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Editor’'s Desk

You will read elsewhere in this edition of the change
of management within the ASEC. Sullice to say
congratulations and good luck to Nick Sheard as the new
president. Nick has plunged into the job with relish and
will do a great job. Mike Shalley has retired gracefully 1o
thee bush but has promised to provide counsel to the new
editor... me.

People have asked me whether | am just jumping
from the frying pan into the fire, | hope not. The new
publishing regime is now in place with Debbie May of
Jenkin Buxton doing the greater part of the work and the
editor doing the editing. So far it's worked OK. After
coming to grips with my new role I want to pick up and
the ideas of Mike and Geoff Pettifer and continue the
enhancement of this great magazine,

For those of you that don’t know | am now working
as a consultant following the most recent takeover at
Crusader. [ must say that I am pleased with this oulcome
and so far have spent the time cleaning out my mind and
generally having a rest. Email with ASEG colleagues has
been marvellous. [ feel like I'm part of an office full of
friends.

A couple of things I would like to see are more letlers
to the editor on any topic but particularly on articles
within Preview itself. As a petroleum geophysiast [ will
be looking to supplement Rob Kirk ‘s excellent Seismic
Window.

In this issue Don Emerson gives his secret recipe for
mud pies in his feature article on the effects of water
salinity on the resistivity of clay, Unipulse is given over
to the 50th anniversary of the U[‘II\-‘FTH![:-,-‘ of Tasmania’s
Geological Department. There is also a review by Bill
Fawcett of a geological mapping kit for schools available
from the AGSO.

Speaking of Tasmania It was interesting to read a
review of Prof Carey’s latest book in the March edition of
the EAGE 's First Break. The same edition carries a story
about Earth Resource Mapping and Queensland
ﬂL‘!'DJ"l'I.n.'IEI‘IC“.E maps.

Please contact me with vour thoughts and
contributions for Preview.

Henk pan Paridon, Editor

ASEG is a non-profit company formed o promote the science

of exploration geaphysics and the tnberests of explovation
seopthysicists i Australia, Althowgh ASEG has taken all
reasonable cave in the preparation of this publication 1o ensire
tunt tine pformation it contains (uhether of fact or of apinion) is
accurate i all material respects and unlikely either by omission of
frerther information or otheriose, fo mislead, the reader should mot
act i relignce wpon the inforsmalion conteined in this publicalion
without first obtamig appropriate independent professional aduice
from hisilrer owom adwrsers, This publication remans the legal
property of the copyright owner, (ASEG)
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President’s Piece

The ASEG is in a very
sound state. The financial
basis is strong and the transi-
tion of the Federal Executive
from Victoria to Queensland
is complete. Because of this
work under Henk wvan
Paridon we now have a good
foundation to tackle some of
the major issues that profes-
sional  groups need to
emplace to ensure quality
support  and  technical/
scientific excellence (o well
into the next century,

Our society has a wide vaniety of issues to tackle in
the next year in order to steer the ASEG into 2000 and
beyond. For example:

= We must ensure we maintain our strong diversity
across the wide spectrum of exploration geophysicists.

* We must resolve the professional registration issue.
This will (or should) involve close co-operation with
other professional bodies including AIG, AUSIM and
PESA for example.,

The Society should participate in and show some
leadership in the growing requirement to ensure safety
in our business, for example : coordinate air safely
guidelines combining both airborne contractor and
exploration companies.

We must maximise the use of the World Wide Web;
debate and resolve the issues of publishing, advertising
on the ‘net’,

Planning the future of exploration geophysics by
maximising the quality of graduates. This by necessity
involves “selling” our profession to attract top quality
students and then ensuring quality education with
entrance into a profession that is well regarded (see
article this issue by 1). Palmer).

Crappling with these and other issues the Federal
Executive needs to maintain a professional business
approach to runnming of the society. Foremost in our
minds however, must be that the ASEG is a technical
group dedicated to enhancing the science of geophysics
as applied o exploration - we must keep this goal,

S.N. (Nick) Sheard
ASEG President

Executive Brief

AGM

The Society’s AGM was
held en 29th April at Oxleys
Festaurant in Brisbane.

A new executive
clected as follows

President
Mick Sheard

1sl Vice President
Steve Hearn

2nd Vice President
Hon Secretary
Hon Treasurer

was

Wayne Stasinowsky
Robyn Scott

I'eter Fullagar
Henk van Paridon

Andrew Mutton
MNoll Moriarty
Peter Hatherly
Koya Suto

Preview Editor
Committee Members

Nick Sheard is currently the chief geophysicist at
MIM Exploration and is well known to many of you.
Henk van Paridon, the outgoing President gave an
address summarising the major achievements of the
Society over the last year.

* Relocation of the executive from Melbourne to Brishane

* A successful conference in Sydney thanks to Roger
Henderson and his COC

» Engaging the services of Jenkin Buxton as Preview
publisher

= Relocation of the Secretariat to Brisbane (see below)

Challenges for the new executive:

= Further developing our publishing strategies

* Developing our relationship with the new secretariat

* Enhancing our WWW page

= Raising the profile of geophysics and our Society
within the research institutions

* Raising the profile of Australian Geophysics in the
global community

The ACM was followed by a technical presentation by
Matasha Hendrick

New Secretariat

The Federal Executive has elected lo move the
secretarial o Brisbane where a  local business
[Enterprising Events, will be used .The company is
managed by Karen Foreman who was previously
involved with the organising of the very successful 1992
Gold Coast conference . Karen's team can offer a broad
service ranging from managing the menibcmhip
database to providing full secretarial and accounting
services. Karen also has some expertise in managing
WWW sites.

As a result our new address will be; Suite 14, Portman
Place, 2201 Boundary Street, Springhill Qld 4000.
GPO Box 2179 Brisbane Q 4001.
Telephone 61 7 3832 8607 Facsimile 61 7 3832 8245.
Email aseg@enterprisingevents.com.au
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The Federal Executive on behalf of the membership at
large would like to pay tribute to Janine Verginadis our
outgoing office manager. Janine has been of tremendous
assistance to us all and has kept thi Society in good
repair. We wish her all the best.

Financial Status

The current financial status of the company is sound
with a net worth near to $400,000 as at 20 May

Cheque account 545,941
ash management $25,859
Term Deposit $150,415
Sands-cash management $9,522
Sands-Term Deposit S0, 000,

Further moneys are held by State branches and a final
conference profit will be announced next Previe.

Audited Financal Statements for 1996 have been

prepared and will be lodged on time,

Thanks are due to State Branch treasurers for their
assistance.

P5: Rolwyn has forgotten to mention her new daughter Chioe
born in January. Ed.

Ralnn Scott
Honorary Secretary

A prelude of things to come in Preview.

® Report on AGC’s Fora on
Registration
e PRINCE — Queensland’s

Information Centre

® Enhancement of Aeromagnetic
Data using Grey Level
Co-Occurrence Matrices

* Your input!

Calendar Clips

Jul}r 7=10 1997

[stanbul “97International Conference and Exposition
Istanbul, Turkey. Sponsored by SEG, Chmb. of Guuph
Engineers of Turkey and EAGE

Seplember 4-5 1997

Funafuti to Mururoa

Stability or Chaos in Coral Reef Research - A Symposium
Sydney NSW Australia

September 14-18 19497

Exploration ‘97 4th Decennial Conference on Mineral
Exploration. Toronto Canada

September 17 1997
PESA Queensland Petroleum Exploration Symposium

September 28 - October 2 1997
The Fifth International Congress of the Brazilian
Geophysical Society (Call for Papers). Sao Paulo Brazil

September 29 - October 1 1997
South African Geophysical Association Conference "97
Swakopmund, Namibia

MNovember 2-7 1997
SEG 67th International Exposition and Annual Meeting,
Dallas, Texas, USA.

MNovember B-12 1998
Australian Society of Exploration Geophysicists 13th
International Conterence and Exhibition. Hobart
Tasmania Australia

Dietails and more events on Pages 35-39,

ERRATA

The award for best poster at this years conference
was for “Geophysical Modelling of Structure and
Technoslratigraphic History of the Longford Basin,
Morthern Tasmania,” by M. Direen and D). Leaman,
and not as previously reported,

The Award for Best Presentation (equal) at this years
conference was for “Automatic Interpretation of
Magnetic Data Using the Source Parameter
Imaging(tm) Method,” by Richard Smith and not as
previously reported.

Preview Deadlines — 1997

August July 15
October September 15
December November 15
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ASEG Branch News

Queensland }

The Annual General Meeting for
the Queensland Branch was held on . ¢ &
the 3rd Apnl. President Gary Fallon ot

presented a summary of the vears

activitics, which included eight Loty

technical meetings and a students o L7 [
night. Mcmbershi_{.'} at the time was P f""""}
145, which is 12 % of the total :

membership. Secretary and acting

Treasurer Andrew Davids presented the Local Branch
finances, noting that the Branch ran close to break-even
or at a small loss to ensure the best value for our
members, Office Bearers were elected, with President
Gary Fallon, Vice-I"resident Howard Bassingthwaite, and
Secretary Andrew Davids being re-elected for another 12
months. Ex 5A Branch Treasurer Grant Asser had
T‘I:'t‘l‘.'ntl}' moved to Brishane, and was elected to the
posibion of Treasurer,

The AGM was combined with a technical presentation,
with John Kingman of MIM Exploration presenting the
application ot high resolution Indurorj Polarisation
Techniques for ulmﬁum hydrocarbon exploration.

On the 29th April, the Local Branch assisted with the
running of the Federal Executive AGM, held at Oxley's
on the River. Natasha Hendrick gave a presentation on
seismic processing in areas of complex near-surface
velocity fields,

IFinﬂlh.r I'd like to apologise for the ommission of
Seismic Supply Ltd from the list of Christmas Party
SPONSOT COmpanies listed in the last issue of Branch News,

Andrewr Davids
Branch Secretary

New Soulth Wales

After the very successful ASEG
Conference and Exhibition (thank
vou, from the NSW Branch, for the
tircless effort put in by many) the
local branch has been getting back up
o speed.

At the ACM held in April, a new
executive was clected, comprising:

President Timothy Pippett
Treasurer: Michacl Moore

Secretary: Dave Robson
plus w conmmittee (fo e confirmed )

I would like to that the previous committee for their
efforts and in particular Derecke Palmer, Mark Russell
and Greg Skilbeck whao held the executive positions.

At the AGM, Derecke Palmer gave us his comments
entitled “Are These the End Days for the ASEG”, | believe
a shortened version of this will be forthcoming in Preview.

Regular monthly meetings will be held at the Rughy
Club, down near Circular Quay, on the third Wednesday
of cach month. If you are in Sydney at this time, please
give cither Dave (ph. 9901 8342) or myself (ph. 9350 9288)
and we would be only to happy to point vou in the right
direction.

The June meeting will be held on 18 June, the speaker
will be Keeva Vozoff on ‘Multi channel EM”. The July
meeting is planned to be a dinner (venue to be confirmed).

Timothy Mippett
NSW Branch President

ACT ~

On 14 May 1997 the ACT branch f
held a special meeting at AGSO,

F'

The special guest speaker for the
evening was Dr W.H, Campbell from
the World Data Centre for Solar
Terrestrial Physics, Colorado, USA.
His seminar was titled “Where oh
Where is the Magnetic Pole? Where
oh Where Can it Be?”

Dr Campbell’s seminar was well attended and
(as suggested by the title) a humorous and insightful look
into the many Earth magnetic pole locations, 'H-li.-i review
topic included:

'TJS J
’.I"\-

* Problems with cartographical representations

* Spherical harmonic analysis and the IGRF

* Geomagnetic coordinates and model dipole poles
* Poles from an eccentric dipole model location

¢ Dip poles from IGRF and eccentric dipole models
* The secular drift of the Earth’s magnetic poles

* Maleomagnetic virtual magnetic poles

= Dip poles from local measurements,

Tim Mackey
Huon, Secretary
ACT Briunch ASEG

Western Australia
1997 Office Bearers:

Correspondence to

The Secretary

10 MNolan Place

BAYSWATER WA 6053

Fax: (08) 9370 1273
Email:BobCroves@bigpond.com
President: Julin McDlonald ((5) 9266 719
VicePresident: Cralum Elliott (08) 9530 1230

Secretary: Bob Groves (%) 9370 1273
Treasurer: Androw Fnh_-'l,.- (18] 9480 3232
People

John McDonald, Branch President, is promoting
closer ties with the Society of Exploration Geophysicists
of Japan [SEC]] and suggesting reciprocal promotion of
SEG] Symposia and ASE Conferences.

Technical

For the one month only, our technical meeting was re-
located from The Celtic Club to the Witch's Cauldron
Restaurant in Subiaco on Wednesday, 21 May. It was a
night for the Oil Industry. The two scheduled Speakers
were Adam Craig [WMC Resources Petroleum)] and
Matthew Lamont [Woodside],

Adam spoke of the geophysics used for the Appraisal
of the East Spar Gas Field, wEﬂe Matthew spoke of Seismic
Multiple Attenuation with a story of surface-related
multiples and an example from the offshore Perth Basin,
This procedure is based on wavefield transformations as
a pre-conditioning step prior to multiple removal,

In June, the prospective Speakers, Andrew [uncan
and Will Featherstone, both have recent technical
publications.

B Preview JUNE 1997




In Preview No. 67 [April 1997), Andrew Duncan
[ElectroMagnetic Imaging Technology] et al, introduce
SMARTem, a new, user-friendly, 2["riin.'-iil*.nt Electro-
Magnetic [TEM] receiver system which has been designed
to recognise and remove interference from cultural
activities, Andrew Duncan will speak eloquently of this
new instrumentation and the results it has produced.

In Exploration Geophysics Vol.28 Nos 1&2 [February
1997], Will Featherstone documented a case study of
gravity and the use of the geoid in geophysics. We hope
to hear more from WLl . ‘more of this Case Study over
the Morth-West Shelf of Australia. '

Interstate visitors are welcome to the WA Branch
Technical Meetings. They are convened on the third
Wednesday of each month at the Celtic Club, 48 Ord
Street West Perth. Come and socialise at 6 pm, for a start
at 6.3 pm.

P. Rolert Grooes
Branch Secretary

South Australia -

It has been a fairly quict time for  Tf=r"
the South Australian Branch of the ==
ASEG in the last month or so; :
Fmbab]}r everyone is still recovering
rom  the higrlrly enjoyable national
ASEG meeting in Sydney earlier in
the year.

gLy
T

,Tl-e

p

The last monthly meeting was

held on 23 April 1997, which saw David Castillo, newly
of University of Adelaide give a talk titled: “The San
Andreas Fault Zone Drilling Project: Scientific Objectives
and Tm:hnu]ugicd] Challenges.” This talk was related to
his recent work at the Lawrence Livermore National
Laboratory, California, where he was involved in
characterising the stress state, as well as the hyvdrological
properties of that larpe fault system. David will be
working with Richard Hillis at Adelaide Uni, where he
will be examining crustal stress svstems relevant to the
il and gas industry in Australia.

Our next meeting will be held in June when the topic
will be Industry Highlights, Six (or so) local groups
involved in geophysics will speak to the local ASEG on
their latest and greatest,

5A’s Wine Committee has swung into action, starting
the long and arduous task of selecting those two wines
that will become the “ASEG selections of the year.” Keep
your eye out for order forms around September,

Miclael Hateh
EBranch Preview Scribe

Victoria
The Victorian Branch held its

Annual General meeting on 27
May, thanked the out-going
committee and welcomed a new
commiltee. The AGM  puest
speaker was Andrew Hugill of
RTZ-CRA Rescarch and Develop-
ment who spoke on the develop-
ment of the CG3 Autograv gravity meter, the instrument
that has revolutionaised gravity acquisition. Andrew’s
talk on his invention (developed by Scintrex to a
commercial meter) attracted much interest and
discussion from old and new gravity people, including
particularly Paul 5t John.

