persed gold is found in sample R4 (93.496) with a smaller portion 
in sample R3 (31.396); (2) although most gold grains in R3 and R4 
are in the 5·10~ range, the variation in grain size within this range 
is much greater for R3; and (3) the high gold value of sample R6 
does not result from a few coarse grains, but is distributed evenly 
throughout a number of fine grain size fractions. Of the 64 grains 
in the 24 g sample of R6, 55 grains are in the range of 5·301L, even 
though the 51L fraction is only 14.796 of the total gold content in 
the sample. 
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The above observations show the reason why there is better an­
alytical precision for R4 and R6 and poorer for R3. To explain this 
conclusion in a more quantitative way, the calculation of effective 
particle diameter of a sample (Shelp and Nichol, 1987) was carri· 
ed out, using the equation: 

d = VL Mjd.3 
, - J 

M 

where, de is the effective diameter of gold grains in that sample, 
Mj is the mass of gold in size grade j, 
?i is the midpoint of size grade j, and 
M is the total mass of gold. 
The result for the three samples is given in Table 5. 

Table 5. 

Sample no. Effective diameter(/L) 

Dispersed gold not 
considered 

Dispersed gold 
considered 

R3 
R4 
R6 

33. 
7.5 

56. 

29. 
3.2 

30. 

The theoretical analytical precision of the three samples can be 
calculated by substituting the effective diameters into the equation 
derived by Wang (1989): 

C=" /-rra3 '/ V-
6
-· d· 8/ (A, W) 

where, C is relative standard deviation, 
a is particle diameter, 
d is density of gold, 
B is percentage of gold in a single mineral, 
A is gold content, and 
W is subsample weight. 
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Table 6. 

Sample no. Theoretical precision (%RSD) 
Dispersed gold not considered Dispersed gold considered 

(I) (2) (3) 

R3 
Rj 
R6 

110 
55 
64 

60 
30 
36 

67. 
3.5 
8.7 

Note: (I) and (3): gold grains are assumed to be spherical. 
(2): gold grains are assumed to be platy with thickness: di­
ameter = 1:5. 

From Table 6, it is evident that the precision for sample R3 will 
be quantitatively poorer Ulat for R4 and R6. Some deviation exists 
between the % RSD obtained by theoretical calculation (Table 6) 
and that obtained by replicate analysis (Table I). We are unable to 
explain this disagreement further because the samples were ex­
hausted. Further work will be carried out using this approach on 
other samples. 

Our technique for counting the number of grains for various 
sizes of gold particles in geochemical samples will be very useful 
in understanding the complicated and confusing relationship bet­
ween the particle size distribution of gold and precision of gold 
analyses for samples collected from different geological and geo, 
graphical settings. The technique will also be useful in studying 
the mode of occurrence and migration characteristics of gold in 
surficial environments. 

Xie Xuejing 
Institute of Geophysical and Geochemical Exploration 
Langfang, Hebei 102849 
P.R. China 
Shen Ruiping 
Applied Research Center of 

Chinese Spectrometric Instrumentation 
University of Shijiazhuang 
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P.R. China 
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New Rhenium-mineraI Micmlites in a 
Porphyry Copper Deposit 
Recognition of discrete rhenium oxide(?) microlites in the Island 
Copper porphyry copper deposit of BHP-Utah International, Inc., 
Vancouver Is., B.C., is believed to be significant because naturally 
occurring rhenium minerals are virtually unlmown. Between 1978 
and 1982, W:M. Hanusiak and I investigated Island Copper primar­
ily to characterize the occurrence of gold which is present at an 
abundance level of less than one ppm. Milling and smelting re­
sults had suggested that gold occurs as lattice substitutions in 
chalcopyrite, molybdenite, and pyrite, and only half was being re­
covered during smelting. Microlite gold was found and reported 
on earlier (Gabelman and Hanusiak, 1986). The mine also pro­
duced byproduct rhenium from molybdenite concentrate in which 
it commonly exceeded 10,000 ppm. Rhenium originally became 
known from its occurrence in the products of European copper 
smelters, and is now mainly produced from porphyry-copper mo­
lybdenite concentrates. Minor amounts come from porphyzy­
molybdenum concentrates. 

Rhenium is a naturally rare Series 6 transition element occupy­
ing Group VIIB of the periodic table along with manganese and 
technetium which should behave similarly. However, rhenium has 
not been reported in manganese or its minerals (Hamm, 1969). 
Technetium has no stable isotopes and occurs only as a short· 
lived decay daughter of molybdenum or lutetium. 

According to Blossom (1985), rhenium does not occur in the 
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native state and rarely is a major constituent of minerals. It is 
known only as lattice substitutions, mostly in sulfides, with mo­
lybdenite being the most common host. Prevalent rhenium 
valence states are 3 +,4+, and 7 +. In man-made products, the 
most common forms of rhenium are the oxides Re02 and Re20 7 , 

and the perrhenate (ReO,'), rhenate (ReO.-'), hyporhenate 
(ReO,-'), and rhenite (ReO,-') ions. It forms complexes with halo· 
gens and thus is carried as volatiles in hydrothennal fluids. 

Hamm (1969) emphasized the kinship of horizontally adjacent 
elements in the periodic table (i.e., chromium, manganese, and 
iron). However, natural associations of tungsten, rhenium, and os­
mium are unknown. 

Molybdenum is diagonally adjacent to rhenium. The chemical 
similarities indicated by vertical and horizontal adjacency in the 
table should stimulate close mineral associations and inter­
growths, but similar ionic radii are required for substitutions of 
trace elements in major~element minerals. The crystal ionic radii 
ofMo+l, Re+ 4, and Re+ 7 are 0.93, 0.72, and 0.56 angstroms re­
spectively (Weast, 1977). The radius of MO+4 in molybdenite is 
1.27 angstroms. Although the sizes of these ions are significantly 
different, Blossom (1985) invokes them to explain the apparent 
preference of rhenium for molybdenite. How similar radii must be 
to allow substitution is problematic. If similarity in ionic radius is 
important in elemental substitution, rhenium should occur in 
many manganese minerals because Re+ 4 is closer in size to 
Mn +4 which is 0.68 angstroms. 

During studies of gold occurrence to guide recovery improve­
ments, we serendipitously discovered that gold and rhenium, as 
well as many other trace metals, occur dominantly as discrete mi­
crolites of high purity in altered rock, ore, and rarely in magmatic 
minerals at Island Copper. Particulate native gold is common in 
all types of gold deposits and was expected, but the occurrences 
of other microlites were unexpected. 

The consistent failure to identify gold or rhenium in the lattices 
of ore or gangue minerals by energy dispersive X-ray fluorescence 
(EDAX) analyses using a scanning electron microscope (SEM) 
was equally surprising. Among hundreds of mineral analyses, rhe­
nium substitution was found in only one of 40 molybdenite grains 
analjlZed, as well as in two pyrite grains and one Ti02 grain. 

Because the only source of rhenium produced worldwide is 
from molybdenite concentrates, it is possible that our SEMIEDAX 
was simply not sensitive enough to detect it at extremely low 
abundances. However, the common observation of essentially 
pure rhenium microlites up to about one micron diameter in a va­
riety of minerals other than molybdenite suggests a previously 
unrecognized mineral type and occurrence mode, as well as an­
other supply source. 

It also casts some doubt on the importance of substitution of 
rhenium in molybdenite. Rhenium liberated from other minerals 
by grinding might simply report with molybdenite during Hotation. 
This new source will remain economically insignificant as long as 
the production of rhenium depends on molybdenite production 
because other host minerals are not sufficiently valuable. 

Among hundreds of high-Z-element microlites recognized by 
their brightness in the SEM backscatter mode and analyzed by 
EDAX, 24 were nearly pure rhenium (barring the possibility of 
combinations with elements of Z numbers lower than six (H, 0, 
C, N, etc., the peaks of which are not easily analyzed using EDAX 
spectra). In order of decreasing frequency, the host minerals for 
rhenium micro lites were: quartz, siderite, sericite, andesine, cal­
cite, K-feldspar, pyrite, dumortierite, and asphaltite. 

Most of the rhenium micro lites are anhedral, but four appear to 
have crude rhombohedral terminations, one seems to be a com­
plete rhombohedron with truncated corners, and another is an 
aggregate of hexagonal(?) plates (Figure 1). All these micro lites, 
and most of those of other compositions, occur in cavities of less 
than 2 microns in diameter and some are held so loosely that 
they are dislodged upon excitation by the electron beam. 

The cavities are interpreted as original multi phase fluid inclu­
sions, probably formed during hydrothermal alteration or 
metallization, and opened by subsequent defonnation or during 

NUMBER 68 EXPLORE 

thin-section preparation. The microlites thus would be samples of 
the metal content of ore fluid. The elements occurring in trace 
amounts in the rhenium microlites seem to vary systematically 
with the composition of the mineral hosting the microlile. How­
ever, the volume of analytical influence is large relative to the 
micro lites, and these trace elements may occur in tlle host rather 
than the microlite. 

Most of the microlites contain iron regardless of host. Those in 
quartz, siderite, and calcite also contain traces of copper which is 
less abundant than iron. One of these also contains sulfur, and 
another lutetium and platinum but no sulfur. Those in andesine 
and dumortierite contain iron, copper, and nickel. One in as­
phaltite contains iron, nickel, copper, and mercury. None of these 
trace elements is aligned with or adjacent to rhenium in the peri­
odic table. Only nickel has an ionic radius approximately similar 
to that of rhenium. 

During our study rhenium oxide (ReO,) black powder and am· 
monium perrhenate (NH4Re04) white powder were produced for 
sale by Utah International. Samples of both of these were photo· 
graphed and analyzed using the SEM for comparison with the 
micro lites. White perrhenate appears as irregular rods, some with 
hexagonal pyramids, and as crudely hexagonal plates. Black oxi­
de occurs as spherical aggregates composed of tiny anhedra (less 
than 0.1 micron) from which some hexagonal pyramids project 
(Figure 2). 

Figure 1. SEM image of an aggregate of hexagonal(?) plates of 
rhenium oxide in quartz. Scale is 5,.... in length. 

Figure 2. SEM image of rhenium oxide (ReO,) black powder pro· 
duced by Utah International. Scale bar is 0.5", in length. 
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The natural micro lites most resemble the rhenium oxide. The 
platy microlites (both natural and in perrhenate powder) confann 
morphologically with platy hexagonal Re20 7 (Weast, 1977). 80th 
powders contain approximately the same proportions of trace alu­
minum, francium(?), lutetium, and technetium (recall the 
chemical similarity of technetium) in decreasing order. In addi­
tion the oxide also contains copper and iridium, and the 
perrhenate contains potassium and calcium. 

The occurrence of rhenium in Island Copper ore differs so 
greatly from the lattice substitutions described in literature, that 
further characterization with more sophisticated equipment is in­
vited. It is possible that one or more new minerals could be 
described from the rhenium and the other micro lites. An addition­
al feature worthy of more investigation is the grouping of elements 
into distinct microlite and substitution families. 
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Quebec Profile 
Introduction 

Mining in the province of Quebec in Canada is of major eco­
nomic importance. In 1988, mineral production was valued at 
over 2.5 billion Canadian dollars. About 900 million dollars were 
invested in exploration. 

Many mining camps are internationally well known, including 
the Noranda, VaI-d'Or and Chibougamau camps which have been 
amongst the most productive. Beside numerous base metal 
mines, the province has over 20 operating gold mines. The Queb­
ec government has long recognized the importance of mining 
exploration and has given it great support through a strong miner­
al exploration department in Quebec City and seven regional 
offices located throughout the province. 

A two day exploration seminar is held at the end of November 
each year in Quebec City. The meeting attracts hundreds of scien­
tists, permitting a review of exploration and mapping projects 
completed by government geologists, geophysicists and geoche­
mists, and enabling contacts to be made between companies and 
with government representatives. Technical sessions are accom· 
panied by displays of each project. 

The Geochemistry and Geophysics Service of the Quebec De­
partment of Energy and Resources is headed by Francois 
Dompierre. Working under his leadership are: Marc Beaumier and 
Jean ChOiniere, geochemists; Pierre LaSalle, quaternary geologist; 
and Francois Kirouac and Michel Leduc, technicians. 

An annual budget of about 1 million dollars is approximately di­
vided 85% for regional geochemical sUlVeys and 15% for research 
and development in the field of analytical methods, geochemical 
interpretation techniques, and software development for data 
processing, 
History Of The Geochemistry Division 

The first geochemical surveys conducted by the Provincial De­
partment of Energy and Resources in the early fifties were under 
the direction of 1. E. Riddell. The Ministry of Energy and Re­
sources (MER) in 1962 mandated that its geologists routinely 
collect stream sediment samples while condUcting geological tra­
verses on regional and detailed mapping programs. This 
approach prevailed for 20 years and led to definition of explora­
tion targets based on anomalous geochemistry. Geochemical 
background was established in many districts throughout the pro­
vince at relatively low cost. The GeochemistI)' Division of the MER 
was offiCially created in 1968, coinciding with the initiation of the 
first regional geochemical surveys by the province. 

Regional Geochemical Surveys 
Regional geochemical survey types (Fig. 1) are selected based 

on the nature of the local terrain. Among the most important are: 
(1) stream sediment surveys using a 500 m sample interval, 
(2) groundwater surveys from domestic wells using a 500 m sam­
ple spacing, 
(3) till and soil surveys on a square grid pattern at a density of 1 
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Stream sediment surveys 

Lake sediment surveys 

Ground water surveys 

Soil surveys 

Figure 1. Location of major reconnaissance geochemical sutveys 
in the province of Quebec, Canada, A major basal till sUlVey of 
more than 6,000 samples covers approximately the same area as 
the groundwater sUlVey in the Abitibi area which surrounds 
Rouyn, Detailed and orientation sUlVeys are not shown. 

sample per km2, 
(4) heavy mineral surveys at a density of I sample per 10 km', 
and 
(5) centre lake bottom sediment sUlVeys at a density of either 1 
sample per 13 km' or I sample per 2.5 km' depending on local 
lithology and structure. 

A geochemical data base for the province was created by com­
bining results from the geochemical surveys described above and 
the 450 stream sediment surveys carried out by MER geologists 
on regular geological mapping assignment. Stream, lake, and 
heavy mineral sutveys conducted on behalf of corporations own­
ed by the provincial govemment (SOQUEM and SDBJ), and by the 
federal government (GSC), were also included in the geochemical 
data base which contains infonnation for over 500,000 samples. 

