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Another Conference has come and gone. For those
participating in an ASEC Conference there is the usual
cycle of preparation with all the energy that is required
over and above a normal busy life. The conference itself
is a “full on” experience. Then there is the anticlimax
feeling after, plus the catching up on work that has been
put on the “back burner” mentally while all this
conference activity has been going on.

The necessary ingredients of a good conference are
the commitment of ASEG members and sponsors, and
the often uncredited support of our employers in
facilitating our participation. Well done and thanks to
all concerned.

ASEG publications and their future were one of the
many items of ASEG business discussed at the
conference. Decisions regarding improvements in the
viability of ASEG publications will be made by the
Publications committee in late December in time for
1996, Greg Blackburn's Executive Brief Column (p7)
discusses options for these improvements. Member
feedback via the gquestionnaire sent out with
membership renewals in November, is welcomed.
Please return you questionnaire by mid December to
assist the Publications Committees deliberations.

The ASEG salutes two members for their recent
international contributions and achievements for
geophysics; notably Norm Uren, Vice I'resident elect
SEC and Derecke PPalmer, SEG Reginald Fessenden
Award recipient.

We introduce a new Preview regular feature this
issue - UNIPULSE - repgular news from peophysics in
academia and welcome new Associate Editor Leonie
Jones.

Thank you finally to the Queensland Department of
Minerals and Energy for their colour article sponsorship
(p21-24) and other contributions to this issue.

Geoff Pettifer
Editor

Morme Uren Derecke Palmer

ASEG is a mon-profit company formed to promiote the science of
exploretion yeophysics und Hhe interests of exploration geophysicists in
Australia, Although ASEG has takerr all rensonable care in the
preparation of tis pulilicaltion lo ensure thal the information it cilains
{uiether of fact or of opinfon) s accrrie i all matertal respects amid
wilikely rither by amission of further information or otheriize, to
nuislend, the reader showdd nof act i reliance upon the frformafon
covclained in this publication without first oblaining appropriate
independent professional advice from hisMer own admisers, This
publication remains the legal propeety of e copyright owner, (ASEG).
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President’'s Piece

Kathy Hill
President ASEG

For those of you
who were not fortunate
enough to attend, we
have just had another
outstanding conference
in  September in

Adelaide. At final
counl we had 520
attendees - a very

healthy participation
rate for a society of
some 1450 members
(active, associate and
student). Once we have received all of the “wash up”
reports concerning the conference I would like to devote
the next “Piece” to the form and content of the Adelaide
conference and future conference plans. In the interim |
would like to thank all of the hardworking ASEC
members who were responsible for its success. It must
be emphasised that the exhibitors also comprise an
essential part of our conference and make an unsung,
but significant, contribution to our education.

I would like to turn to other geophysical conferences.
| have just returned from the SEGC Convention in
Houston, representing our Society and continuing an
initiative by Hugh Rutter to increase our contacts with
the SEG. Norm Uren, Professor of Geophysics at
Curtain University is now Vice President Elect (see pd)
and will be taking on international responsibilities in
that role, but | am sure will remember his Antipodean
origins.

The SEG Convention had 10,500 attendees, making
it the largest exploration geoscience conference in the
world. There were 300 exhibitors occupying
approximately seven (American) football fields worth
of floor space ( well, it was Texas and nothing is done
there unless it can be done in a big way). The AAPG
Convention, held at the same Houston venue in March,
had 6800 attendees. Apparently SEG conventions over
recent years achieve a greater attendance than the
AAPGC and on my casual observation the attendees
appeared to be younger on average than those at the
AAPG Convention, auguring well for the SEG’s future.

The SEG has approximately 25 staff based in Tulsa
whilst the ASEG has half of the very efficient and hard-
working Janine Cross in Melbourne. They have two
full-time professional editors for the Leading Edge, the
monthly news magazine, and we have the voluntary
time of Geoff Pettifer, Editor of Preview (supported by
a team of volunteer Associate Editors), published
bi-monthly. (Geoff is also in charge of layout,
advertising, production and transport, as well as head
office liaison.) The technical editors of Geophysics are
supported by SEC staff in author liaison and in the
layout of Geophysics.

The SEG has permanent conference organising staff
while we rely on outside Conference organisers and
rotate the anguish of planning and executing a

conference.  We depend on the hard core of ASEG
membership within the conference city, advised by the
Conference Organising Committee.

If it appears that | am in awe of the sheer scale of the
SEG {with its 14,000 members) there is some truth to that
assertion. A comparison between the two societies
however emphasises how much the ASEG is able to
deliver through its voluntary component and how
much it is asking of those volunteers. In terms of size
the ASEC is at a critical mass - an issue that has been
raised before. Our Society is enriched by its level of
volunteer involvement but demands perhaps too much
of some of the individuals who have been providing
their time for years. If you are aware of someone who
is having difficulty juggling home, work and ASEG,
consider helping him through a bottleneck by offering
assistance. [t may be that vou may want to take the
ASEG job off their hands in the future.

Ultimately at least one permanent full time staff
member may be required and funding this position will
require a significant portion of the ASEG budget.

Returning to the SEG Convention itself, one of
ASEG's own - Derecke Palmer of the University of NSW
(see photo p4) - received the Reginald Fessenden Award
for technical excellence and joins the distinguished list
of recipients including Robinson, Treitel, Claerbout, and
Hubral to name a few Congratulations, Derecke!

Derecke demonstrates that there is no place for the
cultural cringe in the ASEG. There is no doubt that
Australian geophysicists have led the world in
development of techniques, particularly in applit_‘at‘iunu
to mineral exploration. The SEG is taking on a mone
global perspective and has co-sponsored conferences in
St Petersburg and Brazil in the last year. The SEG
president - elect, Gordon Greve, is very interested in
co-operative arrangements with the ASEG or other
Australian organisations in mineral geophysics
education at international venues. We hope to pursue
this area further in the next few months. Please contact
any member of the Federal Executive if you have some
ideas in this area.

The SEG recognises this pre-eminence in minerals.
They have asked us to co-sponsor the April 1996
SEG/HAGI International Conference in Jakarta (see
details pp 10-11) with the European Association of
Geoscientists and Engineers (replacing the EAEG).
They are hoping that we can contribute conference
papers to mineral exploration in the “Asian area”. The
1997 ASEG Conference in Sydney will have a strong
"Asian” focus (if an area as vast and diverse as Asia can
be considered the subject of a single focus). It also
reflects the growing interest by Australian exploration
companiés in the Asian region,

For the Jakarta conference, short articles or papers on
topics relevant to exploration in Asia (by area or by
analogous accumulation) are being canvassed by the
Leading Edge magazine. The press deadle is December
15 for the TLE conference issue - please see the
advertisement in this issue of Preview). Please contact
me {ph 03-412- 5639) or John Jackson (ph 07-214-9208)
for further information. The articles submitted may be

published previously. @

5 Proview OCTOBER 1995




Executive Brief

The ASEC Federal
Executive has just
completed their 5 Year
Business Plan and
concludes that there is a
shortfall of some
$50,000 per year at
current expenditure
levels, which would
reduce existing capital
within the 5 year period.
Tighter financial control
of the Society, and the
various Sub-committees
and State Branches will be necessary with the various
nperatinF committees required to submit budgets for
approval by the Federal Executive. This is particularly
important for the Publications Committee which
overseas some 51% of the Society’s income and accounts
for over 69% of expenditure and the Conference
- Committee (17% of total income). the Society's present
cash balance is due largely to sucessful conferences in
the past, but these profits can be quite variable. Due to
the likely shortfalls, the Society regretfully has raised
the membership fees for 1996 to $6() per year for active
and associate members and corporate membership to
$360 per year. Student membership remains at $20 per
annum. At present there are 197 student members,
which represents a large capture rate of potential
students. By fostering members during their early
career, the Society has been able to increase membership
by 30% over the last 3 years.

On another matter it is important that all members
help to make the ASEG strong. For example the Society
is likely to be fined by the ATO for late submission of
income tax returns, which was due to late submission of
relevant information from the State Branches.

The Publications Committee met at the ASEG
Conference and discussed several issues and options for
future viability and improvement of ASEG publications.
Concerns discussed included:

* Cost of publications (particularly conference issues).

* Exploration Geophysics - Conference issues large -
other issues very small,

* Sustaining Preview on voluntary efforts
-alternatives

some members value Preview over Exploration
Geophysics and others regard Exploration Geophysics
as more valuable. Naturally Exploration Geophysics is
the measure of our value as a scientific society. Certainly
quality in both these publications which meet different
needs, is a desirable goal for ASEG.

The T'ublications Committee believe that ASEG
publications are approximately $40,000 too expensive.
Costs could be reduced by combining Preview and
Exploration Geophysics or by reducing the number and
size of the volumes. Alternatively increasing
advertising revenues by this amount would allow the
publications to continue as is. In order to contain costs

the Publications Committee wish to canvass the general
membership on the following options:

1) Conference papers abstractsonly at the conference.
This radical option reduces the Conference volume to
the standard of the Conference Preview, a substantial
reduction in cost. This would take us back to the
situation of 1991, The change to full papers (extended
abstracts) where possible was responsible for the major
increase in the size of the Conference volume, but
resulted in timely publication of many papers which
could otherwise be published late or not at all. The
disadvantage of loss of prepublished papers weighs
heavy against this option.

