











GEOPHYSICS IN THE SURVEYS I

Fig. 3. Total Magnetic Intensity image.

Airborne Geophysics

As part of the project, the Department of
Natural Resources and Mines flew airborne
geophysics over much of the Bowen Basin
(Figure 2). The magnetic (Figure 3) and
radiometric (Figure 4) data were obtained
to assist in the development of an improved
knowledge of the geological framework of
the basin. The surveys were flown over three
years (2002-2004) and at a line spacing of 400
m and a flying height of 80 m.

A new Northern Bowen Basin Solid
Geology Map was prepared jointly by
CSIRO (Renate Sliwa) and NR&M (John
Draper), but the remaining airborne data
are still being interpreted. Highlights
from the data interpretations to date are:
the verification and better definition of
structural compartmentalisation, the mapping
of much greater extent of basalt than that
previously mapped, enhanced mapping of
faults, identification of previously unknown

Fig. 4. KThU image.

structures, high potassic nature of tuffaceous
units and identification of previously unknown
intrusions. The mapping in the northern Bowen
Basin will be extended throughout the Basin
to produce a revised solid geology map of
the Basin.

In 2003, Pitt Research P/L, under licence from
Vector Research P/L, undertook overburden
filtering (OB filter) of a test area across the
central Bowen Basin, near Blair Athol. The
aim of the commission from GSQ was to
test the technique’s ability to resolve geology
from an area of basalt cover, deep structures,
strong curvilinear features (dykes, faults and
bedding) and stock-like intrusions. The results
showed that:

» These new datasets allow the sub-basalt
response to be better resolved

» Details of the near-surface geology are
clearer

* Linear and stock-like features are

resolved

Outcomes/Outputs

The joint NEDO/NRM&E Project in the
Bowen Basin is an example of a successful
co-operative project. It has involved not just
two government bodies but also a number
of sub-contractors and coal companies. Co-
operation has operated at strategic and policy
levels, and at technical levels. The project
produced the planned outputs and achieved
the planned outcomes.

For further information on the Bowen Basin
Project please contact John Draper (07 3362
9340 or john.draper@nrm.qld.gov.au). For
information about airborne data in Queensland
contact David Searle (07 3362 9357 or david.
searle@nrm.qld.gov.au). Information on
geophysical surveys can be obtained from the
Interactive Resource and Tenure Maps on the
Department’s website (http://www.nrm.qld.gov.
au/mines/index.html). The website contains a
link to GADDS from where the government
airborne data can be downloaded.
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Australian gold output
slumps in 2004, but ABARE
forecasts 17% increase to
325 t in 2005/06

Australia’s gold production slumped to 261
tonnes in 2004, according to a survey of
industry production by Melbourne’s Surbiton
Associates. It ranked second behind South
Africa (345 t) and ahead of the US (259 t)
and China (212 t). 2004 production was 6.5
per cent, or 18 t, less than in 2003, according
to Surbiton’s latest Australian Gold Quarterly
Review, released in March.

Output for the December 2004 quarter at
66.6 t was slightly ahead of 66.4 t in the
preceding (September) quarter but was down

by 9.5 per cent on the December 2003 quarter
(Figure 1).

Surbiton’s Managing Director Sandra Close
said 2004 production was the lowest since
1995 — mainly as a result of mine closures and
wet weather in WA.

The plant closures of Sons of Gwalia, Hannans
South, Kundana, New Celebration and
Bronzewing were all in WA.

It was not until late in the year that any new
capacity was commissioned, at St Ives and
Telfer in WA and Cracow in Queensland.

Dr Close called on the Federal Government
to provide incentives for mineral exploration,
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Fig. I. Australian quarterly gold production from 1986 through 2004. Note the gradual decline since peak

production in the Decmber Quarter 1997.
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Fig. 2. Gold production forecasts by ABARE for Australia and the World, through 2010. Note the difference by a
factor of 10 in the ordinates for the two data sets. Data have been adjusted so that the two reporting periods

are in calendar years.
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saying it was the “best hope of redressing
Australia’s appalling balance of trade”.

She said the downward trend in gold output
was a result of lower exploration spending and
fewer new discoveries.