Sundar Sarma was presented with an SEG Silver
Anniversary Certificate for 25 years membership.
Congratulabions Sundar!

The Branch has been relatively inactive of late but all
that 15 to change with meetings planned for the rest of
1997, Joe Cucuzza is speaking in June on the effects of
imiu.ﬁ'tr:.-r restructuring  on nmEurativu HE“Ph}"Hif‘al
research, July meeting is vet to be confirmed; August
meeting will be Bob Sneider, Esso Distinguished Lecturer,
on the impact of geophysics on improving recovery from
marginal il ficlds; September meeting sees the AG
speaker on the issue of registration of geoscientists,

For October we are planning for a joint GSA [ ASEG
Slewing Symposium on integrated approaches o

geological mapping, focusing on the impact of modern
geophysics in mapping in South East Australia.

The new Committes are:

President: Ceoff Pettiter (03) 5133 9511
Vice-President:  [avid er'luu_w.-u_! (03) 9417 HHES
Secretary: David Gamble ((03) 9684 4925
Treasurer: Mark Drransficld (03] 230 1261
Commiltee Shanti Rajagopalan (03) 9230 1240

Geoff Dunn (U3) 478 2415
Susanne Haydon (03) 9412 7843
Ciaran Lavan (03) 9412 5676
Trevor Lobo (U3) 9794 2192
Paul McDonald (0339412 7Ra6
Ron Palmer ((103) 9863 5206,

Any of the Committee would welcome ideas or
feedback on Branch activities. The Tasmanman Conference
Organising Commiltee is also hard at work and still
needs volunteers to campaign and help with aspects of
the Conference. Please contact Shanti, Geoff Pettifer,
Dave Gamble or Suzanne Haydon if interested.

We look forward o an invigorated Branch under our
new President.

Geaff Pettifer,
Viee-President

Tasmania

On 2nd June, after record terms in
office, Bob Richardson and Dawid
Leaman retired as President and
Sccretary / Treasurer,  respectively,
and have been replaced by Michael
Roach (University of Tasmania) and
Jonathan Knight (.M. Knight and

'-a__,_.lf-i

Associates 'ty Ltd). Bob and David cannot remember
when they started, so we are confident that they have
held office longer than any other Branch office bearers
ever did!

The Tasmanian Branch will co-host the 13th
Conference with the Victorian Branch in November 1995,
at the Wrest Point Convention Centre in Hobart, It
sounds a long way off, but time runs out fast, so
preparations are well under way to ensure that this
conference and associated social and technical events are
a greal Success.

Jorathan Knight
Branch Secretary
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Letters to the Editor

The follwing is an edited version (hy Mike Shalley) of a letter fram
Ned Clark (Ark Associntes ply d) in response to the article “Line
Kilomelres to Hectares — Towards @ Magnetic Photograph™ Inp
Steve Mudge (Previewe #63). Ned's company is invalved in e
production of wnmanred air vehicles which may supply  the
fechnology that Steve 15 anticrpating. We have to apologise for hoth
the [ote and linnited J'HHIFHL‘JTHW:I of parts of the original letter as
dictated by space limitations. Every effort has been made to extract
the essence of e origingl and we are muware that this is @ fast
maning techmology which may e quickly dated,

Dear Sir,

Thanks greatly for the copy of Preview which I found
stimulating and instructive. OF special interest was the
article by Steve Mudge of RGC Exploration Pty Ltd
(Excitations),

Over the last twelve months there has been a
confluence of need and readily available off the shelf
technology, Satellite Communications and differential
GPS being perhaps the most dramatic entrants. Need, as
accepted in this context, is the primary driving force in all
fields of endeavour and here in Australia our primary
industries have long understood that, Specific 1o the
mineral sector, exploration, production and environ-
mental impact have undergone huge advances and will
continue to do so.

Ark Associates is presently developing a high
duration drone (unmanned air vehicle) with a total lift
capacity of 9 kg that will initially offer remote/
programmed control within line of sight using real ime
telemetry. Within twelve months we expect development
of the ability to fly out of sight at speeds of up to 100
km/hr and altitudes of 6000m or better for six to twelve
hours duration. Applications of the aircraft include
magnetometer  surveys, high  definition  real time
imagery, environmental monitoring and many others.

Ark is also involved in the development of softwing
platforms (presently manned) with high lift capacity
(approx. 300 kg in present configurations) and with up to
Hw power take off for survey systems. Straight and level
flight to within 0.5m lateral displacement at tree top
height whilst making 35 km/hr is achievable. The
Softwing will, in the near future, will be reconfigurable to
a canard fixed wing so that the flight parameters can be
altered, it required, to 25/75 km [ hr. [t will also be simple
to fly the Softwing unmanned with the release of 100 kg
pavload potential which will allow heavier payloads or
extended duration. Electromagnetic surveys may be the
first to benefit from this system. The application of
systems like the Softwing will cut costs previously
encountered with fixed and rotary wing aircraft by as
much as 80%.

Comparison of costs of lightweight airframes between
Australia and Europe sugpgest that Australia is well
placed to take advantage of this developing technology.
We must also be aware of the regulatory environment in
which the systems will operate. In Australia regulatory
authorities have recognised the need for prompt action
and it is hoped that the very near future will show this
country to have defined safe working standards that will
engender the industry’s growth,

Nl Clark
Ark Associates ply [td. (Nop, 1996}

Response to ‘Letter to the Editor’ from Ned Clark,
27 November 1996

Dwear Sir

Med Clark’s letter of 27 November 1996 describing
various applications for unmanned airborne vehicles
(drones) is of greal interest, Ned is involved in the
development of drones and his comments prompt a few
more ideas on the matter of geophysical drones.

I have no experience with this technology so the only
comment | would venture to make is that the
aerodynamic conditions under which most aerial
geophysical surveys are conducted, for prospecting
applications, are quite different to those that the Boeing
747 jet airliner, one of the drone applications Ned
referred to, operates in, The air is pretty turbulent at the
25 to 100 metre lerrain clearances the exploration
industry conducts its airborne operations so a low-flying
drone would need to have special aerodynamic
capabilities to aveid unscheduled ground contact.

Med's comment about the legislation and control of
drones being in a state of flux in Australia and overseas is
an important point. It seems that aviation parameters of
the various drone applications need to be defined so as to
help guide legislators in formulating operating standards
for these devices.

I ook forward to seeing the results of current
investigations into the application of this technology to
exploration geophysics,

Yours,

Stephen Mudge

Are These the End Days For the ASEG

By Derecke Palmer, Senior Lecturer in Geophysics
The University of New South Wales

Telephone: 02 - 9385 4275 Facsimile: (2 - 9385 5935
E-mail: d.palmer@unsw.edu.au

A highlight of the 12th ASEG Conference and
Exhibition held recently at Darling Harbour in Sydney,
was the address by Professor lan Plimer at the
Conference Dinner. He described the multitude of
predictions over hundreds of years for the end of the
carth. It was an entertaining performance and most of the
audience thoroughly enjoved his ridiculing of committed
but perhaps misguided zealots.

In spite of the poor record of these doomsday
prophets, [ will risk my remaining credibility, and make
twao prediciions about the inexorable demise of the
ASEG. The first is that the ASEG has reached its zenith
and is now on the downhill run, while the second is that
it will take about ten years for the full impact of this
downturn to become apparent. 1 will attempt to provide
sufficient evidence to support this rather pessimistic
view, which hopefully does not qualify me for the | lenny
Penny Award (The sky is lalling down!) at the next ASEG
Conference in Hobart,

My posilion is based on three major asserbions. The
first is that there has been a decline in the number and
calibre of new earth sciences graduates from the
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universities tor more than a decade. The second is that
the age profile of our membership is skewed towards the
older generation, many of whom graduated around the
boom times in the 1960s and 1970s, and large numbers
will eventually leave the profession in the next decade.
The third is that the level of technical innovation has
shown a small but significant decline which is more likely
to accelerate.

Continuing Decline In Exploration Geophysics In The
Universities

Exploration geophysics in the universities is facing
major problems. With the exception of a few stitutions,
student numbers and calibre are generally falling. In
order to maintain the prescribed staff-to-student ratios,
the numbers of lecturers are also falling. This process has
been going on for some time, with the result that in many
cases, there is now only one geophysiast on staff,
Academic geophysicists are therefore being faced with
the added difficulty of teaching outside of their fields of
specialisation (e.g, a scismic expert being expected to be
also  erudite in quite different fields such as
clectromagnetic methods). Not only does the sheer
volume of teaching in these situations leave little time for
other activities such as research, but in many cases, there
is also the lack of a critical mass for effective research to
be undertaken,

The Australian Research Council (ARC), which
provides most of the government funds for research
within the universities, is very concerned aboutl the
situation. Despite the ARC designating exploration
geophysics as a priority arca for the last three years, there
has not been a significant improvement in either the
quantity or the quality of applications for research funds.
A three day seminar was held near Perth in 1966 in order
to develop strategics to address the situation, and a
position paper was prepared and published in Preview
for discussion at the recent ASEG Conference &
Exhibition at Darling Harbour. Regrettably, widespread
interest or comment has not occurred

Some of those who are well connected with the ARC,
are strongly advocating collaborative research with
industry, On the surface, this looks to be an attractive
option, with equal contributions from both parties.
Huowever, most umversities have superseded computing
and field equipment (for example, 1 stll use one of the
first Austral proton precession magnetometers!), as well
as a limited range of students to carry out the research,
and so the partnership tends to become a little one sided.
Industry also expects to have results in a short time-frame
(commonly a few weeks), while projects for student
theses typically extend over periods of several years.

Furthermore, in many research groups, postgraduates
are recruited from overseas, and it is not uncommaon for
them to outnumber the indigenous students. This is an
indication that our local exploration geophysics industry
is not self sustaining, because the research students
usually return to their countries upon the completion of
their degrees, and the full benefit of their newly acquired
expertise is not realised by the Australian exploration
industry. New graduates and post graduates provide
new energy, new knowledge, and new approaches, and
they make a significant contribution to the technical and
managerial regeneration of our profession. A reduction
in their numbers slows this renewal process.

I

An Ageing Membership

The second item of evidence to consider is the
demographics of our society. It is my contention that the
age profile of our membership is skewed towards the
senior citizen end of the community. In the next ten vears,
large numbers of our members who graduated in the
boom years in the 1960s and 1970s will contemplate
retirement and adopt a less frenetic life style,
Accordingly, a significant proportion of our technical and
managerial expertise will cease to be involved in the day
to day activities of the exploration industry and in many
cases, they will not have been passed on their knowledge
to the newer graduates.

Declining Technical Innovation

It is my contention that the best ASEG conferences
wore in 1992 (Surfers Paradise), and in 1994 (Perth), when
there was a strong group of talented recent graduates.

" This is not an indictment of the efforts of our long-

suffering technical chairmen at subsequent conferences,
Rather, it is a reflection of the quality of material with
which they had to work. People are generally most
productive in the carly years of their careers, and at those
times, the science is advanced, or at least challenged,
through their innovative ideas. However, with some of
our aging profession, the bright ideas do not come quite
so readily. At the most recent Sydney ASEG conference
for example, the major contributors were the more senior
members of the profession, particularly the researchers
from government organisations.  While  these
contribulions are most welcome, | for one am concerned
about the numbers of the younger members available to
become future leaders of the geaphysics profession.

Is this really a problem? Should we let the market
forces, so revered by the economic rationalists, take their
natural course? In past years, Australia had a multiplicity
of banks, newspapers, motor vehicle manufacturers, etc,
which have now virlually been reduced to oligopolies.
Do we want the same situation with just two geophysics
departments - one on either side of the continent - to
produce all of our graduates? Furthermore, do we want a
petroleum, mineral, or solid earth bias imparted to these
graduates? As an alternative, should Australia simply
impaort its geophysicists from Europe and North
America? Given the unique geology and weathering
characteristics of this continent, whal would be the effects
of the Americanisation of our petroleum exploration or
the Canadianisation of our mineral exploration
programs?

What Can Be Done To Reverse These Trends?

One  obvious solution is  to  attract more
undergraduate students. The advantages of this strategy
are that increased students would at least reduce the
pressures on academic staff (and may even justify
increases), and that a larger student base would result in
improvements in the calibre of graduates for industry
and research. It is an obvious strategy, and any
sportsman would draw the analogy of supporting the
junior levels in order to generate an appropriate elite,

Unfortunately, most of our attempts al altracting
students to undergraduate courses in the earth sciences,
have been less than major successes. Our profession is
still largely invisible to most of the community (as are the
other branches of the geoscience profession), or it has
negative associations with popular misconceptions of the
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earth resource industries. It is a rather subering
experience to attend a careers market, only to realise that
irrespective of the merits of our profession, it is not
treated as a valid carcer option by the vast majority of
high school students.

However, the two student days at the 1995 Adelaide
and 1997 Sydney Conferences were outstanding success.
Although there is no substitute for the outstanding live
performances of Mike Smith and Nick Sheard,
nevertheless, it should be possible to adapt their
contribubions to a suitable web page format, so that all
Australian students can gain some benefit from our
efforts,

A Broader Perspective Of The Value Of A Geophysics
Degree

I consider one of the most important aspect to be
addressed is a broader perspective of the value of a
geophysics degree, not only in terms of the earth resource
industry requirements, but also in terms of the students’
and community needs. The students” needs include
sound employment opportunitics, together with carcer
and life style altermatives. While there are careers
available In the urban, environmental and groundwater
areas of geophysics, as well as in mineral and petroleum
exploration, students are often all too unaware of these
diverse career and associated life style options from
which they may ultimately be able to choose,

In addition to its geoscience applications, there is a
need to broaden the view on other careers which are
possible with a geophysics degree. The geophysics
undergraduate course at UNSW for example, includes a
mix of mathematics, physics, computing, geology, as well
as geophysics subjects. This course provides an excellent
general physical science degree, suitable for careers in
teaching, computing, and many other areas of the
physical sciences and engineering, as well as for
geophysics. As such, it offers the graduate, genuine
career flexibility upon graduation, as well as a firm basis
for any changes in carcer path at a later date.

It is important to recognise this versatility of
geophysics courses, because some members of the
profession are concerned that there are simply not
enough job vacancies to accommodate a full quola of
graduates from all of our universities, if such an
expansion were o take place. Such concern for
employment prospects however, is not shared by many
other currently fashionable professions, For example,
almosl as many solicitors graduale cach year as are in full
time employment!

Although this discussion has focussed on  the
problems at the university level, the real problems begin
within the high schools. The falling numbers of
geophysics students are really a harbinger of a coming
crisis with science in general. Recent surveys have shown
an average drop in high school science enrolments of
aboul 18% across Australia over the last six years. This
situation has been attributed to a drop in the number of
graduates capable of teaching the physical sclences. A
strong case can be made for the promotion of the
geophysics and the geochemistry degrees as also being
suitable for teaching careers in the physical sciences at
secondary level. Not only could this strategy contribute
to the rejuvenation of science within the high schools, bul

12 Preview JUNE 1997

it might also help redress widespread community
misconceptions of the earth resource industries.

Conclusions

Peter Drucker, who claims to have invented the
science of management, stated that the only unique
resource of business is knowledge, whether it be
managerial, financial, marketing or technical knowledge.
All other resources, such as equipment, finance, labour,
etc., can be purchased readily. It is clear that the current
community trends away from science and technology,
together with governments” conversions to the new
panacea of economic rationalism, have accelerated an
unchecked and disproportionate swing towards the
managerial and financial aspects of economic growth.
Australia must act quickly through appropriate policies,
to maintain and advance the science and technology base
which has facilitated our carth resource industries
achieving world’s best practice. It must start with the
need Lo ensure sufficient numbers of high quality
graduates to meet fulure requirements. To do otherwise
will be a failure of leadership!