2) Reduce size of Conference Exploration
Geophysics. Status quo, with the Conference
Exploration Geophysics volume (anticipated cost for
the Adelaide Conference $120,000) slimmed down (say
to 350 pages) in order to contain costs, The major cost of
ASEG publications is tied up in Conference issues and
little can be done to reduce costs without adopting this
measure to some degree, The advantages are that
slimming of the Conference volume by using
selected /on-time papers only, will enable conference
papers to be published in later volumes of Exploration
Geophysics, sustaining inter-conference issues of
Exploration Geophysics and offering later published
conference papers less restrictions on format. The
higher selection standards for papers both in
presentation and publication would tighten up the
Conference Volume as well. The disadvantages include
the loss of expectation of the prestige of publishing in
the Conference Volume and it being the complete
conference prepublication record. There is a concern
that authors that miss out on the Conference volume
may not bother to follow through with publication and
the flow over of papers from the Conference may not
occur.

3) Reduction of Conference and regular Previews.
This saves some money and effort in Preview
production but a disadvantage of slimming Treview
down is that it may undo the improvement in quality
achieved in the last few years.

4) Combine Exploration Geophysics and Preview for
allissues. are combined to a 6 volume/year Exploration
Geophysics with a third party covering advertising and
production. The format proposed is similar to the
journal “Nature” with two distinct and identifiable
sections - a magazine section with reviews, articles,
news etc in one section and a refereed paper, research
articles section. With option (2) and a steady supply of
refereed papers 6 issues/year could be sustained with
the current timeliness of news through Preview. Two
editorial boards will supply material for both sections
and fluctuations in supply of material could be
counterbalanced. This format is similar to the old
GEOPHYSICS publication (pre Leading Edge days).
The advantages of this option are that it will reduce costs
and all advertising will be in one journal with no
competition for advertising revenue between two
publications as at present. The disadvantages are that
some may consider it diminishes the reputation of
refereed papers and Exploration Geophysics as a
journal by mixing papers and ephemeral unrefereed
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Preview type material. Further it would need careful
management. Advertising rates would need to rise to
cover commercial production. This option is also
heavily dependent on a steady stream of refereed
papers and acceptance by membership of option (2).

5]  Preview published professionally, Preview
published by a third party with all advertisements
concentrated in Preview and with I'review operating at
a profit to subsidise Exploration Geophysics. The
advantage of this option is that 'review becomes more
professional and sustainable in its production. The
disadvantage is that advertising revenue will need to
rise and further that advertisers may prefer to advertise
in the refereed journal Exploration Geophysics with its
perceived longer shelf life.

A questionnaire seeking the views of the ASEG
membership on this and other matters will be sent
shortly with the annual dues notice. Your prompt
responses by early December will help influence the
Executive in deciding this important issue in time for

the 1996 publication schedule.

Preview Advertising

Greg Blackimrn
Executive Secretary

*  Your key to 1250 geophysicists Australia
wide and overseas

Rates start at less than 540 per issue

Call Gealf Pettifer

Tel (03) 9412 7840; Fax: (03) 9412 5655
email: grp@mines.vic.gov.au
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The 11th ASEG
Conference and
Exhibition was an

outstanding success.
This could not have been
achieved without the
support of the sponsors,
exhibitors, authors and
presenters, and, of
course, the delegates.
Thank you all for making
the event such a memaorable one.

590 delegates attended the Conference and this
represented 553 full time delegates and 37 day
delegates. 75 delegates (12.7%) were from 19 overseas
countries, making the 11th Conference and Exhibition a
truly international Conference.

This means that the 1995 Adelaide Conference
attracted the largest number of delegates for an ASEG
Conference in its own right, a further measure of the
success of the Conference.

This success relied on the strength of the technical
papers, and the papers sub-committee, headed by
Danny Burns, is to be congratulated on bringing
together such a diverse range of papers. In all, one
hundred technical papers were presented at the
Conference.

The Adelaide Conference Organising Committee
had the difficult task in awarding Best Paper and Best
PMaper Presentation. The calibre of the papers was
demonstrated not only by the winners, but also the
number of papers worthy of a special mention in each
category.

Best Paper

The best paper was based on the quality of the paper
plus the significance of the work it represented and its
relevance both to exploration geophysicists and the
Conference theme of ‘Increasing the Resources,
Reducing the Risk’. The winning paper was:

‘Esoteric and mundane geophysics for
diamondiferous pipe exploration’ - James MacNae

Papers worthy of a Special Mention for Best Paper
were:

‘AVO as an exploration tool in the Penola Trough' -
Rod Lovibond

‘Spectral acoustic techniques for joint and fracture
characterisation’ - George jung

Thanks must be given to the Publications
Committee, and notably the Special Conference Editor,
John Denham, for ensuring the majority of papers
appeared in the Conference Volume of Exploration
Geophysics, despite the tardiness of some authors and
referees, in relation to deadlines.

BEEERE R R
e s e

Best Paper Presentation

The actual presentation or delivery of a paper is vital
to get the message across to the audience, and the high

standard of most papers presented at the Conference is
to be commended.

The Best Paper Presentation was awarded to:

Noll Moriarty for his paper ‘3D Seismic Surveying
in the Otway Basin'.

Special Mention also goes to the following
presenters for their papers:

Hege Smith - ‘The Integrated use of 3D Seismic
Data, Well Information and Seismic Forward
Modelling - Lake Hope Field Area’

Peter Gunn - Evolution and Structuring of the
Joseph Bonaparte Gulf as Delineated by
Aeromagnetic Data’

John Jackson -'Deep DHEM exploration at the Isa
Mine - the Anhydrite Prospect’

Fabio Boschetti - A Staged Genetic Algorithm for
Tomographic Inversion of Seismic Refraction Data’

Not only were there a wide range of world class
technical papers but there were six keynote addresses
covering different aspects of the Conference Theme
‘Increasing the Resource, Reducing the Risk’. The
keynote speakers were:

Ross Adler (Santos Limited), Rob Willink (Boral
Energy Limited), Michael Zhdanov (University of
Utah), Craig Beasly (Western Geophysical), John Main
(CRA Exploration Pty Ltd) and Jamie Robertson, SEG
President (ARCO International Qil and Gas Co.).

Conference Innovations

The Adelaide Conference also introduced a number
of innovations, and following their success it is hoped
they may be incorporated in future Conferences. These
WwWere:

1. Students Session

The very successful students day, where some 120
secondary students and teachers attended a morning
session of 5 papers followed by a tour of the Exhibition
Hall and a geophysical software demonstration. This
enabled the students to gain some insight on what
geophysicists actually do and why they do it. It also
emphasised the environmental awareness now within
the industry, the importance of the resource industry to
Australia’s economy and highlighted the possibility of
geophysics as a possible career option.

2. Legal Session

The legal session and forum on ‘Native Title and
Land Access’. This provided the opportunity for
minerals geophysicists to discuss the key issues of this
topic in a forum similar to that afforded petroleum
geophysicists through the APEA Conference. While this
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was a departure from the pure technical papers of past
Conferences, its was well attended.

3. Poster Session

The poster paper sessions were an important part of
the Conference. The committee tried to raise the profile
of the poster papers, to include “hot-off-the-press”
research that could not be captured in a refereed paper
format in time. The 17 posters had an 8 minutes
presentation in one of the meeting halls, followed by
discussion at the posters over lunch.

It is important to note that the Laric Hawkins
Award, for the most innovative use of a geophysical
technique, was awarded to the poster paper by Michael
Hallett and Edward Tyne of Geoterrex on ‘An
application of the GEOTEM airborne electromagnetic
method to the study of a salinity affected area in
eastern New South Wales'.

The Conference also continued with proven winners
from earlier Conferences. This included the Special
Session and Case History, focussing on the South
Australian and Northern Territory Oil and Gas case
histories,

Workshops

The three workshops held prior to the Conference
were well attended. The topics on offer were diverse
and catered for both petroleum and minerals
disciplines, ranging from ‘Geological application of
airborne TEM methods’, through ‘Integrated image
interpretation for mineral exploration’ to ‘Databases
in petroleum exploration and development: A
practical introduction’.

Exhibition

The Adelaide Exhibition Hall was the venue for the
exhibition and again demonstrated what a world class
venue it is for the needs of our society. The exhibition
attracted 70 exhibitors, utilising one hundred booths,
and was an important focus of the event, with morning
and afternoon teas and lunch being served there, as well
as the poster paper display.

Landmark Graphics International Ine were again
successful in winning the coveted “Best Exhibition”
award. Congratulations go to them, and to all
exhibitors for their continued support and the efforts
expended in putting together such a stunning
exhibition.

Honours and Awards

The Honours and Awards Committee presented the
Grahame Sands Award for Innovation in Applied
Geoscience to Malcolm Cattach and John Stanley for
their efforts in 'Sub Audio Magnetics”, Thanks also go
to Barry Long, in his capacity as representative for the
Honours and Awards Committee, and also for agreeing
toact as Master of Ceremonies at the Conference Dinner.
His contribution was certainly appreciated.

In concluding, we hope that the Conference was not
only enjoved by all delegates but thateveryone got what
they wanted from the Conference. Also many thanks
must go to the Conference Organising Committee.

Cring Gumley and Dave Tucker, Conference Co-Chairman

The Conference Organising Committee
Craig Gumley Santos Ltd

Drave Tucker Preview Resources

Mike Brumby Petrosys Lid

Danny Burns Schlumberger - GeoQuesl
John Hughes Santos Lid

Doug I(ubert:s Boral Energy Resources Ltd
Andy McGee Santos Lid

'I;grr}-' Crabb - MESA

Murfa}r_ S}fmonﬁs_ Western Geophysical

Koya Suto ~ Maru Beni
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ASEG Resean:h Fuundahnn now

in its Sixth Year E
6 |

Joe Cuccuzza -
Chairman
ASEG Research
Foundation

1995 represents the
sixth year of operations for
the ASEG Research

Foundation. The ASEG
RF formally commenced

its function in September, 1989, with the first projects i _
It was established to address the | s

supported in 199,
decline in student enrolments in exploration geophysics
which i1s no doubt part of the apparent worldwide
declining interest in science. The overall aim of the
ASEG RF is to attract high calibre students into our
profession and thus ensure a future supply of talented,
highly skilled, geophysicists for industry.