“Australia is now producing about 50 t of
gold a year less than it did in the peak year of
1997. This represents a reduction of around
$900 million a year in gold exports at current
prices,” Dr Close said.

However, the government’s Australian Bureau
of Agricultural and Resource Economics
(ABARE) forecast, also in March this year,
that gold output will increase by 17% next
fiscal year to 325 t, then rise another 9.2% to
355 t the following fiscal year ending June 30,
2007 (Figure 2).

Gold production is forecast to jump in Australia
largely because of the commissioning of
Newcrest Mining Ltd.’s Telfer mine and some
smaller operations, including Newcrest’s
Cracow Mine, Bendigo Mining Ltd.’s
New Bendigo Mine, Perseverance Corp.’s
Fosterville Mine and Nustar Mining Corp.’s
Paulsens Mine.

Although the forecasts are bound to be
rubbery, they form the basis of better forecasts
when more information comes to hand.

Global expenditure on
non-ferrous exploration now
at highest level since 1997:
Australia slips from

2nd to 5th

The total non-ferrous mineral exploration
expenditure for 2004 was almost US$ 3.8
billion'; according to Metals Economics
Group’s recent edition of Corporate
Exploration Strategies.

Worldwide non-ferrous exploration budgets
steadily increased through the early 1990s to
a maximum of $5.2 billion in 1997, before

! Information for this article was obtained from

the website of the Canadian Metals Economic
Group: http://www.minesearch.com/catalog/pages/
press2004.htm. We thank the MEG for permission
to use these data. All dollars are in $US.



falling for five straight years to a 12-year
low of $1.9 billion in 2002. Since that time,
exploration budgets have risen for two straight
years, rebounding to $2.4 billion in 2003. The
2004 estimate of $3.8 billion is double the
estimated worldwide total at the bottom of
the cycle in 2002.

Last year’s increase in worldwide exploration
expenditure was mainly due to three main
factors:

1. Increased spending by the majors, as they
recognised the dearth of new projects
moving up the pipeline;

2. A significant reduction in the negative
influence of industry consolidation on
exploration from the peak consolidation
levels seen in 2000 and 2001; and

3. Two consecutive years of increased
spending by junior companies on the back
of increased gold prices and rising investor
interest.

The impact of increased exploration budgets
by junior companies was very significant. They
were up by 103%, accounting for about 60% of
the overall increase in exploration allocations
and almost 45% of the overall exploration total
by all companies surveyed by the MEG.

Latin America still the leading
location for spending

The figures below illustrate the regional
distribution of the $3.55 billion in exploration
expenditure by the 1138 companies included
in the 2004 study and the comparison with the
$2.19 billion budgeted by 917 companies in
2003 (Figures 3 and 4 and Table 1).

Table I: Estimated total worldwide exploration

spending
MEG estimated $ Change from
Year total budgets previous year
(USS$ billions) (US$ millions)
2004 $3.8 +$1400
2003 $2.4 +$500
2002 $1.9 -$300
2001 $2.2 -$400
2000 $2.6 -$200
1999 $2.8 -$900
1998 $3.7 -$1500
1997 $5.2 +$600
1996 $4.6 +$1100
1995 $3.5 +$600
1994 $2.9 +$400
1993 $2.5 +$300

INDUSTRY NEWS I

Pacific/SE Asia
4.4%

$800

Latin America 02003

21.8%

United States
8%

$700
82004

$600

$500

$400 1 u

$300 - -

Canada

Rest of the 19.6%

World
15.4%

Africa $07 ) . . .
Australia Canada United Africa  Latin

16.1%

Fig. 3.Worldwide nonferrous exploration
spending by region 2004 (1138 companies’
budgets totaling US$3.55 billion).

Exploration allocations by surveyed companies
have increased in each of the regional
categories for the second consecutive year. In
dollar terms, budgets increased the most this
year in the rest-of-world category, led by sharp
increases in Russia, Mongolia, and China;
Latin America, led by increased spending in
Peru and Mexico; and Canada.

