What do you get if you replace an _
Irish engineer with a Scottish engineer? If}.
the two gentlemen in question were
responsible for Jaying railway lines across
Australia in the last century the answer
would be ‘confusion’. In their infinite
wisdom, and under the guidance of the
aforementioned engineers, different states |17~
adopted different gauges for the lines

with the result that a traveler could

expect to encounter five breaks of gauge David Garnett
in his or her journey across the continent.

A hundred years later the situation has improved, though it's
stil] not perfect.

I am reminded of this when I survey the present move-
ment towards professional registration of geoscientists. To
the best of my knowledge four Canadian provinces/ territo-
ries have enacted legislation providing for registration while
others are moving actively towards it. In the United States at
least twenty three states have registration requirements. In
the United Kingdom professional geoscientists have the
option of registering as chartered geologists, chartered
engineers, European geologists or European engineers. In
South Africa registration is available under the Natural
Sciences Act and in Australia we now have, or will shortly
have, the choice of registering as either a chartered practicing
geologist or a registered professional geoscientist. [ have no
doubt that similar proposals are under discussion, or are
already in place, in other countries.

Given that many geochemists tend to be nomadic, this
plethora of registration requirements would seem to represent
a serious barrier to their normal migratory habits. Hopefully,
greater reciprocity between registration schemes will be
established in time but until it is we seem to be suffering from
a bad attack of “Australian rail-gauge syndrome’.

At this stage, registration is often voluntary, under the
umbrella of a self-regulating professional body, although in
some cases, e.g. British Columbia, it is mandatory for all
professional geoscientists. It is probably true to say that the
move towards registration has been met with somewhat less
than overwhelming enthusiasm by many of the scientists for
whom it was put in place. They make the point that as
members of a professional body, such as the AEG, they are
already bound by entry qualifications and a code of conduct
which are similar to those that are now proposed under the
various schemes for registration. On the other hand,
supporters point to the fact that many of the registration
schemes go beyond simple maintenance of standards. They
attempt to improve them through continuous professional
development and through establishment of a stronger voice
in the corridors of power. This in turn should lead to greater

Continued on Page 3

SEARCHMAP —
Interactive Map Interpretation System for

Mineral Exploration

Douglas E. Pride
John M. Memmi
Jeremy Loomis
Roni Yagel

INTRODUCTION

Exploration is an integrative exercise, combining aspects
of geology, geochemistry, geophysics, and biclogy to high-
light regions that may contain important mineralization.
Data exist as distributions of rocks, regolith and seil; concen-
trations of minerals and lithophile and chalcophile elements;
and remotely-sensed information on physical properties such
as reflectance, density, magnetic susceptibility, and conductiv-
ity. Large volumes of data must be integrated logically to
provide the best chance for mineral discovery, and this is
especially true when decisions concerning field programs are
involved. Also, data should be archived appropriately so that
they may be recalled for consideration in the light of new
exploration concepts.

Regardless of the amount of data, they must be inter-
preted correctly, and this is where experience is essential.
Explorationists are trained to integrate information from a lot
of sources, and except perhaps for luck, experience triumphs
nearly every time.

SEARCHMAP CONCEPT

SearchMap is an outgrowth of the belief that there should
be simple and meaningful ways to graphically integrate
conceptual and quantitative map information (Pride, et al,,

Continued on Page 3

CONTENTS

PreSEdentls Message """""""""""" H NEW Members ................................. 12
Tachnical Note
R tP
SEARCHMAP - Interactive ceent Lapers
A Crash Course: A Tribute

Map Interpretation System

for Mineral Exploration............ 1 to Howard Hawkes ..o, 17
Notes from the Editors .o 2 AEG Publications . e 21
Obituary AEG Application

Helen L. Cannon for AdmiESSiON iirmiiineenrrasenn 22
Calendar of Events.... w11 AEG COmmithees «eerrrernres 23

List of Advertisers ... 24




PAGE 2

NUMBER 95 EXPLORE

Information for Contributors to EXPLORE

Scope This Newsletter endeavors to become a forum for recent
advances in exploration geochemistry and a key informational
source. In addition to contributions on exploration geochemistry,
we encourage material on multidisciplinary applications,
environmental geochemistry, and analytical technology. Of par-
ticular interest are extended abstracts on new concepts for guides
to ore, model improvements, exploration tools, unconventional
case histories, and descriptions of recently discovered or devel-
oped deposils.
Format Manuscripts should be double-spaced and include
camera-ready illustrations where possible. Meeting reports may
have photographs, for example. Text is preferred on paper and 5-
or 3-inch IBM-compatible computer diskettes with ASCII (DOS)
format that can go directly to typesetting. Please use the metric
system in technical material.
Length Extended abstracts may be up to approximately 1060
words or two newsletter pages including figures and tables.
Quality Submittals are copy-edited as necessary without re-
examination by authors, who are asked to assure smooth writing
style and accuracy of statement by thorough peer review.
Contributions may be edited for clarity or space.
All contributions should be submitted to:

