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•
Limitations and survey design ,parameters for time domain EM methods 

0^ in mineral exploration 

B.R. Spies

•
The TEN method is being increasingly used for mineral exploration

and geological mapping in Australia. The techniques include one-loop
systems (SIROTEM and MPPO-1) and two-loop systems (PEN and EMP); these
techniques show different responses over the conductive surface layers
which cover much of Australia.•

The response of both one-loop and two-loop systems to a variable
surface layer or host rock has been investigated with a scale-model
facility using an interactive mini-computer, and numerical studies. For
a homogeneous ground the response is relatively simple for a one-loop
configuration, but becomes more complex when the transmitter and receiver
loops are separated. For the two-loop configuration the response changes
sign at a time which depends on the loop separation and ground
conductivity. Variations in the conductivity of the overburden can
cause complex anomaly shapes which are difficult to interpret intuitively.
For both one-loop and two-loop configurations, anomaly sources within the
overburden may be difficult to distinguish from anomalies caused by deeper,
more conductive sources.

The limits of detection of TEN methods have been investigated
from the modelled response of the Elura and Roxby Downs mineral deposits.
The TEN response is determined for a variety of loop sizes, depths of
burial, and conductivity contrasts between the deposit and host rock.
It is shown that the optimum time range for detecting these types of
deposits is usually between 1 and 50 ms, and that some conductors
remain undetectable, irrespective of equipment sensitivity, time range,
or loop size. By a parametric study of two-layer curves it is shown
that the earliest sample time a body can be detected under a
conductive layer is determined only by the conductivity of the layer•^and the sample time, and is not dependent on loop size.

The optimum loop size for detecting a body in a resistive
environment is slightly larger than the size of the body in plan. If
the body is contained in a conductive host rock, then a smaller loop
will minimise coupling with the host rock and will enable detection of
the body over a wider time range. However, the smaller loop emphasises
lateral inhomogeneities in the overburden.
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Techniques for discrimination of surficial and bedrock

magnetic sources at Cobar, NSW

P.R. Gidley

The magnetic method is the main exploration tool used in
the search for mineral deposits in the Cobar area of NSW; this is
because most deposits discovered to date contain magnetic minerals.
Unfortunately widespread occurrences of near-surface laterite
commonly produce anomalies which are difficult to distinguish from
those reflecting bedrock sources.

Work during 1978 and 1979 has confirmed that the near-
surface response is caused by hematite/maghemite concentrations
with a high magnetic susceptibility and remanence. These magnetic
suites usually occur in surface layers up to 6 m thick and exhibit
large lateral and vertical variations in magnetic properties over
small distances.

To avoid anomaly aliasing high sampling rates and close
line spacing are important factors in the design of ground or
airborne surveys.^Such data collected, followed by relatively
simple processing procedures, permit the depths of magnetic sources b
to be determined, thereby distinguishing bedrock from surface
sources. In addition the frequency content of the data allows the
distribution and dimensions of magnetic cells which make up the
sources of near-surface anomalies to be determined. Once these
parameters are established band-pass filtering can be used to
enhance the response from bedrock sources, therefore permitting
discrimination between source types. Knowledge of the magnetic cell
dimensions permits more accurate modelling, and investigation of
discrimination techniques.

Gravity and electrical methods also enable the discrimination
of shallow and bedrock sources. Case studies, including drill-hole
and physical rock property control information, are presented to
demonstrate the ability to discriminate between different source
types.

0
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The influence of the geoelectric section on EM and 

IP surveys at Elura, NSW 

I.G. Hone , B.R. Spies 6.E.D. Tyne

The Bureau of Mineral Resources has investigated the geoelectric
properties of fresh and weathered rocks at Elura through a program of
down-hole logging, Schlumberger soundings, and laboratory measurements on
drillcore. The knowledge gained by such work has enabled BMR and the
Geological Survey of New South Wales (GSNSW) to model the electromagnetic
and electrical responses of the deposit.

Logging showed that resistivities of intensely weathered country
rocks, comprising shales, sandstones and siltstones, are less than 30 ohm-m
just below the water-table, in some instances being as low as 1 ohm-m.
Resistivities gradually increase with depth as rocks become less weathered,
and at 200 m resistivities of approximately 2000 ohm-m were recorded.
A decrease in the resistivity of the country rocks in the vicinity of the
deposit has been observed which may indicate a fracture halo or some other
effect related to the deposit. Induced polarisation logging indicates that the
chargeability of country rocks is approximately 10 mV/V just below the water-
table and increases to approximately 20 mV/V at 200 m depth. Laboratory measure-
ments and results of logging indicate that the mineralisation has a
resistivity of about 0.2 ohm-m and very high chargeability.

Interpretation of Schlumberger depth soundings indicates that the
top 5 m of section consists of a thin, resistive layer which is sometimes
overlain by a thinner, more conductive layer. Below a depth of approximately
5 m the section has a low resistivity of approximately 10 ohm-m and a very
low chargeability which probably represents very weathered rocks; this
strongly weathered zone appears to be approximately 110 m thick. Below this
zone rocks have higher resistivities and chargeabilities indicative of
relatively less weathering.