The ASEG RF achieves its aim by promoting research
in geophysics specifically by providing research grants
at the B.Sc.{Hons.) and M.5c level or equivalent. The
ASEG RF Committee has now decided to extend
support to Ph.D. projects. The grants are paid directly
to the relevant University departments to cover field or
laboratory expenses associated with the project. Grants
are not provided as student scholarships in order to
preserve the tax deductibility status of donations.

ASEG members from mining and petroleum as well
as from academia serve on an honorary basis on the
ASEC RF Committee. The current committee members
are listed below. All administrative costs are borne by
the committee members and no ASEG RF funds are
used for operating expenses. At the recent annual
meeting of the ASEG RF Commiltee new office bearers
were elected as a result of the retirement of ils first
Chairman, Bob Smith. [ would like to take this
opportunity to thank Bob for his great job in steering the
ASEC RF through its period of gestation, birth and early
growth. Bob has agreed to serve as a Committee
member.

Formy sins [ have been elected as the new Chairman,
while Nigel Hungerford was elected as vice-Chairman.

Bob Smith inguguiral Chatrman
af the ASEG Research
Foundation retired after 54
wears of fine service to
geoplysical research support

ilix:}::v ...... ”“”"‘”";ﬂ&’.‘&wgi";ﬂ s e
al G g 5’5:
!' gk : Ef- W af
e muw S P S e e

fC or mnutteﬂ members

“M: Mike J. smm
?Mr Nick Shaxr&
ﬁ[;l: Faiaer!{ Wﬂlmms Western Mmmg(lm‘pmaiion

. ] F:nt pxmdent nf M‘EG
{{Hugh Ruﬂer} :

ASEG Research Fﬂundatmn
o ﬂffi-ce Hearers

Mr ngel Hunswfm‘d
Hhﬁg&ﬁmﬂ Gmpi-i}m:cal Cnmu]tan!m

':;Ehitrl'md Acmun.hnt L

_mmedufe Fnut-Ci\mm an:
‘Mr. Bob Smith
:_1 E’RA Exphmhon Pt}r Limited

f_muid ana | The Umwmty of Adelaide

; "-:;Blg;ﬂ:ﬂ E_uplarztmn ll:l
The Umvmi:yof Qtd
2 BHPMmgmlu 2
sl x_’;;;; Parker & Famle}r Ausﬁalaﬂ-‘l
- Consultant

RGC Explurihﬂﬁ

ﬂest ﬁua’ﬁmhun Fel:miwm
- Pty L:mﬂn& WAFET! :

'M.LM Expimm Pty Ltd.
Cm:hr.l Uni of Techmlogy'

 Ex-officio member

M. Wes }ameaun
Dr. David King

 Me Doug C. Robert
Mr. Mike J. Sayers
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ASEG RESEARCH
FOUNDATION

Post i Treasurer, ASEG Research Foundation
Peter Priest, Ste 3, 17 Hackney Rd,
Hacknay 5A 5069

NAME: covciniircrasiranmnrrssssisscsnsanananas

ADDRESS: (for recelpt purposes]

T T T T T T e e R L ]

e T P E T TR P P T T ] BsmsssEEmmsEsEEEE

KR EESEE4BSAsEERLIAN AR EETEREEETE R TR AR RS A A S AR

AMOUNT OF DONATION: 8 .ieecnmranceras

On aat Asiaen = To o8 campleied by ASEG Resesich Foundalon

ASEG RESEARCH
FOUNDATION

Receipt of donation
Heceived [FOmM civresssmsrsnssmannsannsnsnins

The Sum of

dollars being a donation to the ASEG RESEARCH
FOUNDATION

in accordance with ncome Tax Assessmant Act S73A, this
donation 1o the ASEG Researcn Foundatron s lax deduchible,

e P T

SlEned: ceesisernrnstsnsisaniden

[This form should be retained for tax purposes)

Doug Roberts from Boral Energy was elected to take
over as Secretary. Peter Priest will continue to support
the ASEG RF as Treasurer. Thank you to all these people
as well as the rest of the Committee members for
contributing their valuable time to the ASEG RFE.

Applications for grants are invited from Institutions
around September or October of each year. Typically
the person responsible to supervise the student submits
a two to three page summary of the project. The
application must detail the aims of the project, degree
level, and the nature of the expenditure. It is not
necessary when submitting an application for a student
to be identified. However, successful Institutions will
need to submit the student’s CV and approved by the
ASEG RF before the grant is paid. Project selection is
made by sub-committee of specialists on the basis of the
project’s quality, relevance to either mineral or
petroleum exploration and potential to impact on
exploration technology or know-how, In this way we
support quality research projects in exploration
geophysics of interest to a wide cross-section of the
mineral and petroleum industry. The balance between
mineral and petroleum projects supported is roughly in
the proportion to the donations received from the two
sectors.

For each project, we appoint a liaison officer, who is
a member of ASEG (but not necessarily of the ASEG RF
Committee), and who monitors the progress of the
project and reports to the Committee. On the
completion of the project, a copy of the thesis is
forwarded to the ASEG RF. Theses are stored at the
Australian Mineral Foundation library in Adelaide and
are accessible through the library. Furthermore, we
require that at the completion of the project an abstract
15 published in “Preview” and any publication as a
paper is first submitted to “Exploration Geophysics”.
The supervisor is normally expected to co-author the
publication and is responsible for submission.

The project supervisor is also responsible for
drawing the grant funds as required and for managing
the expenditure. He /She ensures that a research report
and financial reconciliation is provided to the ASEG RF
on completion (or cessation) of the project. Grant funds
must be accounted for and, if not used, are returned to
the ASEG RE

Since 1989 the ASEG RF has supported 24 projects.
The following summarises some statistics of the projects
that have been supported to date.
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As can be seen from the following Table a significant
number of Australian Institutions have received grants

from the ASEG Research Foundation SC i nlrex IPR -1 2 -

Institution No of Grants Focus

S Six powerful features of

Univ of Adelaide

MRS @ o the latest IP receiver
Monash Univ 3 O & O
Univ of Sydney 3 M | & |
Univ of QLD 3 g 0O )
Univ of WA 3 L] & O
Curtin Univ

of Technology 1 M 0O O
Univ of Armidale 1 O %} O
Univ of Melbourne 1 & O O
Univ of Tasmania 1 O O
Donations

The ASEG RF can only carry on its work through the
generous donations from individuals and companies,
The ASEG has provided a significant contribution in the

past and we hope will continue to do so in the future. ® eight simu"anenusly

The SEG has also made a contribution and has been

invited to do so again. Although it 15 our hope that the m r i

ASEG RF will eventually have a sustainable funding easu E{I d pUIES

base through interest earned on its capital we still rely . .
heavily on donations to ensure that we can support four . aUtumatlc dala recmdmg

to five worthy projects per year at the B.5c. or M.5c
level. We therefore like to encourage individual ASEG

spectral IP parameters
members, companies and other Institutions with an

interest in exploration geophysics to make a donation to ° H i
the ASEG RE. We encourage contributions of $5,000 per super"]r Slg"al Bnha"cement

annum from major companies or lesser amounts from . .
smaller companies, Institutions and individuals.  All e l'Bﬂ' llITIB Calcll'atlﬂﬂs
contributions are fully acknowledged in Preview.

Furthermore, since the ASEG RF is an Approved
Research Institute, all contributions are fully tax The IPR-12, backed b‘y’ more than 30

deductible. years of IP design experience, is fully

Please send your donations to

Mr. P. Priest field tested and ready to go to work for
ASEG Rescarch Foundation you. Contact Scintrex today for a
Sl 2, complete product brochure.

17 Hackney Eoad

o
To assist you in making a donation use the form on ECINTHEX

page 14. Your support of the ASEG RF will help to Australian Office. International Dtfice.
attract high quality students to exploration geophysics
and bias university research towards more applied Rl
research of interest to industry. il

Q.

1031 Wellington Strest 222 Snidercroh Road
6005 Concord, 0

A, Australia :I' ] |.'Ir H-;-'
Joe Crictizza Tel: (61 8) 321 6O34 Tel ({505) 669 2280
Fax: (G19) 481 1201 Fax. (905) 669 6403
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With

Leonie Jones
University of
Wollongong

This is the first appearance of what promises to be
an exciting column with its finger on the pulse of
activity in university geophysics - hence the name.
Choosing the name involved several discussions and
some frantic dictionary searching, with suggestions like
“cross-talk”, “pseudo-section” and “random noise”
being summarily discarded, you will be glad to hear. In
each issue, | will present news about the teaching and
research activities in geophysics in Australia’s tertiary
institutions,

First of all, a personal introduction is appropriate. |
am the sole geophysicist in the School of Geosciences at
the University of Wollongong and have been a member
of ASEG since 1991, My qualifications include a BSc in
Physics from Queensland University, a PhD in
Geophysics from ANU, professional experience in
industry in petroleum exploration and in academia as a
geophysics lecturer. My research interests include
laboratory rock physics, seismic surveys, and gravity
and magnetic methods. In addition, 1 am interested in
the use of computers in geophysics teaching and in
innovative ways of teaching geophysics for geologists.