Major objectives of the geochemical division of MER have been to: 

(1) Define exploration targets based on anomalous geochemistry, 
(2) Determine regional backgrounds for a variety of sample media 
types against which the exploration industry could compare 
results, 
(3) Produce a geochemical data base which could be easily ac· 
cessed for other metals or commodities currently not in fashion 
but having potential for future interest, and 
(4) Develop methods for relating regional geochemical data col· 
lected on one type of sutvey (Le., stream sediments) with data 
from a second type of survey (Le., groundwater) to enable all 
available geochemical data to playa role in geochemical map­
ping of the province and assist in regional geological mapping 
projects. 
Geochemical Analysis 

From 1968 to 1980, geochemical analysis for approximately 12 
elements was performed routinely by atomic absorption spec­
trometry. Between 1980 and 1986 most analytical determinations 
were done by plasma emission spectroscopy (lCP). Since 1986, 
geochemical samples are analyzed by both neutron activation 
and plasma emission methods to provide the best possible detec­
tion limits for most elements at reasonable cost. 
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Routine analysis is undertaken for 41 elements (As, Au, Br, Cs, 
Sb, Se, Tm, U, W, Sr, Th, Ti, V, Y, Zn, Hg, Ag, AI, B, Ba, Ca, Cd, Ce, 
Co, Cr, Cu, Eu, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sc, Sm, 
Sn) as well as WI. 

Samples collected from 1963 to date are stored as pulps and 
are available for reanalysis by new methods or for additional ele­
ments, In 1980, the Geochemistry Division commenced a program 
of reanalysing samples from past surveys at a rate of 3,000 per 
year to meet the needs of industry. 

Computer Processing 
The Geochemistry Division data base contains all available an­

alytical results as well as coded field-site parameters and 
Universal1ransverse Mercator grid coordinates for each of more 
than 500,000 secondary environment samples. A similar data 
base contains information for approximately 10,000 rock samples. 
Data can be assessed by survey number, and/or area of interest 
(Le., outlined by describing the survey perimeter), and/or sample 
type, andlor element(s). 

These data bases are available to the public for use on IBM and 
Macintosh personal computers, More than 450 reports have been 
published on behalf of the MER stalf by geochemists and 
geologists. 

A catalogue of these publications is available at no cost under 
the following title: Repertoire des publications et des donnees de 
geochimie du Gouvemement du Quebec, Publication # DV 88-02. 
It can be obtained at the following address: 
Ministere de L'Energie et des Ressources 
Centre de diffusion 
Division des donnees geoscientifiques 
5700, 4e Avenue Ouest, Suite A-201 
Charlesbourg City, Quebec GIH 6RI 
Canada 
For more information regarding geochemical projects, please 
contact: 
Quebec Department of Energy and Resources 
Geochemistry Division 
5700 4e Avenue Ouest, Suite A-209 
Charlesbourg City, Quebec GIH 6RI 
Canada 
Telephone (418) 6434609, Fax (418) 

Recent Developments of Exploration 
Geochemistry in China 
Exploration geochemistry in China is conducted on a national lev­
el by the Ministry of Geology and Mineral Resources, the Ministry 
of Metallurgical Industry, the Corporation for Non·ferrous Metals, 
and the Ministry of Nuclear Industry. In addition, there are provin­
cial and local geological and geophysical organizations that are 
involved with geochemical exploration. 

In the past, geologists in China did not consider geochemical 
exploration as a useful method in prospecting for mineral re­
sources. Today it is commonly acknowledged that geochemical 
~xploration plays an important role in mineral resourCe investiga­
tIons. Some of the main developments in exploration 
geochemistry in China are described below. 

After several years of exhaustive research on analytical meth­
ods and standards preparation and field orientation studies a 
major program called the Regional Geochemistry·National Recon· 
naissance (RGNR) Project began in 1981. Since that time 
samples-mainly of stream sediment-have been collected at a 
density of llkm' in an area of 3,200,000 Ian'. This represents 
about half of the area of China that can be effectively sampled. 

The samples were analyzed quantitatively for many elements. 
To date these data have been compiled into geochemical atlases 
at 1:200,000 scale for an area of 1,000,000 Ian'. The data and 
maps have been used for prospecting for different types of miner­
ai deposits, interpreting basic geology, mapping geology, 
~dentifying and evaluati~g environmental problems, and predict­
mg local human and ammal health problems. 

Geochemical prospecting for gold is of particular interest in 
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China. Many areas with potential gold resources, as well as eco­
nomic gold deposits, have been discovered since more sensitive 
analytical methods were adopted. In the past, the detection limit 
for gold analysis was about 10-50 ppb and the threshold for anom· 
alies was thought to be about 50 ppb. Because of these high 
limits of determination, few significant gold anomalies were 
found. That period was described by the exploration geochemists 
as the period of ''stars everywhere but no moons." 

Since that time, the detection limit for gold has been lowered to 
0.3-1.0 ppb and regional gold anomalies are delineated using a 
threshold of 1-3 ppb. This lower detection limit has produced 
many more anomalies than were found with the previous analyti­
cal methods. Many of these anomalies have been found to be 
related to identifiable gold mineralization; however, some anoma­
lies cannot yet be explained. In order to resolve these problems 
and correctly interpret the unexplained gold anomalies, the sec­
ondary weathering environment of gold is being studied. 

Analytical laboratories in China have developed and now use 
several rapid, quantitative, multi-element analytical techniques 
using conventional chemical instruments that are available in 
most Chinese geochemical laboratories. These analytical meth­
ods are of great assistance to the RGNR Project. Recently the 
laboratories have been making a set of standard reference sam­
ples for quality control and assurance purposes, Twelve reference 
samples for drainage sediments (standard series GSD), eight for 
soils (GSS), and six for rocks (GSK) have been released to date. 

These reference materials have been used by the international 
geochemical community for calibration of new and improved 
chemical methods and for monitoring of results between labora· 
tories, A set of seven gold reference standards with gold contents 
ranging from 0.8 to 87 ppb have also been prepared and certified. 
Geochemical standard reference samples for vegetation are pres­
ently being prepared and will be released in the near future, 

Gas geochemical methods are also being used in China. Multi­
component (Hg, CO2 , SO" He, C, and light hydrocarbon) surveys 
have been carried out, mainly in desert areas with residual soil, 
alluvium, and/or loess. These methods have been applied over a 
wide variety of deposit types, including those of copper, lead-zinc, 
tungsten, molybdenum, mercury, antimony, gold, silver, uranium, 
iron, and niobium-tantalum, as well as over geothermal fields, 
and oil and gas fields. 

Surveys using hydrogeochemical methods and biogeochemical 
methods have been carried out in arid and semi-arid areas of Chi­
na, including areas covered by eolian sand deposits. 
Hydrogeochemical methods have been successfully applied to 
prospecting for concealed lead-zinc deposits in northeastern 
China. 

Experiments using a combination of geochemical and non-seis­
mic geophysical prospecting techniques have been conducted on 
a large scale in major oil and gas fields in China. OthJr on-going 
geochemical programs use primary haloes in the search for blind 
and concealed metallic deposits, kimberlite bodies, and non-me­
tallic mineral deposits. 

Computers, particularly microcomputers, are being used exten­
sively in solving geochemical exploration investigations in China. 
Computers are used to establish geochemical data bases process 
geochemical data, and produce geochemical maps. A Chinese 
language system has been developed for use with these geo­
chemical investigations. Most of the data from the RGNR Project 
have been processed using computer techniques. These tech­
niques use a combination of geological, geochemical, and 
geophysical data, remote-sensing images, and data on geological 
and geochemical models of mineral deposits. Thus, computers 
help to interpret and evaluate results for final mineral resource 
reports. 

Some of these research activities are described in the Chinese 
Special Issue of the Journal of Geochemical Exploration, Volume 
33, no. 1-3,1989. 
Hon Zhihni 
Institute of Geophysical and Geochemical Exploration 
Langfang, Hebei 102849 
P. R. CHINA 
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Exploration '87 
?mceedings of Exploration '87, an international symposium re­
ported in EXPLORE NO. 62, p. 10 has been published as Ontario 
Geological Survey Special Volume 3. The volume contains 960 
pages, including many full colour maps. 

Exploration '87 reviews the state of the art and the outlook of 
geophysical and geochemical methods in exploration for miner­
als, groundwater, and other non-petroleum resources. Cost for the 
volume is CON $60.00 for orders from Canada and the USA. Cus­
tomers in countries outside of North America should enquire first 
for the appropriate postal charge for this 2 kg volume. Checks or 
money orders must be in Canadian dollars. 
Address orders to: 
Public Information Centre 
Ministry of Natural Resources 
Room 1640, Whitney Block 
Queen S Park, Toronto, Ontario 
Canada, M7A IW3 

Overburden Data for NE Ontario 
Data are now available from the Black River-Matheson (BRiM) 
project of the Ontario Geological Survey. a five year reconnais­
sance-scale overburden drilling project in the Matheson area of 
northeastern Ontario. The project was designed to aid overburden 
exploration in the area through the documentation of the regional 
Quaternary stratigraphy and setting up a database of till geo· 
chemistry. The data should be of great interest to exploration 
companies. 

Data for overburden samples collected in the BRiM area from 
the 1984, 1985, 1987, 1988 sonic drilling and backhoe trenching 
programs have been published as Ontario Geological Survey Geo­
physical/Geochemical Senes Maps 80759 to 80796, 80838 to 
80893,81099 to 81137, and 81146 to 81170. These data are also 
available as a senes of either dBase IV or ASCII text files on 5.25 
inch or 3.5 inch PC-DOS/MS-DOS·compatible floppy diskettes. 
Sample locations and material types, and results of mineralogical, 
geochemical and lithological analyses are provided. Requests for 
data must be accompanied by the required diskettes: 1) six dou­
ble sided, double density, 5.25 inch disks, or 2) two double sided, 
high density 5.25 or 3.5 inch disks. There is no charge to copy the 
data onto diskettes. For more information contact: 
Beth McClenaghan 
Engineering and Terrain Section 
Ontario Geological Survey 
77 Grenville Street 
Toronto, Ontario 
Canada M7A IW4 
Tel. (416) 965·]]83 

Alaska Miners Association (AMA) 
Convention - November 5 - 9, 1990 
This year's convention begins with an Exploration GeochemistI)' 
short course led by Dr. Stan Hoffman of Prime Geochemical 
Methods Ltd. of vancouver, B.C. The two day course will discuss 
the principles and designs of geochemical sampling. Topics cov­
ered will be: general geochemical principles; relationships 
between bedrock and overburden geochemistI)'; preparation for 
conducting a geochemical sUlVey; geochemical sampling of soil, 
sediments and rocks; defining an anomaly; interpretation of geo­
chemical anomalies; case histories; formulation of models; and 
use of multi-element analysis. 

A one day course on mining agreements and conveyances, de~ 
signed for persons involved or interested in the negotiation and 
preparation of mining agreements and conveyances, is led by Jos­
eph J. Perkins Jr., of Guess and Rudd, Anchorage, Alaska. Topics 
to be covered include choosing a structure for the transaction, ne­
gotiating and drafting the key economic provisions, acquiring the 
rights you need and identifying and getting the protection you 
need. Mining claimants, Native corporations, mining companies, 
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land managers, and lavvyers all will benefit {rom the program. 
Technical sessions will be accompanied by a trade show. Fol­

lowing the convention, a three day field trip is tentatively 
scheduled to cover selected mines in the Juneau Mining District. 

For more infonnation and a registration package, please con­
tact: Alaska Miners Association, Inc, 501 W. Northern Lights 
Blvd., Suite 203, Anchorage, AK 99503, Tel: (907) 276·0347, Fax: 
(907) 278-7997. 

1989 a Two-volume Year for JGE 
Elsevier has recently informed us that only two volumes of the 
Journal of Geochemical Exploration (JGE) were issued for the 
1989 membership year (';blumes 34 and 35). Four volumes are 
scheduled for 1990. Your AEG representative is currently reviewing 
this matter with Elsevier and will report on discussions in a sub­
sequent issue. This unanticipated arrangement affects the 
distribution of the Epithermal Gold Volume. Part I (v. 35)has been 
included in the 1989 subscription rights while Part 2 (v. 36) will be 
received only if 1990 dues have been paid. If you have not reo 
ceived Part 2 (Hedenquist, ed), verify the address label indicates 
PAlD-90 on this issue of EXPLORE. If you do not have the volume, 
and you paid your 1990 dues over two months ago, now is the 
time to inquire at the AEG Rexdale office. 

The following table summarizes planned publications of JGE. 

Volumel1ssue Pages Cover Date Special Issue Edition 

37.1 180 Mar.,1990 C.E. Dunn 
37.2 132 May, 1990 
37.3 ? July, 1990 
38.112 ? Aug., 1990 S. Kesler 
38.3 ? Oct., 1990 
38.112 ? Nov., 1990 A.Darnley 

GOLD & PRECIOUS METAL 
EXPWRATION 

(effective 2-Dec.-89 to 31-Dec.90) 

Wet Geochemical Gold & 30 element ICP Analysis 
$6.70 

Fire Geo Au, Pt, Pd + 30 element ICP Analysis 
$9.30 

Minimum 10 samples per batch or surcharge. 
Rocks, add $2.60; Soils, add $.75 for preparation 

Prices in U.S. dollars 

Shipping Address: 
By Greyhound Bus By UPS 
ACME LABS ACME LABS 
c/o Greyhound Bus Depot 264 H Street 
Blaine, WA 9B230 Blaine WA 98230 

M'A' Acme Analytical Laboratories, Ltd. n n 852 E. Hastings St. 

t t Vancouver, B.C, V6A 1R6 
(604) 253-3158 
FAX 604-253-1716 
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Gold Analysis and 
Oilier Factors - Part 2 
Figure lOin EXPLORE no, 67 summarized exploration information 
available for a property having outstanding geochemical and geo­
physical anomalies associated with major structures, favourable 
geoJogy, and a prominent gossan zone, aU above treeJine without 
extensive glacial overburden. Twelve drill holes tested a variety of 
geochemical and geophysical parameters, but grades in bedrock 
were not encouraging. Is the property worth maintaining? 