EXPLORE

¢/0].T. Nash, Box 25046, M5973, Denver Federal Center

Denver, CO 80225, USA

Information for Advertisers

EXPLORE is the newsletter of the Association of Exploration
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EXPLORE is the most widely read newsletter in the world per-
taining to exploration geochemistry. Geochemical laboratories,
drilling, survey and sample collection, specialty geochemical
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and geoscience data services are just a few of the areas available
for advertisers. International as well as North American vendors
will find markets through EXPLORE.
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AEG membership and is a non-profit newsletter. The advertising
rates are the lowest feasible with a break-even objective. Color is
charged on a cost plus 10% basis. A discount of 15% is given to
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Network Graphics, Inc.

Full page 254h x 178w mm (i0h x 7w in) US § 880

Half page 254h x 86w mm (10h x 3-3/8w in) US § 480
124h x 178w mm (4-7/8h x 7w in) US § 480

Third page 254h x 58w mm (10h x 2w in) US $ 380

178h x 86w mm (7h x 3-3/8w in} US $ 380

Quarter page 124h x 86w mm (4.7/8h x 3.3/8w in) US $ 270
254h x 41w mm (10 x 1-5/8w in) US § 270
Eighth page &0h x 86w mm (2-3/8h x 3-3/8w in) US § 170
Business Card* 51h x 86w mm (Zhx 3-3/8win) US $70
Please direct advertising inquiries to:
Owen Lavin
NEWMONT EXPLORATION

2600-1700 Lincolr St.
DENVER, CO 80203
UsA
TEEL: (303) 837-5820
EAX: (303) 837.5851

OCTOBER 1995

Newsletter No. 89
Editors: Sherman F. Marsh (303) 236-5521
|. Thomas Nash (303} 236-5515
Assistant Editors:
Sleve Cone (303} 232-8371
Anne M. Leibold {303} 295-1101
Fredrick P. Schwarz (702) 758-9234
]. Stevens Zuker (303) 989-6608
Business Manager: Owen P. Lavin (303) 837-5820
FAX (303) 236-3200, ATTN: Sherman Marsh, USGS
e-mail: smarsh@helios.crusgs.gov
EXPLORE 15 published quarter]y by the Association of Exploration Geochemists, P.O. Box
25046, MS 973, Denver Federa} Center, Denver, CO 80225,
EXPLORE is = trademark of the Associatien of Expieration Geochernists.
EXPLORE is typeset by Vivian Heggie, Heggie Enterprises, Thornton, CO (303) 288-6540.

Sherman Marsh and Tom Nash

Spatial analysis of geochemical information has always
been important in our profession. Geochemical maps have
been the hallmark of our work. In an era of proliferating
databases, multi-variate and multi-disciplinary interpreta-
tions are active fields of research. Efficient and effective maps
are required to examine data and to search for derivative
meanings for exploration or environmental assessment. And
effective maps are required to present geochemical informa-
tion to managers and investors, professionals and laymen,
We encourage discussion, and especially would welcome
technical contributions describing effective methods for
spatial analysis or ‘visualization’, the current jargon for this
hot computing topic.

Doug Pride and associates at Ohio State describe for us
their work on mapping of conceptual information. As shown
herein, this is a promising arena that merits our attention,
This is a variety of ‘artificial intelligence’ computing that is
advanced in the medical profession and in its infancy in
geology. This is one way to capture the expertise of senior
geologists and geochemists, before we become senile. Some
say these methods have 20-20 hindsight, re-discovering
deposits that already are known. But there are signs that the
younger generation of computing wizards can find ways to
malke this method produce more than the sum of the data
layers. Pooling and publication of professional insights and
experiences can make a difference in research such as this. We
will gladly give you this podium.