As | see it, the aim of this column is to provide an
informal forum for publicising geophysical activities in
our universities, focussing in particular on

o pepphysics research

* geophysics teaching

* ASEQG student activities

* general geophysics initiatives

Possible topics include current research areas,
preliminary results of specific projects (including CRC
projects), student projects, theses submitted, grants
awarded, and collaborations with industry and
government. Reports on undergraduate teaching might
focus on innovations in teaching geophysics, problems
in teaching geophysics, and use of computer assisted
learning. Other possibilities would be reporting on
ASEG student forums, summer schools, short courses,
distinguished visitors, development/evaluation of
geophysical software, and geophysics on a shoe-string
budget. Ideally, 1 would like to focus on a particular
university at a time, but not necessarily covering all of
the above topics.

B
ke GEuE
.

e

In order to provide an overall view of geophysics in
Australian universities, 1 will be sending out a
questionnaire to all departments involved in
geophysics to gather information on staff, students,
courses offered, areas of specialisation, equipment,
computer software, current student projects,
publications, theses submitted etc. But please
remember, don’t wait for me to chase you - this is your
opportunity to promote your current activities. This
column has tremendous potential and I hope there will
be no resistance at all to input (sic).

Please send contributions to
UNIPULSE column to:
Leorie Jones
f} hool of Geoff‘:rﬂ}::crs
nroersit allonear
Nar!hﬁfhilg?‘.{vmm‘ il
Wollorigong NSW 2522

Tel: (042) 213103
or (042) 213841
Fax: (042) 214250)

-

o raatlh N

i

Emnail: L jones@uom.ed.an

NORTH LIMITED
Project Geophysicist norTr
Perth based ==

Morth Limited is a diversblied Agstralia-based internatbsagl FEADI e
company with sigrilicant interests in Cold (Kanowna Helle Gold Mines,
Peak Hill, Lake Cowall, Copper-Cold iMarthparkes Minos, Alumbrera -
Argentinal, Iron Cee (Robe River), Lraniom ik nergy Resourcesof Australia),
Line (LZmkgruvan - Sweden), Equipment (Warman International) and
Wood Fibre (Morth Forest Products)

Wi are seeling an expenenced peophysicist 1o support current Cald
cxploration i the West Australian Yilgarn, The geophysicist will consult
with project gealogaeal stafi; plan, execute, proces and interprer the
results of applicable geophysical technigues: maintain processing
syslierna liaise with contractors for erjuipment and crew hire and monitor
new technical de velopmenis

KEQUIREMENTS: Geoscience degree plus experience in:

= Supervision of field data acquisition, particularly Ground and Airborne
Magnetics and Gravily.

* Processing and interpretation of the above data Iypes. Experience
with Intrepid and Ermapper would be well rogarded.

+ Skills in other technigues such as down-hole logging, EM and ¥
would be waeful,

s position carries a high degrei of responsibility, The succsssiul
applicant will report 1o the Senior Project Geophysicist - WA, but will
primarily aperate Independently at this level, He/She wall b resourceful
and have the alulity o work ciiectively within a team environment

r"q.l.l.lmp-EriH'\-i_‘ FRmrUnErAL L h|s-_' britsad (.n.r“_|,-|F|:|'||_--,|1im-|q.“-,|| ERPERCCE
will be offered. This i an outstanding carcer developent opportunity for
a skilled professional to joln & major Austealian intemational resource
I-I'.II'IIFLIH?'

Apply in WRITING te: The Senior Project Leaphysicist,
Morth Limited, PO Bax 217, Cloverdales WA 6105
or FAX: (00} 277 3044, TELEPHONE enquiries: (09) 277 Hid4.
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Seismic ]
Window
With =

Rob Kirk
BHP Petroleum

A methodology for establishing
structural history using a
reconnaissance 3D seismic
survey in the Timor Sea

Steve Abernethy
BHP Petroleum

The flexibility and data density provided by a
reconnaissance 30 seismic survey in the Timor Sea has
enabled the peneration of a detailed structural history
for the area which can be used for reservoir prediction.
The model has analogues throughout the Timor Sea and
establishes relationships between early and late faulting
episodes.

An iterative method was used to establish fault
correlations within the dataset. Faults were interpreted
on every tenth line (250 metres spacing) and assigned
different colours in LANDMARK. Time slices were

generated, displaying the fault intersections from the
vertical sections. Faults were then interpreted on the
time slices thereby smoothing out inconsistencies in the
vertical section fault traces. The vertical sections were
reinterpreted after displaying the fault intersections
form the time slices. This process removes ambiguous
fault correlations and generates smooth fault planes in
areas of poor data guality. Animation displays from
both the vertical sections and the time slices can then be
generated to provided a graphic demonstration of the
way the faults develop and their relationships with each
other.

After establishing fault correlations, a series of
structural reconstructions backstripping to prominent
seismic markers was undertaken using representative
seismic sections from the dataset. From this analysis,
three phases of fault movement were identified:

o Jurassic, setting up a large horst in the
pre-Cretaceous section

e FEarly Cretaceous, reactivating the southeast
bounding fault of the horst

® Late Miocene to Recent, on a slightly different trend
to the previous faulting and developed in an
en-echelon pattern with the faults linking through to
the earlier f]:LIH‘S near their maximum displacement

A switch in polarity between the Jurassic and Late
Miocene faults is recognised with the section
downthrown in the Jurassic forming the upthrown side
of the Miocene structuring. The presence of reservoir
section under the base Cretaceous Unconformity is
controlled by Jurassic age faulting with the final
structural geometry being determined by the later
episodes of faulting,

155 e L
"
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Thus seismiie line shows a mond form on top of elastics (Facles A), Play around with a red pevcil on Heis section, marking enlaps and downlaps, and
continuity versus disconitmuity. What do we find? The arrows mark & major sequerece bovndary, Fecies B haes high amplitude and continuily which nay
be comelentporraneous with e munded discontinuous facies (C). This unit has a transgressive, glauconitic character in wells. Facies 1 is anather mound,
yotanger than the main C mound. Facies E is @ variable amplitvde onlapping facees which drowres the Cand D monertds. This wndt is shale in mearby aells
MNote thie! the © monind exhibils different internal mound forms, The areal mapping of these smounde suggests that they are circular features. An
imterpretation is that the mounds are s floor voleanoes erupting comfemporarconesty with the marme feons Boakech fus transgressed ooer fhe

fluevial-deltaic fucies A, The voleaniy islands are eventually drowned by the facies I chales
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Geomap 2005 - unlocking Queensland’s

mineral wealth

Queensland has a rich and diverse geological
endowment. Historically, the discovery of gold and base
metal deposits in rocks of the Tasman Fold Belt and the
Mount Isa and Georgetown Provincesin the 1860s5-1880s
was extremely important for the economic development
of the State. Today Queensland’s economy remains
heavily dependent upon the exploitation of mineral and
energy resources for new investment, exporl -.:arning,q,
employment and regional development.

The potential to discover new mineral and energy
resources to replace those currently in produclion is
high. In the last seven years, eight new major mineral
discoveries have been made in the Mount Isa Province,
Collectively, these will replace all of the copper, lead and
zinc mined in the State’s history.

These discoveries owe much to the geological
information provided by the investment programs of
the Clueensland and Commonwealth Governments,

GEOMAP 2005, a program of geoscentific
investigations, has been prepared to generate
information needed to underpin new exploration

programs for mineral and energy resources and so
ensure that the recent discoveries in the Mount Tsa
region are repealed.

History lesson

There is a general consensus that while organisations
such as universities and private exploration companies
carry out geological mapping over relatively small areas,
systematic mapping of the entire State is a government
responsibility,

This responsibility has been shared by the State and
Commonwealth povernments since 1950, when the
Genlogical Survey of Queensland (GSQ) and the Bureau
of Mineral Resources, Geology and Geophysics (BMR,
now the Australian Geological Survey Organisation,
AGS0) jointly commenced the first systemalic program
to map the whole of Queensland.

A summary of the mapping programs in Queensland is
presented in the following table.

Program Partidpant Strategy Field End Cutpults Impacting
Period technology
15t pass BMR-050) systematic gealogical and 1950-73 1978 110 maps RC9 aerial
mapping geophysical mapping o (0 1:230 000 photography &
improve understanding of WD viehicles
Uueensland’s prospectivity
and resource potential
2nud pass BMR-C50 mapping of geologcally 1968-H3 1987 13 maps 1:25 000 colour
mapping complex areas with high (a1 2500 000 aerial
perceived potential for future in Mt Isa/ photography
mineral discoveries, and Georgetown
where existing maps area
provided an inadequate basis
for mineral exploration
Urban area GS0 needs of the construction 1974-83 1991 7 maps
mapping materials industry and of (e 1:100 D00
local authorities for land use
planning
RGMP G50 extension of 2nd pass 198492 1996 10 maps satellite imagery
mapping program e 1250 UKD and imaging
Aystems
NGMA AGSO-CEQ new generation geoscentific 199(1-95 1996 4 maps aerial
-Morth Cld, maps, datasets and other e 1:250 000 geophysical data
SBEA information should be
produced during the nexi
20 years in areas of high
prority for mineral and
petroleum exploration and/or
where significant issues on
land use exist
GEOMAP (50 that no geological map data 1993- 2005  targeted 60 GIS & GPS
2005 for potentially mineralised map areas technology
areas are more than 20 years @ 1:250 000
old and the current
mvestigation of Qld
sedimentary basins
petroleum prospectivity is
completed by 2000
21 Preview OCTOBER 195
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GEOMAP 2005 PROJECT AREAS

PROJECT AREAS
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There are three basic points demonstrated by the data in
this table:

1. The strategic goal for the State’s mapping program
has not changed since its inception in 1950, This
ubservation reinforces the importance of quality
geoscience information to the successful
development of the State's geoscience resources
and the responsibility governments have to
ensure the integrity of this information resource,

2. The decline in the rate of coverage associated with
second pass mapping. This decline in the rate of
geological map production has been attributed to
a decrease in levels of resources (funding and
staffing), to the withdrawal of the BMR from
systematic regional geological mapping in 1982
and that geological mapping is a much more

Geomap 2005 today

A 12-year program, GEOMAP 2005, entails updating the
geology of 60 standard 1:250 D00 sheel areas that are
considered lo have mineral potential. The GEOMAP
2005 program project areas are shown on the left,

Clearly the second pass mapping rate documented in the
table (one 1:250 000 sheet per year) will nol solve the
problem of the ageing of the first pass mapping.