Well drafted summary maps belie true conditions on the 
ground. Early work positioned drainages as these were encoun­
tered along idealized grid lines (a procedure still in common use 
today). Later work involved preparation of an orthophotograph 
topography map with drainage features highlighted. The two ver­
sions of topography were not the same; the geochemical 
anomaly, outlined on the first topography map, was transferred to 
the second topographic base as best as possible, with a note as 
to the uncertain location appearing in the map legend. 

The old grid could not be recovered in the field. A new metric 
grid was supposed to coincide with the old grid, and was used to 
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control geophysical surveying, mapping, rock chip sampling and 
diamond drill siting. The soil survey was not undertaken on the 
new grid. Drill holes appear to have moved, from Figure 10 to Fig­
ure 11, a consequence of comparing the old idealized grid to the 
new grid corrected by tie lines. The geology has also "changed" to 
reflect recent mapping of restricted areas, controlled by reference 
to drill core, compared to historical property wide outcrop map­
ping which was not drilled when the map was prepared. 

The validity and exact location of the historical Cu-Au soil 
anomalies were never verified. In this case orientation soil sam­
pling conducted Jate in the program indicated that the 50;1 
anomalies of Figure 10 are actually 50 m south of where they are 
plotted. Coincidence of geochemical anomalies with geophysical 
anomalies, a factor important to selecting drill locations, could 
more aptly be described as geophysical anomalies correlating 
with geochemical lows. Not surprisingly, drill results testing geo­
physical anomalies reflected grades seen in outcrop. 

The 200 ppm Cu anomaly was selected by a "feel" for the data 
and not with reference to histograms or probability plots. This ar­
bitrary level has defined 30% of the grid as anomalous. Figure II 
highlights only 5 to 10% of the area, using exactly the same data. 
Most drill holes now appear to test areas not Obviously anoma­
lous in Cu or Au. 

The existing soil data was contoured but not interpreted. The 
tvvo procedures are not equivalent. For example, the prominent 
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Fig. ll. Same area as presented in Figure 10 (EXPLORE no. 67). Differences in geology are due to 
updated mapping. Drill hole locations, grid irregularities, and geochemical anomalies have moved 
due to threshold and anomaly selection criteria. 
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gossan accompanied by high Cu suggests hydromorphic disper­
sion in an acidic environment. Association of highest Cu values, 
in the 1 % to 2% range, with a solifluction lobe was ignored, and 
absence of Au correlating with the velY high Cu values was taken 
as negative finding. The possibility that upward water pressure 
promotes sinking of the Au to levels deeper than would be acces­
sed by soil sampling was not investigated. 

Underlying geology is highly variable and the orientation multi­
element soil sUivey indicates complexity which might assist in 
documenting dispersion types and distances. Repeating the soil 
survey and ensuring wooden pickets are present on site to mark 
anomalous locations should not be considered an expensive lux­
ury but rather a pllldent investment which for this property is still 
required. 

Assaying core for Cu and Au at US. $11.50 per sample showed 
grades to be sub-economic (Table 3, first and second columns). 
The use of assays, particularly for Au and one or two other ele­
ments is commonplace in the industry. Too often I have heard 
that, once the drilling begins and Au is the element of interest 
(with perhaps one or two other elements of interest), Au is the 
best pathfinder for Au; therefore Au is the only element to be de· 
termined. This is really too bad for the exploration effort! 

Table 3 summarizes portions of orientation multi-element geo­
chemical analysis pins geochemical Au determined following an 
aqua regia digestion, on pulps originally assayed for Cu and Au 
only. Cost was US $9.75 or US $1.75 less than assaying. Elements 
such as Mn and Fe suggest zonation with Au and Cu, as do sever­
al other elements. Comparison of assay versus geochemical 
values for Cu and Au reveal differences which reflect the different 
detection limits (which are much higher for assays) and aqua re­
gia versus nre assay fusion dissolution procedures for Au (see 
Hall, et aJ. in EXPLORE no. 65 for comments on methods of gold 
analysis). The concentration differences are really not significant 
to evaluating the merits of this property. The lower-priced pro­
cedure should have been chosen on a cost and technical merits 
basis. Absence of mnlti-element data to fingerprint geology and 
chemical zonation from one hole to the next is a severe impedi­
ment to geological interpretation. Re-analysis of all core would be 
my first recommendation, should interest in the property be re­
newed, a likely possibility now that Cu exploration is topical. 

Multi-element analysis was used to see if anomalous quantities 
of elements, such as Ag, were present in the core. Money was 
saved by requesting the laboratory prepare composites of 5 con­
tiguous samples, representing 15 m of core (selected at the 
discretion of the laboratolY) prior to analysis, at a $US 1.50 per 
sample additional preparation cost. Results are summarized at the 
bottom of Table 3. No silver was detected. The efficacy of this ap· 

Table 3 
Cu and Au assays, as well as a representative suite of concentrations of 
Cu, Au and other elements determined on aqua regia digests. Note the 
loss of information accompanying compositing of core by the 
laboratory. 

ASSRl: 

Sample Cu Au 
Number % gmff 

42 .05 .05 
43 .02 .10 
44 .04 .25 
45 .01 .15 
46 .01 .05 
47 .01 .05 
48 .13 .20 
49 .21 .25 
50 .20 .25 
51 .25 .20 
52 .27 .20 
53 .17 .20 
54 .17 .15 

D.L. .01 .05 

42-46 NA NA 
47·51 NA NA 
52·54 NA NA 

Geochem 

Cu Au Zn Co Mn Fe Sr V Mg 
ppm ppb ppm ppm ppm % ppm ppm % 

176 IS 26 3 230 6.4 32 
200 50 38 1 309 6.6 27 
369 150 32 2 261 7.2 23 

73 55 IS 1 101 3.0 18 
82 75 12 1 64 3.0 72 
91 35 II 3 86 3.2 52 

1103 105 13 9 84 3.2 20 
2253 105 10 16 60 3.1 32 
2077 75 10 II 63 3.0 18 
2613 115 11 18 87 3.4 15 
2887 125 23 20 227 6.8 10 
1711 85 21 26 226 5.7 12 
1748 90 22 28 239 7.3 18 

I 5 I II I 0.01 I 

Composite Sample Analvsis 
268 NA 27 2 209 5.8 41 

1522 NA 13 11 72 3.4 30 
2013 NA 23 23 226 6.7 II 

67 1.3 
109 2.0 
83 1.1 
25 1.0 
17 0.7 
21 0.9 
20 1.0 
II 0.9 
12 0.9 
22 1.0 
65 2.0 
66 2.0 
79 2.0 
I 0.01 

70 1.4 
18 1.0 
72 2.1 
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proach can be gauged by examining the Cu data. Compositing 
masks the geological contribution to the local geochemistry! 

Assaying for Cu and Au and compositing core cost 40% more 
than routinely analyzing all samples for 30 elements, plus per· 
forming a separate aqua regia Au determination. Monies saved by 
the latter approach could then be aUocated to assaying core ex­
ceeding 500 to 1000 ppb Au andlor 5000 to 10,000 ppm Cu. The 
fund represented by that 40% would not be expended unless 
great success was encountered, whereupon management proba­
bly would not be upset with expenditures beyond the 40%. 

What impact does failure to routinely analyze the core for the 
multi-element suite have on this property evaluation? The assay 
grades are not encouraging and future exploration could depend 
on defining new targets or reassessing old targets based on rein­
terpretation of the geology for zones of favourability. The latter 
possibility is not easily accomplished without returning to lhe 
field to examine the core (which may be dislllpted as the core 
boxes deteriorate with time). This costs money! It is likely that in­
terest will wane or a joint venture agreement will be reached 
based on an underevaluation of the ground. The ground might ac-

BIOGEOCHEMISTRY':YAPoitGEOCHIlMISTRY 
P.O. Box 18325, Reno, Nevada 89,~ll 1702) 849·2135 

SUPER SPECIAL OFFER 
Effective December1, 1989· December 31, 1990, 
we are reducing our price for 30 element ICP 
analysis from $5.40 to $2.80 
30 element 
Element 
Ag 
Cd, Co, Cr, Cu, Mo, Mn, Ni, Sr, Zn 
As, Au, B, Ba, Bi, La, Pb, Sb, Th, V, W 
U 
AI, Ca, Fe, K, Mg, Na, P, Ti 

Price: $2.80 U.S. 

Digestion: 

Detection 
0.1 ppm 
1 ppm 
2 ppm 
5 ppm 
0.01 % 

0.5 gm sample is digested with 3 mls 3-1-2 HCI-HN03-H20 at 
95 degrees C for one hour and is diluted to 10 mls with water. 
This leach is near total for base metals, partial for rock 
forming elements and very slight for refractory elements. 
Solubility limits Ag, Sb, Bi, W for high grade samples. 

Note: Minimum 10 samples or surcharge 
Sample preparation extra 
Prices are in U.S. dollars 

Shipping Address: 
By Greyhound Bus By UPS 
ACME LABS ACME LABS 
clo Greyhound Bus Depot 264 H Street 
Blaine, WA 98230 Blaine WA 98230 

jA'A' Acme Analytical Laboratories, Ltd. n n 852 E. Hastings SI. 

t t 
Vancouver, B.C. V6A lR6 
(604) 253·3158 
FAX 604·253·1716 
*Prices subject to change without notice. 
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tually be dropped! 
The cost to cover all bases (Le., perform the multi-element 

analysis plus determine geochemical gold) was actually less in di­
rect terms, although it would require additional expense to plot 
and interpret the data, I believe the additional efforts would add 
minimal cost for the potential rewards. 

Our next example is also from central British Columbia. As this 
example focuses on analysis, details of local property conditions 
are not described. Soil sample Au data reported on Figure 12 rep­
resent fire assay preconcentration of Au, followed by atomic 
absorption determination, to a 5 ppb detection limit. Can you rec­
ognize any artifacts in the data and what remedial action would 
you recommend? 

Editors note: Please send your comments or obsel'Vations on 
these case histories to my attention. I would appreciate case his­
tories from other parts of the world, submitted for publication in 
this column. 

Stan Hoffman 
Prime Geochemical Methods Ltd. 630 - 1199 West Pender St, 
Vancouver, B,C, Canada, V6E 2RJ 
TEL: 604-684-0069, FAX: 604-682-7354 

Are your REE Results Total? 
Introduction 

During a recent study of trace element discrimination diagrams 
for the tectonic interpretation of igneous rocks (Hall and Plant, in 
press), it was discovered that results for the rare earth elements 
(REEs) in some samples were dependent upon the method of 
analysis employed. Rocks from a gold mineralized zone on the 
Joburke Mine property, Timmins, Ontario gave a light REE-en­
riched pattern when analyzed by inductively coupled plasma 
mass spectrometry (ICP-MS), A mixed acid (HFIHCI04IHN03IHCI) 
digestion was employed to bring the elements into solution for 
analysis. When other mafic rocks from the same property were 
analyzed for the REEs by instrumental neutron activation (INM) a 
'flat' chondrite-normalized pattem was obtained. 

In order to verify the suspicion that this was an artifact of ana­
lytical methodology, a suite of five samples was chosen and 
analyzed by both methods, Two radically different patterns 
emerged, as seen in Figs, 1 (ICP-MS) and 2 (INM), The light REE 
enrichment indicated in all cases by the [CP-MS data is not shown 
by the INM results, and two samples now show a positive Eu 
anomaly. The agreement between methods for the elements La, 
Ce, Nd, Sm, Eu and Tb is satisfactory, however, the results for Yb 
and Lu by INM are significantly higher than those by acid diges­
timllICP-MS. The magnitude of the difference in values for either 
Yb or Lu is Significantly greater than the limits set by the standard 
deviations of both methOds. These differences become more pro­
nounced when the values are normalized to chondrite, as in Figs. 
I and 2, It is apparent that this effect is matrix-dependent, as the 
agreement between methods for some of the samples is good for 
all 8 REEs, 
Analysis 

Each method was further examined to ascertain which set of 
data, INM or acid digestionllCP-MS, was indeed correct for the 
heavy REEs. Eleven samples were sent to another commercial 
laboratory for the determination of the REEs by INM, Comparison 
of the results from two laboratories, both employing INM, but dif­
fering in calibration strategies, is excellent, particuJarly for the 
REEs of particular concern, Yb and Lu. Therefore, it is highly im­
probable that the bias in Yb and Lu values by INM is due to 
errors in calibration. Uranium is known to create a positive inter­
ference on Lu by INM, but this has been ruled out since all these 
mafic rocks contain less than 0.5.mIDJ. U. 

Five standard reference materials, well defined at low levels of 
the heavy REEs (Govindaraju, 1989), were submitted for analysis 
by acid digestionllCP-MS, All REEs were determined this time, as 

Q) 

u 
c 

'" -0 
C 
:J 

.t:J « 
-0 

Q) 

,~ 
0; 
E 
~ 

0 
z 
Q) 

'r: 
-0 
c 
0 
-" 
U 

100 

10 

NUMBER 68 EXPLORE 

La Ce Pr Nd 8m Eu Gd Tb Dy Ho Er Tm Yb Lu 

Element 

Figure 1. Chondrite-normalized abundance patterns for mafic 
rocks, analysis by ICP-MS following acid digestion, 
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Figure 2. Chondrite-normalized abundance patterns for mafic 
rocks, analysis by INM, 

opposed to only those forming part of a 'geo-exploration pack­
age', and the accuracy of results proved to be excellent through­
out, as shown by comparison to 'recommended' values in Table I. 