Detailed analyses of the sounding data over the deposit show that
the top 50 m of section has a higher conductivity-thickness product than
the section on either side. A zone with higher resistivity and chargeability
is interpreted to lie above the deposit extending up to about 40 m
from surface. This may reflect the presence of a siliceous gossan.

A single-loop TEM line surveyed across the deposit gave results of
the same form as obtained in model studies. Grid coverage using 50 m
loops delineated at early sample times a near-surface conductive feature
striking approximately north and located over the deposit. At late sample
times three anomalous zones were defined; semi-quantitative interpretation
of these anomalies using decay curves favourably highlights the anomaly
over Elura as compared with the other two anomalies.

•
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A time-domain IP survey using a 100 m dipole-dipole array
made over Elura in 1979 by GSNSW.produced a much better defined anomaly
over the deposit than a frequency domain IP survey using a similar array
conducted in 1974 by BMR. The improvement in results demonstrates the
advantages of using more technologically-advanced equipment which is now
available.

Computer modelling of the Ii' and resistivity response of the
deposit carried out by GSNSW has produced results consistent with field data.
Modelling shows that inhomogeneities in the overburden, in particular
a low resistivity zone over the deposit, obscure its resistivity response.
A detectable anomaly appears unlikely to be observed should the deposit be
insulated from the 110m thick, conductive overburden.

•

•
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Lachlan Fold Belt; geological associations 

with regional geophysics 

B.W. Wyatt, A.N. Yeates5 D.H. Tucker

The Lachlan Fold Belt Regional Geophysical Project, started
in April 1979, aims to investigate aspects of the geology controlling
the geophysical characteristics of the region to provide a better
understanding of the use of geophysics in geological mapping, mineral
exploration and deeper crustal studies. The project team carried out
regional field investigations involving geological observations, rock
sampling, and geophysical measurements, to gain an appreciation of the
geology, to directly investigate the causes of anomalies, and to
compile a physical property data base. The project has so far been
restricted to NSW; 1000 locations have been investigated. These
include representative outcrops of the major Palaeozoic rock groups
and most outcropping sources of gravity and magnetic anomalies. The
data base contains information on site location, topography, geology,
structure, in situ magnetic susceptibility, 4-channel gamma-ray
spectrometry, and laboratory density, porosity, and magnetic
remanence measurements. The data base will be supplemented by
petrological descriptions and some major and trace-element
geochemistry. The density and susceptibility values will constrain
future modelling studies of subsurface structures.

The regional magnetic and gravity data indicate four
geophysical domains, each with different patterns of anomaly trend
and amplitude and unique geological features, separated by
disjunctive boundaries. Within the domains, a classification of
magnetic anomalies by length, width, and amplitude appears capable of
distinguishing between the various sources, thereby providing a useful
mapping tool in regions with thin cover.

Radiometric readings from the data base suggest a relation
between uranium and thorium concentrations and known tin and tungsten-
bearing granites, and indicate other potentially prospective granites
with no known mineralisation.
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The Batten Trough: a structural problem in the McArthur Basin 

The geological problem

K.A. Plumb

The fundamental concept in the palaeogeographic model of the
McArthur Basin is that a thick sequence (up to 12 km) of sediments was
deposited in a syndepositional graben 500 km long and 60 km wide, the
Batten Trough, with much thinner sequences (up to 5 km) present on the
adjacent stable shelves.^Depositional thicknesses are postulated to have
changed rapidly across major syndepositional fault zones. The graben has
subsequently been deformed and uplifted, to form the Batten Fault Zone.
The HYC lead-zinc deposit lies adjacent to one of these postulated boundary
faults, so the palaeogeographic model may be a critical factor in exploration
for further deposits of this type.

However, lack ot outcrop in the critical areas makes it
impossible to accurately define the original form of the Batten Trough from
surface geology alone, and the possibility remains that the observed thickness
changes may take place progressively over a considerable distance.
Consequently, a geophysical investigation has been carried out across the
southern McArthur Basin to attempt to resoLve details of subsurface structure
and stratigraphy,particularly in the critical zone immediately to the east
of the Emu Fault. This symposium presents preliminary results of this survey;
analysis is continuing.

McArthur Basin crustal seismic survey

C.D.N. Collins & J. Pinchin

During June and July 1979, a seismic refraction/reflection survey
was carried out to determine the crustal structure across the Basin and,
in particular, to investigate the crustal differences east and west of the
Emu Fault. One long refraction line of 300 km, and one shorter line of
100 km were recorded on each side of the Fault. At each shot-point,
seismic reflection recordings were made and two additional smaller shots
were recorded by reflection spreads near Starvation Hill and at Batten Creek.

Good reflection and refraction arrivals were recorded at all
locations, except between Daly Waters and OT Downs, where deep weathering
of Cretaceous rocks probably masked the deeper seismic reflections and
refractions.