The primary geological knowledge base for known or
potentially mineralised areas in Queensland remains
more than 20 yvears old, and some maps are more than
M years old.

It is in these areas that the need for accurate and
up-to-date peological data is greatest to assist both
exploration and land use management.

The second pass mapping process must be accelerated.
The GEOMATP 2005 program has implemented a
project-based management process and revamped DME
mapping systems to optimise the impact of new
lechnology.

¥

complex and time consuming process than it was

30 0r 40 years age. Portion of the south-wes! corner of the Clernont 1:250 000 Sheel

area. During the first pass geological mapping of the avea o the 19605,
no attempl was made to subdivide the Anakie Metamorphics which
miake up most of the area depicled. This was partly because of the
quality of the available BEW aerial photagraphs, and the emphasis of
the magping team on rocks prospective for coal and petroleum, Only
the limits of the metamorphics were delimited, such as the boundarics
shown with the Cainozoic cover in the west and the Retreat Batholith
it fhe similh-enst.

3. The impact of technology on the mapping process.
B&W pholography, colour photography, satellite
imagery, geophysical map and Geographic
Information System (GIS) and Global Positioning,
Satellite (GPS) technology exemplify an evolution
from paper base medium to a totally digital
environment,
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Key elements of the new mapping system are:

* clear geological focus established before the pro-
ject starts

* adopting a digital environment (MERLIN) for
the projects from conception to finalisation,

* extensive pre-field mapping data capture proc-
ess including geophysical and satellite imagery
data,

* fixed time frames for the project, and

* digital map production processes.

Many of the new processes involving the integration of
modern data sets have been piloted during the Anakie
mapping program. The figures below demonstrate the
role of geophysical and satellite imagery data and the
increased geologic complexity associated with modern
exploration programs. The figure on the left represents
the geology from the SW corner of the Clermont
e 1:250 000 sheet area prior to the Anakie Project. In the

centre, the ternery radiometric image of the same area
can be seen. On the right is the geology of this area at the
completion of the new mapping program.

Asa nﬂ:uh‘ of second pass mapping using w!r-}Iitr- and geophysical imagery in confunction with gm““d traversing, the Anakie M;-fgm,-}rr,rwe

The mapping team compiled this interpretation from:

*  previous exploration work that occurred in the
area subsequent Lo the first pass mapping,

= TM imagery,
* aerial geophysical data, and

* ground truth surveys.

The future - MERLIN

Theimpact of technology on the mapping process (B&W
photography, colour photography, satellite imagery,
geophysical data and GIS & GPS) is driving an evolution
toward a lotally digital environment.

The Department of Minerals and Energy, Queensland
is leading the way with MERLIN, the Department's
state-wide digital information system providing access
by explorers to comprehensive datasets including tenure,
geoscientific data, and resource data. On the following
page are examples of new digital geoscientific data sets
available from the DMEQ.
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have been subdivided into six named formations and several members. The units are defined by different proportions of pelitic to psammitic
metasediments and mafic igneous units (greenstone). Ground traversing revealed that the oulerop putterns, which are clearly shown on the
images (see left), are produced by open antiforms and synforms that fold an originally flat-lying metamorphic fabric.
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International Geomagnetic Reference Field,

1995 Revision

IAGA Division V,
Working Group 8 i

The International Geomagnetic Reference Field
(IGRF) is a series of mathematical models of the main
peomagnetic field and its secular variation. Each model
comprises a set of spherical harmonic (or Gauss)
coefficients, gM and AT ,inaseries expansion of
the geomagnetic potential,

I a
V=a z 2 {&}‘“‘l [gﬁ*“ cos m@ + hT sin mqb‘]:“n"‘ {cos8)

mml m=0

where a is the mean radius of the Earth (6371.2 km),
r is the radial distance from the centre of the Earth, @
is longitude eastward from Greenwich, £ is
geocentric colatitude, and PF (cos#)  is the
associated Legendre function of degree n and order m,
normalized according to the convention of Schmidt
(e.g., Chapman and Bartels, 1940; Langel, 1987). N is the
maximum spherical harmonic degree of the expansion.
The main field models are defined for successive 5-year
epochs. At the final epoch, presently 1995.0, a secular
variation model is included for forward continuation of
the field for the following 5 years,

A Tth generation (1995) revision of the IGRF was
adopted by the International Association of

Geomagnetism and Aeronomy (IAGA) during the XXI
Ceneral Assembly of the International Union of
Geodesy and Geophysics held in Boulder, USA in July
1995. Spherical harmonic coefficients for the complete
IGRF are listed in Table 1. The ICRF now consists of a
new set of IGRF models at 5-year epochs from 1900.0 to
1940.0, the existing DGRF models at 5-year epochs from
1945.0 to 1985.0 (IACA, 1991; Langel, 1992}, a new DGRF
1990 model that replaces IGRF 199, and a new IGRF
1995 model that includes secular variation (SY) terms
for forward continuation of the 19495 field to the year
2000.0. Coefficients for dates between the 5-year epochs
are obtained by linear interpolation between the
corresponding coefficients for neighbouring S-year
epochs.

The main field models are truncated at N=10 (120
coefficients), which is the practical compromise adopted
for producing well-determined main field models while
avaiding most of the contamination from crustal fields.
Main field coefficients are rounded to the nearest
nanotesla to reflect the limit of resolution of the
observational data. The prospective secular variation
model is truncated at N=8 (R0 coefficients) with
coefficients rounded to the nearest 0.1 nT/yr, again
reflecting the resolution of the available data. When

! Participating miemibers: C.L. Barton (Charrmen), BT, Raldinn, DR
Barrmclougk, 5. Bushati, B Coleran, P. Kotz, V.P. Golovkop, A. Jackson.
R.A. Langel | F.J. Lowes, 1], McKnrght, 8. Macoollae, LR, Newiti
N.W. Peddie, | M. Quiine, and T.]. Sabaka,

Table 2. IGRF 1995 - World Data Centres

Waorld Data Center-A: Sclid Earth Geophysics
MNational Geophysical Data Center

NOAA, Code E/GCI
325 Broadway
Boulder, CO 80303-3328,

Warld Data Centar-B2

Russian Geophysical Commillaa
Academy of Sciences of Russia
Molodezhnaya 3

Maoscow 117 286 RUSSIA

USA

Tel: +1-303-497 6521
Fax: +1-303-497 6513
Email: info@ngdec.ncaa.gav

Tal:
Fax:

+7-930 D548
+7-830 5509
Email: sge@adanis.iasnel.com

World Data Centre—C1: Geomagnetism

British Geological Survey Tal: +44-131-667 1000
Murchison House, West Mains Road Fax: +44-131-868 4368
Edinburgh, EH8 3LA, UK Email: drbar@wpo.nerc.ac.uk

World Data Canter-A; Rockels and Satellites

MASA/Goddard Space Flight Center Tel: +1-301-286 BB695
Code 633 Fax: +1-301-286 1771
Greenbelt, MD 20771, UsA Email: request@nssdca.gsfc.nasa.gov
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converting between geodetic and geocentric
coordinates, use of the [AU ellipsoid (International
Astronomical Union, 1966) 15 recommended: it has an
equatorial radius of 6378.160 km and flattening
1/2498.25,

The IGRF 19495 model will be superseded when a
definitive model of the main field at 1995.0 is adopted
at some later date. Similarly, the IGRF models for 1900
t0 1940 may be revised later. Details about the derivation
of the 1995 revision of the IGRF will appear in a special
issue of the Journal of Geomagnetism and Geoelectricity
in 1996. The name IGRF refers collectively to the entire
series of spherical harmonic models; if a particular
epoch model is intended, the reference must be specific,
e.g., IGRF 1995 or DGRF 1980.

ASCII files of the IGRF coefficients and computer
programs for synthesising field components are
available from the World Data Centres listed in Table 2
and also from cooperating national geomagnetic
observatory agencies and geological surveys
throughout the world.