At this point in the investigation, no obvious errors had 
emerged in the application of either analytical technique to the 
determination of the REEs. Bearing in mind that the bias appear­
ed to be matrix-dependent, a small suite of samples was analyzed 
at the Ontario Geological Survey (Will Doherty, pers, comm,) by 
ICP-MS following different decomposition procedures. A mixed 
acid attack (HFIHCI04IHN03IHCI), similar to that employed by the 
commercial laboratory, was compared to the more efficient fusion 
with lithium metaborate, LiB02. Standard reference materials were 
also analyzed to estimate accuracy; results for two of these, GSP-l 
and BCR-I, are shown in Table II together with the suite of rocks 
from the Joburke property. While results obtained by both decom­
positions agree, within the established precision limits and in 
order of increasing atomic weight from La to Eu, the LiB02 fusion 
yields significantly higher values in Gd through Lu in three of the 
five rocks, In fact, the results for Yb and Lu in samples 66901, 
66907 and 8-31 by LiBO,flCP-MS now are identical to those ob­
tained earlier by INM, It is interesting to note that the acid 
digestion is adequate for all REEs in the basalt, BCR-I, as it was 
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for the five standards listed in Table I. Hence, the bias initially ob­
served between INM and acid digestionlICP-MS was not related 
to either analytical technique, but to an inefficiency in solubilizing 
some of the REEs in some samples. In fact, it is a bias reflecting 
the natural fractionation of the heavier REEs into the more resi­
stant mineral phases such as zircon, sphene and garnet. There 
have been numerous reports (Date and Hutchison, 1987; Lichte et 
aI., 1987; Jarvis, 1988; Doherty, 1989) demonstrating successful ap­
plication of ICP-MS to the determination of the REEs, but all have 
been based upon similar acid digestions and, as in this work, the 
standard materials chosen to monitor accuracy have not indicated 
the inadequacy of the decomposition. 
Conclusions 

It is extremely rare that individual mineralogies of samples sub­
mitted for REE determination would by known and, hence it is 
virtually impossible to predict which samples would be subject to 
partial digestion by mixed acid attack. TIms, if ICP-MS is to be em­
ployed, total decomposition by LiB02 fusion should be used. This 
procedure is already widely employed for the determination of 
other trace and major elements by various analytical techniques 
such as ICP-ES, ICP-MS and MS. Thus, a cost-effective 'package' 
based upon this fusion could be designed to benefit the explora­
tion community. Other elements which should be included in the 
ICP-MS portion of the 'package' are Zr, Nb, Hf and Ta, where the 
host minerals also demand decomposition by fusion. 
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Table I (Cont'd) 

Er 'I'm Yb Lu 

ICP-MS Lit-u ICP-MS LiLli ICP-MS LiLli ICP-MS LiLli 

2.7,2.9 2.4 0.3,0.3 0.33 2.2,2.1 2.02 0.27,0.27 0.291 

22,2.7 2.3 0.3,0,3 0.37 2.7,2.6 2.32 0.35,0.35 0.37 

21,2.0 ~ 0.3,0.2 0.1? 2.2,2.1 2.01 0.28,0.28 0.32 

I 3, ),3 2 0.1,0.1 0.11 1.1,1.0 0.6? 0.10,0.10 0.12 

2_4,2.4 2 0.3,0.3 0.42 2.3,2.1 2.24 0.24,0.25 Q...ll 

Geological Survey for the decomposition study. Geochemical in­
terpretation was carried out by lA.P. on sabbatical working as a 
consultant for T.S. Middleton Exploration Services, Inc., Timmins, 
The computer plots were prepared by C. David. The paper is pub­
lished with the permission of the Director of the British Geological 
Survey (NERC). 
NB: This study forms part of a larger investigation described in a 
paper submitted to Chemical Geology 
Gwendy [,M. Hall 
Head, Analytical Method Development 
Geological Survey of Canada 
601 Booth St., Ottawa KIA OEB 

Comparison with literature values of the results obtained for the REEs by ICP-MS and acid digestion of 5 Standard Reference 
Materials; all values in ppm. 

L. Co Nd 8m " Th D, II, 

Sample ICI'.MS Li[,A ICP.MS Lit,. ICI'.MS LiLo ICP·MS Lit." ICP.MS Lit.o ICp·MS Lit- ICP·MS LiLa ICP·MS LILa ICP.MS Lit._ ICP.MS LiI .. R 

IlIIVU-1 
(ba~ull) 

16A,16.8..!§J! 37.1,36.3 .12 5,4.5,4 [1 25.S.25.5 ~ 5.7,6.2 !l,l 2.28,2.30!J!2 5.8,6,4 M 0.9,0.9 ill 5.4,5.4 ~ 0.99.0.86 0.99 

111.U 1 26.I,251.Z1 47.2,46.2 54.6 5.7,5.7 !iJ!. 22_9.23.4 .M 4,3,4.3 4.88 1.38,1.33 1.12 3.9,4,2 4.7 0.6.0.6 0,71 3.9,3.5 M 0,67,0.71 0.86 
l'IUUI'I/.I"lilcl 

Il;-';C, I 41,4,0 ;L!!, 604,7.8 10.6 \.3,1.1 !.d 6.1,4_6 ±J! 1.5.1.5 ill 0.67,0,81 0.59 2.0.2.0 2 004,0.3 0041 3.4,2.7 2,7 0,57,0.540,62 

MltG 1 
(r."l.h!'01 

96,8.6 l!1!. 23.2,25_1 .M 4.0,3.6 M 19.6,17,8 ~ 404,4,6 1.& 1.63,1.53 ~ 4,1,36 4 0.5,0.5!!:§! 3.3,2,7 2.9 0045,0,39 0,49 

SO 1 
(,;"il) 

535,543 M 104,103 102 1204.12.1 ~ 48,1,47,5 M 7.9,7.9 7&. 1.77,1,90 ill 5,6,54!U O,8,O.B.!!.ft!!. 4.7,4.1 ti 0.72,0.75 1.1 

a Taken from Govindaraju (1989); underlined indicates a 'recommended' as opposed to 'proposed' value and a question mark 
reflects lack of data points. 

Table II 
Analysis of rocks from the Joburke property, GSP-I and BCR-! by ICP-MS following either an acid digestion (HFIHCIO,IHNO,t 
HCI) or LiBO, fusion, all values in ppm. 

Co p, Nd 8m " ad Th D, 

S""'l'ic acid f"sian acid f"sian IIdd f,,~ion add f"sian IIdd fusion aeid ru~ion aeid r"gion add (uglan add fusio!! 

6(\9UI 2.24 2,44 6.2 5.6 0,94 0.65 4.84 4.55 1.42 1.116 0.40 0.58 1.07 2.35 0.19 0043 0.78 3.07 

GGDU7 2,04 2.03 5.6 5,2 0.67 O.BO 4.63 4,50 1.35 1.43 0,42 0.56 0.93 2.21 0.09 DAD 0.67 2.77 

<I:n 4_19 341 111 112 \,71 I B3 8.% 9,1'2. <HII 2.9e. 0.11 1.1)'11 1_'111 414 0.21 0,16 1.43 6.H1 

13,100 696 61.7 14B 142 17.2 15.3 63.7 59.1 0,69 9.05 2.34 2.20 5.64 5,46 0.55 0.63 2_74 2.79 
131UU 67.0 6t.7 153 138 17.0 15.5 64,7 59.1 9.91 8.74 2.35 2.16 5.29 5.31 0.54 0.56 2_76 2.72 

21"g 145 13929.5 3U.3 3,1231711.4 118 2.042,)) 0,46044 1.36 149 0.16 021 0.89099 

G!::I'.I 161 
IRr""",H~rite) (164) 

nCII·) 25,2 
{h",;~It) (24.9) 

55.9 
(~ 

398 
(~ 

6.72 
([J!) 

47.1 
(@ 

26.2 
(28,8) 

", Ui!i:) 

6.114 
(fiJ!ID 

24.1 
(&2,]) 

196 10.1 
(1.95) (Jb!) 

2,01 GAl 
(2.33) (6.68) 

1.111 5.70 
(LW 1M) 

1.00 6.64. 
(lM) (m) 

Values in parentheses are from the compilation by Govindaraju (1989), underlined indicates 'recommended' rather than 
'proposed'. 
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Jane A. Plant 
Head, Applied Geocilemislly 
British Geological Survey 
KeywOltil, u.K. 
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New Model for Hot Spring Gold 
Deposits in intraformational Arkoses 
of Basalt Fields 
A new gold play is undelway in the northwestern part of the Basin 
and Range province, an area long regarded as unfavorable for 
large precious-metal deposits. It began with the discovelY of the 
Grassy Mountain deposit by Atlas Gold in the Lake Owyhee Volca· 
nic Field of eastern Oregon and is now spreading westward 
across southern Oregon. The search may be expected to reach 
into northern California and Nevada west of the Black Rock Struc­
tural Boundary. Research on the regional stratigraphic and 
structural controls is being done by Mark Ferns and Howard 
Brooks of the Oregon Department of Geology and Minerals Indus­
tries, Michael Cummings at Portland State University, and James 

15TH INTERNATIONAL 
GEOCHEMICAL EXPLORATION SYMPOSIUM 

Reno, Nevada CD April 29, 30, May 1, 1991 

Symposium Topics: 
1. Case histories and exploration methods for concealed deposits 
2. Primary element dispersion around gold deposits 
3. Integrated geophysical and geochemical exploration 
4. Other topics of interest to exploration geochemists 

Workshops and Short Courses: 
1. Geochemistry of epithermal precious metals deposits 
2. Exploration using soil-gas geochemistry and other techniques 
3. Biologically related geochemical exploration 
4. Statistical handling of geochemical data 

Field trips: 
1. Base- and precious-metal deposits of the Great Basin 
2. Precious-metal deposits of the Pacific Norlhwest 
3. Gold deposits of the California Mother Lode 
4. Gold deposits of the Hemlo area, Canada 
5. Precious-metal deposits in the Andes, North and Central Chile 

Exhibition: * Exhibits by industry vendors and consultants 

Ollici.1 Language: English 

Abstract Deadline: December 15, 1990 

The symposium committee invites you to submit papers for 
presentation at the plenary sessions or the general poster session. 
Completed papers or extended abstracts up fo 500 words, in 
English, will be accepted. Visas are required from a number of coun­
tries. Please check with the U.S. Consulate or Embassy before 
attempting to enter the United States. All members of the AEG 
received the first circular in the last issue of Explore. For more details 
contact: Mrs. Keryl Fleming, Symposium Secretary, Nevada 
Bureau of Mines and Geology, #178, University of Nevada, Reno, 
Nevada 89557·0088, USA. 
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Rytuba, Dean Vander Mulen, and Vincent Barlock of the U.S. Geo­
logical Survey in Menlo Park, California. 

Six hot spring precious metal systems have been found in the 
Lake Owyhee Volcanic Field including Katie, Mahogany, Red 
Butte, Quartz Mountain, and Grassy Mountain which are the larg­
est. Small-volume basalt and rhyolite volcanism associated with 
regional caldera subsidence allowed large fluvial systems to enter 
the field from western Idaho and provided the ground water for 
geothermal cells along extensional fault zones. An excellent paper 
on this subject was given by James Rytuba at the Great Basin 
Symposium at Reno in April 1990. He described the relationship 
between the volcanism and the subtle features which mark the 
center of mineralization when the fluvial system dominates sedi­
mentation. One of these is a small sinter pool at the hot spring 
vent in the river sediments. 

Dr. Rytuba was also the central figure in leading U,e Owyhee 
field trip which followed the symposium. The Grassy Mountain 
Deposit would easily have been the highlight of the tour but Atlas 
would not allow participants in the area of the deposit. It is re­
ported to contain about 1.2 million ounces of gold at a grade of 
approximately 0.06 ounces per ton based on extensive drilling 
during the summer of 1989. The discovery was announced in 
1988. 

An excellent guidebook with numerous full-color illustrations 
and maps was assembled by the tour leaders and will be part of a 
compendium offered by the Geological Society of Nevada, P_O. 
Box 12021, Reno, Nevada 89510. The Society's telephone number 
is (702) 323-3500. 
Chester E, Nichols 
Suite 290 
680 Greenbrae Drive 
Sparks, Nevada 89431 
(702) 331-4223 

Robert W. Boyle - Honorary Member 
Dr. MA Chaffee, outgoing 
President of the Association of 
Explorations Geochemists, 
has announced that Dr. Ro­
bert W. Boyle of Ottawa, 
Canada has been elected an 
Honorary Member of the As­
sociation. The announcement 
was made during the 13th In­
ternational Geochemical 
Exploration Symposium held 
recently in Rio de Janeiro, 
Brazil. 

Dr. Boyle, a highly re­
spected and internationally 
known scientist, is one of the 
pioneers of geochemical ex­
ploration development in 
Canada and has played an im­
portant and significant role in 
the establishment and advan­
cement of geochemical 
methods in mineral explora­
tion worldwide. Dr. Boyle, 
who retired from the Geologi­
cal Survey of Canada (GSC) in 
1985, is still active in the pro­
fession he has served for 
almost 4{) years. 

In 1955, he was named 
Head of the newly created ex­
ploration geochemistJy 
department within the GSC 

and, to a large degree from 
his scientific leadership and 
example, the GSC has be­
come one of the world's 
leading institutions for geo­
chemical exploration 
research. His fine reputation 
as a scientist led to a sncces­
sion of invitations to present 
lectures and short courses in 
both developed and less de­
veloped countries which have, 
in turn, stimulated global ap­
plication and growth of 
exploration geochemistry. 

Dr. Boyle has authored over 
160 publications including 
well known textbooks on 
gold, silver, and uranium and 
thorium which are outstand­
ing standard references. 

He served as President of 
the Association of Exploration 
Geochemists in 1976-77 and 
was a principal organizer be­
hind both the first (Ottawa, 
1966) and the third (Toronto, 
1970) International Geochemi­
cal Exploration Symposia. He 
has been honored twice by 
the Canadian Institute of Min~ 
ing and Metallurgy as a 
Barlow Medalist, awarded the 
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prestigious Miller Medal by the 
Royal Society of Canada, and 
has received special recogni­
tion among government 
scientists through a Public Ser­
vic.e of Canada Merit Award. 

In addition, he has served 
as Councillor of the Society of 
Economic Geologists and is 
currently Vice President of the 
International Association on 
the Genesis of Ore Deposits 
and is the Chairman of the 

IAGOO International Confer­
ence on Mineral Deposit 
Modelling, to be held in Ot­
tawa, Canada in August 1990. 
His commitment to education 
is reflected in his 20 years as a 
lecturer and adjunct professor 
at Carleton University, during 
which he instilled a sound 
background in geochemistry 
into a grateful stream of un­
dergraduate and graduate 
students. 

Wilderness in America: 
Should There Be Limits? 
Introduction 
Today, over one acre out of every three in the United States is 
owned by the federal government. Traditionally, this land was 
open to all Americans for a wide variety of uses hiking, cattle 
ranching, bird watching, mining, hunting, oil and gas, tourism, 
camping, logging, and wildlife. 