This lebter was previowsly published in the AIG Newsletter
is " Are Hiese the End Day for Australian Geophysics? " I was
reduced in length for publication in Preview,

No doult many veaders will have au opinion which 1 look
forwwird to printing in Hie next fssue,

Ed

Australian Scientist Honoured

“Australian geophysicist Professor Kurt Lambeck
has won one of the world’s most prestigious awards for
achievement in science — the European Union of
Geosciences Alfred Wegener Medal.

The professor of geophysics at the Australian
National University is the first Australian win the medal,
His work is on "glacial rebound’ which studies how the
sea responds to changing levels, its impact on
civilisations and the future.”

(Taken from the “Australian”)
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Forces, Responses and Methodologies:
Some Fundamental Conceplts in Geophysics

Techmiques of exploration geophysics are closely tied to
developments in mathematics, physics, computing and
electronics as these disciplines provide geophysicists with the
tools to measure and analyse a wide varicty of the Earth's
physical properties. They allow us to see the Earth through
different eyes - the geologist can get a different view of the
Earti. Concurrent with these developments, our wnder-
stunding of the Earth’s geological mechanisms has improved
and this has divected the types of geophysical measurements,
and their resolution, weeded for detecting and mapping the
varions geelogical structures,

I present heve an overview of some of the fundamental
concepts of geophysics such as, ‘forcing function’, ‘response
frunction” and “measurement methidology® all of which are
aften overlooked when making geophysical measurements,

Introduction

Geophysics = (maths + physics + rocks)
x { electronics + computing).

This simple mathematical equation is a fairly exact
description of the science of peophysics. The sum of
physics, mathematics and geology (the rocks) are the
fundamental ingredients of the science and, clectronics
and compulers simply multiply the way in which these
ingredients are used to understand the physical structure
of the Earth. In exploration we apply this equation to
peological mapping and target detection - to find mineral
deposits, petroleum reservoirs, supplies of ground water
and to investigate engineering problems.

In geophysics we make measurements of some
physical property of the Earth, be it electrical resistivity,
magnetic susceptibility, density or a variety of other
physical parameters. These phenomena are generally
observed through the effects they have on some physical
force field. For example, we map changes in rock density
by measuring acceleration due to the Earth's gravity field
- by conducting a gravity survey. How we make these
measurements and how much information we obtain
from them, and the complexity of the measurement and
data analysis process, is largely dependant on how the
forcing function, ie the induced field, excites the Earth to
produce a measurable response function.

Passive and Active Methods

The concept of a ‘forcing function’ sounds rather
abstract, but this is of fundamental importance in
understanding the techniques of exploration geophysics.
The methods of measuring the physical properties of the
Earth can be divided into two quite distinet groups
depending how the “forcing function’ is applied to the
Earth. Figure | shows the Earth and a torcing function ‘F'
applied to it, and a response function ‘f' produced by

some physical property of the Earth that causes an effect
on the forcing function 'F'. For the case where ‘F’ is
supplied by nature, 1 have dassified the geophysical
methods as PASSIVE, and for the case where the function
is supplied by artificial means, ie. by the geophysicist, 1
have classified the methods as ACTIVE.

The PASSIVE group shows the various force fields
that nature applies to the Earth. The list includes the
gravity field, which is measured to map variations in
rock density, the magnetic field, which is measured to
map variations in magnetic susceptibility, radiometrics
for mapping radicactivity, natural electro-chemical self
potentials (natural voltages) which are measured to map
oxidising sulphides and hydraulic streaming potentials,
and electrical currents induced in the Earth's crust by
ivnospheric activity that can be measured to map the
electrical resistivity of the rocks. We have no control over
these fields, their presence is a fact of nature. We can also
include the tidal force in this group, but we don’t seem (o
measure this directly for exploration purposes (why
not?).

The ACTIVE group comprises a greater number of
methads than the PASSIVE group, It includes seismology,
for measuring and mapping the acoustic impedance of
rocks, and electrical resistivity, induced polarisation and
electromagnetics for mapping electrical propertics such as
resistivity and conductivity. This group offers the
geophysicist an opportunity to control the way in which
the forcing function 'F' is applied to the Earth and also to
control the properties of ‘F'. For example, when
conducting electrical surveys, the dircetion, amplitude
and shape of the applied electric field can all be controlled
by the geophysicist. The geophysicist also has greater
choice in the way the response function ‘I’ is measured, jc
the electrode array/loop size and orientation, and data
sampling intervals are all under the control of the
geophysicist. Consequently, survey design, response
measurement and the analysis of the observed data are
generally more complex for the ACTIVE methods.
However this group promises, and generally offers, more
information about the Farth

On the other hand, the PASSIVE methods give the
geophysicist no opportunity of controlling ‘F, we are
entirely in the hands of nature and consequently we
obtain limited information about the Earth. However the
measurement techniques and data analysis are generally
simpler than those of the ACTIVE methods but,
importantly, the forcing field is always present in the
PASSIVE methods. So for the PASSIVE group we don't
have to concern ourselves with the complex problems of
generating and applying the torcing function ‘F'.

Geophysical Methodology

Figure 2 shows the geophysical methodology or
measurement  process,  In o accordance  with some
rigorously defined mathematical description  (the
mathematics) of some physical phenomena (the physics)
of the Earth (the rocks) an instrument (the clectronics) is
used to make a series of measurements of the response
field *f. Often it is necessary to mathematically correct
the observed data for vanous effects caused by the way in
which the forcing function ‘F is applied to the Earth, and
also o correct for the effects that the measurcment
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system may have on the measured response. This is
known as ‘reducing the data’ to a form that is free from
these distortions, ie. the data is transformed into a form
that more accurately reveals the true nature of the Earth's
response,

Following the DATA REDUCTION stage, more
mathematics can be applied ta enhance the reduced data in
order to resolve various characteristics of the measured
field: =0 as to more accurately depict the Earth's physical
parameter being investigated. The data enhancement stage
allows for the application of a variety of mathematical
filtering techniques, this is referred to as DATA
FILTERING. Note in Figure 2 the optional repetition of the
enhancement (filtering) process - a wide variety of filters
are available for all types of geophysical data.

The geophysicist’s ability to make large numbers of
measurements with high precision, and to reduce,
process and present the measurements in a multiplicity
of forms, and to build complex 3-dimensional models of
the Earth’s physical structure can be attributed directly to
the availability of powerful mathematical and computer
resources al every step of the measurement process.

Geophysical Techniques

Research and development in the component
disciplines of geophysics has provided geophysicists
with increasing ability to measure, process and present
data in many ways. Modern instrumentation combined
with more than 50 years of survey experience has given
the exploration industry a wide variety of large area, high
resolution survey techniques for the measurcment of
most of the Earth's physical parameters. For example,
GP'S controlled high resolution acromagnetics, three-
component airborne EM, 3D seismology and airborne
radiometrics to name just a few, Mathematical analysis,
some of it very complex, has provided us with
sophisticated mathematical tools for accurately reducing
survey data. Some examples are, digital terrain models
for correcting gravity data, micro-levelling  of
acromagnetic data and radon pgas correcHon ol
radiometrics. The mathemalics has also provided tools
for processing and enhancing data, for example,
reduction-to-pole filters for aeromagnetics, depth
imaging of EM data etc.

During the 1980's, developments  in computer
technology  produced  imaging  techniques.  This
technology strongly influenced the acceptance of
geophysical techniques by the exploration industry.

Most geophysical methods can be applied from an
airborne platform in the form of an airborne survey to
rapidly cover large arcas of ground. 1 like to refer to this
maode of operation as regional or “broad acre’ geophysics,
it is the lowest unit-cost surveyving mode. The ground
survey mode, which is often conflined to smaller prospect
scale areas, provides higher resolution than the airborne
methods simply because the measurement system is
closer to the rocks. Surveys are slower to conduct and are
of higher unit-cost.

Instruments and survey procedures have been
modified over time so that they can be lowered into drill
holes to ‘probe’ the ground. These ‘downhole’ methods
provide the highest resolution of buried structures, but

GEOPHYSICAL METHODS

f
Forcing function Reaponse function
PASSIVE ACTIVE
nature supplies forcing funclfon man supplies forcing funclion
MAONLTICE HEERITIVITY
GRAITY L]
RADIOMETRICE ELECTHOMAGHNETIES
AT SEIEMLOGY
EELF POTENTIAL LEREH

Figure 1. The “forcing function’ and the Earth's ‘response
Sunction'. The ‘farcing function’ can be classified as either
ACTIVE vr PASSIVE depending on its origin.

are entirely dependant upon the presence of an open
drillhole. They are also the highest unit-cost methods in
geophysics but they are capable of producing a high
resolution 30 view of the Earth,

There is another very important branch of geophysics
that forms the fundamental basis of the science. This is the
large and often complex science of petrophysics: the
laboratory measurement of physical properties of rock
specimens. It is petrophysics that provides the geological
understanding of geophysical measurements. Some of
these measurement techniques have been adopted to
downhole mode for in-situ measurement of the physical
properties. Downhole techniques provide a more accurate
measurement of physical properties that are sometimes
distorted in laboratory analysis due o the absence of
important physical effects of the in-ground environment,

The measurement of some petrophysical properties
ar¢ based on the concept of measuring the response of a
forcing function applied to the rock specimen, eg
cleetrical conductivity and resistivity are measured with
the application of an external electric field. Other physical
properties are actually measured by observing the effect
{the response function) the rock specimen has on an
external measurement system, hence the rock becomes
the forcing function. An example is the determination of
the density of a rock specimen by measuring the volume
of water displaced from a wessel when the rock is
immersed. In this case the sensor is the device for
measuring the volume of water displaced and from this
measurement the density of the rock specimen can be
caleulated.

Conclusions

The future for exploration geophysics is exciting.
Developments in electronics, computers, physics,
mathematics and geology, and above all our desire to
learn more about the Earth, ensure the ever-increasing
use of geophysics in future exploration programs. Of
course, whilst there are forcing functions acting on the
Earth and associated response functions to measure, we'll
have plenty of opportunities to adopt new develapments
in the component disciplines of geophysics to learn more
abhout the Earth,
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GEOPHYSICAL METHODOLOGY
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Figure 2. The geophysical methodology or measurement
process. The filtering of data is an optional part of the
mieasireEntent process,

Naturally, the training of geophysicists must ensure
that they have a good knowledge (the response function!)
of the various component disciplines of geophysics to
ensure the effective application of mathematics, physics,
gealopy, electronics and computing (i gt'::'ph:.rpiirﬁ} foor
the discovery (the driving-force function!) of new
occurrences of natural resources,

Happey Excitations!

The Mt Todd Map Kit

The Australian Geological Survey Organisation
(AGSO) has released a new Geoscience Education Kit tor
use in Australian High Schools. The kit has been
sponsored by a number of public and private sector
groups including the Australian Geoscience Council
Incorporated (AGC), Australian Surveying and Land
Information Group (AUSLIG) and [Pegasus Gold
Australia Pty Ltd. The aim of the kit is to support the new
mational science  curriculum  using the MU Todd
Geological and Topographic map sheets as the primary
data source. The project has specifically chosen real map
data for authenticity and Mt Todd offers relatively simple
geology on which to base the student and teacher tasks
outlined in the kit. The kit includes gold ore samples
from the Batman Deposit of the Mt Todd Gold Mine, 15
copies of the geological and topographic maps, overhead
projector sheels and plastic map cards scaled 1o the
1:75.000 sheet,

The educational philosophy behind  the kit is
“scenario-based activities” and it embraces a wide range
of teacher and student tasks. The ages targeted by the kit
range from Year 9 to 12 but some of the content would be
applicable to the Year 8 syllabus. Basic map reading
skills, in particular, are encouraged by a varety of
student activitics ranging from choosing a site for a new
adventure sports location to planning a tour-wheel drive
expedition; Latitude and longitude of prospective sites
must be measured and topographic reliefl determined as

part of the exercises. These tasks present ‘real life!
applications for maps and, in doing so, educate students
about map-reading in a stimulating fashion, Older
students also may become involved in a simulated police
forensic investigation following the discovery of a
prospectar’s body: the investigators are reguired Lo
determine both the prior movements of the victim and a
likely motive in arder to confirm foul play. This exercise
relies heavily on geological information gleaned from the
map and skills in deduction to answer the student
activity sheets.

The geological section of the Mt Todd Map Kit
contains considerable information. Diagrams relating to
structure are concise and a glossary 15 included to allow
the kit to stand alone in the absence of other resources.
The focus on Year 11 and 12 is apparent by the
complexity of concepts but knowledge of the abilities of
vounger classes would allow a teacher to filter this data
to target the appropriate level of comprehension, Cross
sections, unconformities and  the concepts  of
superposition are presented as well as a brief history of
the economic geology of the region. The more human
side of the region is presented in the form of a discussion
about the life of a field peolopist and the Jarwoyn
Association has contributed an Aboriginal perspective
via their interpretation about the significant events which
formed the land. The Mt Todd region contains several
culturally significant sites as well as a quarry from which
materials for spears and stone axes were obtained.
Billabongs and rock pools were inevitably of concern to
nomadic people and their existence was documented in
legends for oral transmission to succeeding generabions.
The maps again may be used to determine why such
features were formed and add to an understanding of the
natural environment.

The Mt Todd Map Kit retails for § 4400 and
represents excellent value in view of current map prices.
Fifteen map sheets are provided with both a geological
and tapographic map per sheet. Samples of gold ore have
been included and the samples viewed exhibited
sulphides and boxworks indicative of weathered gossan.
The grade of gold (1.05g/ tonne) is unlikely to promaote
theft and their survival in the kit should be assured for
some time! The plastic map cards are clearly marked and
easy to read - they become extremely important due the
atypical scale of the maps (1:75,000). The Teacher's guide
has an answer section for convenience and overhead
transparencies for class demonstrations have been
enclosed. The guide has been bound with spiral wire to
tacilitate phntﬂmp}'mg, an essential feature of such
teaching resources - reproduction of the student activities
is authorised by the publisher and pages have been laid
out with reproduction in mind.

In summary the Mt Todd Map Kit combines geology
with a range of activities which focus on map reading
skills and interpretation. Student tasks focus on “real
world” situations and span the High School educational
spectrum from Year 9 to 12 The price is vxtn-mﬂ_mr
attractive for a resource which will oecupy an entire class
and its use in secondary schools is recommended.

W R Faweett

I gsked Bill Fmwocett lo review s kit. Bill is bofl an
explorationist and a former teacher. Ed.
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Conferences

Honorary Memberships Awarded at ASEG
12th Conference

Honorary membership is awarded to those who have made a

significant contribulion to the profession of exploration

geophysics. There were fwo recipients, namely Prof David
Boyd and Eobert (“Bob™) Smith, The following cilations were
written by the editor from material supplied in Hhe orviginal
nominations o the HAC

Robert (“Bob”) J. Smith

Bob graduated from the University of Melbourne
with an Honours degree in Physics. He began his career
with the Bureau of Mineral Resources where he worked
from 1961-1968. He joined McPhar early in the nickel
boom where he spent a year living out of the famous
Palace Hotel in Kalgoorlie during an exciting time in
Australia’s mineral exploration history. In 1974 after the
boom he worked as a consultant in Adelaide where he
began his teaching career. Since 1977 he has worked with
CRA Exploration where he is the Chief Geophysicist

Bob Smith receiving his award from Henk van Paridon.

Bob's extensive involvement with the Society has
included his serving as the Federal President for two
terms and also as S5A Branch President and most
imporlantly his establishment of the ASEG Research
Foundation. The work of this foundation is highly
successful and has quickly proved to be one of the
Society’s important achievements. Through his extensive
travel Bob has acted as a superb
ambassador for both the Society and for Australian
geophysics. He is held in high regard in many countries
including the United States, Canada, china and Russia to
name a few. Bob contributed substantially to the

international

development of mechanisms for social contact between
geophysicists scattered throughout our broad nation.
He has also helped to maintain good relations with SEG .