IGRF is produced by IAGA Working Group V-8
Analysis of the Global and Regional Geomagnetic
Field and its Secular Variation. The new models
adopted for the 1995 revision of IGRF are based on
candidate models provided by NASAs Goddard Space
Flight Center (Terry Sabaka, Rich Baldwin, and Bob
Langel), The Institute of Terrestrial Magnetism,
lonospheric and Radio Wave I'ropagationlZMIRAN
(Vadim Golovkov), and jointly by the US Navy (lohn
Quinn and Rachel Coleman) and the British Geological
Survey (Susan Macmillan and David Barraclough). We

Special Pre-Xmas offer
on new Magnetometers!

thank the staff of magnetic observatories and survey

organisations world-wide for providing the data on
which IGRF depends. For further information about
ICRE contact IACA Working Group V-8 (Chairman:
C.C. Barton, Australian Geological Survey
Organisation, GPO Box 378, Canberra ACT 2601,
Australia. Fax: +h1-6-249  9Q8A, email:
charton@agso.gov.aul.
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Abstract

The Complex Resistivity technique can be used to
describe the total circuit response of a conductive ore
body. The combination of an EM and [P response can be
used to construct a unique signature diagnostic of each
deposit. However more complex and costly survey
methods are normally required for a comprehensive
survey covering a wide range of frequencies.
Comparable data may now be generated using FFT
techniques with time domain data to isolate several
harmonics in each chargeability decay curve. Data
obtained in central Victoria confirm the viability of the
technique and the equivalence of the time domain and
frequency domain parameters.

Introduction

Zonge and Wynn (1975) have described how the
Complex Resistivity (CR) method can be considered as
a combination of electrical measurements. They
indicate that CR measurements are a combination of
typical IP parameters such as apparent resistivity,
percent frequency effect and phase angle (or the
equivalent chargeability). Also measured are the host
rock response, type and approximate quantity of
mineralization, and additional information concerning
vertical or horizontal rock discontinuities (derived from
electromagnetic reflection data, and used to interpret
resistivity pseudosections). The combination of this
information gives an apparent geological cross-section
of considerable detail based solely on electrical
measurements. Electrical responses can be separated
into major categories (Zonge and Wynn, 1975) -
anomalies caused by economic mineralization can be
distinguished from those caused by EM coupling,
non-economic polarization sources, cultural coupling
(pipes, wires, fences), and odd geologic environments.

Frequency Domain and Time Domain [P
measurements are equivalent in a linear system, and are
interrelated through the Fourier transform (Soininen,
1984). The appealing quality of the Time Domain
method is that the whole transient can be recorded in a
single measurement. A pulse train transmitted
waveform is often used, and spectra are often recorded
in the Time Domain by measuring the voltage transient

at a number of instances after the current pulse has been
turned off (Soininen, 1984). The advantage that the
pulse-train transmitted waveform has over a single
pulse is that it improves the signal-to-noise ratio.
Consequently CR surveys based on modifications of
conventional Time Domain I techniques are an
attractive proposition (Boothroyd, 1994).

Time Domain Conversions

The conventional Frequency Domain 1P methad
often requires considerable effort to obtain sufficient
volumes of data to make an accurate presentation of
complex impedance. In contrast time domain methods
can be used to obtain similar information but at a much
quicker rate. The equivalence that exists between Time
Domain and Frequency Domain [P data can be used to
convert Chargeability values to their PFE counterparts.

This then enables time domain data to be plotted as
a function of frequency. Each point gives a Complex
Resistivity data point (relating to phase and amplitude).
A set of Complex Resistivity points gives a Spectral I
plot. In the frequency domain this plot would normally
be extrapolated back to zero frequency (DC level) to
give an indication of the pure capacitive response,
unaffected by higher frequency inductive effects.

Time domain measurements are usually a
normalisation of a secondary measured decay voltage
againsta primary voltage. Most Time Domain receivers
integrate the decay curve over some fixed interval, ata
time after current termination. The ratio of secondary
to primary voltage is defined as the Chargeability, {(m).
Interpretation of variations in decay curves led to the
development of the Newmont Standard 1P decay -this
then formed the basis of comparison for future Time
Domain receivers (Johnson, 1984). The L/M parameter
was developed (Swift 1973) to define a ratio between the
area over the decay curve spanning .45 to 1.75 seconds,
and the calculation of the subsequent Chargeability for
the decay.

Time Domain and Frequency Domain IP data can be
linked by manipulating the basic definitions for each
response function. For Time Domain data the II' effect
is described using the concept of chargeability variously
given as:

5|r;uEd.a|I willage
M= erimary voltage

2 Ve ” VeV 1

12
= o | [V{r}*dr]
Vg Ve Voo

For Frequency Domain data the IP effect is given as
a Percentage Frequency Effect defined as :

low freaquency response - high ireguency respones
I1||_||1 freaquancy rasponse

PFE =

Ppo-Pac
= —— 00
Pac
where. Poo = apparent resistivity al low frequency.
Pac = apparent resistivity at higher frequencies

Poc < Pac

Seigel (1959) defined the chargeability in the time
domain as:
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By use of the LaPlace transformations, chargeability
can be expressed as a Frequency domain phenomenon:

From circuit theory
lim; . V) =JdPDC
lime_yg V() = JP

Hence approximating p.-?ac the IP parameters can
be re-defined giving

Ti D i Ch.‘llr_p_:."ltnlll‘:f =M= I--I-‘."i:'£
ime Domamn: Poe
Domain: Poec

Frequenc_v Frequancy Effeot = FE = i =1
Pag

Substituting for Pac.Poc matT o

m=FE (38 FE <«<1)

This relation may not be valid in practical situations,
as the measurements are not made at DC and VHE for
either the Time or Frequency systems. The equivalence
of the methods is not accurate, as there is no relation
between a point in the Frequency Domain, and a point
in the Time Domain (Marshall and Madden, 1959).
However when the phenomena are linear (a
homogeneous half space), frequency information can be
derived from the transient measurements (or vice
versa), using Fourier Transforms. Unfortunately,
transformations from Time to Frequency Domain data
are inexact, Time Domain data does not correspond
with a single point in the Frequency Domain.
Chargeability values are a total polarization effect
parameter, and Frequency Domain PFE values are a
differential polarization parameter (Zonge et al, 1972),

Van Voorhis et al (1973) related both the m and PFE
values to an exponent “b”, This, they suggested was a
complete measure of the IP phenomenon. They found
that the PFE value is independent of the specific
measurement frequency, rather the relationship is
dependent upon the spread of frequencies and an
exponent b:

PFE = (1-A)* 100.

where A specifies the spread between measurement
frequencies.

e ————————————

Data from 23 spectra were compared with the
expected value from the equation above. Results were
within an “error of measurement”.

Complex Response

The Complex Resistivity technique measures the
in-phase and out-of-phase components using
additional frequencies to the conventional 1P method.
This creates the spectrum of frequency values -complex
{real and imaginary) resistivity values. This involves a
comparison of the magnitude and phase of the input
and output waveforms, in Time and Frequency
Domains via an intervening transform (Sumner, 1976).
This is a ratio of input current to output voltage by
Ohm'’s Law, and is defined as the transfer impedance of
a system, which may involve complex waveforms. This
enables the Complex Resistivity method to analyse the
total electrical response of the Earth, in terms of the
Induced Polarization, resistivity, and related electrical
and electromagnetic properties, then separate their
individual contributions (Sumner, 1974).

An example of CR data is given in Figurel based on
Frequency Domain measurements of PFE and phase
angle. The complex plot displays an actual spectrum
derived from a quartz porphyry breccia laboratory
sample containing approximately 5% sulphides by
volume (Zonge and Wynn, 1975). The plot was
constructed using chargeability magnitudes m’ and m*,
with (1.1 Hz phase angle. The standard IP measurements
for the sample were then obtained (19% PFE, 80
milliradian phase shift, and 96 msec chargeability
{empirically determined to be 1.2 times the 0.1 Hz phase
angle, Zonge and Wynn, 1975). This diagram illustrates
that the PFE values are proportional to the in-phase
components, and that the phase angle corresponds to
the out-of-phase components (Zonge and Wynn, 1975).

A Complex Resistivity survey measures the effects
of discrete frequencies from 0.01Hz to 10.0Hz, using odd
harmonics (1, 3, 5, 7, 9, 11} of full square waves with
frequencies at decade intervals (0.01, 0.1, 1.0, and
10.0Hz) (Sumner, 1976). Pelton et al (1978), made
Complex Resistivity measurements over the frequency
range 107 to 10*° Hz, over 26 massive sulphide,

PFE =

x 100%

Ih Real

{00 10 1O Hr decade)

Figure 1. Graphic relationship between frequency domain 1P and Complex Resistivity, (Zonge and Wynn 1975, p853),
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graphite, magnetite, pyrrhotite, and porphyry copper
deposits. The large frequency range (7 decades), was
used to test the applicability of the Cole-Cole equivalent
circuit maodel to the true IP response, the differences in
observed spectra due to the mineralization detected,
and if inductive coupling was inherently different from
“natural II" behaviour” (Pelton et al, 1978). Sumner
(1976) also suggested that data is checked for linearity
by using the eleventh harmonic and comparing it with
the next decade.

Conventional IP measurements are often disturbed
by EM coupling at high frequencies, and data at lower
frequencies are often masked by natural Earth currents
which make noise an important practical factor
(Marshall and Madden, 1959). Unless care is taken in
designing a filtering program to be applied to the data,
processing can detract from the target response
rendering the data meaningless. However when a small
electrode spacing is used, the resulting inductive
coupling factor can be compensated., The inductive
coupling depends upon the “frequency” x "the
electrode spacing” (f x a), so a small spacing can
accommodate a larger frequency (Pelton et al., 1978).
This obviously restricts the depth of penetration for the
Dipole-Dipole survey (depth = 1/2 electrode spacing).
Pelton et al., (1978), therefore made all measurements
on exposed mineralization, in open pits or fresh
outcrop. An alternative method is required for practical
field surveys over targets of large volume.