But since 1964 an ever-increasing amount of land has been 
dosed off to most of these uses, and most people are no longer 
able to enter these public lands for their use and enjoyment. It 
was in 1964 that Congress passed the Wilderness Act, which at 
first set aside relatively few acres as a land "untrammeled by man, 
where man himself is a visitor who does not remain". 

Today there are over 90 million acres of federal land set aside 
as wilderness areas. There are proposals to set aside an addition­
al 150 million acres into wilderness areas. This would represent 
34% of the public lands, not including non-wilderness portions of 
national parks, wildlife refuges, and other special conservation ar­
eas. (see EXPLORE no. 61, p.12) 
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The Hidden Impacts of Wilderness 
What is most surprising to many is that once an area is desig­
nated as wilderness, those people who earned a living from the 
land and who enjoyed it for recreation and various other uses are 
no longer able to enter those areas. For example, one of the prin­
cipal impacts of wilderness is a denial of access. Many ranchers 
claim that under current regulations, profitable cattle ranching is 
impossible. 

Exploration for energy resources and strategic minerals is for­
bidden, eliminating the opportunity to discover new fuel supplies 
and rare mineral deposits. Hikers and hunters have found dirt 
roads used for decades are now blocked off, and there are stiff 
fines for anyone who drives a vehicle in wilderness areas. 

Responsible off-road vehicle users are losing recreational ac­
cess. The economics of rural counties surrounded by wilderness 
have declined due to the inability to use the public lands for many 
productive purposes. When land is put into wilderness and re­
moved from productive use, the tax base of rural communities 
can be drastically reduced. 

Wildlife may suffer the most under wilderness management. 
Unlike federal lands set aside for multiple use, wilderness laws 
make it impossible to adequately manage wildlife. The science of 
game management cannot be practiced in wilderness areas and 
diseases, pests, and fires cannot be controlled even when those 
problems come from areas outside the wilderness areas. 

Water rights are also threatened by new wilderness proposals. 
New federal reserved water rights may be created if some pro­
posed wilderness bills are passed in their present form, 
jeopardizing private and state water users. 

Most troubling of all, however, is not that America has set aside 
vast acreage as wilderness, or that 150 million acres more are cur· 
rently being considered for wilderness, but that so very little is 
known about the actual economic, social and ecological impacts 
of these massive single use land withdrawals. 

It is time Americans found out We need to know if past wilder­
ness decisions were made properly before millions of acres of 
additional lands are set aside as new wilderness. 

We don't know exactly how many head of cattle have been driv· 
en off the public lands due to wilderness. We don't know how 
many mineral deposits or oil and gas reserves have been lost 
from America's economy. We don't know precisely how much 
wildlife already has been lost to wilderness designations, and we 
certainly don't know how much could be lost through new wilder­
ness proposals. In addition, we don't know how many millions of 
dollars will be lost to the recreation industry as a result of roads 
and campsites being made unavailable to tourists. What we do 
know is that the cumulative impacts of wilderness are being in­
creasi ngly felt throughout the West. Every state has been affected 
by economic impacts from wilderness designations, and each day 
brings additional proposals for even more wilderness. 
The Wilderness Impact Research Foundation 
The Wilderness Impact Research Foundation, often called WIRF, 
was formed in 1986 by a group of Nevadans. At first they noted 
the troubling impacts of proposals to set aside large portions of 
Nevada as wilderness. But as they studied the effects that the new 
wilderness designations would have on mining, skiing, wildlife, 

( --W ft,U 
GEOCHEMICAL INC. 

FIRE ASSAY 
GEOCHEMICAL ANALYSIS 

810 Quail St., Suite I • Lakewood, CO 80215 • Phone (303) 232-8371 
4788 Longley Lane' Reno, NV 89502 • Phone (702) 827-3600 
3019 Bozeman Avenue' Helena, MT 59601 • (406) 443-4125 
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Figure I. Proposed and existing wilderness set-aside areas are 
equivalent to these blacked·out states. 

hunting, and ranching, it became apparent that the proble.m was 
much bigger than Nevada, that in fact it was of national 
significance. 

Under the guidance of WIRF a national coalition has been 
formed to address problems that new wilderness additions would 
create all across America. Already, groups from as far away as 
Alaska, Florida, California, Montana, Louisiana, North Carolina 
and Canada have contacted WIRF for help. 
National Wilderness Conference 
In June of 1988, the tide began to turn for those disturbed by pro­
posed wilderness legislation when WIRF, joined by the Pacific and 
Mountain States Legal Foundations, sponsored a national sympo­
sium on wilderness. For the first time, groups of such disparate 
users as miners and the handicapped, from cattle ranchers to 
sportsmen, and from loggers to motorcyclists gathered together in 
Las Vegas to form a coalition for research, education, and com­
munication that would work to combat the exponential growth of 
wilderness lockups. 

At that conference, and at the second conference in 1989, rep­
resentatives of a wide variety of groups formed a steering 
committee to advise WIRE Today, WRIF is embarked on a public 
information campaign about wilderness. 
Wilderness Videos 
WIRF sponsored and created five nationally syndicated television 
programs on wilderness. The first tackled the national scope of 
wilderness laws and the second focused on the California desert 
WIRF is now working to fund future videos on wilderness and wa­
ter conservation, wilderness and access, wilderness and the 
economy, to name just a few. 
Wilderness Economics 
Economic studies on the impacts of wilderness were not available 
until WIRF took the lead. The results of the few existing studies 
are startling. It is estimated that the recreation industry in Idaho 
will lose $730 million annually if 1.4 million acres of new pro­
posed wilderness is created. According to another study, Greenlee 
County in Arizona could lose $19.3 million a year from wilderness 
designations. And wilderness proposals in Elko County, Nevada, 
could cost that state over $50 million a year. 

If these studies accurately represent the impacts of wilderness 
throughout the nation, the American economy could be losing bil­
lions from new wilderness additions. WIRF is now working to 
sponsor additional studies covering larger geographic areas in or· 
der to discover the full scope of the national economic impacts 
from wilderness. 

WIRF and the Future 
WIRF represents a unique approach to public land policy. It is 
the only organization dedicated to studying wilderness from the 
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human perspective. In the past few years, much has b~en accom­
plished. But with new proposals for more and more wilderness 
continuing' unabated, WIRF needs to do more, much mor.e. The 
economic realities of wilderness must be learned. More videos 
must be released for national distribution to p~blicize the impacts 
of wilderness. All Americans who use the publIc lands for work 
and recreation, or depend on produc~s from. t~e public lands, 
have a vital stake in making wise policy decIsions today and must 
be informed of the true costs of wilderness before new wilderness 
decisions are made. 
How You Can Help 
WIRF has much work to ac.complish before even more land is 
locked away as wilderness, WIRF is a non-profit foundation. You 
can be a part of the WIRF team by sponsoring its public informa­
tion campaign through a contribution of selVices, pledges, or 
equipment. Your generous support is vital to our work. 

I am enclosing my investment of 
o $10 0 $25 0 $50 0 $100 0 Other -------
Name: ______________ -------------------

Address: ______________ ---------------

Phone: _____________ Business Phone: -----------

Type of business or occupation: ---------------­
Please make your check payable to WIRE The Wilderness Impact 
Research Foundation is incorporated in the State of Nevada and 
registered with the Internal Revenue Service under Section 501 (c) 
(4) of the Internal Revenue Code. Business contributions may be 
tax deductible - ask your accountant. 

Wilderness Impact Research Foundation 
555 6th Street 
Elko, NY 89801 
(702) 738-2009 

Members Fou.nd 
The foHowing "[ost members" have been found: David Bending, 
Alex Bronowski, Michael Cartwright, Yehuda Diner, E Felder, Chris 
Graf, Mark Griswold, Calvin Herron, John Lowdry, John McCon­
nell, Michael McInnis, Jarnnadas Patel, Peter Ronning, Sharon 
Roth, Thomas Salzer, Andrew Schumacher, R.W Shewman, John 
Stephenson, Bruce Veek, Donald Carpenter, Hubert Zeegers. 
Editor's Note: Erick Weiland and Stan Hoffman spent several 
hours locating members who were fisted in the "Lost Members" 
list published in EXPWRE, Number 65, April 1989). Follow-up let­
ters are being mailed to them to encourage their continued 
association with the AEG. Good work, Erick and Stan. 

J,' ®@I.!lN®11!!l MINl.!lffiES . , 

Actions of November 29, 1989 
I. M. Chafiee (President) reported on the successful 13th Intema­
tronal Geochemical Exploration Symposium, the first held in a 
developing country. The success of this symposium leads the way 
for additional symposia in developing countries, 
2. Council expressed concern about increaSing the number of 
Voting Members and ways to encourage Affiliate Members to up­
grade to Voting Membership. 
~. D. Jenkins (Chairman, Distinguished Lecture Committee) solic­
Ited nominations for the 1990 series of lectures. 
4. A committee was formed (D. Runnells, Chairman) to study By­
Law revision. Suggestions are actively being solicited. 
5. Nominations for European Regional Councillor were solicited 
for an upcoming election in early 1990. 
6. An Award Committee was fonned to study appropriate awards 
for members who have performed outstanding service. 
8. Th~ proposed telephone-telefax communications to Rexdale, 
Ontano were established. The number for both is (416) 740-6633. 
7. Council approved 10 Affiliate and I Student Members. 
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Actions of February 21, 1990 
I. ~o~ncil passed a motion that all public representation and ad­
vertISing of the AEG be approved by the President and Secretary, 
or by the entire CounCil pnor to publication 
2, A committee was formed (J. Jaacks, Chairman) to study ways 
to mcrea~e the number of voting members. 
3. Co,:nc11 passed .a motion t? create a new Vice Presidential duty 
of RegJOnal Councdlor CoordmatoL K. Fletcher (Vice PreSident) is 
the first to accept thlS new duty. 
4: Council approved John MA Forman as Acting Regional Coun­
Cillor for Brazil (1990-1992). 
5. Council passed a motion to change the Name Affiliate Member 
to Member and the name Voting Member to Fellow. These 
changes ~11I be Incorporated into the By-Law revisions. 
6. CounCil passed. a ,motion that all new members be provided a 
co~y of t~e ~soclation Code of Ethics and be required to sign on 
their appilcalion form that they have read and agree to abide by 
the Code of EthiCS. 
7, Council approved 29 Affiliate and 4 Student Members. 

Shennan P. Marsh, Secretary 
U.S. Geological Suruey 
MS 973, Federal Center 
Denver, Colorado 80225 USA 

Lost Members 
We do not have the correct ad­
dress for the following 
members whose mail has 
been returned as undeliver" 
able. If you know how to 
contact any of these people, 
please notify the Association 
secretary or Erick Weiland, 
Terra Exploration, Inc_, 5531 
East Kelso St., Tucson, A2 
85737. Thank you for your 
help. 
Bamidele R, Adigun 
Surnlere, Lagos 
Nigeria 
Taiwo R, Ajayi 
University of Ife 
lle-Ife, Nigeria 
Alejandro J. Arauz 
Golden, CO 
USA 
James N. Barron 
Spearfish, SO 
USA 
Deborah A.C. Blair 
Spokane, WA 
USA 
David G. Bree 
Kingston, ON 
Canada 
Terry L. Campbell 
Great West Minerals Inc. 
Oklahoma City, OK 
USA 

Geoffrey Chater 
Texas Christian University 
Fort Worth, TX 
USA 

Yvan Crepeau 
Geologue 
Sherbrooke, PQ 
Canada 
Joseph A. Curiale 
YOI1:Ja Linda, CA 
USA 
Pierre~Edouard Dousset 
Caen 
France 
Peter M. Downes 
Western United Mining SeJVice 
West Perth, WA 
Australia 
W. Duchscherer 
GOlden, CO 
USA 
R.t. Erickson 
U.S. Geological Survey 
Denver, CO 
USA 
Don Mills, ON 
Canada 
Michael J. Gerdenich 
Ann Arbor, MI 
USA 
Peter A, Gintautas 
Colorado School of Mines 
Denver, CO 
USA 
John G. Hill 
FRM Minerals 
Reno, NY 
USA 

Kalhryn D. Holopoinen 
Vancouver, BC 
Canada 
Patrick B. Hubbard 
Los Angeles, CA 
USA 
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Harold F. Klingbeil 
Chico, CA 
USA 
Anthony J. Knox 
Chemex Labs Ltd. 
Mississauga, ON 
Canada 
J.D. Larsson 
Tetron Mining AB 
Huddinge 
Sweden 
Richard E. Lippoth 
Silverton, CO 
USA 
Juan Locutura 
I.T.G.E. 
Madrid 
Spain 
Jean-Pierre Loiselle 
Vancouver, BC 
Canada 
L. Lopez 
Broomfield, CO 
USA 
Ted C. Mathews 
Mathews Mining Co. 
Yerington, NY 
USA 
George R. Meadows 
Boulder, CO 80302 
USA 

William L. Neal 
Milpitas, CA 
USA 
Alexander P. O'Kelly 
Rudolfstrasse S.A. 
Fed. Rep. of Germany 
Patrick J. O'Connor 
Geological Survey of Ireland 
Dublin 
Ireland 
Abdullah B. Hj. MoM. 
Salleh 
Geological Survey Office 
Perak 
Malaysia 
Jeffrey T. Sims 
Target Expl., Inc. 
Oakland Center 
Columbia, MO 
USA 
M.H. Teclemariam 
Asmara University 
Asmara 
Ethiopia 
Paul B. Trost 
Golden, CO 
USA 
Kevin J.A. Wills 
PenaIToya IAustralial Ply. Ltd. 
Sydney, NSW 
Australia 

Terrell M. York 
Lakewood, CO 
USA 

MULTI-ELEMENT GEOCHEMISTRY 
Data Processing - Map Plotting 

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

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

• Interpretation and geochemical consulting are 
available from Dr. Stan Hoffman. 

o If your processing requirements are large, talk to 
us about computer software sales and training. 