Bob's involvement with the profession in general has
included his role as a foundation lecturer with Prof David
Boyd in the very successful AMF courses "Geophysics for
Geologists”. He has also been an occasional lecturer at the
University of Adelaide. As Chief Geophysicist of the
largest mineral exploration company in Australia he has
supervised a great number of exploration geophysicists,
By virtue of his travel he has brought back to Australia
many new ideas and rescarch developments to be
applied in this country. His innovative use of image
processing for visualisation of gravity and magnetic data
typifies Bob's sustained efforts lo communicate ouwr

science more effectively Lo geologists and to managers

Professor David Boyd

David Boyd graduated with a degree in geology and
physics from the University of Glasgow in 1946 and went
on to become a geophysics lecturer there from 1946 to
1955. From 1955 to 1958 he worked as Principal Geologist
and Geophysicist for John Taylor and Sons, Mining
Enginecrs covering the United Kingdom, Eire, Cyprus
and India. As Chief Geophysicist of Hunting Surveys
from 1958 to 1968 David was responsible for the
application of geophysics to mineral exploration in
Adrica, the Middle East, 5.E. Asia and Australia
He arrived in Adeclaide in 1969 and became professor
ol f._:l;'l.ll.1|'|_'."-n.':'~, one of the few
David retired in 1991 and
was made Emeritus Professor by the University of
Adelaide.

successful transitions
from industry to academia

David Boyd receiving his award from Henk pan Paridon.

In many respects David pioneered the teaching of true
“exploration geophysics” as he integrated a good
understanding of practical economic geology with the
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Ciomference Co-Chatrmen Wes Jamieson, Roger Henderson

interpretation of airborne magnetics. Many eminent
Australian geophysicists, and many from other countries
also, owe their start in our profession to teaching and
encouragement by David Boyd, David is widely known
around the world and students have flocked to Adelaide
to work with him. His support of their studies has built
bridges between Australia and many other countries in
Our region.

David worked with Bob Smith presenting the well
known AMF course "Geophysics for Geologists”, This
course  was extremely well supported and has
contributed to the high level of appreciation of
geophysics among Australian exploration geologists and
exploration managers. Australian mineral exploration
makes very widespread use of geophysics and, in some
respects, leads the world. Certainly our local contractors

Don Emerson recetoing his ASEG Gold Medal from
Henk van Paridon at the 12th ASEG Conference
and Exliihition

offer some of the best aeromagnetic data in the world and
it's .1'|ﬂﬂn".1.|mn and interpretation has it's roots in David's
teaching.

David has always emphasised and indeed insisted
that the geological component in any geophysical
endeavour is the most crucial. The approach to being a
geophysicist that he has practised and engendered in his
students has been an important element in making
Australian hard rock geoscience arguably the world's
leader.
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Effects of Water Salinity

and Saturation on the

Electrical Resistivity of Clays

D.W. Emerson, Systems Exploration (NSW) Pty Ltd, Box 6001, Dural Delivery Centre, NSW 2158
Y.I. Yang, Macquarie Research Ltd, Macquarie University, NSW 2109

Introduction

What can resistivity data tell us about clayey terrains?
Clays are quite common in Australian w seathered and
alluviated areas. Clays are conductive solids and
knowledge of their likely resistivities in the regolith s
impaortant for mineral exploration, groundwater,
engineering and environmental investigations. However,
little deladled information is available on their electrical
charactenistics or indeed other characteristics such as
densities and velocities

Clays are plastic, very porous and fine grained {=4y)
malerials with active plaly particle surfaces exhibiting
cation and anion ion exchange capacities, Other materials
when finely ground do not exhibit clays’ special
properties. Sodium montmorillonite, a common member
of the smectite group, is the dominant component of
bentonite, a swelling clay with a cation exchange capacity
typically around 100meq/100g. Such a clay may form
from the weathering of mafic volcanics. Because of broken
bonds and unbalanced lattice charges this clay has a
considerable cation population and it also has high
adsorption capacity for electrolvte. A relatively large
number of cations may dissociate at the charged clay
particle-water interface, so a montmorillinote’s I't-“-iHh'L"If}"
is relatively low. In comparison, kaolinite is relatively inert
with a moderate adsorption capacily and a dearth of
cations, 5o its resistivity tends to be higher. It is often found
as a weathering product of felsics. Anions may be involved
in clay conduction too, but this has been less studied. For
details on clay mineralogy, structure and properties sce
Grim (1968) and Deer, Howie & Zussman (1992},

Properly processed data from formations studied by
barehole logging, resistivity probing or electromagnetic
sounding provide resistivitics that depend on waler
saturation, water salinity, temperature, porosity (and its
structure) and the presence or absence of conductive
solids, For the clays we are particularly interested in the
effects of salinily on resistivily, so il is necessary o
ﬂppnﬂ:mte that the prlmar\r rl-_'ﬂ\rh".f}t'l.-’ of a water pawmg
into the pores may be diminished h}r secondary etfects
such as the solution of minerals in the pores or the
contribution of exchangeable ions. Conversely, water
extracted from a formation may show an observed
resistivity greater than that inferred to occur in the pores.

In this article we look at some laboralory resislivily
data for two common clays - kaolinite and mont-
morillonite (in bentonite) and make some observations on
the effects of salinity and water saturation and explore the
use of the EC 1:5 measurement in weathered zone studies.

Agricultural scientists have long employed electrical
conductivity measurements to gauge soil condition for
crop suitability. The very useful EC 1.5 test is one simple
measure, [t entails measuring the conductivity of the
supernatant liquid resulting from shaking 20z of finely

ground test material with 100em? of deionised water for
30 minutes (see I.:W{rd.’l}', 1974}, This test is ideal for
qualitatively or semi quantitatively estimating the mobile
soluble salt content and hence the local salinity
environment of the material studied. An arbitrary scale of
EC 1:5 readings (uS/cm corrected to 25°C) is: low - up to
100, medium - 101 to 500, high 301 to 1000, very high -
1001 to 5000, extremely high - over 5000 [100pS/cm
corresponds to a water resistivity (py) of 100 ahm m],

Mohile salt does not necessarily comprise only NaC
and an EC 1.5 reading is not the lon exchange capacity.
lon exchange is a mechanism whereby ons in solution
replace ions residing on the surfaces of fine grained
materials with the directon of exchange being towards
an equilibrium of solution and surface ions. However,
depending on chemistry and mineralogy, weakly held
exchange ions can go into solution and contribute to an
EC 1:5 reading. EC 1:5 is not a new electrical variable in
rock resistivity, but it does offer insight into the effective
resistivity of water in place in the pore structure,

Test Materials

For the laboratory study a range of commuon materials
were chosen for testing:

(i) a Hawkesbury River freshwater clean sand that
was poorly sorted with angular to subrounded guartz
I'Hlﬂh avera iahuutﬂ.ﬁmm diameter, this type of sand
a-e. a fairly high formation factor {e.g. see Wyllie et al,
1953) i.e. whun saturated with a particular py it is more
resistive than a well sorted sand with spherical grains;

{ii) a clean kaolinite from Georgia;

{i1i) kaolinitic clays containing appreciable sand and
silt (up to 30M%) and minor amounts of montmorillonite
and illite, one was the Londonderry Clay from west of
Sydney with a cation exchange capacity of around
15meq/1i0g (probably owing to its montmorillonite
content), and the other a white pottery clay [rom Vicloria;

(iv) two bentoniles comprising mainly sodium
montmorillonite with cation exchange capacities of the
order of 100meq/ 100g, one bentonite was from NSW and
the other was from Wyoming,

A series of subsamples were prepared from the parent
materials, Accordingly slight differences in texture
{(packing, porosity) were encountered from subsample to
subsample. Porositics of the sand, kaolinites and
bentonites were (relatively) moderate, high and very
high, about 30, 45 to 50 and 60 to 65 percent respectively.
Clay porosities are total porosities including clay bound
wallr.

EC L:5's were very low for the sand and Georgia
kaolinite = around 30p5/cm, low to medium for the
impure kaolinites - varying around 100p5/em, and
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Emsunwd moderate to high for the bentonites. The
entonites were very difficult to handle because of their
huge water adsorption capacities and this also made it
impossible to carry out conventional EC 1:5's as there
was no supernatant fluid remaining after shaking,
However, filtrates from the slurry / gel resulting from EC
1:20 tests gave readings of 640uS/cm and 1190pS/cm
(25°C) for the NSW and Wyoming bentonites,
respectively suggesting fairly salty material. For
comparison, a NSW beach sand registered 745u5/em in
an EC 1:5 test,

Salinity

Clays have very low water vields, but their
resistivities do depend on local salinity conditions. In an
experimental study on the effects of salinity on clays the
saturated resistivities (p,) were determined with NaCl
solution saturant resistivities (p,,) ranging from 0.04 to
150 ohm m (25°C). The results are given in the log-log
plot of Figure 1 where arbitrary p, and p,, categories
(high-medium-low) are shown together with equivalent
salinities,

The medium grained, clean, poorly sorted sand was
included for comparison. It shows an expected pg, - pw
curve, with low py (highly saline), medium p,,
{moderately saline) and high p, (freshjwaters imparting
a progression of low to high py's as would be expected
from the Archie relationship p, = Fp,, where F, the
formation factor, is an inverse function of porosity.
Archie (1942) determined resistivitics of brine saturated
sandstones with porosities ranging from 10 to 40 percent
and saturant salinities ranging from 20 to 100g NaCl per
litre. Here the formation factors are intrinsic. He did not
use fresh waters and it is a popular misconception that
Archie's extraordinanly simple equation applies in the
fresh water domain - it does not. In fresh water, say in

excess of 10 ohm m resistivity, the apparent formation
factor diminishes (e.g. see the sand data of Beilla et al,
1983). This is caused by surface conduction acting
through adsorbed water on pore walls, The effect can be
seen in the river sand wttE the p, trend breaking at
pPw =10 ohm m and then increasing more slowly with p,,.
Mevertheless, the sand p,'s can be regarded as a
reasonable indication of the saturant py, if an accurate F
can be established. The sand resistivity data are included
as a relatively low porosity and resistive upper envelope
for the clay data.

The kaolinites’ p,'s also follow the sand trend but are
lisss resistive. The Londonderry and pottery clays, despite
their silt and sand contents, plot below the Georgia
kaolinite. This  is due to their mineralogy
(montmorillonite content) and texture (porosity).
Intriguingly, these three low cation exchange capacity
kaolinites seem to follow the Archie type of pg - puw
behaviour seen in the sand.

The bentonite displays a quite different behaviour, At
high saturant salinities, or very low p,,, the bulk
electrolyte dominates conduction in the pores and the
merged trend is similar to the sand and kaolinites, but in
a lower resistivity range as the bentonites were the most
porous of the malerials tested. However, with an increase
in resistivity of the introduced saturant the significant
exchangeable ion conduction mechanisms are no longer
masked by electrolyvte salinity and the bentonite p,'s
change trend to level out at 2.2 chm m. The bentonite /
montmorillonite pg, - py behaviour documented here is
similar to that reported by Palchett (1975) from
theoretical considerations. He also  cited some
experimental data to support his equations.

In the case of the sand and kaolinites reasonable
inferences may be made regarding a possible p,, and
salinity range by considering p,, and taking into account

00
[ BATURATED GLAYS
RESISTIVITIES
R
#
I}.
100 _ . Jaints. Gerpa
A ey
sl
F 7 F3
igh r haolrite i
WL ke
| il #f"
vl sand é
Po | % o .
£im | .
.! .l.
]
ra *.
el = P . Breannan ]
‘r-l_ _‘ :‘1‘;’ d
1 or
e I.':'
wl
Sy Pl
i y i o JO
ey FIGURE 1
o
0.1 -
s I e | ;.m“ fam odustial | Lo o
250 000 mg 34 000 gt i i camastis waler i _ﬂ
brire £ e 50 mgi re L2
(TDS approx Hacd e moA =
uld B ™~ m [ o

EI’rewew JUMNE 19497



likely sandiness, porosity and elay purity. This cannot be
done in montmorillonite terrain where the py, cannot be
reliably inferred from p,, except at high salinities or with
prior knowledge of the chemistry and mineralogy.
Accordingly, estimates of salinity conditions from
clectrical or electromagnetic Hl..upl'l'v’hil.ﬂl SUrveys reguire
supplementary geological (especially mineralogy), and
geophysical (e.g. magnetics to highlight likely mafic
areas) and petrophysical information.

Furthermore, endeavours to use p, to interpret the
presence of zones of saturated sand, kaolinites or
montmorillonites in the regolith really require prior
information on py, or salinity, and some petrophysical
characterisation from control sites. From region to region
or even locally, montmorillonites may vary in porosity
and ion exchange capacity and so may be more resistive
or less resistive than those measured here

The information presentied herein is not claimed to be
definitive, but it is indicative and Figure 1 does broadly
illustrate possible pitfalls in p, interpretations. The
recognition of clay tvpes is important in efforts to assign
the rack parentage of weathered assemblages (e.g.
Stewart & Komprad, 1997). For kaolinitic, illitic and
smectitic materials there seems to be a real need for more
experimental data, corroborated interpretations and
mathematical models along the lines developed in the
petroleum industry to describe the electrical behaviour of
shaley sands e.g. Worthington (1985).

Saturation

The data plots in Figure 1 are for saturated materials.
In clay zones nearer the ground surface water saturation
(Sw) may be less than 100 percent. In this case the
material’s resistivity is designated as py. The effects of
desaturation in sands and sandstones can be estimated
from the Archie resistivity index equation py/pg = Sy ™
where n has been generally accepted as having a value of
around 2.0, for water saturations down to around 30
percent, When a sand dries out its resistivity increases as
1/542 so for an Sy of 0.5, py = 4p,. Kellers (1953)
sandstone data showed an increase in the exponent al
lower water saturations.

The Georgia kaolinite did not shrink much in slow
evaporation and drying - about 13 percent from saturated
to the oven dry (105°C) stale, so resistivity measurements
were made on specially prepared subsamples as they
slowly dried in air to track the py - 5y, behaviour,

The desaturation data in Figure 2 are for two Georgia
kaolinite cores, one saturated with 3.8 and the other with
0.6 ohm m MNaCl solubon. The data show n values
between 1.2 and 1.5 and averaging around n = 1.3, to an
Sy of 30 percent. This implies a slower increase of
resistivity for kaolinites than for sands as they dry out,
For an 5, of (1.5 in the kaolinites, p, = 2.5p,. Experiments
with fresher and saltier saturants were less well behaved
but the data suggest that fresher saturants impart lower n
values and saltier saturants result in higher n values than
those for the kaolinite in Figure 2. Waxman & Thomas
(1974) noted similar behaviour in shaly sandstone. The
implication from the kaolinite’s low n value is that the
clay's porosity structure continues to hold continuous
water paths more effectively than other rocks when 5, is
decreased to quite low levels. Below an 5, of about 10
percent the water ceases to he linked and n increases
substantially as water disappears. Diederix (1982)
demonstrated a similar effect with measurements on
beads with smonth and coarse textured surfaces.