Sherm and Tom %
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®
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President's Message
continued from page 1

status for the professional geoscientist and greater security
for both employers and the public. Realists would be
justified in adding that the move towards registration
appears to be so strong that it would be foolish to ignore it,
and that any professional body would serve its members best
by participating in the process in order to achieve the best
outcome for its members,

In the case of the AEG, I believe that it would be foolish
to attempt to set up our own registration scheme. We fit
naturally and comfortably within the broader group of
geoscientists and should try to work with them, not against
them. [ would be particularly interested to hear members’
thoughts on professional registration. Some of you have
lived with it, perhaps for several years. Others are only now
beginning to grapple with it, while for others that pleasure
lies in the future. For those who are already registered I have
three questions. Do you think the system is working? Do you
view registration as a positive development or a necessary
evil? Do you fee] that there is any danger that the governing
body could become dominated by an ‘old-boys club’ - who
will guard the guards? If I can inject one personal note, on
which I would appreciate comment, I find it disturbing that
in at least one case the legislation extends as far as requiring
that universities adhere to a syllabus that is laid down by the
external body responsible for registration. Is this not too
prescriptive? Does it not usurp the freedom of the university
to go in new directions, to decide what it will teach and how
it will teach it?

As | write, news is breaking on allegations of serious
fraud involving the Busang gold deposit in Indonesia, with
claims that reserves were over-stated because of “invalid
samples and assaying of those samples.” No doubt more
details will have emerged by the time you read this, but the
allegations as they stand now reflect badly on the profession-
alism of geochemists. What can we learn from this? Is there
any way that it could have been avoided?

The 18th IGES in Jerusalem is upon us. Bven at this late
date there is still time to register and [ urge you to participate.
I look forward to meeting many of you there.

David Garnett

PMB 1, Menai, NSW 2234, AUUSTRALIA

Tel: (612) 9543 2644

Fax: (612) 9543 2655 %
\

email: naa@bq.com.au
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Technical Note
continued from page 1

1996). Quantitative data are relatively easy to visualize, but
conceptual information is difficult to handle meaningfully.
SerchMap is grid-based and employs a “search kernel” to
create a new layer of information-a SearchMap-from one or
more input data layers. The kernel is a filter that sweeps each
layer of data, stopping at every pixel to look around for
significant information within a search radius that is defined
by the user. Users weight the importance of data with respect
to distance from the center pixel in the filter; and they weight
the importance of each layer of data with respect to every
other layer in the interest matrix (fig. 1).

. Search Distance (i= E~

ggé fnput Data Distance (i=1) Bz

£ B 1 2 3 4 5 .0 Z2

LnD*| Gsology L]

LgD*} Minsral 20
CCCUHTanNCe

inD |Geochemistry | 20

inD | Geophystes 10

LnD | (other)

* LnD = lnoar docrense
* LgD = Loy dacronze

Figure 1. Schematic illustrating interest within and among
input data layers,

A model or interest matrix, as in figure 1, drives the
SearchMap for a region of unknown mineral potential. An
explorationist has placed most of his/her faith in geology and
mineral occurrence, plus geochemistry. Geophysics and
“other” forms of data complete the matrix. Note that the
explorationist [eels that geology and geophysics provide
broad information, whereas mineral occurrence and
geochemistry are most useful when found near the center cell
in the search filter. The user in this example has chosen
“linear decreasing” interest with respect to the center cell,
except for mineral occurrence, which he/she feels is particu-
larly important if samples are very near the center of the
filter.

Several categories of information may exist under each of
the general headings; for example, structure, rock type, and
rock age under “geology”. The relative weights assigned to
each category and subcategory are at the discretion of the
user, and they can be modified until he/she is satisfied with
the result. Once satisfied, the next step is to examine high-
lighted localities using high resolution data.

At this time, the SearchMap software is a “research code”
system (i.e., not yet ready to be offered to the public). It
currently is implemented on Silicon Graphic “Indy” and HP
9000/715 workstations, but it is designed for use on any
UNIX system. The software is written in C++ using the
graphic interface library “Forms”, and it supports both color
and gray scale images. Datasets and input files are text files,
and the software is event-driven, so user actions guide
computational flow.

Continued on Page 4
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Technical Note
Continued from Page 3

CREATING A SEARCHMAP

Users specify how each data value is to be displayed, and
all appropriate parameters are specified using standard
interface elements such as pull-down menus and dialogue
boxes. Important subsets of the data are extracted, influence
spreading is defined, and, finally, the relative weights among
layers are supplied to produce the SearchMap configuration.
Changes made by the user automatically trigger appropriate
recalculation and re-display. Recalculations are fast, allowing
users to experience the effects of changing weights within
and among input data layers interactively, and the param-
eters for intermediate steps are saved, preserving the “train-
of-thought”, which is available for display and reconsidera-
tion at any time.