Cambria Data Services Ltd. also markets and supports 
software for database, computer-aided map drafting and 
diamond drill logging applications. 
Contact: 
Paul J. McGuigan, Consulting Geologist 
Michael Pond, Geologist-Programmer 
Bob Sandu, Programmer 

Cambria Data Services Ltd. 
630 - 1199 West Pender St. 
Vancouver, B.C., Canada V6E 2R1 
Telephone (604) 682-5313 
FAX (604) 682-7354 
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To AIl Voting Members: 
Pursuant to Article Two of the 
Association's By-Law No.1, 
names of the following candi­
dates, who have been 
recommended for member­
ship by the Admissions 
Committee, are submitted for 
your consideration. If you 
have any comments, favorable 
or unfavorable, on any candi­
date, you should send them in 
writing to the Secretary within 
60 days of this notice. If no 
objections are received by that 
date, these candidates will be 
declared elected to member­
ship. Please address 
comments to Sherman P. 
Marsh, Secretary AEG, U.S. 
Geological SurveY,Mail Stop 
973, Box 25046, Federal Cen­
ter, Denver, Colorado 80225, 
U.S.A. 

Editors note: Council has 
decided that all new appli­
cants will receive the journal 
and newsletter upon applica­
tion for membership. The 
process of application to the 
Toronto office, recommenda­
tion by the Admissions 
Committee, review by the 
council, and publication of 
applicant's names in the 
newsletter remains 
unchanged. 

VOTING MEMBERS 
Butler, Ian K. 
Consltg GeollGeochem 
Alexander Headland, 
Qld,Australia 
Diegor, Wilfredo, G. 
Chief Geol Diu 
Mines Sector, DENR 
Mandaue City, Philippines 
Whiting, Bernard H. 
Sr Regional Manager 
Lynx Geosystems 
New Westminster, R c., Canada 

AFFILIATE MEMBERS 
Abler, Bruce A. 
Geologist 
Bond Gold Corp. 
Denver, Colorado, U.S.A. 
Alley, Douglas W. 
Geologist 
Energy, Mines & Resources 
Saint John, N.8., Canada 
Alpers, Charles N. 
Asst. Professor 
McGill University 
Montreal, P.Q., Canada 

Ansari, Ajmal M. 
Geochem;st 
Assayers Ltd 
Noranda, P.Q., Canada 
Ayres, Dean E. 
Consultant 
Houston, Texas, U.S.A. 
Baerg, Robert 
Prof Geologist 
Noranda Exploration 
Prince George, B.C., Canada 
Bampton, Matthew 
Renison Goldfields 
Mosman, N.S.W., Australia 
Basnett, Richard 
Manager Expl.- Yukon 
Total Energold Corp. 
Whitehorse, Yukon, Canada 
Bell, Tom 
Sr. Geologist 
BHP-Utah Int. 
Austin, Texas, U.S.A. 
Bicker, Robert 
Prof Manager 
UNIDTCD 
Aden, Democratic Yemen 
Boberg, W. W. 
Manager - Liberia 
WMC Liberia 
Lakewood, Colorado, U.S.A. 
Bradley, Michael 
Geol. Conslt. 
Mike Bradley & Assoc. 
N. Burnaby, B.C., Canada 
Caron, Michael E. 
Sr. Geologist 
Battle Mountain (Canada) 
Vancouver, B.c., Canada 
Chinn, Geoffrey T. 
Geologist 
Senneville, P.Q., Canada 
Clardy, Benjamin F­
Geologist 
Arkansas Geol. Comm. 
Little Rock, Arkansas,U.S.A. 
Clark, David N. 
President 
Uranium Exchange Co. 
Danbury, Connecticut, U.S.A. 
Coolen, J. Marc 
Sr. Geologist 
Billiton Minerals U.S.A. 
Lancaster, California, U.S.A. 
Current, Pamela 
Assoc. Research Geologist 
Area Oil & Gas 
Dallas, Texas, U.S.A. 

Currie, Douglas A. 
Pro}. Manager Expl. 
Pancontinental Mining 
Perth, Ontario, Canada 
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Davies, Philip 
St: Geologist 
Homestake Australia 
Kalgoorlie, WA.,Australia 
de Beer, J.H. 
EMAtek, CSIR 
Pretoria, South Africa 
de La Mothe, Dean 
De La Mathe Expl. Servo 
N. Vancouver, B.c., Canada 
de Mello, Jose Carlos R. 
Geologist 
GOiania, Brazil 
Driscoll, Alan J., Jr. 
Consll. Geologist 
Piedmont Mining Co. 
Burke, Virginia, U.S.A. 
Durfeld, Rudolph M, 
Consultant 
Durfeld Geological 
Williams Lake, B.C., Canada 
Edgell, Paul 
Sales Manager 
DFC Ceramics 
Canon City, Colorado, U.S.A. 
Ellingham, Elaine 
Senior Geologist 
Duration Mines 
Toronto, Ontario, Canada 
filho, Adejardo f. Da Silva 
Asst. Professor 
London, England 
flint, D.J. 
St: Scientific Officer 
Mineral Resources Dept. 
Suva, Fiji 
Gagnon, Pierre 
Senior Geologist 
Rouyn-Noranda, P.Q., Canada 

Game, Brian D. 
GeoUDirector 
Siscoe Callahan Mining 
Vancouver, B.C., Canada 
Gannon, Maurice J. 
Land & Titles Officer 
Boulder Gold N.L., etc. 
Gymea, N.S.W, Australia 
Gray, David John 
C.S.I.R.Q. 
\\'embley, W Australia 
Green, Lorna 
Marketing Director 
Int. Plasma Lab 
Vancouver, B.C., Canada 
Hauck, Steven A. 
Sr. Scientist 
Nat. Resources Res. Inst. 
Duluth, Minnesota, U.S.A. 
Harris, Richard H. 
Senior Geologist 
Newmont Exploration 
Helena, Montana, U.S.A. 
Harron, Gerald H. 
Mississauga, Ontario, Canada 
Haynes, W. David 
Managing Director 
Min. Eng. Services 
Harare, Zimbabwe 

Hewton, Robert 
Vice-President 
Western Canadian Mining 
Vancouver, B.C., Canada 
Horbach, Ruben 
Geologist 
Salvador, Brazil 
Kelley, David L. 
Geochemist 
Westmont Mining 
Lakewood, Colorado, US.A. 
Lackey, Randy 
Lackey Minerals Expl. 
Williams, Oregon, US.A. 
Lee, Bu Kyong 
fnstructor 
Sang Ji University 
Seoul, Korea 
Lightle, Robert J. 
Gold River, B.C., Canada 
Lowe, Gary D. 
Livermore,CaJifornia,U.S.A. 
Lundholm, Ingvar 
Exec. Director 
I.M.C.S. 
Lulea, Sweden 
Manning, W.S. 
McLachlan & Lazar 
Johannesburg, S. Africa 
Manship, Mike 
Geologist 
Salt Lake CitY,Utah,US.A. 
Martin, G1en T. 
Salt Lake City, Utah, U.S.A. 
Martin, Lindsay S. 
Prof Geologist 
Formosa Resources 
Vancouver, B.C., Canada 

McClintock, John 
District Geologist 
Rio A1gom Expl. 
Vancouver, B.C., Canada 
McConchie, David 
Lecturer 
University of New England 
Lismore, N.S.W, Australia 
McDonald, Leigh~Anne 
Geologist/Geochemist 
Paris, Ontario, Canada 
McNally, Joseph T. 
Sr. Project Scientist 
Woodward-Clyde Consultants 
Oakland, California, U.S.A. 
Meade, Mike 
MGL Distributing 
Elko, Nevada, US.A. 
Moretzsohn, Jose Santos 
Geologist 
Belo Horizonte, Brazil 
Murad, Amin 
Geologist 
Rio De Janeiro, Brazil 
Murthy, D.S.N. 
Scientist 
Nat. Geophys. Res. Inst. 
Hyderabad, India 

Nakashima, Keisha 
Exploration Geologist 
Japan National Oil Corp. 
Funabashi, Japan 
Niemand, Neil 
Geologist 
Genmin 
Barberton, Rep. of S. Africa 
Nikkarinen, Maria 
Geologist 
Geological Survey of Finland 
Kuopio, Finland 
Olmstead, Wayne G. 
Mount Powell Lab. 
Deer Lodge, Montana, U.S.A. 
Ouedraogo, Clement 
Geologist 
BUMIGEB 
Bobo~Diouldsso, 'Burkina Faso 
Palmer, Steve 
Manager 
Australian Assay Laboratory 
Orange, N.S.w, Australia 
Pestana, Maria H.D. 
Porto AJegre, Brazil 
Pierce, Paul R. 
Prospector 
Peterborough, S. Australia 
Pezzotti, Frank 
Eco-Tech Labs 
Kamloops, B.C., Canada 
Pinto, Manuel S. 
University of Aveiro 
Aveiro, Portugal 

Pond, Michael A. 
Geol/Programmer 
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Cambria Data Services 
Vancouver, B.C., Canada 
Ramos, Jose Francisco Da E 
Belem, Brazil 
Redwood, Stewart D. 
Director Exploration 
MINTEC 
La Paz, Bolivia 
Reeves, Wade 
General Manager 
Cavendish Anal. Lab. 
Burnaby, B.C., Canada 
Rennebaum, Thomas D. 
Senior Geologist 
Atlas Precious Metals 
Boise, Idaho, U.S.A. 
Rice, Thomas D. 
Sr. Scientific Officer 
N.S.w Dept. Min. & Energy 
Lidcombe, N.S.w, Australia 
Rivera A., Reynaldo 
Manager of Exploration 
Minas de San Luis 
Durango, Mexico 
Roca, Tationa 
Asst. Geochemist 
Western Mining Corp. 
Preston, Victoria, Australia 
Royse, Susan E. 
Asst. Manager 
Skyline Labs 
Lakewood, Colorado, US.A. 

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

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

and analytical methods. 

• efficient follow-up recommendations. 

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

Stan Hoffman, Ph.D. 
Consulting Geocl1e11list 

Prime Geochemical Methods Ltd. 
630 - 1199 West Pender St. 
Vancouve/; B.c., Canada V6E 2R1 
Telephone (604) 684-0069 
Message (604) 731-8892 
FAX (604) 682-7354 
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Ruud, Eric O. 
Branch Manager 
Cone Geochemical Inc. 
Lakewood, Colorado, U.S.A. 
Sam, Ray 
Chemist 
Vancouver, B.C., Canada 
Sandefur, Robert L. 
Micro Mines 
Denver, Colorado, U.SA 
Schmitt, H. Rolf 
Geologist 
B.C. Geol. SUlvey 
Victoria, B.C., Canada 
Schorscher, Johann H.D. 
Professor 
USp·IG·DMP 
Sao Paulo, Brazil 

Scott, Edna M. 
Director 
Mclachlan & Lazar 
Johannesburg, S. Africa 
Sexton, Alan J. 
SI: Project Geologist 
Weslminer Canada Ltd. 
Bedford, N.S., Canada 
Shonk, Kenneth N. 
Geologist 
Barrick Gold Expl. 
Sparks, Nevada, U.S.A. 
Silver, Kipp E. 
Proj. Geologist 
N.A. Degenstrom 
Spokane, Washington, U.S.A. 
Solkoski, Lawrence R. 
Consulting Geologist 
Vancouver, B.C., Canada 
Spilshnry, T. Wayne 
Vice-President 
Teck Resources 
Vancouver, B.C., Canada 
Slegen, Ralph J. 
Exploration Geologist 
Tenneco Minerals 
st. George, Utah, U.S.A. 
Stricker, S.J. 
President 
Stratabound Minerals 
Calgary, Alberta, Canada 
Sutton, Graham N. 
Aitkenvale, Qld., Australia 
Thoman, Mark W. 
Geologist 
Westmont Mining 
Tucson, Arizona, U.S.A. 
Tompkins, Linda A. 
Geologist 
Rio de Janeiro, Brazil 
Toye, Dean 
President 
Acme Analytical Labs 
Vancouver, B.C., Canada 
'freebler, John 
'!teclen Labs 
Spokane, Washington, U.S.A. 

Uberawa, Hamilton W. 
Geologist 
Elders Mining PNG 
Lae, Papua New Guinea 
van der Vegt, Rene 
Geologist 
Billiton 
Jakarta, Indonesia 
Vanstone, Peter J. 
Chief Geologist 
Tantalum Min. Corp. 
Lac du Bonnet, Manitoba, 
Canada 
Wahl, David E. Jr. 
Consulting Geologist 
Scottsdale, Arizona, U.S.A. 
Warren, Geoffrey L. 
Malden, Washington, U.S.A. 
Wheeler, T.B. 
Managing Director 
Genalysis Lab. Servo 
Gosnells, WA., Australia 
Williams, Sluart 
PNC Exploration 
Sydney, N.S.w., Australia 
Wilson, Graham C. 
Turnstone Geol. Ser. Ltd. 
Toronto, Ontario, Canada 
Wolfson, Isobel 
Mine Geologist 
Ignace, Ontario, Canada 
Wood, Scott A. 
Assoc. Professor 
McGill University 
Montreal, P.Q., Canada 
'\b81, Coyd 
Consll. Hydrologist·Geologist 
Tempe, Arizona, U.S.A. 
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Turner, David R. 
UniverSity of Utah 
Salt Lake City, Utah, U.S.A. 

Exploration Geochemistry 
This list comprises titles that have appeared in major publications 
since the compilation in Newsletter No. 67. Journals routinely cov­
ered and abbreviations used are as follows: Economic Geology 
(EG); Geochimica et Cosmochimica Acta (GCA); The USGS Circu· 
lar (USGS CIR): and Open File Report (USGS OFR); Geological 
Survey of Canada Papers (GCS Paper) and Open File Report (GCS 
OPR); Bulletin of the Canadian Institute of Mining and Metallurgy 
(OM) Bull); Transactions of Institute of Mining and Metallurgy, 
Section B: Applied Earth Sciences (frans IMM). Publications less 
frequently cited are identified in full. 