OFGATLHATION OF HECH INITE
RESISTIVITY |&s FX va WATER BAT

Realat
friden
m =
vy ipg | 10
bt _—
L]
B partonaies
=]
1<n-1l-
w1l =
S——
P e 3BOmM{IETC| o
& P QEIMETC) b
"
e =" | )
i — - -
["] 0
Byt FIGURE 2

The Londonderry Clay, Salinity and EC 1:5

The NSW Waste Service's Castlereagh Disposal Depot
has been the subject of detailed geotlec Elm-:al and
environmental investigations for many years, As part of
these studies an airborne electromagnetic survey was
carried out over and around the Depot to define regional
and local geoelectric characteristics that might have a
bearing on salinity patterns and fluid migration. The
results of this work will be published in due course. The
relevance of the Depot to the clay study was the
availability of samples through the Lundnnderr:, Clay
which is a major source of plastic, red firing clay for the
Sydney district (Jones & Clark, 1991},

The kaolinitic Londonderry Clay occurs in the
Tertiary Cumberland Basin 50km west of Sydney, [t is a
lateritised horizon and overlies the quite clayey Rickabys
Creek "Cravels” which rest on weathered Triassic
Bringelly Shale. The Tertiary section essentially
comprises an upper aquiclude, up to Him of sandy rlayﬁ,
and a lower aquitard, up to 10m of clayey sands, with
permeabilities of about 0.1 and 1.0 millidarcys
respectively. A series of boreholes revealed an overall
change in proundwater salinity fram west (saline) to east
(fresh) across the Waste Service site, This showed up
quite well on early time conductance contours from an
airborne transient electromagnetic survey. Available
evidence suggests that the salinity of the clay’s pore
water is only broadly similar to the underlying gravel,
The whole of Tertiary section can be regarded as water
saturated except very near the surface where the clay
dries oul,
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The availability of tube-cored sediment samples
extracted ahead of the drill bit (to minimise contamination)
in four drill holes across the salinity front permitted a
petrophysical study of the Tertiary salinity environment as
it freshened from west to east. The four drill holes were
nos 949 (in the west), 948, 945 and 967 (in the east), Gamma
logs and EC 1.5 values for 945, 948 and 949 are shown in
Figure 3. The saturated resistivities (pys) of the test
samples are plotted with their EC 1:5's in Figure 4.

The natural gamma count logs in Figure 3 indicate the
relative claviness (high gamma) and sandiness (low
gamumi), quite well in fact when the logs are compared in
detail with binocular microscope examinations of
subsurtace samples, In the Londonderry Clay the
sequence is seen o be upward coarsening with the
gamma counts decreasing towards the surface. Borehole
949 is, overall, quite clayey from top to bottom (see
gamma counts). Its EC 1:5 increases with depth and
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shows no correlation with the gamma log. Borchole 948
shows a similar Londonderry Clay pattern but here the
gravels are sandier. The EC 1:5 is mostly low and then
increases near the bottom of the hole, Borehole 945 does
show some correlation between EC 155 and dayiness as
indicated by the gamma log and, in the middle of the
clay, the EC 1:5's are higher (than for 949 and 948}, The
clay salimity conditions in 945 differ from those in 948 and
949. Integrating EC 1:5 with depth shows up the
relatively high salinity in 945.

In the profiles of Figure 4 the groundwaters freshen
from west to east. Water similar to that produced from
each borehole was used to saturate the test samples i.e.
rw's of 0.8, 0.9, 1.5 and 8 ohm m 25°C were used. The
measured sample resistivities should be regarded as
minimum resistivities as the ﬁamp]i'ﬁ were not washed or
flushed prior to saturation.

For 949-948-967, the EC 1.5 profiles clearly show the
overall lateral change in salinity conditions from saline to
fresh and the detail of the subsurface salimty distribution
in each borehole where conditions become more saline
with depth. The resistivity profiles show the expected
inverse relation to the EC 155 profiles. The clay
resistivities increase from around 2.5 ohm m in 949 to 3.0
ohm m in 948 to 17 ohm m in 967. For the deeper sands,
porosity and texture cause the resistivitics to increasc,
despite the rise in EC 1:5.

Borehole 945 represents anomalous ground in that
g-mplww..nl survey observations suggest relatively low
resistivity terrain, somewhat similar to that around 948,
but the produced water is fresher. The answer lies in the
saltiness of the section in 945 as shown by the EC 1:5 data.
The saturated clay sample resistivities are indeed quite
similar to those in 948 and 949. Although the EC 1.5
patterns are similar, the deeper sandier samples in 945
are a little more resistive than those in 948, because 945's
saturant is fresher and the upper gravels are cleaner (see
gamma log). The treated sample resistivities for 949, 948
and 945 can be compared in 967's panel in Figure 4.

The profiles in Figure 4 are not the complete answer
to an investigation of the Tertiary’s resistivities. The p,
data derive from a uniform saturant for samples from
each hole with the saturant matching the produced
water, However, the EC 1:5's show a somewhat varying
but broadly increasing salinity with depth in the Tertiary
of 949, 948 and 945 (in 967 there is a marked increase
deeper in the weathered Triassic), This is corroborated al
one nearby site where a series of differently perforated
drillheles revealed that the water produced from the
whole section had p, = 25 ochm m and this was a
composite of 8.0 ohm m from the lower clay's low
yielding sandier lenses, 3.3 ohm m from the upper sands
and 2.0 ohm m from the lower sands. The reasons for this
are the subject of continuing hydrogeological debate to
do with salt imprinting and leaching and will not be
addressed here.

On this evidence, the produced water largely has the
deeper sands’ characteristics and the Londonderry Clay,
where EC 1:5's are low (compared to deeper sands), may
have a rw about three times thal of the sands, A
consideration of the EC 1:5 data and the clays apparent
formation factors, about 3.0 bul varying with salinity,
permits the upward adjustment of the clay p, values,
where warranted. Alternatively, data may be {and have
been) obtained by laboratory tests with appropriate
saturants. Such adjustments tend to bring the clay

resistivities into the higher range of the gravels and this
results in fairly uniform resistivities over the Tertiary
section at any one spot and gives a good match to the p,'s
inferred from DC resistivity and TEM ground probing
where, initially, the interpreted electrical uniformily of
the Tertiary section was quite puzzling,

The data suggest that in a heterogeneous kaolinitic
terrain only order of magnitude changes in clay salinity
may be reliably inferred from p, data. For this west to
east sechon, the py, po EC 155 and lithological data
combine to provide a very clear picture of geoelectric
conditions in the subsurface,

Conclusions

The direct use of a logged or inlurglrl:lud P value is
rendered difficult by it being a dependent variable, so it
is very advantageous to have some ideas about the
independent variables contributing to it. The resistivity
behaviour of clays can be better understood in the light of
information of their mineralogy, salinity, saturation and
porosity. This information may be gleaned from some
petrophysical studies at control sites, The resistivilies of
low cation exchange capacity kaolinites appear to reflect
directly their saturant water resistivities, but this is not
the case for montmorillonites, EC 1:5 is not another
variable, rather it is a local salinity index and its electrical
effects are subsumed in the effective Pw: The use of p,
clay data in regolith interpretations is optimised by
considering auxiliary geological, geophysical (including
conductivity tnggmp} and petraphysical information,
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Procedures

This experimental study is part of an in-house
rescarch program on the mass, electrical and velocity
properbes of clays by Systems Exploration (NSW) Pty
Ltd. The materials in the Systems Exploration laboratory
program were saturaled with the appropriate fluids,
consolidated into cores in special jigs and then subject to
resistivity determinations wosing a  two electrode
technique (Emerson, 1964) at a frequency of 1kHz and
one volt energisation. Phase angles were low (<27
for saturated specimens, but when oven-dried the
materials became dielectrics with very high resistivities
(100 000's Q) and high phase nn%le& (=70™), Some trial

four electrode measurements showed that contact
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resistance effects in the two electrode technigque were
minor. The measured resistivities are regarded as having
an accuracy of five percent. Data cited are for samples
that were not pre-washed prior lo introducing the
saturant. Bentonite when washed with deionised water
had a consolidated state resistivity of 7 ohm m - stll
clearly in the medium p, range. For these and other
samples studies are continuing on mineralogy, densities,
porosities, saturation, velocities and electrical properties
im'ludmf; frequency effects
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The following Example is taken from the
Carnarvon Basin, Western Australia

Carnarvon Basin, Western Australia - early
Cretaceous. Second order basal transgressive sand
fBinding plus Zeepaard sequences plus Mardie basal
sand). This glauconitis sand facies is unusually thick,
east of Barrow Island and its seismic character is
similar to that of the Muderong Shale with which it
interfingers.




Geophysical Practice at the University
50 Years Past..

of Tasmania:

. and Future?

by N. G. Direen

Special Research Centre for Ore Depaosit Studies, University of Tasmania
GPO Box 252-79 Hobart, 7001, Tel: (03) 6226 2391 Fax: (03) 6226 7662

fn He UNIPULSE column in Hhis
issue of Preview, [ will be featuring a
paper by Nick Direen which s
written for the 50t anniversary of
the Department of Geology at the
University of Tasmania, This paper
was of special interest to me, as [ was
a Semior Lecturer in Geophysics in
Tasmania for a four year period in the late eightivs. 1 feel that
one of the particalar strengths of the geophysical tradition at
the University of Tasmania has been the marviage of “global”
geaphysics and exploration geoplysics, which is illustraled in
e following paper,

Leante Jones

Introduction

It has been cdaimed recently (Uren, 1996) that the
teaching of geaphysics within the Tertiary Education
system is presently in a state of crisis, Increasing costs,
governmental neglect, declining Science enrolments, and
movement of students away from “hard” sciences, such
as maths and physics, to perceived “soft” sciences such as
environmental studies have contributed to this crisis.
This crisis has ocourred despite the fact that Australia is
sill a resource based economy. As shallow mineral
targets and straightforward petroleum plays are
becoming rarer, it is thus likely that geophysics and its
practitioners will be in greater demand than at present.

The Department of Geology at the Umiversity of
Tasmania Ifms been teaching pgeophysics from its
inception, due to the vision of its foundation professor,
S. Warren Carey. As the Department celebrates its 50th
Jubilee, it is fiting to examine how this crisis in the
teaching of geophysics is affecting Tasmania, and in a
“reverse actualism” to see if the experiences of the past
give us a key to the present, and to the future,

All crises are turming points, and times for decision.
Let us hope that the decisions of the present will see us
celebrating 100 years of geophysics at the University of
Tasmania some 50 vears hence.

Some Facls (or some statistics at any rate)

In order to give this rescarch some historicity, the
author adopted a palacontological approach, and with
the help of the Geology Department Curator, Kathi Stait,
constructed an electronic database of the departmental
thesis collection. The thesis collection represents perhaps
the only continuous, concrete record of achievement by
students within the Department, many of whom have
gone on to illustrious careers in the discipline,

Figure 1 shows the number of senior students
completing major geophyvsical practical projects, with the
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apex occurring in the decade 1966-1976, Figure 2 shows
the decline in theses related (o theoretical aspects of
geophysics as opposed to practical {applied geophysics,
Figure 3 shows the number of geophysical Doctoral and
Masters theses as a percentage of all geophysical projects,
which has generally been increasing with time. Figure 4
shows the number of staff involved in the teaching of
geophysics in the department over time: this displays a
similar pattern to that of Figure 1, bul with a different
temporal peak.
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The trends expressed in our “fossil record” of theses
accord well with trends in University geophysics
commented on by Uren (1996), namely: a recent fall in
undergraduate  enrolments; small  but  increasing
numbers of postgraduates, due to increasing disciplinary
complexity and specialisation; a decline in the willing-
ness of undergraduates to undertake more rigorously
physical/ mathematical projects, perhaps due to falling
standards; and recent rationalisation by Universities of
small classes, resulting in non-replacement of retiring
staff.

Some further trends not revealed by this simple
analysis, bul readily discovered upon discussion with
past and present staff, are the increasing costs and
declining real budgets needed to maintain geophysical
equipment, which often becomes outdated; and an
increasing reliance on computer hardware and software.
This last phenomenon has evolved from a situation
where computers were programmed “in house” to one
where complex and specialised software has been
imported. The benefit of the increased monetary outlay
has been training in a more standardised computing
environment akin o that in industry.
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Thus geophysics at the University of Tasmania has
nat been unaffected by this crisis. In order to maintain the
discipline, which is already a cornerstone of national
development, we need to attract more students. What
does geophysics at the University of Tasmania have to
offer them?

Some Historical Highlights
1950s: Hydro Engineering

From the very beginning of the Department, Prof.
Carey maintained a close relationship with the “Hydro”,
the Tasmanian Hydro Electric Commussion, which was
engaged in an aggressive campaign of dam building. In
order to reduce structural risks associated with poor
geological knowledge, geophysics was used by students
in a variely of applications, from predicling rock quality
by seismic refraction, to determining optimal routes for
canals through the weathering profile and porosity
characteristics by resistivity surveying,

Through the auspices of the Hydro, Prof. Carey was
able to obtain funding for a more enduring asset; the
Tasmanian seismic net, which was begun in 1958 with a
single station at Fort Nelson, above the University site.
The Sprengnether seismometer for this station was
scavenged from the Academy of Science, after the
University of Queensland failed to find a home for it

Three further stations were added at Tarraleah,
Savannah and Moorlands, to create the Net in 1960, At
the same time, the Hobart station (TAL) was moved to
the present vault at Bend 5, Nelson Rd. In 1962 the LS
Coast and Geodetic Service installed a (urther six
seismometers at TALU as part of the World Wide
Standardised Seismograph Network (Ripper, 1963). Over
the years, the Tasmanian Net has expanded to a total of
six stations around the state, with another omne to be
installed at Gladstone by the end of 1996, The Seismic Net
15 still largely funded by the Hydro, as well as by AGSO,
and has just been upgraded to utilise digital microwave
links, as opposed to radio telemetry,

The daily records of Tasmanian seisms and teleseisms
have provided ample material for both student practicals
and student projects in the past (eg Ripper, 1963), and still
represent a somewhat under-utilised but valuable legacy.
This is attested to by the fact that all data generated by
TAU is automatically transmitted to the University of
California (San Diego), as part of the worldwide IDA
network.

1960s: Papua and New Guinea Surveys

Prof. Carey's pre WWII involvement in Papua and
New Guinea, and wartime escapades thercabouls, meant
that the Department was able to use his knowledge and
experience as a basis for some fronher geoscience,
including geophysics. Helped along by the Burcau of
Mineral Resources and sponsorship from several oil
companies including The Australasian Petroleum Co,
Marathon Petroleum and Papuan Apinaipi Petroleum,
five of Carey's students underfock a mulbidisciplinary
study of Papua and New Guinea, which became known
as the Papuan Tectonics Project. The work lasted from
1961 to 1967, and involved two major gravity projects by
John Shirley and Paul St.John.



John Shirley's Honours project involved acquisition of
new gravity stations in the Eastern Highlands of New
Guinea, as well as converting oil company proprietary
data around the Gulf of Papua to a common datum,

I"aul St John built on Shirley’s earlier work as part of
his PhD. He teamed up with the Commonwealth
Division of Mational Mapping, the Australian Army HQ
Survey Regiment and the United States Army Map
Serviee, who were all at that time establishing the
Geodetic Datum for PNG. Using the combined resources
of the geodetic surveyors, including Landrovers, boats
and helicopters, in 13 months, he was able to establish a
gravity database for the whole of Papua and New
Guinea, an area of some 400 000km2 - a phenomenal task,
given the remoteness of some of the highland areas. Paul
reports that all the field work cost him only “five quid a
week” (1), His work was incorporated into the University
of Hawaii's global geoid mapping project, which became
the basis for the 1967 gravity ellipsoid, and was used to
do calculations for the first geostationary satellites,

1970s: Links with Asia

In 1976, Dr Dudley Parkinson, the senior lecturer in
Geophysics, was approached by one Dr. Mugiono of
Gajamada Umiversity in Indonesia about the possibility
of establishing a geophysics course at that university.
Due for study leave, Dr Parkinson took up an offer to go
to Bandung for two months, taking with him some of the
Departmental gear, including the “Tellohm™ resistivity
bridge, and a vertical fluxgate magnetometer. Despite the
usual fuss in customs over fying with gadgets that look
like primitive bombs (still & problem!), he was able to
spend a profitable time helping to set up a geophysics
course at Gajamada. The campus, in the city of Bandung,
is situated near the active Mt Merapi volcano, an
excellent geophysical laboratory for a wvariety of
techniques, including gravity, seismic and electrical
methods, This  relationship  continued upon  Dr
Parkinson’s return, resulling in a stream of Indonesian
postgraduate students coming to Tasmania to study
geophysics. The first was Nazhar Buyung, who from 1978
to 1980, worked on an MS5Sc project on geomagnetic
induction and “Parkinson Arrows” in N E Tasmania.
Since Buyvung, a further four Indonesians have graced the
Department, three returning to complete both Masters
and PhlY's, the last in 1993, and all on similar projects.
This link is still quite recent: what possibilities may now
exist for student exchanges to study geophysics in
Indonesia, vur closest Asian neighbour?