Latin America continues to be the most
popular destination for exploration spending,
increasing its lead over second-place Canada
to more than $76 million in 2004 from the $46
million margin in 2003. Africa remains in third
place by region, having surpassed Australia
for the first time in 2003. The substantial
increase in allocations in the rest-of-world
region have outstripped a more moderate
recovery in Australian spending, moving the
region to fourth place, with Australia slipping
to fifth. Before beginning its gradual slide in
recent years, Australia had held second place
by region from 1994 to 2001, when Canada
displaced it for the first time.

However, it may be appropriate to change the
regional classifications so that each region
is normalised according to its surface area.
For example Australia occupies only about
a quarter of the area of Africa, yet the two
regions are compared as though they had the
same area.

The full report is a 900-page two-volume
study and is now available (on the Internet
and in print) for US$12,000 [approximately
Aus$15,200] from Metals Economics Group,
PO Box 2206, Halifax, Nova Scotia, B3J 3C4;
email: meg@metalseconomics.com; web site:
www.metalseconomics.com
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Fig. 4.Worldwide ferrous exploration spending by region,
2003-2004 (US$ millions)

WMC endorses BHP Billiton
offer

WMC Resources Ltd recommended on 30th
March that their shareholders accept the
A$7.85 offer from BHP Billiton in the absence
of a superior proposal. The BHP Billiton cash
offer for $7.85 per WMC share is conditional
on acceptances representing 90% of WMC
shares, Foreign Investment Review Board and
other regulatory approvals, as well as other
conditions.

WMC Resources CEO Andrew Michelmore
said, “The BHP Billiton offer represents a
substantial increase on the current $7.00 per
share Xstrata cash offer.

“We have consistently pursued all options to
maximise value for WMC shareholders. We
believe this $7.85 offer represents excellent
value for WMC shareholders.

“We will work with BHP Billiton to put
the offer to WMC shareholders as soon as
practicable”, Mr. Michelmore said.

WMC Directors indicated that they will be
accepting this offer for their own holdings
of WMC shares in the absence of a superior
proposal.

So unless Xstrata pull a wealthy rabbit out of
the hat it looks like the end of the road very
soon for WMC. For WMC shareholders the
short-term gain will be impressive. Back in
September 2004 WMC shares were selling
at $3.81 each, so the capital gain in seven
months is about 106% - not a bad deal in the
short term.
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The question now is: Will BHP Billiton be
able to develop WMC'’s resources to make the
capital investment of $9.2 billion worthwhile?
Only time will tell.

Hopefully WMC'’s exploration program will
remain intact as there is a need to locate more
resources in greenfields areas in Australia.

Mineral exploration
continues to re-bound and
petroleum remains steady

Minerals

Figures released in March 2005 by the
Australian Bureau of Statistics showed that

the trend estimate for total mineral exploration
expenditure increased by 4.5% to $249.2
million in the 2004 December quarter. The
estimate has risen in the last five quarters and
is now 33.3% higher than the 2003 December
quarter and 53% higher than the same quarter
in 2001.

Figure 5 shows plots of the data from December
1996 through to December 2004.

As usual Western Australia dominated with
an increase this quarter of 8.2 million (5.8%)
to $148.4 million, or about 60% of the total
national increase.

The December quarter was dominated by
exploration on areas of new deposits, which
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Fig. 5.Trend and seasonally adjusted quarterly mineral exploration expenditure from December 1996 to
December 2004 (provided by the Australian Bureau of Statistics).
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Fig. 6. Quarterly petroleum exploration expenditure from March 1986 through December 2004, for onshore
and offshore areas. The individual offshore and onshore numbers are actual dollars spent, not CPI adjusted.
Notice that the long-term trend, for the CPI adjusted (to 1998/99) total, decreases from 1998-2004.

Preview  APRIL 2005

increased by $9.4 million (9.6%). Expenditure
on areas of existing deposits increased by only
$0.3 million (0.2%). Most of the increase was
due to rising exploration for nickel and cobalt
(up from $30.8 million to $40.4 million), and
iron ore (up $29.8 million to $35.1 million).
The largest decrease was for exploration of
gold, which fell by $13.1 million to $96.8
million.