Johnson (1984) has suggested that Time Domain
data can also be used to extract the Cole-Cole spectral
parameters. Johnson (1984), illustrated a methoed
whereby, decays were compared to a set of master
curves (the Newmont Standard I Decay). Decay
parameters are fitted to the master curves, and the
chargeability is then calculated. This then leads on to
calculation of the Cole-Cole parameters. The Scintrex
1G5-2/1P-4 Time Domain IP receiver available for this
project calculates the Cole-Cole parameters “on line”.
Chargeability and the time constant values are
computed. The timeiﬁonstat%t value can range between
21 binary values (27 to 27 for a two second timing
sequence).

An alternative method is used in this study to
generate Complex Resistivity plots involving a
manipulation of Time Domain Chargeability data, As
illustrated previously, the Chargeability values can be
roughly transformed to PFE values. This comparison is
not exact, but does provide an efficient method for the
accumulation of Spectral IP data. Johnson (1984) also
concludes that the most practical method of Spectral IP
plot generation came from studies of Time Domain
decay curves. Time Domain decays can be modelled as
a series of decay exponentials from which the Frequency
Domain phase spectrum can be calculated (Johnson,
1984). However in the current project FFT's (Fast
Fourier Transforms) were used to investigate the nature
of individual harmonics in each decay obtained over
potential [P targets.
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Data Reduction

Synthetic data were first prepared to demonstrate
the techniques available for converting Time Domain IP
data to the Frequency Domain equivalents. Typical
capacitor like decay curves were constructed and
transformed using an FFT technique. By observing
graphs of amplitude verses frequency produced by the
Fourier Transform, the effect by an arbitrary PFE value
can be determined. Normally the odd incremental
harmonics should be fractions of the 1st harmonic. The
3rd harmonic should be 1/3 of the 1st, the 5th harmonic
should be 1/5 of the first, (etc). If the observed
harmonics do not follow this theoretical decay, then the
data is interpreted as being effected by a PFE associated
with a target. The waveform and harmonic graph
anticipated for a pure (zero PFE) ‘transmitted’
waveform is shown in Fig 2 any departures from this
distribution can be attributed to an I’ anomaly.

PFE values must be calculated as a function of the
amplitude and frequency of the resulting harmonics in
the Fourier Transformed graphs. Each fundamental
frequency must be multiplied by the particular
harmonic number for which a PFE value is being
calculated, The PFE values were defined as the
observed frequency from the Fourier Transformed data,
multiplied by a fraction consisting of the amplitude of
the transmitted waveform for that harmonic minus the
amplitude of the received waveform for that harmonic,
all divided by, the amplitude of the transmitted
waveform for that harmonic.

Similar techniques were used to process field data
obtained in central Victoria. Data were obtained using a
Wenner array with spacings of 10 and 20m to observe
the variation of response with depth. Measurements
were repeated using periods of 1,2 and 4 seconds (=
frequencies of 1,0.5and 0.25 Hz). Typical decay curves
are indicated in Fig 3 showing values of chargeability
on a log/log scale (recorded as a function of the data

Tel; Sharkeyy
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Figure 3. Varying gradients resulting from the graph of Log chargpeability
verses Log time-slice, Sharkeys Prospect
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Figure 4. Raw farmonic data from Sharkeys Prospect (Central Victoria).

windows: the first window (M1) s recorded at 7.15msec,
M2 at 12.5msec,.....M14 at 795msec). A straight line is
then fitted to the resulting plot, and extraneous points
are filtered out.

The results of Fourier Analysis are indicated in
Figure 4 showing the raw harmonic data, and Figure 5
illustrates the graph of amplitude verses frequency for
the compensated harmonics. The reason that the
successive harmonics are not equivalent inamplitude to
the 1st, is that the data has been influenced by a small
PFE. The magnitude of this anomaly is very small (as
observed by a parallel study of the chargeability values),
but significant enough to effect the data. Unfortunately,
for the purposes of the example, there does not appear
to be a significant IP anomaly present at this site.

This method has illustrated that it is possible to
model the response of a target from Time Domain IP
data. Better examples of a chargeable anomaly should
highlight the advantage of this technique. Converting
the data to a plot of Real verses Imaginary (or in phase
verses put-of phase) would indicate the presence of
coupling effects. This technique has no phase reference
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Figure 5 Compenisated harmornies from Sharkeys Prospect (Ceniral
Victorin).
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todo this, so in fact is considered to be a spectral analysis
of the Earth's electrical response.

Conclusion

Conventional EM and galvanic techniques normally
concentrate on a single component of a complex circuit.
In particular separate geophysical methods have been
developed to measure the EM and IP response for any
particular target (Keller & Frischnecht, 1970). However
EM and IP targets are often present in the same horizon
(eg Mt Isa where mineralization is confined within a
graphitic horizon, Pelton et al. 1978) and a pure
electrical response may be impossible to identify.
Complications related to IP effects have been observed
with conventional TEM surveys (Smith & West 1988)
and IP surveys are commonly subject to EM coupling
effects, In contrast the CR technique has been developed
to fully exploit the combined response over a range of
different frequencies. The results of the current study
now indicate that CR data can be obtained efficiently
using modifications of well established time domain
techniques.

The advantage that the Complex Resistivity
technique has over conventional galvanic methods, is
that there is the possibility to differentiate between
various target responses. More familiar techniques
such as IP and EM are used to detect the presence of a
conductor in terms of specific electrical responses of the
Earth. The Spectral analysis obtained using Complex
Resistivity data, enables the conductive responses to be
further defined in terms of their economic ore
mineralogy (ie: the causative body of the detected
response). Pelton et al (1978), discovered that
differences occurred between the spectral responses of
Massive Sulphides and Craphite. This is a major
break-through in Geophysical methods in Precambrian
areassuch as Canada, Australia, Scandinavia, and more
recently the Brazilian shield, where previous electrical
prospecting methods have had an inability in
distinguishing between volcanogenic massive sulphide
mineralization and graphitic schists (Pelton et al 1978).
This is a major step forward as some of the largest
known Massive Sulphide deposits in the world occur in
graphitic areas and even along graphite horizons (eg:
Mt Isa, Australia) (Pelton et al, 1978).

Plotting the data on Real and Imaginary axes (rather
than Amplitude verses Frequency) would give an
indication of the coupling effects observed in a survey.
Removal is essentially easy - a curve is plotted to the
points on the graph, and this curve is then extrapolated
towards the low frequency end (DC level). This
removes the coupling effects, and gives an indication of
the pure IP response at the low frequency end. Host
rock responses can be determined, and Mineral
Discriminations are possible in terms of Massive
Sulphides and Graphitic Shears. With more data being
gathered, the discriminations could possibly be
extended to differentiate between the types of economic
‘ore’ minerals, identifying the mineral detected (ie:
Galena [PbS] which is a chief ore of lead, verses
Chalcopyrite [CuFe52] the chief ore of copper).
Currently this has been possible in a limited number of
survey results - Pelton et al. 1978, have indicated that

they were able to observe differences between the
spectra of Pyrrhotite and Magnetite, and those of wet
and dry mineralization. As a greater data base of results
is obtained, an ‘atlas’ of type signatures could be
devised to define certain classes of ores, so that
identification is then made even easien
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Excitations

by

Stephen Mudge
RGC Exploration
Pty Ltd

Different Anomalies from
Different Sources or Different
‘Kicks’ from the Same Body.

The wide variety of geophysical parameters that the
explorer can measure in the field means that we need to
think carefully about the source of the responses we
observe and the meaning of our interpretations of those
observations, It is generally worth the effort and cost to
make a variety of field measurements to observe as
many geophysical 'kicks” as the buried target can
produce. The combined analysis of these responses can
provide a fairly comprehensive picture of the target.
Self Potential (SP) and a Transient Electromagnetic
(TEM) surveys | conducted a few years ago at a
basemetal prospect provide an excellent example of
multiple and varied peophysical responses from a
single mineralised structure. It also shows a useful
application of the lesser used SP method for target
delineation.

sP

The SI' method is very simple to apply and is
probably the lowest cost geophysical method available.
A survey was conducted at the Mossgrove Prospect,
near Burraga in NSW, to map anomalous Cu/Pb/Zn
geochemistry in an outcropping gossanous siltstone,
Measurements were made at intervals of 10 metres
along a series of survey lines space 50 meters apart. The
survey mapped a self potential anomaly about 1 km in
strike length with amplitude peaking up to 250
millivolts. The SP anomaly was coincident with the
geochemical anomalies and mapped the buried strike
extension of the target horizon. The 5P results indicated
the presence of a significant sulphide oxidation system
and hence supported the supposition that a massive
sulphide could be the source of the anomalies.

Interpretation of the SI' data involved computing
responses of sphere and dipping line-dipole models to
determine the depth to centre and dip direction of a
suitable source geometry. We actually found that a
combination of several sphere and line-dipole models
were required to account for the local anomalous ‘highs’
observed on the broader background response. Depths
for the bodies ranged from 25 to 85 metres, most being
about 50 metres, The strongest geochemical anomalies
were coincident with the shallowest SP sources. Dips of
individual bodies varied from vertical to 80 degrees

west, the targel horizon in outcrop showed an easterly
dip.

TEM

Following the SP survey a large fixed-loop MK2
SIROTEM survey was conducted to test for an
electrically conductive massive sulphide source for the
geochemical and SP anomalies. The SUFVEY was
conducted with the roving vector receiver along lines
spaced 100 metres with measurements made at
intervals of 25 metres. The survey was repeated with
the transmitter loop relocated on the opposite side of the
area to account for possible changes in dip of the target
horizon.