1980s: New Methods in Mineral Exploration

The 19805 saw a burgeoning of seismic reflection and
refraction projects being conducted by students in the
Department. This was due to the purchase and
acquisition by Dr. John Shirley of such equipment as the
departmental seismic truck (purchased from the Hydro
bargain basement), geophone arrays, and the Texas
Instruments 9000 scismic recorder (from Geopliysical
Services International, for the cost of the freight),

While some students uwsed seismic reflechon to
investigate more traditional targets such as Tertiary
lignites and bridge foundation sites, one of the maore
novel uses of the method was its application to mineral
exploration at lellyer (Read, 1986) and Tennant Creek

(Root, 1989). Although unusual, the method was
particularly successiul at Aberfoyle’s Hellyer site, where
Jeremy Read, under the supervision of Dr Roger Lewis
and Dr Leonie Jones, cooperated with a cast of thousands
including Aberfoyle, the Hydro and Mines Department.
He was able to discriminate important features of the ore
environment, such as the alteration and stringer zones,
the position of the Jack Fault, as well as the massive
sulphide ore bodies themselves, The value of this project
was to demonstrate the viability of CDP seismic in
exploring a complexly structured environment, and one
that was hlind to more mainstream penphvﬁl-:'al methods
including magnetics and IP. This was done in the pre-
production stage, adding valuable knowledge to the
exploration model.

Also in cooperation with Aberfoyle at Hellyer, a
second Roger Lewis student, Julian Mather, trialed a
relatively new method known as Time Domain Spectral
Induced Polarisation, which was another of the Lewis
“hobbies”. The method proved successful in being able to
discriminate massive sulphide mincralisation from
conducting black shales, a previously insurmountable
problem with conventional IP at Hellver, and elsewhere,

1990s: New Frontiers, New Technologies

The 19905 have seen the Department expand its
horizons in terms of place and methods. New
technologies have played a part in this expansion. In
1994, under David Leaman's supervision, Andrew
Wellington was sponsored by AGSO to participate in the
cruise of the French occanvgraphic rescarch wvessel
L'Atalante. This cruise was designed to conduct a
multidisciplinary study over the South Tasman Rise in
the Southern Ocean. Andrew was able o use seismic
reflection, shiphoard gravimetry and magnetics, as well
as forward and side scanning high resolution sonar, plus
deep dredging to interpret the provenance of the South
Tasman Rise: a detached piece of continental crust with
affinitics to both Tasmania and Antarctica (Wellington,
149594,

Graham Crook, one of the 1996 students, conducted a
pilot study using aeromagnetics, airborne radiometrics,
with remotely sensed Landsat Thematic Mapper and
Synthetic Aperture Radar data to determine  the
usefulness of combining these techniques for geological
mapping in different Tasmanian conditions. This praject
was carried out under the guidance of Dr Michael Roach.

Lessons from the Past

If we are to learn anything from these short vignettes,
it must be this: geophysics at the University of Tasmania
has been capable of offering both the exotic and the
cutting edge in terms of viable projects; further, such
projects are often of practical value to organisations
outside the university. In the past, geophysical stafl have
forged strong and mutually beneficial Hes with such
bodies, enabling students to overcome guite severe
limitations on funding and equipment. With the demand
for well-trained geophysicists almaost certain to increase
in future, because of the desire to probe the third
dimension beneath us, we should also be sure that there
will be government entities and companies who are
prepared to “put in® to assist in training the geophysicists
of the future.
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The Future?

What then of the future? All useful practical
geophysics depends on acquisition and processing. Both
these parts of a project, in an environment thal
increasingly demands greater precision, are becoming
more and more expensive, due to developments in
hardware and software. Although the Umiversity of
Tasmania no longer owns much of the equipment
necessary for many projects, students can still be trained
in the use of the latest equipment with some effort,
imagination and opportunism on the part of their
supervisors.

In addition, because of the recent exponential increase
in data L]uahh-', and cost reduction, many nrp’lmhahﬂnw
have routinely acquired vast ;_,-*nphwﬂrai databases. Close
cooperation with the owners of such databases means the
Department can now offer projects working with data
acquired and processed by others lo provide interpretation
at larger scales than in the past. This is training for a world
where most geophysical data is now acquired by large,
sometimes multinational, contractors, and where the
peophysicist is primarily a skilled interpreter

Summary

Fifty vears of geophysics at the University of
Tasmania have produced many  well-respected
practitioners of the art, as well as many novel projects,
and strong links with supporting  orgamisations.
Geophysics will remain a strong, and increasingly
integral part of training, for earth science graduates, as
long as there are imaginative, resourceful staff to
maintain both the geological and physical integrity of the
discipline as they have in the past.
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Geophysical Time Warp Discovered at North Ryde

(or Should AEM be used for Bump Picking or for Geological Mapping?)

by Ned Stolz
CRC AMET, Macquarie University

Cine view presented at a torum of prominent minerals
indu!-it'ry Ht'ﬂph].rslfisaha was that airborne EM in Australia
is technically at a similar level of development to that
which aeromagnetic surveys had attained in the late
1970's! While this concept helps explain many
phu:'nr.un'luna among Australian gm:l_ﬁl'L_‘.--.;il.'isl::. including
one well known individual’s taste for safari suits (1), the
lag in AEM development is a major challenge facing the
exploration industry in this country.

A workshop addressing this tupu was organised by
the CRC AMET at the CSIRO Division of Exploralion and
Mining, North Ryde on Friday 29th November, 1996.
CRC AMET, or the Cl.mpi.r:ltnl._ Research Centre for
Australian Mineral Exploration Technologies, has it's
major research objective to improve the use of AEM
methods in regions of conductive regolith cover, As the
participants made their way through the crowd of
platform shoes, flared trousers and paisley body shirts
they may have twigged that this was to be a geophysical
meeting from the 1wHig]1T rone!

Presentation and Resolution Issues

Talks in the morning session included contributions
from two AEM contractors, CRC AMET program leaders,
Victor Labson of the LIS Geolopgical Surveyand a
summary of the thirty years, go to woe history of AEM
from Professor Alex Becker of University of Lailh‘.urma
Berkeley,

Andy Green of the CRC AMET presented preliminary
results of prmr:pnl mmprmt-nt analysis of SALTMATP
data. The aim of this research is to compress AEM data
into an image that looks like geology and can be
L[u;ﬂitatively interpreted dir:'['t]}' by peologists.
Geological interpretation was a recurring theme of the
workshop. Andy's approach is to reduce the
dimensionality of the AEM dataset by principal
component analysis. This is much faster than inversion of
the data to conventional parameters such as conductivi ty
and l.il;'pth to layer boundaries, The principal components
are imaged using standard image processing technology
to allow zones of distinct decay character to be
recognized, The work is being combined with Tim
Munday's research into regolith properties for a more
complete understanding of the geological significance of
the images.

After lunch it was the turn of the exploration industry
to lead the discussion. Jovan Silic posed the questions;
'How deep should we look? and 'How much should we
pay?’. The g general consensus of the group was as deep as
possible for the first and as little as possible for the
second.

Jovan then noted that geophysicists still relied heavily
on decay time constant when rating anomalies and

[irwen Silic before the AEM
workshop

and during! Where did the years go? Brian Spies and
Jolin Slade appear thoroughly bewildered!

pointed cut that when the target is deep the late time
response is often lost. He illustrated this with an example
trom the Broken Hill region. After discussion, the group
decided that the response was probably a current
gathering effect and not a regolith feature. In such cases
the problem becomes one of how hest to sort early time
conductors. Jim Macnae reminded us that the double
derivative response o AEM waveforms emphasised
shorter time constant decays,

Hugh Rutter provided an example of an AEM survey
which didn't work. A frequency domain, helicopter EM
survey flown in Africa failed to detect graphitic schists,
which normally respond  extremely well to AEM.
I'roblems with excessive terrain clearance offered the
most likely explanation. Jim Macnae noted that the
reSponse of steeply dipping bodies falls off very quickly
with altitude and pointed out that the strongest AEM
responses come from flat lying bodies - especially the
regolith!
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Guimin Liu provided a comparison of GEOTEM and
QUESTEM data over the HYC zinc deposit in the
Northern Territory. The results were similar except for
minor amplitude differences and there was some
discussion about the disparily and the need for careful
calibration. Andy Green emphasised the effects of
variation in geometry and uncertaintes in bird and
aircraft  position, especially  when flying over a
conduchive overburden.

Bump Hunting versus Geological Mapping

Marcus Flis's presentation about mapping magnetite
in the Hammersley Basin using frequency domain
helicopter EM precipitated a debate over the attraction of
bump picking against the virtues of geological mapping.
This issue was also raised by Jim Hanneson and the
WMC geophysicists.

Industry representatives stated that the primary
reason their companies fly AEM is for direct detection of
massive sulphide ore bodies. Jovan Silic said that geology
is the main signal in AEM and orebodies constitute the
unusual, anomalous part. Explorationists were always
looking for unusual things, whether dealing with
geological, geochemical or geophysical data. Marcus
reiterated that geology is the background while we had to
look al anomalies to find ore,

Brian Spies countered that this obsession with bump
hunting was taking us backwards and that the future lay
with the production of geologist fricndly products for
mapping. Some people thought the issue had been settled
ten years ago (see Macnae and Spies, further reading).

Jim Hanneson said that AEM did not have a proven
record of finding ore in Australia and that this was a
major obstacle to persuading exploration mangers to fly
it. He also questioned the importance of AEM for
mapping in the exploration process, commenting that
often the geology was not understood anyway! During
the course of discussion it was established that AEM had
in fact discovered Que River in Tasmania (apparently
using a quadrature frequency domain system now long
gone) as well as the Panorama deposit in WA, It is also
proving extremely useful in Kimberlite exploration,
Discussion emphasised that we must publicise these
SUCCessS0s,

Derecke Palmer said there was a need for a
presentation which fulfilled both anomaly picking and
mapping roles. Andy Green commented that multiple
presentations could be ophimized to whatever role was
required. Derecke went on to say that geologists now felt
that they owned aeromag data while AEM still belonged
exclusively to the geophysicist. Steve Mudge said that
once geologists could understand AEM data they would
use it more, more surveys would be Hown and the price
would come down.

Jim Hanneson also pointed out that large, high quality
government datasets and multiclient surveys had done a
lot to popularise acromagnetics, He asked if there was a
role for government in improving the perceptions of
AEM methods, specifically by flying public domain
SUVeys,

Cost versus Quality

Jim stated that WMC would rather have a significant
cost reduction than incremental technical improvements,
Brian Spies asked if they would accept a major technical
improvement instead of lowering the price and Jim
replied ‘yes', so long as AEM was improved to be
comparable with ground EM. Art Raiche quipped that
Jimapparently wanted lo pay less so he could fly more of
a system that didn’t find ore, that is, less money for the
same lack of information.

The general consensus from industry was that their
companies were always interested in looking deeper.
Jovan Silic proposed that careful analysis of data could be
mare effective for this than increased transmitter power.

Marcus Flis suggested that the price and quality of
AEM was unlikely to change quickly but that value could
be enhanced by running as many sensors as possible
trom the aircraft, ic. EM, magnetics, radiometrics and
radar. Andy Green noted that Australian companies
were notorivusly unwilling to pay for extra datasets,
stating the case of radiometrics in aeromag surveys.
Keeva Vozoff commented on ground geophysical
contracting in Australia, stating that hard-nosed clients
had drastically squeezed contractors and profit margins,
resulting in lack of reinvestment and poarer data quality.

Technical Issues

Jim Hanneson called for a step response or
quadrature trequency- domain AEM system to get more
response from the best conductors, He also proposed
measuring the magnetic field directly from a transmitter
current step or the use of a narrow band magnetic
measurement to supplement the dB /dt reading. Phil Pik
and Jock Buselli said that they had yet to find a small,
cheap magnetic sensor that met the requirements of
AEM, Jim Macnae said it was now possible to obtain a
step response by deconvolulion of data from any
arbitrary waveform.

The possibility of measurements during the pulse was
also raised. Jim Macnae commented that GEOTEM can
do this but it is actually more useful for offscale resistive
features than offscale conductors because these can be
interpreted without having exact knowledge of the
geometry for primary field removal.

Future Trends

Bob Smith pictured geophysicists pouring resources
into making AEM pgeologist - friendly and in effect
begging them for money so we could fly more. In his
experience exploration managers are not just geologists
and as long as geophysicists can demonstrate that AEM
finds ore the money will come. Hence the need for well
documented discoveries was raised again.

Keeva Voeofl drew the parallel with 3-1 seismic
surveys which had blossomed from a laughing stock a
decade ago to a routine exploration exploration tool
today. Joe Cuccuzza remarked dryly that petroleum
wells can cost fifteen million dollars! Andy Green was
confident that demand for AEM would grow as people
saw the need for it, just as had happened for
aeromagnetics. Brian Spies stressed the need o improve

30 Preview JUNE 1997



data quality in AEM before any of the above could
happen,

As the workshop participants were whisked back to
the 1990°s by the waiting fleet of Leyland I'76's, Brian was
already making plans for the next AEM conference to be
held two years hence. What decade will the time vortex
find us in next time round? Will AEM be taken forward
or backward or will it perhaps remain stranded in the
endless strobe light discotheque of the seventies? Will it
remain the last comfortable haven of the geophysicist or
will it have been cast out to the ignorant hoards of
geologists. The specialist tool of the expert or the routine
procedure of the general prospector? Strangely enough,
the answer is in our hands!

Further Reading

Palacky, G. J., and West, G. F., 1991, Airborme
electromagnetic methods, in Nabighian, M. N., Ed.
Electromagnetic  methods in applied geophysics-
Application, Val. 2, Part B; Soc. Expl. Geophys., 811-879.

Palacky, G. J., 1989, Advances in geological mapping
with airborne clectromagnetic systems, in Garland, G.
[}, Ed, Proceedings of exploration '87: Ontario Geol,
Surv,, Special volume 3, 137-152,

Macnae, |. C. and Spies, B. K., 1989, Accomplishments
of wide-band, high power EM, in Garland, . D,, Ed,,
Proceedings of exploration '87: Ontaric Geol. Surv,,
Special valume 3, 1089-121,
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Membership

New Members

We welcome the following new members to the Society.
Their details need (o be added to the relevant State

Branch databases.