The trend estimate for metres drilled has
been increasing for the past five quarters.
The estimate for the fourth quarter of 2004 of
1756 km is 31.8% higher than the December
quarter estimate for 2003. The only concern
regarding these numbers is the reduction of
metres drilled in greenfield areas, which
dropped from 898 km to 603 km. In other
words, the drilling effort is being focused
in the vicinity of known deposits rather than
searching in new areas.

Petroleum

In the 2004 December quarter, petroleum
exploration expenditure rose by $76.1
million to $286.6 million from the previous
quarter and was almost the same as the 2003
December quarter ($288.1 million). In fact,
the CPI adjusted numbers indicate a slight
decline in petroleum expenditure since 1998
(see Figure 6).

All states showed a rise in petroleum
exploration expenditure except Western
Australia, which recorded a decrease of $16.6
million to $113.1 million from the previous
quarter, but still remains ahead of all the other
states. Victoria had a huge increase of $49.0
million to $61.9 million.

Offshore exploration
boosted with award of
eleven new permits

Eleven new offshore petroleum exploration
permits in the Western Australian and
Tasmanian adjacent areas were granted
earlier this year. The permits will be jointly
administered by the Australian Government
and the respective State Governments.

All the permits were awarded under the work
program bidding system for an initial term of
six years and result from bids in the round that
closed on 30 September 2004.



The work program commitments for the

awarded permits are valued at about A$220M
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over the next six years. A summary of the work
programs and the permits are set out below.

Permit/Basin

Companies

Work program

T/37P & T/38P

Galveston Mining Corp.

500 km? coverage of 3D seismic at a cost of $5.8 M. A program of geotechnical studies and two

Bass and Exoil. wells at a total cost of $24.8 M.
T/39p Seismic data purchase, of 1001 km of 2D seismic and geotechnical studies at a cost of $5.5 M, and
B Benaris Petroleum BV a secondary program of 155 km? of 3D seismic, one well and geotechnical studies at a cost of
ass
$175M.
WA-354-P Apache Northwest and 50 km? of 3D seismic surveying, seismic data reprocessing and geotechnical studies at a cost of
Carnarvon BHP Billiton Petroleum $0.75 M. One well and geotechnical studies at a cost of $12.25 M.
WA-355-P 3D seismic data purchase and geotechnical studies at a cost of $0.24 M, and a well and
Apache Northwest i X
Carnarvon geotechnical studies at a cost of $12.05 M.
D seismic d hase, 812 km? of 3D seismi ing, hnical studi d the drilli
WA-356.P Apache Northwest and 3D seismic data purchase, 812 km” of 3D seismic surveying, geotec nl.c.a studies an .t e drilling
. of four wells at a total cost of $37.88 M, a secondary program comprising a data review and the
Carnarvon Kufpec Australia - R
drilling two wells at an estimated cost of $15.3 M.
WA-357-P Two wells, data purchase and review at a total cost of $13.05 M, and a secondary program of data
Apache Northwest )
Carnarvon review and a well at a cost of $6.1 M.
OMV B , Ni Qil
WA-358-P Ex Io:;:z:(Arszz;ia) : Reprocessing 3D seismic data, one well and geotechnical studies at a total cost of $8.7 M, and a
Carnarvon P ) secondary program of geotechnical studies and a well at a cost of $8.4 M.
and Tap Oil
WA-359-P Cue Exploration Geotechnical studies and 250 km of 2D seismic surveying at a total cost of $1.0 M, and a
Carnarvon and Exoil Ltd secondary program comprising geotechnical studies and a well at a cost of $15.45 M.
WA-360-P Cue Exploration and Geotechnical studies and 200 km? of 3D seismic at a total cost of $3.1 M, and a secondary
Carnarvon Gascorp Australia program of geotechnical studies and one well at a cost of $15.45 M.
WA-361-P Cue Exploration and Geotechnical studies and 250 km of 2D seismic at a total estimated total cost of $1.1 M,and a
Carnarvon Gascorp Australia secondary program of geotechnical studies and one well at an estimated cost of $15.45 M.

Fig. 8. Location of the Bass Basin permits recently awarded by the Commonwealth.
The red and green colours represent known gas and oil fields. This figure has been
provided courtesy of Encom Petroleum Information Pty Ltd.