A strong half-space response was measured on all
lines and the response from one line, showing only a
half-space response but nota rget response, was used for
removal of the half-space response from the rest of the
data. This process revealed X component data having
well defined peaks and Z component data showing
cross-over points migrating toward the east, indicative
of an easterly dipping conductor. These responses were
displaced about 50 to 75 metres east of the SP and
geochemical anomalies.

Analysis of the early time data revealed a conductor
having an average dip of about 45 degrees east and late
times indicated a dip of about 75 degrees east.
Depth-to-top estimates ranged from 120 to 175 metres.
This analysis was done using characteristic points
(inflection and turning points) on the observed profiles,
we did not have numerical modelling facilities at the
time (quite a few years ago now).

Combined Interpretation

Figure 1 shows the strongest SP response (through
the centre of the anomaly) from Line 3950N with the
interpretation of the SIROTEM and SP data. The
SIROTEM responses were strongest on lines 3900N and
4000N (there was no data acquired from Line 3950N).
The interpreted conductor is shown with a dip of 75
degrees east. Its location, east of the SP and geochemical
anomalies, is a best fit as the conductor strikes about 15
degrees grid west. The survey lines are oblique to the
geological strike.

It was noted that the SIROTEM early time dip
estimate of 45 degrees at a depth of 125 metres points
up dip to the centre of the interpreted SP source. The SP
source is probably located at the base of oxidation and
associated with the gossan. We concluded that the
gossan is the upper level of a deeper conductor dipping
to the east, its dip increasing to about 75 degrees with
depth. The vertical to steep westly dips determined for
the 5I" sources are probably related to the shape of the
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base of oxidation and not the dip of the mineralised
structure. So don't be perturbed that dip directions
determined from 5P surveys may be different to those
of the surrounding rocks (a potential trap for young
players).

The interpreted conductor was tested by a drillhole
collared to the east of the conductor and drilled to the
west. A significant interval of Cu/Pk/Zn vein
mineralisation was intersected at the interpreted target
depth and subsequent downhole SIROTEM surveys
confirmed that the hole had tested the only conductor
present.

Conclusion

The Mossgrove example demonstrates that a variety
of geophysical anomalies can be observed from
different parts of the same mineralised structure, in this
case the shallow gossan and the deeper unweathered
conductive mineralisation. The relationship between
the various responses can provide the geophysicist with
mare information about the nature of the target.

The 5P results increased the follow-up priority to
these particular geochemical anomalies, other
geochemical anomalies at the prospect were not
associated with SI" anomalies and consequently were
ranked lower for follow-up. Also, the 5P survey
cost-effectively delineated the strike form of the buried
gossan. In itself the SI* anomaly did little to delineate
the deeper and more important part of the mineralised
structure however, its spatial relationship with the TEM
anomalies was important in confirming the dip and
depth estimates obtained from the SIROTEM
interpretation. This gave us greater confidence in
locating the expensive diamond drillhole which, as it
turned out, successfully tested the anomalies.

If you think your target might ‘kick’ to more than one
geophysical method then you ought to make it ‘kick’
again and again so that you can get a more accurate drill
target. The cost of the extra ‘kicks’ will probably be
much less than the cost of drilling a less accurate target
a second time in an attempt to make an ore discovery.
Don't neglect to use the simplest and least sophisticated
geophysical methods such as ST they all have their part
to play, they all tell their own story about what's going
on down there. [f it 'kicks’ more than once you'll
probably want to drill it!

Happy Excitations.,

Contributions:

Please send
contributions to
Excitations column to:

Steve Mudge

RCC Exploration Pty Lid

PO Box 322

Victorta Park WA 6100 ‘
Tel: (09) 442 B100: Fax: (09) 442 8147

SENIOR GEOPHYSICIST

Geotarrax wish to appoint a geophysiciet at  the senior
level in our Data Processing and Interpratation group,
Tha position will involve geophysical daela processing,
map production and technical supendsion. The wark will
bring you inlo contact with and allow you to contribute 1o
the latest developments in  airbome magnetics and
radiometrics as weoll as. GEOTEM and DIGHEM,
recognised as the worlds foremost ailbome EM
prospacting systams.

ldeally, you should have a good foundation in
electromagnetic and potential field geophysics and have
demonstrated exparience wilh airbome data processing
and modam computer map making.  Strong numearical
skills and compatency in the UNIX emvironment would
be most desirable.

Whilst the posilion will be located In Sydnay, there will
be a nead 10 travel within Australia and overseas. This
i= a particularly rewarding position which will provide lots
of variety, challenge and career path opportunities within
a professional and dynamic emvironment. An appealing
salary package is designed 1w attract high calibre

3

Apply In confidence to:

Manager, Data Processing
Geoterrex Ply Lid

PO Box 386

ARTARMON NSW 2064

geoterrex

TECHNICAL MARKETING
GEOPHYSICIST (Perth)

This I= a unique opportunity 1o join Geotomex Ply Lid, the
foremeost intemalional geophysical service organisation. The
Company  specialises in tha provision of airbamea and ground
survays o the minaral and patroleum exploration industries and
operates worldwide with surveys currenlly in progress on all
continents. We prasently have a raquiremant for a person with
tha following attributes

The successiul applicant will be an exparianced Geophysicist
with & Taeriary education, a fundamantal knowledge of alectrical
and potential field geophysics and who can demonstrate
genuine markeling skills. He / she will want to play a key role in
the company's oparations, will be strongly motivated, skilled in
team building and possess good communicalion abilities.

The position will antall joining our existing Perh-based team
and expanding the company's aclivilies in the westem part of
Australia by building on our existing cliant base and our unique
range of services. Suitable epplicants may also becoma
invalved in the provision and marketing of our services in Asia
and In Africa

Senior or mid-lavel applicants are invited to apply and an
aftractive  remuneralion package will bs negotiated
commansurata with experiancea,

Writlen applications for this position including a complete
rasumea should ba sent in confidence 1o

The Managing Director i
Geoterrex Pty Lid L
PO Box 386

Artarmon NSW 2064
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Membership

Where Are They?

Does anyone know the new address for the

following members?

Meil Young

Last known address:
19 Playfield Street
East Vic Park WA 6101

Jehn HOLMES
Last known address:
BHP Petroleum Lid
GPO Box 1911R
Melbourne V1C 3000

Kevin JARVIE

Last known address:
BHP Petroleum Ltd
CPO Box 1911R
Melbourme VIC 3001

Vanessa HUMPHREYS
List known addness

20 Hillerest Avenue
Moarebank NSW 2170

Khmaphira VIRAVONG

Last known address:

Gurology & Ceophysics Dept
University of Sydney MSW 2006

Samantha SCHELLAARO
Laest known address

23 Danby Street
Torrensville SA 5031

Desell SUANBURI
Last known address;
Flinders University
Schonl of Earth Sciences
GPO Box 2100
Adelaide SA 5007

Charles SHEEN
Last known addness:
Santos Ltd

PO Bax 2319
Adelaide SA 5000

Boris ADAMEK

Last known address;
Unit 15, 118 Lipsctt Drive
Brooklyn Park 54 5032

Robert STUART
Last known address;
19 Summons Street
Enmore MSW 2042

Richard JASON

Last known address:

14 /23 William Street

MNorth Parramatta NSW 2151

Andrea BROADDUS
Last known address:

C /- International Office
Melbourme University
Parkville VIC 3052

Michael ROONEY
Last known address;
4 Shadforth Stroet
Mosman NSW 2GR

Peter JONES
Last known address

QLD Dept of Minerals & Energy
GO Box 194

Brishane QLD 4001

Antony PRICE

Last known address:
L1813 Stirling Hwy
Medlands WA 6009

Matthew OWERS

Last kniown address;

A Craig Strovt

St Ives Chase NSW 2075

RBrett HARRIS

Last known address:

Curtin University of Technology
73 Walpole Strect

St James WA 6102

David CATSOULIS

Last known addness

97 Charlotte Stroet
FADDINGTON QLD 4064

Bruce PRESTON

Last known address:
Momura Research Institute
Lawel 32, State Bank Centre
32 Martin 1,

Sydney MSW 2000

David RADCLYFFE
Last known address:
45 Yaringa Road
Castle Hill NSW 2154

Brett EDWARDS

Last known address
Ampolex Limited

'O Box A323

Sydney South NSW 2000

Stephen MACKIE

Last known address:
Coensim ll.‘nmnl'ring Plli' Lid
2710 Oxford Street
Hackney SA 5067

Lisa MILLER

Last known address:
Flat 1/6 Parton Court
Glenhuntly VIC 3163

lan CAMERON
Last known address:
11 Pryors Road
Horsham Vic 3400

Brett ASCOTT

Last known addn=s:
2 Wehl Stret
Mewman WA 6753

Grant KENSINGTON
Last known address:
PO Box 1618

Mt T QLD 4625

Richard WHITE

Last known address:
20 Longstaff Stroet
East Ivanhaoe VI1C 3079

Dave WIDDOES

Last known address:

BHP Petroleum (Americas) Inc
3A00, 5847 San Felipe
Howston TX 77057

UsaA

Australia

jaﬂiﬂe Cross

ASEG Secretariat

411 Tooron
. Hawthorn

ASEG Membershlp
Beneflts

= ASEG Meeﬁngaﬂ'.‘unferences
Explumtmn Geophysics (4 issues per yea:}

. E"J:ev:ew {6 issues per year)

Enceurage ynur culieagues to ;nm.

Membemh:p apphcatmn form nppumte
- or mniact- L

aRoad 3
st VIC 3123 _f

 Tel: (03) 9822 1399
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