Compiled by L. Graham Closs, Department of Geology and 
Geological Engineering, Colorado School of Mines, Golden, Colo· 
rado 80401. Chainnan AEG Bibliography Committee. Please send 
new references to Dr. Closs, not to EXPLORE. 
Alpapieli, T.T. et al. 1989 The Kerni stratiform chromitite depos· 
it, northern Finland. EG 84(5): 1057-1077 
Anderson, A.J. el al. 1989 Proton·induced X·ray and gamma· 
roy emission analysis of unopened fluid Inclusions. EG 84(4): 
924-939 
Anon 1989 Uranium Deposits in Magmatic and Melamorphic 
Rocks. IAEA. 252 p. 
Andrew, A., and Godwin, C.1. 1989 Lead- and strontium-iso­
tope geochemistry of the Catface intrusions and related 
mineralization, Vancouver Island, British Columbia. Can. ]. Earth 
Sci. 26(5): 920-926 
Bacon, W.G., Hawthorn, G.W., and POling, G.W. 1989 Gold 
analyses· myths, frauds and truths. CIM Bull. 82(931): 29-36 
Beeson, R., Berg, R.C., and Crase, N.J. 1989 Lithogeochemi­
cal exploration for shale-hosted lead-zinc deposits: Case studies 
from the McArthur River and Mt. Isa Districts, northern Australia. 
Min. Deposita 24(4): 299-307 
Bergeron, M., and Harrison, Y. 1989 Le transport chimique de 
I'or dens les environnements de surface: formation d'un colloide 
et complexation oranique. Can. J. Earth Sci. 26(11): 2327-2332 
Bottrell, S.H., and Miller, M.R 1989 Analysis of reduced sulfur 
species in inclusion fluids. EG 84(4): 940-945 
Brand, N.W., Bottrell, S.H., and Miller, M.F. 1989 Concentra· 
tions of reduced sulphur in inclusion fluids associated with black 
shale hosted quartz vein gold deposits: implications for mecha­
nisms of transport and deposition of gold and a possible 
exploration tool. Applied Geochem. 1(5): 483-491 
Buchanan, D.L. 1988 Platinum·Group Element Exploration. 
Elsevier. 185 p. 
Chiodini, G., and Cioni, R. 1989 Gas geobarometry for hydro· 
thermal systems and its application to some Italian geothermal 
areas. Applied Geochem. '1.(5) 465-472 
Clough, D.M., and Craw, D. 1989 Authigenic gold·marcasite as· 
sociation: Evidence for nugget growth by chemical accretion in 
fluvial gravels, Southland, New Zealand. EG 84(4): 953-958 
Connor, J.J., and McNeal, J.M. 1988 Geochemistry of Miner· 
alized Quartzite Beds in the Spokane Formation (Bell 
Supergroup, Rogers Pass Area, Lewis and Clark County, Montana. 
USGS Bull. 1762.17 p. 
Cooks, R.B., and Nelen, J.A. 1989 Exploration significance of 
multistage Cretaceous and modern processes in placer gold oc­
cun'ences of the Georgia·Alabama fall line. Min. Eng. 41(12): 
1197-1201. 
Coveney, R.M., Jr., and Glascock, M.D. 1989 A review of the 
origins of metal~rich Pennsylvanian black shales, central USA, 
with an inferred role for basinal brines. Applied Geochem '1.(4): 
347 
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Darwish, M.A., and Butt, N.A. 1989 Forecasting in the mineral 
induslly. Intern. Min. (Dec): 12-17 . . 
David, N., and Toh, E. 1989 Grade control problems, dilution 
and geostatistics: choosing the required quality and number of 
samples for grade control. CIM Bull. 82(93): 53-60 
Davies, J.E, Whitehead, R.E., Huang, J., and Hawaratne, S. 
1990 A comparison of progressive hydrothelmal carbonate alter­
ation in Archean metabasalts and metaperidotites. Min. Deposits 
25(1): 65-72 
Davis, B.M., Trimble, J., and McClure, D. 1989 Grade control 
and ore selection at the Colosseum gold mine. Min. Gen. 41(8): 
827-830 

Dekkers, M.J., Vriend, S.P., Van der Weijden, C.H., and Van 
Gaans, P.EM. 1989 Uranium anomaly evaluation in groundwa­
ters: a hydrogeochemical study in the Nisa region, Portugal. 
Applied Geochem.1(4): 375-

Deutsch, C. 1989 Mineral inventory estimation in vein type gold 
deposits: case study on the Eastmain deposit. CIM Bull 82(930): 
62-67 
Dill, H.G., and Botz, R. 1989 Lithofacies variation and uncon­
formities in the metalliferous rocks underlying the Pelmian 
Kupferschiefer of the Stockheim Basin, Federal Republic of Gelo 

many. EG 84(5): 1028-1046 
Dolgikh, G.A., Zherebtsov, Yu, D., and Politikov, M,I, 1989 
Heterogeneity in mercury-vapor aureoles at ore deposIts. Oeo­
chern. Intern. 26(5): 72·77 . 
Fytas, K., Chaouai, N.E., and Lavigne, N. 1990 Gold deposits 
estimation using indicator kriging. CIM Bull 83(934): 77-83 
Ganguly, J., and Saxena, S.K. 1987 Mixtures and Mineral Reac­
tions. Springer-Verlag. 291 p. 
Gammon, J. 1988 Gold and Other Metals: How They Are Found 
and Mined. IMM. 82 p. 
God, R. 1989 The spodumene deposits at "Weinebene", Koralpe, 
Austria. Min. Deposita. 24(4): 270-278 . 
Graf, w.L. (Ed.) 1987 Geomorphic Systems of North Amenca. 
Centennial Special V. 2. GSA. 642 p. .. . . 
Hall, A. 1990 Geochemisl1Y of the Cornublan tin province. Mm. 
Deposita. 25(1): 1·6 
Hawthorne, F.e. (Ed.) 1988 Spectroscopic Methods in Mineral­
ogy and Geology. Rev. in Mineralogy V. 18. Min. Assoc. Am. 698 p. 
Heroux, Y. et aI. 1989 Petrographic et geochimie des mati~res 
organiques des sequences plombo-zinciferes d'age Ca:bomfere 
Bassin Salmon River, Nouve/le-Ecosse, Canada. Orgamc Geo­
chemistry 14(2): 253-
Hilmy, M.E., and Osman, A. 1989 Remobilization of gold from 
a chalcopyrite-pyrite mineralization Hamash gold mme, South­
eastern Desert, Egypt 1989. Min. Deposita. 24(4): 244-249 
Hutchinson, C.S. (Ed.) 1988 Geology of Tin Deposits in Asia 
and the Pacific. Springer-Verlag. 718 p. 
Jackson, K.J., and Bourcier, w.L. (Edo,) Proc. of Workshop in 
Geochemical Modeling. Lawrence Livermore Lab. 198 p. 
Johan, Z, (Coord,) 1989 Gisements metalliferes dans leur con· 
texte geologique. BRGM, v. 2. 891 p. 
Keays, R,F., Ramsay, W.R,H., and Groves, D.I. 1989 The Geol· 
ogy of Gold Deposits: The Perspective in 1988. EG Monograph 6. 
667 p. 
Kerrich, R. 1989 Source processes for Archean Au-Ag vein depos­
its: Evidence from lithophile-element systematics of the Hollinger­
Mcintyre and Buffalo Ankerite deposits - Timmins. Can. J. Earth 
Sci. 26(4): 755-781 
Kim-;-O,B" and Hwany, I.H. 1989 A study on the geochemical 
exploration methods for the placer gold deposits in Korea. J. Ko· 
rean IMM 26(3): 171-
Korobeynikov, A.F. 1989 Gold in volcanic rocks. Geochem. In­
tern. 26(6): 74-82 
Kovalevskii A,L., and Kovalevskaya, O.M, 1989 Biogeochemi­
cal haloes of gold in various species and parts of plants. Applied 
Geochern. 4(4): 369-
Kropp, R.E" and Seward, T.M. 1990 Transport and deposition 
of metals in the Rotokawa geothennal system, New Zealand. Mm. 
Deposits. 25(1): 73-81 
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Kuste~ D. 1990 Rare-metal pegmatites of Wamba, central Nigeria 
- their !ormation in relationship to late Pan-African granites. Min. 
Deposita. 25(1): 25·33 
Larson, L.T. 1989 Geology and gold mineralization in western 
Turke, Min. Eng. 41(110): 1099·1102 
Maclean, W.H. 1990 Mass change calculations in altered rock 
series. Min. Deposita. 25(1): 44-39 
MacLellan, H,E., and TaylOl; R,P. 1989 Geology and geo­
chemisfly of the Burnthill Granite and related W-Sn-Mo-F mineral 
deposits, central New Brunswick. Can. J. EarthSci. 26(3): 499·514 
Marbeau, J,P. 1989 The importance of model mg. EMJ 190(11): 
22-25 
Moller, P., Cerny, P., and Saupe, F. (Eds,) 1989 Lanthanides, 
Tantalum and Niobium. Springer. 380 p. 
Papunen, H., Kopperoinen, T., and Tuokko, I. 1989 The Tai­
ualjarui Ag-Zn deposit in the Archean Greenstone Belt, Eastern 
Finland. EG 84(15): 1262-1276 
Prichard, H,M, el al. (Eds,) 1987 Geo-Platinum '87. Elsevier. 
422 p. . . 
Rampe, J.J., and Runnells, D.D. 1989 ContamInatIOn of water 
and sediment in a desert stream by metals from an abandoned 
gold mine and mill, EUiEka District, Arizona, USA. Applied Geo· 
chern. i(5): 445454 

Rao, K,S,P" Saslry, R.S.N., and Raju, S.v. 1989 Results ofa 
geochemical soil survey in Ramagiri goldfield, Andhra Pradesh, 
India. IMM Trans. B24-33 
Richardson, J.M., Bell, K., Blenkinsop, J., and Watkinson, 
D.H, 1989 Rb-Sr age and geochemical distinctions between the 
Carboniferous tin-bearing Davis Lake complex and the DeVOnian 
South Mountain batholith, Meguma Terrane, Nova Scotia. Can. J. 
Earth Sci. 26(10): 2044-2061 . 
Rodriquez-Clemenla, R. (Ed.) 1987 Geochemistry ~nd Mmeral 
Formation in the Earth Surface. (Available from Consejo Supenor 
de Investigaciones Cientificas, Madrid) 893 p. 
Sanger-von Oepen, P., Friedrick, G" and Vogt,. J,H. 1989 Flu­
id evaluation, wallrock alteration, and ore mineralIzatIOn 
associated with the ROdalquilar epithermal gold·deposit in south-
east Spain. Min. Deposita. 34(4): 235-243 . 
Schwartz, M.O., and Akury, A.K. 1989 Geologic, geochemical, 
and fluid inclusion studies of the tin granites from the Bujang 
Melaka Pluton, Kinta Valley, Malaysia. EG 84(4): 751-779 
Shawe, D.R" and Romberger, S,B, 1988 Introduction to Geolo­
gy and Resources of Gold and Geochemistry of Gold. USGS Bull. 
1857A. 22 p. 
Shmakin, B.M" and Topunova, T,A. 1989 Geochemical fea­
tures of a rare-metal pegmatite field in the northeast USSR. 
Geochern. Intern. 26(7): 114-118 
Smith, A.D., Fox;J.S., Farquhar, R., and Smith, P. 1990 Geo­
chemistry of Ordovician Koli Group basalts associated. with 
Besshi-type Cu-Zn deposits from the southern Trondhelm and Sul­
itjelma Mining districts of Norway. Min. Deposita. 25(1): 15-24 
So, e.S. el aI. 1989 Geochemical studies on hydrothermal Au-Ag 
deposits, Republic of Korea: Youngdong mining district, Min. Oeol. 
39(1): 9-
Spry, P.G., and Petersen, E.U. 1989 Zincian hogbomite as an 
exploration guide to metamorphosed massive sulphide deposits. 
Min. Mag. 53(2): 263-269 .. . 
Stussi, J.M. 1989 Granitoid chemistry and assocrated mmeralIz­
ation in the French Varisean. EG 84(5): 1363-1381 
Sutcliffe, R.H" Sweeney, J.M., and Edgar, A.D. 1989 The Lac 
de lies Complex. Ontario: petrology and platinum·group-elements 
mineralization in an Archean mafic intrusion. Can. J. Earth Sci. 
26(7): 1408-1427 
Thalhammer, O.A.R., Stumpll, E.F., and Jahoda, R. 1989 The 
Mittersill scheelite deposit, Austria. EG 84(5): 1153-1171 
Thomas, J.M., Welch, A.H., and Preissler, A.M. 1989 Geo­
chemical evaluation of groundwater in Smith Creek Valley - a 
hydrologically closed basin in central Nevada, USA. Applied Geo­
chern. 4(5): 493-510 
Titov, V.K., Luchin, I.A., Sokolev, A.K., and Venkov, V.A. 
1989 The aerosol-gas hypothesis for the origins of some biogeo· 
chemical anomalies. Geochem. Intern. 26(6): 25-30 
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Trepka-Bloch, C- 1989 Volcanogenic ond tectonic feotures of the 
Rakkejaur sulfide deposit, Skellefte district, Sweden. Min. Depos­
ita 24(4): 279-288 
Ward, D.M. 1989 Rabbit Lake project-histolY of exploration ond 
general geology. CIM Bull. 82(932): 40-48 
Webber, G.R., and Whittaker, P.J. 1989 Geochemical rock sam· 
pling for gold in the Munro Township area, Ontario: an 
orientation survey. CIM Bull. 82(926): 46-42 
Welte, D.H. 1989 The changing face of geology and future needs. 
Geologische Rundschau. 78(1): 7· 
Willis-Richards, J., and Jackson, N.J. 1989 Evolution of the 
Cornubian Ore Field, Southeast England: Pmt I. Batholith model­
ing and ore distribution. EG 84(5): 1078·1100 
Wilmort, E., Demaiffe, D.~nd Duchesne, J.C. 1989 Geo­
chemical constraints on the genesis of the relines ilmenite 
deposit, southwest Norway. EG 84(5): 1047-1056 
fufa, B. Va. 1989 Geochemical regularities or metro{ogical and 
statistical ones? Geochem. Intern. 26(5): 109-117 

Analytical Geochemistry 

This column highlights analytical papers of geochemical interest 
published in major international journals. These include: Analyti­
cal Chemistry (Anal. Chem.), Analyst, 10umal of Analytical Atomic 
Spectrometry (1. Anal. At. Spectrom.), Analytica Chimica Acta 
(Anal. Chim. Acta), Talanta, Applied Spectroscopy (Appl. Spec­
trosc.), Spectrochimica Acta Part B (Spectrochim. Acta), Atomic 
Spectroscopy (At. Spectrosc.) and Analytical Proceedings (Anal. 
Proc.). 
Pertinent papers from Geostandards Newsletter, published in April 
and October yearly, are too numerous to cite. This journal is a 
"must" for the geochemist. Where the number of authors on one 
paper is greater than four, "et aL" is used. This list covers those is­
sues received by the author since those listed in EXPLORE no. 67. 
Compiled by Gwendy E.M. Hall, Head of Analytical Methods De­
velopment, Geological Survey of Canada, 601 Booth Street, 
Ottawa, Canada KIA OE8. Please send new references to Dr. Hall, 
not to EXPLORE. 

