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Natural resources and commodities
are crucial for the economy and
prosperity of Australia. The days
when pioneers could find rich mineral
deposits by chance and good luck are
long gone, and exploration for
natural resources is now dependent
on sophisticated technologies and ad-
vanced scientific research.

balanced combination ol basic

and applied research and ac-

tive inter

Lo petween

sacademia and industry is re

wired to further our know

existing deposits. and to provide guidance
0 linding new locations

Barth sciences play a crucial vole in
anderstanding the formation of mineral
deposits and the geological structures in
which they develop. and in the characteri-
sation and recognition of regions within

the min-

Australia with new potential fo)

ing industry. Geoscientists st

arth’s interior on many differen. scaies
electron microscopy is used o stady the
properties and deformation ol crystals
fractions ol millimetres in diametcer,
However, the earth as a planet is the ob-
ject of study of, for instance. scientists
operating large, worldwide networks ot
seismographs and an increasing number
ol scientific satellites, or for the study

the carth’s magnetic field.

The discovery of ore:

the quest for more information

In mineral exploration. geoscientists use
variety of geologicul. geochemical and
geophysical techniques to identily pat-
terns suggestive ol mineralisation at o1

48

cture of the
ntinent

near the surface of the earth’s crust. and
to home in on the ore occurrences them-
selves. But the first stage of exploration is
the selection of an area considered
prospective for the mineral commodity
being sought. For this purpose. knowledge
of the nature of existing worldwide miner-
al deposits, the processes that have formed
them. and their geological framework are

ton of tomographt
,

lave revolutionised

Wi views of the internal

seructure of our planet.
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combined into a model for the ore environ-
ment. The geology of the country to be ex-
plored is then reviewed for analogies to
this model.

This approach to area selection works
well when the ore body model is well
founded. and when the regional geology is
well known and good detailed maps and
data are available for study. Some deposits
are formed in the crustal environment (for
example. coal through lithification of
swampy vegetation, or kaolin through
weathering of aluminosilicate minerals in
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rocks such as granite). For these the pre-
dictive model is well established. Others,
such as platinum, diamoeads. or nickel sul-

phidc

feeper origin which cannot be seen hap

sares relate to processes of much

pening at the earth's surface: of
generation and upward movemenis oi
maolten magma and fluids from depth
Geological maps are essentially two-di-
mensional, based on surface nuterops and
on drill holes. Th=se heles. [rom a few
tenths of metre to one to three kilometres
in length. only just penetrate the skin of
the carth's crust, which extends down to
some 30 km or more. Knowledge of the
deeper mantle processes down to several
hundred kilomeires is therefore incom-
plete and highly theoretical.

New technologies
Techniques from outside earth sciences

are often adapted ¢

i change the frontiers

of our knowledge. A good example is seis

mic tomography. a « of imaging

techniques adopted {roim medical researc
in the early seventies. Instead of electro-

magnetic waves or Roen 1 radiation.

seismic tomography makes use of elastic

waves emitted by natural sources. such
as earthquakes or man-made explosions,

to make a CAT (Computer Aided
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Figure 2: Lateral variation in seismic wave speed at a depth of

D Palaeozoic basement
Tasman Sea \\ about 140 km beneath the surface of the Australian continent con-

Proterozoic cover
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i ‘ _,_/’\/ structed from the data collected when the Skippy array was

| L \ | operational in Queensland. The darker stippled areas represent

| | ! thicker, more rigid lithosphere indicative of thicker lithosphere and

P o . therefore greater dicmond potential. The structure in the western
Figure 1: Schematic map showing principal geological domains — partof the continent is not yet well determined by the tomographic
of Australia, grouped according to age. techmique used. Large variations in seismic wave speed occur in the

i
1 direct vicinity of the Mt Isa block and the New Englund fold belt
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! (NEfD). These structures arve detected to depths of at least 350 km.
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John Grant (on the right, Senior
Technical Officer, RSES. ANU) and Rob
van der Hilst in the sand dunes near the
cattle station Merty Merty along the Old
Strzelecki Track (eastern South

" Australia). They are digging up the field

recorder in order to change a tape so the
wunit can run for another 70 days. The
solar panel is visible on the left.

in shear wave speed beneath the castern
part of the Australian continent. at o

depth of about 140 kilometres below the
snrface. The dark shading dep

RIS TR
vl Tt svave propagation: 1he iy codes

padicale o slower-than-as crise eisniis

e speed, The latter comvides wiih!l
colcanie provinee in Queensinid, Phis Jig
nre displavs @ large contrastin
Oueensland and the adjacent Coral Sea e
high wave speeds beneath the western
part of Queensland. notably newr Mouni
1sa. and the Northern Territors, The New
Engtand fold belt in castern New South

Wales (NEb in Figare 11 stands out as

wcture with anomntloudly

high seistie wave speeds. This tomo-

graphic model is being continuoush

updated ax more and more s
{rom recent earthquakes are collected wt
Australia.
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The search for diamonds

Ihe imnees

the geologiont structur

ih provided by the Skippr project have
pplication o generation of ore

ody models and o ares seledtion

wample of this is the search iy

limnonds, swhich are brought to surface

oleanoes originating at depths ol 130

thin the upper mantle.
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Figure 3: Cartoon of a west-to-east cross section through the Australian continent,
showing the more ancient western cratonic nucleus, and the younger subduction zone

in the E beneath the Tasman Fold Belt.

temperatures of over 1000°C ensure that
the natural form of crystalline carbon is
diamond rather than graphite, the low
pressure form developing at the earth’s
curface (Figure 310 Minerals found as in-
clusions in the dinmond itself indicate that
most of these stones grew within the high-

er part of the upper mantle. The mantle
vars depteted o oo valagide connpo

AL R ! oy during

et} L | H Rl i

hen the i et et
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Flgure 1 g his depleted
component of i mantle (known, togeth-
erwvith the ovedvme crust, as the
mechanicallv stoong lithosphere') is cold-
goand moee vigi! thany the underlying
nart of the appes mantie: the ‘astheno-
sphiere”. This m composition and
hierina vhienees the propaga-
o of s vooehabling its
detection by the tanographic approach
Dowmward bule: - ol the lithosphere below

150 ko are potential sites for diamond

formation. and the Skippy program will

therefore map out those parts of the conti

nent most favonivs or dimmond

1

ine th

cation sxtent of the
bounda dtively young
Palacozole, 3 Fasman Fold
Pelt s lustiraiasian Science Summer
D94 aned the roore anciend fmore than
(i ta oldr e Wi Loy the weest.
This boundary, e oo abane’, divides

sure is about I bar = HPN/ i

Australia into two essentially different
metallogenic provinces. Characteristic
mineralisation of the older cratons includes
primary diamond pipes, carbonatities with
associated rare earths and phosphate.
Archean greenstone gold and komatiite-re-
fated nickel. The vounger Tasman Fold Belt
has potential for porphyry copper deposits

v b epirhermal eold, associated wrd

programme

iod dimension (ot nede

sndinrge of Arshan geolog:
cvidence of the earth's structure at depth.
his will greatly improve our knowledae
of the building blocks of the continent.
md of the shape and relationships of the
different gealogical environments.
Fhrough this it will improve our abilite (¢
h for ore

«d

predict appropriate areas for seay

feposits, particularly those generat:

leeper processes.
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