Eepinto

Fig. 7. Location of the Carnarvon Basin permits recently awarded by the
Commonwealth. The red and green colours represent known gas and oil fields. This
figure has been provided courtesy of Encom Petroleum Information Pty Ltd.
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BOOK REVIEW by Matthew Purss, Geoscience Australia

Physical Properties of Rocks:
Fundamentals and Principles
of Petrophysics

by J. H. Schon

Handbook of Geophysical Exploration:
Seismic Exploration —Volume 18

Edited by Klaus Helbig and Sven Treitel
Elsevier Academic Press 583 pp; $171
ISBN: 0-08-044346-X

This ten-chapter book is the latest volume of
the Handbook of Geophysical Exploration. It
is targeted towards scientists and engineers
involved with interpreting data collected
in exploration, mining and environmental
geophysics and presents an up to date and
comprehensive overview of the physical
properties of rocks. The book focuses more
on the description of physical principles and
processes rather than a detailed presentation of
experimental results. On the whole this book
conveys the information in a concise manner
and is a good reference text for those engaged
in the applied geosciences.

Chapter 1 details the role of rock physics as
an integral part of geosciences. It covers the
physical composition and classification of the
major rocks of the earth. It also introduces the
idea of conceptual rock modelling to represent
the physical earth.

Chapter 2 describes the physics of porous
media. It specifically details the physical
properties of porosity, specific internal surface,
and permeability and gives examples of the
relationships between these properties for a
number of characteristic sedimentary rock

types.

matthew.purss@ga.gov.au

Chapter 3 is devoted to the density of rocks. It
gives a brief theoretical definition of density
and how it may be employed to distinguish
between different rock types and their
constituents.

Chapter 4 deals with the magnetic properties
of rocks. As with Chapter 3 it begins with
an overview of the physical and theoretical
background of magnetics. The general
magnetic properties of rocks, minerals and
fluids are discussed; including the correlation
between magnetic susceptibility and magnetic
mineral content, the influence of grain size and
shape on susceptibility, and the effects of rock
structure and temperature. It also gives a brief
introduction to the phenomenon of natural
remanent magnetization.

Chapter 5 presents an overview of the
application of natural radioactivity to classify
rocks. It gives a brief coverage of the physical
principles behind the study of radiometrics
and provides information on the relative
proportions of Potassium, Uranium and
Thorium in rocks and minerals. The concept
of radioactive heat generation and terrestrial
heat flow is also introduced.

Chapter 6 provides a theoretical background
into the elastic properties of rocks, and their
pore fluids and gases. It describes how the
elastic properties of rocks may be used to
distinguish between them through the
exploitation of compression and shear-wave
velocity characteristics and how these are
affected by porosity and fracturing of the
rock

Following on from Chapter 6, Chapter 7
describes the phenomenon of seismic wave
attenuation and how it may be used to compare
different rock types. It deals with various
igneous and sedimentary rocks and the effects

of thermal conditions
on the characteristics
of seismic attenuation.
A detailed theoretical
discussion on

attenuation
mechanisms is also included.

Chapter 8 deals with thermal properties of
rocks and their constituents. It gives a detailed
overview of the thermal properties of various
minerals and rocks and describes the theory
of heat flow modelling.

Chapter 9 describes the electrical properties of
rocks and how these may be used to identify
rocks of differing electrical conductivities.
It gives a comprehensive overview of the
underlying physical principles; including a
discussion on complex resistivity, induced
polarization, permittivity and anisotropy of
electrical properties of rocks.

Chapter 10 focuses on tying the various
physical properties of rocks together and
describes some of the relationships between
properties determined by the geophysical
methods detailed in previous chapters. It also
outlines some of the methods used to correlate
between the results of these geophysical
methods.

This book would be of interest to a broad
spectrum of the geoscientific community
engaged in the applied use of the physical
properties of rocks and there constituents. It
should be an essential reference for anyone
directly engaged in the study and application
of rock physics.

Copies can be purchased directly from
Elsevier Australia Customer Service on
Tel: 1800 263 951 or

email: service@elsevier.com.au.