Bettinelli, M., Baroni, U., and Pastorelli, N. 1989. Microwave 
oven sample dissolution for the analysis of environmental and bi­
ological materials. Anal. Chim. Acta, 225: 159-174. 
Chakraborty, D. and Da., A.K. 1989_ Indirect detelmination of 
zirconium in microgranite samples by atomic absorption spec­
trometry. Analyst, 114: 809-811. 
Denoyer E. and Ediger, R. 1989. The determination of precious 
metals in geological samples by ICP-mass spectrometry. Atom. 
Spectrosc.lQ: 97-102. 
Freitas, M.C. and Martinho, E. 1989. Accuracy and precision in 
instrumental neutron activation analysis of reference materials 
and lake sediments. Anal. Chim. Acta, 223: 287-292. 
Gregoire, D.C. 1989. Application of isotope ratios determined by 
ICP-MS to earth science studies. Prog. Anal. Spectrosc., g: 
433-452. 
Guo, X. and Brooks, R.R. 1989. Hydride generation atomic ab­
sorption spectrometry for the quantification of germanium in iron 
meteorites. Anal. Chim. Acta, 228: 139-143. 
Jackson, L.L., McKown, D.M., Taggart, J.E., Jr., Lamothe, 
P.J., and Lichte, F.E. 1989. Geological and inorganic materials. 
Anal. Chem., 61: 109R-127R. 
Jarvis, K.E. 1989. Determination of rare earth elements in geo­
logical samples by inductively coupled plasma mass 
spectrometry. 1. Anal. At. Spectrom., 1: 563-571. 
Lexa, J. and Slulik, K. 1989. Preparation of a gold electrode 
modified with tri-n-octylphosphine oxide and its application to 
detelmination of mercury in the environment. Taianta, 36: 
843-848. 
Longerich, H.P. 1989. The application of isotope dilution to in­
ductively coupled plasma-mass spectrometry. Atom. Spectrosc. 
10: 112-115. 
MacCarthy, P., Klusman, R.W., and Rice, J.A. 1989. Water 
analysis. Anal. Chem., 21: 269R-304R. 
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Mehra, H.C. and Frankenberger, W.T., Jr. 1989. Single-column 
ion-chromatographic determination of chromium (VI) in aqueous 
soil and sludge extracts. Talanta, 36: 889-892. 
Revis, N.W., Osborne, T.R., Sedgley, D., and King, A. 1989_ 
Quantitative method for determining the concentration of mercu­
IY (II) sulphide in soils and sediments. Analyst, 114: 823-826_ 
Roychowdhury, P., Roy, N.K., Das, D.K., and Das, A.K. 1989. 
Detelmination of rare-eatth elements and ytbium in silicate rocks 
by sequential inductively-coupled plasma emission spectrometry. 
Talanta, 36: 1183-1186. 
Sanche~ Ma.J., Fl'ancisco, A., Jimenez, F., and Mon­
telongo, F.G. 1989. Complexation equilibria between niobium 
(V) and 4-(4'H-1',2',4'-triazolyl-3'-azo)-2-methylresorcinol. Extrac­
tion-spectrophotometric determination of niobium in pyrochlore­
bearing rocks. Talanta, 36: 831-836. 
Santelli, R.E., Gallego, M., and Valcarcel, M. 1989. Deter­
mination of cobalt at low levels in silicate rocks by atomic 
absolption spectrometry using a continuous on-line precipitation­
dissolution procedure based on l-nitroso-2-naphthol. 1 Anal. At. 
Spectrom., 4: 547-550. 
Sen Gupta~ J.G. 1989. Advances in the determination of the no­
ble metals in geological, environmental and industrial materials 
by flame and electrothermal atomic-absorption spectroscopy. 
Prog. Anal. Spectrosc., g: 403-432. 
Verbeek, A.A. and Brenner, I.B. 1989. Slurry nebulisation of 
geological materials into argon, argon-nitrogen and argon-oxy­
gen inductively coupled plasmas. 1. Anal. At Spectrom., 4: 23-26. 
Vermeulen, J.M. 1989. Rapid determination of gold in geological 
materials by amyl acetate extraction, ascorbic acid reduction and 
electrothermal atomisation atomic absorption spectromel1y. J. 
Anal. At. Spectrom., 1: 77-82. 

International, National and Regional Meeting3 of Interest to Colleagues 
Working in Exploration and Otller Areas of Applied Geochemistry 

"-lune 24-29 '90 Geolnfo IV, 4th International Conference on Geo­
science Information, Ottawa, Canada (David Reade, Geolnfo rv 
Secretariat, 601 Booth Street, Ottawa, KIA OE8, Canada) 
"-luly 2-6, '90 Geology and minerai resources of continental 
margins: ancient and modem (23rd Earth Science Conference, 
Geological Society of South Africa), Cape Town, South Africa (Dr. 
P.G. Gresse, Geological Survey, P.o. Box 1739, Bellville, 7530, 
South Africa) 
"-luly 2-8, '90 Second International Symposium on Geochemistry 
of the Earth's Surface and of Mineral Fonnation, Aix-en­
Provence, France (Prof. Daniel Nahon, Secretary General 
GWDSP-2, University of Marseille, 13397 Marseille Cedex 13, 
France) 
"-luly 29-Aug. 3, '90 Circum-Pacific energy and minerals re­
sources (Conference), Honolulu, Hawaii (Mary Stewart, Circum­
Pacific Council on Energy and Mineral Resources, 5100 West­
heimer Road, Houston, TX 77056) 
mAug. 12-18, '90 8th Symp. of IntI. Assoc. on the Genesis of Ore 
Deposits, Ottawa, Canada (L.M_ Cumming, Secretary, 8th IAGOD 
Symposium, Geological Survey of Canada, 601 Booth St., Ottawa, 
Ontario, Canada KIA OE8( 

"Aug. 12-18, '90 Mineral deposit modelling (international Con­
ference), Ottawa, Canada. Held with 8th IAGOD Symposium. 
Sponsored by lUGS and UNESCO (R.Y. Kirkham, Geological Sur­
vey of Canada, 601 Booth Street, Ottawa, Ontario, Canada KIA 
OE8) 
mAug. 15-17, '90 Arctic geology & petroleum potential, mtg., 
Tromso, Norway (Norwegian Petroleum Society, Box 1897, Vika, 
1024 Oslo I) 
"Aug. 29-31, '90 14th International Geochemical Exploration 
Symposium, Prague, Czechoslovakia (Frantisek Mma, General 
Chairman, Geological Survey of Prague, 11821 Praha I. Mal­
ostranske nam. 19, Czechoslovakia) 
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AEG SPECIAL PUBLICATIONS 
The following Special Volumes are available from the AEG on a post-paid basis (surface mail). 

Sp.Vol. 
No. 

4 

7 

10 

11 

11 .1 

11.2 

12 

14 

4 + 14 

• 

• 

• 
• 

NEW ITEM 

NEW ITEM 

Both member and non member prices are listed. 

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

Geochemical Exploration 1978 Proceedings of the Denver 
Geochemical Symposium 
(ed. J.R. Waterson and P.K. Theobold) 

Gold-81, Precious Metals in the Northern Cordilleran 
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-Sept. 9-17, '90 Geochemistry of Clay-Pore Fluid Interactions, 
Burlington House, Piccadilly, London, United Kingdom (Dr. D. 
Savage, British Geological Survey, Keyworth , Notts, United King­
dom, Tel: 06077, 6111) 
- Sept. 10-12, '90 Goldtech 4, mtg., Reno, Nev. (Meetings Depart­
ment, Society for Mining, Metallurgy and Exploration, Box 625002, 
Littleton, Colo., 80162-5002, Tel: 303-973-9550; Fax: 303-973-3845) 
-Sept. 17-20, '90 Computers and minerals research, int!. sym­
posium, Berlin, West Germany (F L. Wilke, Technische Universitat 
Berlin, Institut fur Bergbauwissenschaften, Sekr. EB 11 , Strasse des 
17. Juni 136, 1000 Berlin 12, West Germany) 
-Sept. 29 - Oct. 7, '90 European Geological Societies, mtg., 
Lisbon, Portugal, by Geological Society of Portugal (Sociedade 
Geologica de Portugal, Apartado 2361, P 1109 Lisboa Codex) 
- Oct. 8-10, '90 Remote Sensing: technology for mining and pe­
troleum industries, in!'l conference and exhibit, London ( The 
Institute of Mining & Metallurgy, 44 Portland Place, London, Eng­
land WIN 4BR, Tel: 01 -580-3802 , Telex: 261410 IMM G, Fax: 
01-436-5388) 
-Oct. 22, '90 Modelling geological data consisting of multiple 
variable, short course, Houston (American Association of Petro­
leum Geologists, Box 979, tulsa, Okla. 74101-0979, Tel: 
918-584-2555; Fax: 918-584-0469) 
-Oct. 29-Nov. 1, '90 Geological Society of America, unn. mtg. , 
Dallas (Vanessa George, GSA, Box 9140, Boulder, Colorado 80301 . 
Tel: 303-447-2020) 
- Nov.15-17, '90 International Gold Expo, (Porta Hoffman, Amer­
ican Mining Congress, 1920 N Street N.w, Suite 300, Washington, 
D.C. 20036, Tel: (202) 861-2850, or (202) 861 -7535) 

~an. 7-11 , '91 Short course on Hydrothermal alteration: its re­
lationships to mineralization, (Mining, Division of Continuing 
Education, University of Nevada, Reno; Reno, NV 89557, Tel: (702) 
784-4046) 
-Feb. 25-28, '91 SME ann. mtg., Denver, Colorado (Geochemistry: 
1. Stevens Zuker, Westmont Mining Inc., 4949 S. Syracuse St. , Suite 
4200, Denver, Colorado 80237, Tel: (303) 694-4936; Geochemistry 
& Geology: Kenneth A. Lovstrom, Lovstrom & Associates, 1628 S. 
Lee St. , Lakewood, Colorado 80226, Tel: (303) 988-2854 
-March, '91 International Conference on Economic Evaluation of 
Mineral Resources (Intergeoekonomika 1991 CSSR, GEOFOND 
Bratislava branch Kosice, Eng. St. Richter, Ph.D. , Garbanova 1, 040 
11 Kosice , Czechoslovakia. Tel: 437 649 
-Apr. 21-28, '91 2nd AusIMM-SME World Gold '91, Cairns, Austra­
lia (Meetings Dept., SME, Tel: (303) 973-9550, Fax: (303) 979-3461, 
Telex: 881988, or Mrs. 1.M. Webber, CEO, AusIMM, P.o. Box 122, 
Parkville, Vic 3052, Australia, Tel: 613-347-3166, Fax: 613-347-8525, 
Telex: M 33552) 
-Apr. 26-May 1, '91 Assoc. of Exploration Geochemists, int!. 
mtg., Reno, Nev. (Keryl Fleming and Mario Desilets, Nevada Bu­
reau of Mines & Geology, Univ. of Nevada, Reno, 89557-0088. Tel: 
702-784-6691 
-May 13-17, '91 Brazil Gold '91 (USA-Charles Thorman, USGS 
(Denver), Fax: (303) 236-5448; Canada-C.Jay Hodgson, Queens U. , 
Fax: (613) 545-6592; UK-Robert Foster, U. Southampton, Fax: 
59-3052; Australia-David Groves, U. Western Australia, Fax: 
9386-6577) 
-May 27-29, '91 GAC-MAC (Annual mtg.), Toronto, Canada (1. 
Fawcett, Department of Geology, University of Toronto, Toronto, 
Canada M5S lAl) 
- Aug. 11-24, '91 XX General Assembly IUGG, Vienna, Austria 
(IUGG Organizing Committee, do ZAMG Hohe Warte 38, A-1190 
Vienna, Australia, EUROPE, Tel : 43-222-364453 ext. 2001) 
-Oct. 21-24, '91 Geological Society of America, ann. mtg. , San 
Diego, California (Vanessa George, GSA, Box 9140, Boulder, CO 
80301, USA, Tel : 303-447-2020) 
Please check this calendar before scheduling a meeting to avoid 
overlap problems. Let this column know of your events. 

Fred Siegel 
The George Washington University 
Department of Geology 
Washington, D. C 20052 
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Geologist's Nightmare 

All summer you've been drill ing 
But you st ill ain't hit a lick, 
When you hit rock it's just hard as hell 
And the overburden's thick. 

When there finally is some color 
You are feeling quite elated, 
Until you find out from the lab 
The sample's contaminated. 

A tire blows out on your pickup, 
Then a track falls off the Cat, 
OSHA's hot breath on the back of your neck 
The driller won't wear his hard hat. 

The Forest Service holds up your permit 
A whole lot longer than they should, 
They're so ornery about it that they make 
The BLM look good I 

The driller breaks a cable 
He's two hundred miles from parts, 
Sample catcher got his numbers wrong 
That's where more trouble starts. 

When the drill rig's running once again 
He twists his pipe in two, 
Spends your next month's budget fishing 
Cause there's nothing else to do. 

You get a message from your wife 
Your marriage is destroyed, 
She has found herself a better deal 
Even though he's unemployed. 

But then you drill a good hole 
Samples running hot as sin , 
Now the home office is calling 
And there's big wheels coming in. 

The President is calling you 
He starts out "Howdy, Jim", 
Last week you were just a number 
And you'd only heard of him. 

Now every hole is running 
There's a mine here sure as pie, 
There are lots of news releases 
Stock's going through the sky. 

You start ta lking 'bout construction 
Of an office, shop and mill , 
Tai lings pond goes in the canyon 
Put the dump behind the hill. 

The company gives you a raise 
Newspapers give you fame, 
Cause right there on the front page 
Is your picture and your name l 

Then you get the news you're fired 
Bad mistake made, you're to blame, 
Cause every good hole that you drilled 
Is on someone else's claim" 

Lew Eklund 
Box 666 
Carlin, NV 89222 
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