Western Australia
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- Robertson Research

6% Chutram Street

West Perth, WA 6005
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Fax: (&) 481 721
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Indrajit ROY

22/984 Albany Hwy

East Victoria Park

Perth, WA 101

email: rovigfcacurtinaeduan

SCINTREX PTY LTD
incorporated in 1968
131 Wellington Street
West Porth, WA 605
Fel: (09) 321 64934

Fax: ((,) 481 1201
viminl:

100254, 12778 com puserve.com

Stephen SMITH

Robwertson Besearch Australia
&% Cutram Street

Wiesl Porth, WA 8005

Tels (U4 322 2490

Fax: (1) 481 6721

Michalas VALLEAU

Sunke 24

32 Richardson Street

West Perth, WA 8005

Tel: (09) 322 R122

Fax: (09) 322 8133

email:

nickvalleaude T EPLSET VS COOM

Northern Territory

Simon HENDERSON
GO Box 4800
Darwin, NT 0801

Tol: (08) 2941 1356
Fax: (DB) 8941 1559

Queensland

Justyn HEDGES
78 Beck Sirewt
Rosaliv, Qld 4064
Tel: (07) IR58 676

Tara PALMER

fi ! 56 Miskin Streot
Tovwong, (id 4066
Tel: (07) 3371 1093

Chrisantha XAVIER
25 Chapel Hill Road
Chapel Hill
Brishane, CHd 40649
Tel: (07} 3378 f392

Victoria

Esther HARRIS

Dept. of Farth Sciences
Monash University

Clayton, Vie 3168

Fax: (03) 9905 4903

email: st-harri®@artemiz.earth.
mcrash echuan

Gregory JOYCE

PO Box 75

Darnum, Vic 3822

Tel: (03] 3627 5447

Fax: [(13) 5627 B667

emaul:
prismaus@descompoom.an

Mancy LAMMENS
21 Portsmouth Strect
Muount Waverley, Vic 3149

(Msh Bina SINGH

I Glenbroek Avenue

Clayton North, Vic 2168

Tel: ((13) 9544 0278

email:

bsing@student. monash.edu.au

New South Wales

Adexander de ABOITIZE
43 Llewellyn Strest
Rhodes, NSW 2138

lel: (02) 9743 3445
email: alewiivs S4.02.au

Patrick FOSDIKE
PO Box 37

Maitland, NSW 2320
Tel: 044 342 8BS

Malcolm GALLOWAY
17 Baneroft Avenue
Roseville, NSY 2069
Tel: (12 9419 3030

Faoe: (U2) 9419 3030

Carl HOLM

247 Burns Bay Road
Lane Cove, NSW 2066
Tal: (02) 9427 B014
Fae: (02} 9416 02

Michacl KAVANAGH

1180 King Street

Mewtown, Sydney, NSW 2042
Tel: ([02) 9949 4488

Fax: (02) w940 418%
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Ian KIRBY

4 Blytheswood Avenue
Warrawes, NSW 2074

Tel: 0419 443 (154

email:
ikirby@brunbes.es.mg.edu.au

Lehame LAY

274 Homebush Road
Strathfield South, NSW 2136
Tel: (412 266 519

email: lay@zip.com.au

Matthew PLRSS
PO Bow 301

Kiama, NSW 2533
Tel: (D42) 322 757
Muobile: 0416 bk 487

Lara TATTERSALL
PO Box 100

Dural, NSW 2158
Tel: (02) 9552 1729
Fax: (02) 9651 4338

Danielle VOTE
2/238 Bridge Road
Glebe, NSW 2037

South Australia

Peter HARVEY

17A Kosedale Avenue
Maorphelville, SA 5043
Tel: 015 711 286

email:
pbharveytiozemail.com.au

Rolf KLOTZE

7 Worth Street

Marino, SA 5049

Tel; (DB) B234 5229

Fax: (D8] 8234 5876

email: rolt.klotz@waii.com

lan STEWART

44 Harrow Road
College Park, SA 5069
Tel: (&) B363 3635

International

Virgil BARFIELD

2929 Briar Park

Suibe 312

Houston Texas, LISA 77042
Tel: | 713 780 7171

Fax: 1 713 7RO 2645

Matthew BRZOSTOWSKI]
9030 Smokchollow
Houston, TX, USA 77064
Tel: 713 781 4000

Fax; 713 781 7458

email:

mattwhstn.tensor. pgs.com

Elio ELIAS SANCHEZ
ITC/ Dish Hatel
Kiannalweg 3 2628 EB Delit
The Metherlands

Tel: DIS2 5649 358

Fax: 0152 623 961

email: exgdciitedelftitenl

Roberto FAINSTEIN
Sentre Mulia

17th Floor, Suite 1705
fakarta, Indonesia

Tel: (62) (21) 522 Y440
Fax: (62) (21) 522 2140
email: fainsteindjakarta.
geoquest slb.com

James FUEG

Fennecott Exploration

2000W International Airport R
Suite A7, Anchorage,

Alazgka, USA 99502

Tel: (907) 243 2188

Fazx: (907) 243 5526

email: fueg@alaskanet

Richard LEMON

El Bosgue Sor 130

Las Condes

Santiago, Chile

Tel: 562 203 1109

il mogntisa@iusanet.cl

Andrew LONG

Stantord University
Department of Geophysics
Stanford, CA, USA 94305 2215
Tel: 1 415 723 5911

Fax: 1415 725 7344

email;
along@pangeastaniord.edu

Patrick McGOWAN
BO0-666 Burrard Strest
Vancouver B.C

Canada VU288

Tel: 604 669 2247

Fax: 604 669 6901

ermail: patmveri@ibim. nel

Marilyn MAWDSLEY

FPan Canadian Petroleum
125-9th Ave SE

POy Box 2850

Calgary, AB, Canada TZNAH4
Tel: 403 268 7834

Fax: 403 268 7780

email:
marilyn_mawdsleyi@pep.com

Han-Ling ONG

Jalan Setiabudi #4581
Banclung, Indonesa
Tel: (22) 231316

Fax: (D02) 231143
email:gecsbd@ibm. net

William RAVENHURST
3607 Wolfedale Road
Mississauga, Untario
Canads L5CTVR

Teel: (905) 270 (0%

Fax: (905) 270 3472

Djemmy SANDJAJA
Seltabrach 79-81

Bandung, Indomesia 40153
Tel: (22) 231316

Fax; (22) 231198

email: L‘Ji(‘rll||1:,'ﬁhl1||:|_|1|_'|:

lan SOMERTON

Crtech

ch= Dept of Earth Seicpoes
Uruversity of Leeds

Lewds, UK LL2 9T




William VERKAIK

83/84 Long Acre

Londan, England WCZEING
Lel: (0171) 379 7199

Fax: (0171) 240 6560

vmnl:
bill@gmasurop.demon.couk

MName Correclion

From:

Leslic HARVEY
To:

Leslie HUGGARD
Santos Lid

10 Barker Road

Mt Barker, SA 5251

New Telephone/
Facsimile Numbers

Curtin University of
Technology

Department of Exploration
Geophysics

GO Bos LI987

'erth, WA 6845

Tel: {(+h1 8) 9266 3408

Fix: (+61 #) 9266 3407

Change of Address

Thee following changes need o
be made to the relevant State
RBranch databases:

Western Australia

Stephen ABERNETHY

From: 12 Dundalk Road
Floreat, WA 6014

To: Woodside Petroleum
34 Keserve Stroet
Wembley, WA 6114
Tiel: (09) 224 4752
Fax: (09) 224 4881

email: steve abermethy@

woodside.com.au

Terry ALLEN
From: Western
Geophysical
M0 Box A3R3
Enst Perth, WA 6802
Tw PGS Tensor Pty Lid

Level 4, 1060 Hay St
West Perth, WA 6024
Tel: (09) 321 5126
Fax: (09) 321 5197
email:
terryaidprih.expl.pigs.com.au

Phillip ANDREWS

From: o= MIM Exploration
PO Box 1042
Brisbane, O1d 4000

Tur - MIM Exploration
MO Box 1121

West Perth, WA 8872
Tel: (&) 321 4588
Fa: (9] 321 2866
email:
mimgenphE@osemail comoau

Andrew BOYD
From: cl=- WMC
Exploration
55 McDonald Street
Kalgoorlie, WA 6430
Te: = WMC Resources
Lad
191 Great Eastern
Huwy
Belmont, WA 6104
Tel; (19 47% 8375
Fax: (09) 479 8451
email:
andrew, boyditwme.com.au

Mark BROWNE

From: Y- Woodside
Offshore Petroleum
1 Adelaide Tee
Perth, WA 6000

To: ) Hamersley Road
Subioco, WA 6008

Kim CHATFIELD
From: PO Box 6530
West Perth WA 6892
Tu: Woodside Offshore
Metrolewm
I Adclaide Terrace
Perth, WA 6O
Tel: (08) 9224 4525
Fax: ((08) 9224 5040
email:kim k chatficlda
woodside, com.au

Kalyan CHAKRABORTY
From:  213/69 King George
Street
Victoria Park
WA 6100
To: Geological Survey of
WA
100 Plain Street
East Perth, WA 6004
Tel: {09) 222 3713
Fax: () 222 3633
ermail:
k.chakraborty@Bdme wa.gov.au

Chris DAUTH

From: 18 Concord Road
Daniella, WA

Tex 92 Teague Streel
Victora Park
WA 6100

Tracey EDMONDS

From: 20 Fran Crescent
Yiew Bank
Vie 3084

lo: ¢~ Johnsons Well
Mining
Duketon Camp
46-50 Kings Park Rd
Perth WA 6005
Tel: (07} 194 301
Fax; (D07) 194 302

Paul FIANDER

From: 48 Thorn Strect
Pennant Hills
MNEW 2120

Ton Unit 2/ 187
Edinhoro Street
Joordarra WA G060
Tel: (090) BO7 555
Fax: (090} 807 577

el

paul Aanderomtokumpu.fi

Stephen GREAVES
From: AMPOLEX
PO Box A323
Sydney South
NESW 2000
Tor Muabil Exploration &
Producing Australia
Pty Ltd
GPO Box L9002
Perth WA 6001
ermail: stephen_rgreaves®
mepa.mobil.com

Carol GRGIC

From: | Kennedy Avenue
Marre Warren Nth
Vic 384

Fo 1049 Harper Street
Wictoria Park
WA s100
Tel: (%0 375 011
Faax: UH) 375 0122

Robert CROVES

From: 12 Cabell Street
Yokine WA 6080

To: 17 Second Avenue
Mi ]'.nwlg-:..l WA GOS0

Ronald HACKNEY

From: 5/26 5t Leonards
Avenue
Levelerville WA 6007

To: Department of
Ceology &
Geophysics
University of
Western Australia
Tel: ((19) 280 2778
Fax: I:l]"l} JE0 1090

email:

rhackneyigeol.uwa edu.au

Faul JELLEY
From:  W.A. etroleam [ty
Lid
Box 51580
Perth WA 6001
T Agua-Terra Gew
Hervices
145 Alfred Road
Mt Claremont
WA 6010
Tel: D412 384 445
Fax: (09) 385 d4dh
email:
geodiverfoperaiinelnelau

Patrick OKOYE

From: 18/22 King George
Street
Victoria Park
WA 6100

To: Linit 1, 82 Beatty
Avenue
Fasl Victora Park
Wa 6101

Glenn PEARS

From: A7 Macquarie Circuil
Forest Lake (Q1d 4072

Tex 4 Bracadale Avenue
Druncraig, Perth 6023
Tel: (08) 246 7024

Kristan REIMANN

From: 21 Heights Crescent
Middle Cove
MESW 2068

To: Woodside Offshore

Petroleum Pry Lid
1 Adelaide Terrace
Perth WA 6K
Tel: (09 224 4000
Fax: (09) 224 5040
eminl: kristan. bk k.reimanni
woodside.com.au

Mark RUSSELL
From:  Geo Instruments Py
Ld
M8 Rocky Poant Rd
Hamsgate NSW 2219
Tel: (09) 327 8122
Fax: (09) 322 B133
Tow Gesolt Australia
Suite 24
32 Richardson Stnect
West Perth WA 6005
Tel: (09) 322 8122
Fic: (089) 322 8133
email: infoflgecsoft.com.au

Christopher SWAIN

From:  Western Mining
Corp,
PO Box 71
Kalgoorlie, WA 6430

Ta: WMC Resources
PO Box 91
Belmont, WA 6104
Teel: (09) 479 0632
Fas: (09) 479 8490

il

chris.swain@wme.com.au

Victoria TAN

From: 92 Collins Road
Willetton WA 6155

Tex ch- Landmark
Craphics Howse
Internationmal

57 Havelock Strect

West Perth WA 6005

Tel: (04) 481 0277

Fax: (099 481 1580
email: vian@lge.com_au

Mathan TETLAW

From: 5/43 Walcott Street
Mt Lawley WA 6050

Tu: 58 Crawford Koad
Maylands WA 6051

Allan TRENCH
From: WMC
Leinster Nickel
Opreration
Leinster, WA 6437
Tiw WMC
Lumnster Mickel
Operation
PO 4562
Forrest Strest
Kulgoorlic, WA 6430

Shane WILKES

Fromm 4 Strickland Road
Ardross WA 6153

To 11 Hilirn Stnect
Applecross WA 6153
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Tasmania

Nicholas DIREEMN

From: GPO Box 252C
Hobart, Tas 7001

Tiw PO Box 13
Kingston Beach
Tas 7050
Tel: (03) 6226 2391

Fax: ((13) 6226 7hh2
email: n_direenipostoftice.
utas.edu.an

Mark DUFFETT

From:  University of
Tasmania
Geology Dept
GO Bow 2520
Hobart Tas 7001

T University of
Tasmania
Geology Dept
GPOY Box 252-79
Hobart Tas 7001
Tal: (13) 6226 2391
Fax; ((13) 6226 7662

Kylie PAISH
From: BHI® Minerals
PO Box 425
Spring Hill Qld 4004
To: 1075 Stowell Ave
Battery Foint
Tas 7004

Victoria
Mike ASTEN
From: BHP Rescarnch
Melbourne
Laboratories
PO Box 264
Rosebank MDC
Clayton Vic 3169
To: Flagstaff Geo-
Consullants
411 Tooronga Hoad
Hawthorn East
Vic 3123
Tel: (03) 9504 3611
Fax: (03) 9822 1711
email:
michaclasten@oompuserve.com

Paul BASFORD

From; ¢\~ Pasminco
Exploration
PO Box 856
Burmnie Tas 7320

T ¢'\- Pasminco
Exploration
Lével 7
Roval Domain Centre
380 St Kilda Rd
Melbourme Vie 3004
Tel: (03) 9288 (471
Fax: (03) 9288 0211

Greg BLACKBURN

From: Alackbiarn &
Associates
22 Slirling Street
Kew Vic 3101

To: Terra Australia
Cognita Pty Lid
Level 4, 71 Collins St
Melbourne Vie 3000
Tal: {03) 654 41116
Fax: (03) 654 4087

Elizabeth CLYDSDALE
From: CRA Exploration
Private Box 509
Box Hill 3128
Tox: ch- CRA Exploration
Private Bag 3
Bundoora MDC
Vie 3083
Tel: (03) 9230 12649
Fax: [(13) 9230 1177

Robert John HARMS

From: 19 Chber St
Collingwood Vie 3e6

Toe PO Box 4231
Melbourne University
Vic 3052

Roderic HOLLINGSWORTH

From: 114 East Terrace
Adelaide SA 5000

To: 337 St Kilda Street
Brighton Vic 318a

Robert KIRK

From:  BHF Petroleum Pty
Ltd
CPO Box 1911R
Melbourne Vie 3001

To: 45 Mountclarr Ave
Brighton Vic 3186
Tel: (03) 9652 A750
Fax: (03) 4652 7130

Ciaran LAVIN

From: Flat 6, 44 South Cres
Muorthoote Vie 3070
To: ¢y~ Flying Duck
Hiotel
67 Bendigo Street
Prahran Vic 3151
Dvlan MAIR
From:  26/32 Jubilee Street
South Merth
WA 6151
To: 4/2A Lovala Avenue

Arunswick, Vie 3056

Tel: (03) 9281 3700

Fax: ((13) 9864 &35
vrmanl: dmairi@lge.com.au

Keith MARTIN

From: W.MC Ltd =
Leinster Mt Keith
Mickel
PO, Box 22
Leinster, WA 6437

T ¢ - Frank Lindeman
WMU Exploration
CPO Box, Be0K
Muelbowrme, Vie 311
Tel: +55 21 494 2111
Fax: +55 21 493 (u=8

email:

keithomartin@wme comau

Shaun WHITAKER

From: Linit 2, Male Street
Brighton Vie 1186

Tax 31 Gillards Rd
Mt Eliza Vie 3930
Tel: (U3) 4543 1077
Fax: (013) 9592 4147
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ACT

Faul WILLIAMSON
From: PO Box EL
Queen Yictoria Tee
Parkes, ACT 2500
Tox PO Box E11
Kingston, ACT 2604
Tel: () 272 5342
Fax: (W) 272 4655
email: pywiEmailpe brs.gov.au

Fing ZHAD

From: Curtin Uni - Dept of
Expl. Geophysics
School of Mhysical
Sciences
'O Box L1987
Perth WA 6001

l'o AGSO
GO Box 378
Canberra ACT 2601

Prame CHOPRA
From:  Aust Geological
Survey

GO Box 378
Canberra City
ACT 2601
To: Department of
reology
Australian Mational
LU'miversity
ACT 0200
Tel: (D6) 249 9111
Fax: (0) 249 9977
email: prame@lemeanu.edu.au