The expression in figure 2 illustrates the manipulations
that are involved in producing a SearchMap. Pixels contain-
ing significant attributes are reclassified using a binary code

Equstion:
n T+l 1+l
j’u - Z WT, z z Whe y Pt IRY. YN Trae™
k=1 =l y=1
where
Lj index seanning the input maps P! and the resulting SearchMap F4
P, The pixel value at (§, /) in layer &
f’,‘ ; derived valuc of the pixel at {{, /) in the ScarchMag
x ¥ index scanning the weight mask we
W, weight assigned 10 a pixel a1 (x, ) displacement from the center pixel
f+1 the size of the weight mask. Commeonly, I+ § is an odd number.
WT, the weight applied to the & input layer.

Figure 2. Expression fllustrating manipulations involved in
calculating o matrix of SearchMap pixels.

that defines attributes either as important or not important.
To compute the contributions of the important pixels in & data
layer to a pixel at (i,j), we superimpose a two-dimensional
filter such that the center of the filter lies directly over the
pixel at {i,j). The filter contains a radial interest function that
represents the relative importance of the surrounding pixels
to the center pixel in the filter — the weighted values of all
significant pixels that iie within the search distance defined
by the user. The interest may take any of several forms (e.g.,
linear or log decreasing, even increasing) with respect to
distance from the center pixel in the search filter. The final
value of each pixel in the SearchMap is determined by adding
the contributions of each of the input layers (inner two
summations), summed over the weights assigned to each
layer {(outermost summation).

The computations required by the interest matrix and
defined by figure 2 are accomplished layer by layer. Follow-
ing binary reclassification, each input layer is “convolved”
with the radial interest function (the filter) to produce an
image that represents the spread of influence about each of
the pixels or groups of pixels carrying attributes of interest.
The significant pixels are mapped as a constant value, and the

spread of influence occurs as “blurring” around the pixels of
interest, the width and intensity of the blurring equal to the
search distance and the interest with respect to distance from
the center pixel in the filter.

The process of convolution can be viewed as passing the
filter incrementally over each row and column of pixels. The
SearchMap is derived by adding the convolved layers,
multiplied by their weights for each pixel (i,j}. In this way, a
new matrix of pixels is derived for each set of search dis-
tances and weights; and a new Map is generated each time
one or more of these parameters is changed.

EXAMPLE USING DIAMOND EXPLORATION DATA
BASE

In diamond exploration, the age of crystalline basement
rocks and the thickness of the lithosphere, together with the
presence of crustal lineaments and occurrences of bedrock
and allavial diamonds are important to developing an
exploration plan. Explorationists, however, may disagree on
the relative importance of these attributes, and as to whether
or not additional attributes should be included in the model.
For example, how significant is the occurrence nearby of
carbonatite bodies; are cryptoexplosion structures present in
the vicinity; is the presence of sedimentary and/ or glacial
cover in areas suspected to contain primary diamond depos-
its important; and is crustal thickness of interest in such
terrain? With SearchMap, these features can easily be
included, weighted, and examined to develop the best
exploration plan.

Economic diamond-bearing kimberlite magmas penetrate
Archean basement in regions of thick (>150 km) lithosphere.
Large-scale fractures apparently provide a focus for the
mantle-derived magmatism. Kimberlites occur in clusters,
and they bring to the surface high chromium garnet and
diopside, in addition to diamonds. Economic lamproite
intrusions are genetically similar to kimberlites, but to date
have been found only in Early Proterozoic (1.6-2.5 Ga)
terrain. Overlying strata may dissipate the explosive power
of both types of intrusions before they reach the surface.
Upon reaching the surface, or following exposure by erosion,
both kimberlite and lamproite release diamonds and associ-
ated minerals into the surface environment, where they are
redistributed by surface processes.

Figure 3 presents an exploration scenario in which
several features that are germane to primary diamond
deposits are present, and the two sets of search arcs demon-
strate how the evidence may be accessed to develop an
exploration SearchMap. A matrix of new pixels is produced
as the search f{ilter sweeps the input data for geology (rock
ages, lineaments, lineament intersections), known occur-
rences of kimberlite and lamproite, and alluvial diamonds
and indicator minerals.

Memuni (1993) examined a 2.9x10° km? region of the
north-central United States and southernmost Canada for its
potential to contain economic kimberlite and lamproite
deposits. Combining geology, structure, mineral occurrence,
geochemistry, and geophysics, he was able to isolate four
regions that may contain economic intrusions: (1} Wisconsin-
UP Michigan, (2) SE Wyoming, (3) NE North Dakota-N
Minnesota-S Ontario, and (4) NW lowa.

The data from the study by Memmi have been re-
evaluated using the SearchMap software. Table 1 presents a
search matrix designed by Memmi for the region, plus a

Continued on Page 5