MNew South Wales

Bruce ANDERSON
Fram: PO Box 328
Thirroul NSW 2515
To: Anderson Geologieal
Consultants
PO Box 328

Thirroul NSW 2515
Tel: 0444 642 560
Fax: (144 642 560

VIM BULMAN

From: AD] Limnited
Lowcked Bag 80
Lidcombe, NSW 2141

Tix: Bl ater
Geoscience Services
17 Fadden Place
Wahroonga
NSW 2078

Matthew COOPER

Frionm el Geoterres Pry Lid
1’0 Box 386
Artarmon NSW 2220

T PO Bow 466
Artarmon NaW 2064
Tel: (U2) 418 8077
Fax: ((2) 418 858]

Michael COVINGTON

From:  METS Fiy Lid
PO B 24
Cardiff NSW 2255
To: Lot 132 Earl Strems
Mittagomg NSW 2575

Tel: ((48) 61 2122
Fax: ((48) 61 3902
email; covfeyBecsaus.oe.au

Rebecca DENNE

Frivm: 9 Marshall Avenue
Warrawes NSW 2074

T 26 Birriga Rl
Moraville NSW 2263
Tel: (02) 9489 6535
Fax: (02) 9489 2761

David FARQUHAR-5MITH
Froma: PO Box 233
Surrey Hills, Vie 3127
Ta; Oy Box 818
Artarmon, NSW 2064
Tel: (02) 9418 AO77
Fax: (02) 4418 B38]
email: dblsforemail.com.au

Faul HARRISON

Froum: o\ Amuooo
Production Co
GO Box 7104
Liverpool NSW 2170

To: - Amoco
Chemicals
PO Box 318
Liverpool NSW 2170
Tel: (07 366 5984
Fox (U7) 497 0779

Chris HODGE

From:  Ampolex Limited
PO Box A3Z3
Sydney South
MNSW 2000

To L1A Alan Avenue
Seaforth NSW 2082

Roger KENNEDY
Fram: 3/ 38 Bellevue Road
Sydney MN5W 2023
Tan: 41730 Nobbs Strect
Surry Hills
MNSW 2010
Tel: (02) W18 8077
Fax: {012) 9418 8541
rmail:
rogmengifozemall.com.au

Alistair McMILLAN
From: 3/ 268 Penshurst St
Willoughby
NSW 2068
Tun 192 Ryde Koad
Waest Mymble
MW 2073
Tel: (02) 9418 4147
Fax; (02 9415 4147
email: memillan@Eplanet.net.au

Peter RUSZKOWSKI

Fromi Geological Survey
29-57 Christie Street
5t Leonards
NSW 2065

Tox 2/16A Thrupp St
Meutral Bay
Sydney NSW 2069
Tel: (02) 901 8355
Fax: (02) 9901 8256

enail:

petermiinswgs.nsw.gov.au




Susanna SCARAND

From: 22 Tunks Struet
Ryde, N5W 2112

Ton GO Box 626
Sydney, NSW 2001
Tol: (02) 9418 1522
Fax: (02) 418 1504

Kim STANTON-COOK

Frum: Otter Gold Mines
Ltd
L3, Tandem Houss
76 Berry Street
MNorth Sydney
NEW 2060

To: 4 Bediord Crescent
Collaroy NSW 2007

Rod TUSON
From; 15/ HI0A Burns Bay
Road
Lane Cove MSW 2066
To: Lot 10
Burralong Valley
Mutrrays Run Rioad
Laguna NSW 2325

Babak VAHEBZADEH

From: = CD Solutions
Level 5
225 Miller Street
MNorth Sydney
MNEW 2060

Tue €D Solutions
Shop Bl6
100 Miller Street
MNorth Point
Muorth Sydney
MNSW 2060

Neil WATSON

From: ¢\~ Dept of Mineral
Resouirees
Level 3, 29-57
Christie Strect
St Leonards
MNEW 2065

T Macyuarnie Equitics
Led

Lirwel 19, 20 Bond 5t
Sydniy NSW 2004

Queensland

Grant ASSER
From: 1 Kertaweeta Ave
Mlack Forest
SA 5035
Ton Oil Company of
Australia Limited
Ist Floor
Morth Court
Tohn Osley Centre
3348 Coronation Drv
Milton Ofd 4064
Tel: (0F) 35585 D600
Fax: (17) 3369 7B40
el
grant.asseri@oca.boral.com.au

Geoffrey BECKITT
From: PO Box 467

Mt Magnet

WA 6R38
To: & Moelinda Strect

kenmore, Qld 4069
Teel: (09 573 290
Fax: (099} 634 Bl

Terry BARR
From: Ol Company of
Australia
GO Box 148
Brisbane Old 4001
Ta: Santos House
Level 14
60 Edwards St
Brisbame Old 4000
Tel: (07) 3228 6815
Fax: (07) 2225 6586
Puost: Santos Limited
GI'CY Box 1010
Arisbame O1d 4001

Sue BUCKLEY

From:  Technical Librarian
BHT* Minerals
Exploration Chvision

Tix: Level 3, QCL House
40 MeDougall Strewt
Milton Qld 4064
Tel: (07) 3307 9676
Fax: (07) 3307 9503

MNeil DUNFORD

From:  RGC Exploration Pty
Ltd
A9 Burswood Road
Victoria Park
WA 61K

T RCC Exploration Puy
Ltd
b Mather Strevt
Garbutt, Old 4814
Tel: (077} 747 64
Fax: (077) 747 151

Mark FAWKES

From: Sons of Gwalla Litd
PO Box 148
Laverton, WA 6440

To: Shadrock PJ:,- Lid
204 Agnew Street
Mnmi.ng%idp
Qid 4170

Daniel MACK
From:  Geophysical
Roescarch Institute
University of New
Englam:l
P Box 2351
Armidale NSW 2351
Tox Velsels Progessing
My Lid
Linit 1B 14 Argon St
Sumner Park
Old 4074
Tel: (07) 2279 (404
Fax: (07) 3279 0743
Fost: PO Box 617
Sumner Park
Qld 4074

Graeme MACKEE

Friome: cl- CRA Exploration
Fiy Lid
MO Box 1641
Mliltom Old 40m4

T BHI" Minirals
Exploration
Level 3 QCL House
40 MeDowgall 5t
Milton Qid 4064
Tel: (07) 3307 9600
Fane: (U7) 3307 9500

Benjamin TURNER

From: 256 Formosa Road
Cumdale, Qid 4154

To: 25 Wyena Strect
Camp Hill, Qld 4152

Tel: (65) 545 3855
Fax: [65) 545 3898
emaly pl42ihwan.com

Henk VAN PARIDON
From: Crusader Limited
GPO Box 703
Brisbane (d 4001
To: ¢/ - oo Solve
113 Munro Street
Auchenflower
Qld 4001
Tel: (07) 3371 0244
Fax: (U7 3371 0114

Gregory SPILLANE

Frovm: MIM Petroleum
PO Box 138
Windsor Qld 4030

T Santos Asia Pacific
10 Box 138
Windsor QId 4030
Tel: (€] 3857 FHs
Fax: (08) 3857 70R9

South Australia

Bob COI'PIN

From: 40 Westall Street
Hyde Park, SA 5061

To: 109 Barton Terrace
West, Mth Adclaide
SA 50N

Tel: (08) 8267 2957
Fax: (IB) B267 2967

Diwi SNYDER

From: 5 Bennett Cresoent
Magill, SA 5072

Tox 27 Moarlands Road
Hectorville, 54 5073

Tel: (0R) 303 4299

Fa: (08) 303 4345
email: dsnyderfinepgi,
adelaide.cdu.an

Michacel SNYDER

From: 5 Bennett Crescent
Magill, 5A 5072

Tox 27 Mowrlands Koad
Hectorville, SA 5073
Tel: (04) 234 5229
Fax: (8) 234 5676

International

Syed ABBAS

Frim: 214 EI Lines
Dr Dawooed Mota Kd
Karachi 73530
Pakistan

Tex: 214 E.L Lines
D Drand Pota Bd
Karachi 75530
Pakistan
Tal: 92 21 567 3256
Fax; 92 21 566 1129

Theodoros ARAVANIS

From:  CRAEET & | Group
Privale Bag 3
Bundeora MDC
Vie 3083

Tex: kennecott Canada
Ie.
Suite 2520
e Financial Place
Adelaide Street East
Toronta
MSC 2VY Canada
Tel: 416 364 2348
Fax: 416 364 2399

Michael BARLOW
From:  CRA Exploration Mty
Ltd
PO Box 254
Eent Town SA 5071
Toe ETDM LTDA
SCS Quandra O
Brolo H, Mo, 30
Edeficio Morm
Yermelho, 10 Andar
CEP: 70399-900
Brasilia, DF, Brazl
Tel: (35-61) 213 4000
Fax: (53-61) 213 4202
email;
100253, A5 2@ oampruserve. com

William FRENCH
From: President, PGS Asia
Iacitic
271 Bukit Timah
Koad #03-13
Balmoral Plaza
HO3-13
Singapone 259708
To: Sendor Executive
Vice President
Petroleum Gen-
Services
16010 Barker’s "oint
Lang, Suite 60
Houston,
Texas 22074, USA
Tel: 1 (281) 5539 7935
Fax: 1 (281) 589 1482
email: bll&hstn.pgs.com

Tom KERRK

From: 42 Conde Street
Maylands, WA 8051

To: ch- LT, Geoservices
1. Sukajacdi 225
Bandung 40153
Indonesia

Tel: (09 272 34560

John McELROY

From; BHP Minerals
PO Box 557
Wendywood
Juhiannesburg 2144
South Africa

To: ¢l - BHF Minerals
PO Box B50
CreenPoint 8051
Capetown
South Africa
Tel: +27 21 415 1166
Fax: +27 21 418 2799

emailimeelrovibhpmihb.co.za
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Rhiannon MORRIS

Friom: Casilla 51
Vallenar, Chile

Tew: = How Chile Ltda
Casilla 642
Juan Saldado, 451
La Serena, Chile
Tel: 54 51 230525
Fax: 56 51 225082

emial: 104500446

Brian RUMPH

From: 66 Prospect Place
Wapping Wall
London E19T5, LK

T & Wilkes Street
London E1 60F
United Kingdom
Tel: 0171 247 7174

Romald SEITZ

From:  Exxon Exploration
Company
GPB/753A
222 Benmar
Huouston, TX 77060
USA

T Exxon Exploration
Company
233 Benmar
Houston, TX 77060
LsaA
Tel: 1 28] 423 Foo9
Fax: 1 281 423 7446

email: ronseitz@msn com

Richard TURMNER
From:  c\- BHF Minerals
Apoguindo 44549,
piso 12
Las Condes
Santiago - Chald
Ta ¢y- BHF Minerals
Americo Vespucio
Sur 100, pisa 9
Las Condes
Santiago - Chile
Tel: (562) 3M) 5819
Fax: (362) 206 5010
email:
turner.richard.rtégbhp.com.au

Richard WEST
Fromi: BHTI* Minerals
5330 South Wi East
Suite 200
Salt Lake City
LT 84117, USA
Tos BHI* Mincrals
1597 Cole Blvd
Suibe 250
Golden, CO B0401
LiSA
Tel: 303 232 7774
Fax: 303 235 4420
email:
westdick.refibhp.com.an

Peter WHITING
Fram: 5 Lalina Street
Middle Fark
Qld 4074 Australia
T c'y- Digicon

Exploration Ltd
37 Jalan Pemimpin
#M-01 Union
Industnal Buillding
Singapore 577177
Tuel: (85) 258 1221
Fax: (63) 258 (989
el
peterwidigicon_spr.com.sg

Allister WOOLD

From: 8 Warwick Street
Walkerville 5A 5081
Australia

To: 32 Richford Street
London Wi FHD

England
Tel: 0104407 14876038
Fax: 0104407 14876947
(Mr) Andrea ZERILLI
From: via A Conni 4

2N 7 Fionenzunla
(PC), ltaly
Ta: via Liberazione 36
20017 Frorenzuola
(PC), Ttaly
Tel: 0523 94 1080
Fax: 0523 98 3341
email: andrea zerilli@agip.it

Where are they?
Does anyone know the new
address of the following
members? Last known
addresses are given below

Kelvin BLUNDELL
43 Morth Street
Swanbourne WA 6010

Mike HAEDERLE

Rio Tinto Indanesia

¢h- CHA Exploration

PO B 509, Box Hill Vie 3128

Stuart HANKIN
Kevron Geophysics
2/339 Clovelly Road
Clowelly N5W 2031

Bruce HARRIS

WML - Exploration Division
PO Box 7088

Gaarbutt Qld 4514

Doug KNOWLES

¢\ - Sagasco Resouroes
GO Box 2576
Adelade SA 3001

Torbjorn VON STROKIRCH
Private Bag 509
Box Hill Vic 3128

Jack WOODWARD
AL Services

Lecked Bag 80
Lidcombe, NSW 2141

Resignations

Hugh DAVIES
Gealogy UPNG
University NCD
Papua New Guinea

Robin GERDES

SADME

14 Olive Grove
Hazelwood Park SA 5066
Peter LAMB

12 Hebron Avenue

Mt Ousley NSW 25149

Kandiah SUNDARALINGAM
77 Camelot Drive
Glen Waverley, Vic 3150

Emily NEIL
36 Balwyn Koad
Canterbury Vie 3126

Calendar of

Events

July 7-10 1997
Instanbul Y7 International
Conference and Exposition
Instanbul, Turkey, Sponsoned
by SEG, Chmb, of Geoph.
Engincers of Turkey and
EAGE
For Further Details:
Oz Yelmurz, Paradigm
Geaptliysival Corp,, Regal Crl,
+2144 High S¢., Slowgh,
Aerkshine, SL11EL, Englarnd.
Tel: 44-1753-872-670
Fax: 44-1753-815-948
Expuesttion Arvangemenls
Chnez Gundogadu,
School of Enrth Sciemces
Istanbul University Istanbul,
Turkey
Tel.: 90-212-591-1921
Fa: 90-212-257-3979

July 30 1997
AGIA Seminar and
Technology Expo on Making
Data Work for You 1l
CSIRO Floreat Fark, WA
For further details:
Bermadette Wangh
Tel: ((18) 9387 0721
emn;
toan gl brary. cein.a
Broim Enyn
Tel: (08) 9222 31565
erriaril: bkmygn@ldme s, you o

September 4-5 1997

Funafuti to Muraroa

Stability or Chaos in Coral

Reef Research - A Symposium
For further detarls;
The General Manager
The Enrth Resowrees
Foundation, Edgeworth Dharid
Budlding FO5 The University
of Swdney NSW 2006

September 14-18 1997
Workshops Sept 7-14 Tours &
Seminars ‘i:-]'rt 19, T-'.Jup'lnral:i-:m
‘o 4th Decennial Conferencoe
on Mineral Exploration.
Toronto Canada

For further dedails:

CAMESE

101-345 Renfrete Drive

MarkTvar Omtario Canada

L3R 959

Tel: (0T1-1-905 513 (W46

Fax: (0011-1-905-513 1834

Ennil: 1032145458 comepri-

SUFTELLU

15-18 September 1997
Moskba'97 | Moscow'97
International Geoscience
Conference & Exhibition
Cosponsored by EAGO,
EAGE & 5EG

For further detarls

EAGE Brsiness Office

PO Box 298

T AG Leist

The Netherlamds

Tel: +31 30 696 2655

Fax: +31 30 696 2640

el EAGEGpolox. rnnf

Intbpedferee e ol eage

Sept 17 1997
I"ESA Queensland Petroleum
Exploration Symposium
For further details:
PESA QLD
GO BOX 2323
Rrialuane O 4001
Steve Mackie (Charrman)
Tel: (07} 3228 6666
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