A preliminary interpretation of the refraction data shows the
Moho at a fairly constant depth of 36 km on the western side of the Emu
Fault. At Daly Waters, a surface layer about 4 km thick has a velocity of
4.6 km/s. This layer wedges out eastwards - there is no evidence for it
east of OT Downs. The only other layers apparent on this side of the Emu
Fault are surface layers with velocities of 5.9 km/s between HYC and OT Downs,



7.

which probably represent the thick carbonates of the McArthur Group, and
5.66 km/s between OT Downs and Daly Waters, which may represent the Roper
Group.

On the eastern side of the Emu Fault, the Moho shallows from
37.5 km near the Fault to 34.0 km near the Murphy Inlier. Three other
seismic velocities were measured within the crust: a 5.53 km/s near-surface
arrival which probably correlates with the Tawallah Croup; a 5.98 km/s
refractor which marks the basement to the McArthur Basin succession; and
a 6.39 km/s layer which represents a dipping layer within the basement rocks.

The seismic reflection sections have been digitally processed and
reflections from the Moho were recorded at nearly all locations and correlate
well with the refraction data. A characteristic wide band of reflections
correlates with the 6.39 km/s intracrustal refractor to the east of the Emu
Fault; a similar reflection band appears near the HYC Mine, to the west of the
Fault. The vertical displacement within the basement rocks between these
bands is 1.8 km upwards on the west wide of the Fault. A tentative
identification and correlation of basement across the Emu Fault gives a
depth of 3.9 km near the HYC, to the west of the Fault, and 5.7 km at
Starvation Hill, to the east. Because there is reasonable stratigraphic
control of the McArthur Group to the west of the Fault it is implied that
the Tawallah Group must thin towards the Emu Fault Zone.

Gravity evidence

W. Anfiloff

A detailed gravity survey was started across the Batten Fault
Zone and the Bauhinia and Wearyan Shelves in 1978. Traverses with a
combined length of 570 km have been measured, and 500 km of traverses
are planned for 1980.

The objective is to study the regional structural setting.
Traverses have been positioned to cross the numerous topographic features in
the area at sites where they are reasonably elongate; this makes it possible
to process terrain effects automatically, and to obtain the continuous
detailed and accurate coverage necessary to locate the short wavelength
features which are essential for a thorough investigation.

The survey has detected a number of important short wavelength
anomalies whose presence is not indicated by the existing helicopter
reconnaissance coverage. Such features can be related directly to specific
geological formations, and the repeated occurrence of some formations in
outcrop along long traverses and on different traverses allow density contrasts
to be evaluated. Small density contrasts are apparent at all depths in the
basin sequence, but the greatest contrasts occur in the upper part.

There is a good correlation between gravity and the geologically
inferred basement shape across the Batten Fault Zone, and the basement appears
to become very shallow in the Robinson River area. Near Borroloola, there is
a small fault anomaly over a splay fault from the Emu Fault, but there is no
fault anomaly where the main traverse crosses the Emu Fault farther south.
However, at this site, there is a steep 3 mGal anomaly, which may represent a
dense sulphide body near the surface.
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The lack of a substantial fault anomaly across the Emu Fault
would appear to rule out any sudden change in thickness of the critical
McArthur Group dolomites, which are unlikely to have the same density as
the underlying Tawallah Group sandstones. Mutually cancelling structures
can be advocated deeper in the section, but the arrangement would be a
fortuitous one. It is presently concluded from these results that the HYC
mineralised zone occurs in an essentially undeformed part of the eastern
platform; this is in disagreement with previous geological concepts.

The magneto-telluric approach

J.P. Cull

In 1978 seventeen MT sites were occupied in a 350 m traverse
across the Wearyan Shelf and the eastern Batten Fault Zone, A preliminary
examination of the resistivity plots at each site reveals marked differences
across the Emu Fault, with diverging components ot apparent resistivity.
This feature is emphasised with data presented as 20 pseudo-sections.

Isotropic data ror the eastern sites were inverted in a ID analysis,
revealing a well detined basement of good contrast, with resistivity of about

kilohm-metres. This is covered by a layer 800 m thick with consistently
low resistivity values of 70 ohm-m. Above this the resistivity increases
with values in the range 600-900 ohm-m. However, there is about 10 m of
overburden, with a very low resistivity of about 2.5 ohm-m.

Consistent with surface geology the results indicate a depth to
basement of about 2.8 km near the Calvert River, increasing to about 3.5 km
near the Robinson River crossing. The ID analysis demonstrates that MT
responds to basement trends in the McArthur Basin; at shallower depth there
are relatively conductive strata consistent with the sandstones of the
Tawallah Group, but there are no distinct layers which can be attributed to
the very thin, discontinuous outcrops of McArthur Group carbonates.

The non-isotropic data in the western part of the traverse have
been analysed using inversion techniques to generate a 2D model, which clearly
shows a major discordance at the Emu Fault. Furthermore, this discordance
persists to great depth, reflecting the concept that the major faults of the
Batten Fault Zone had a significant history before the formation of the
McArthur Basin.

In the area to the east of the Emu Fault, the statistical
parameters ot the 2D program generate different resistivities to the ID
results, but the main features remain: a clearly defined resistive
basement overlain by a fairly simple conductive sequence; again, there
is no layer which may be correlated with the carbonate rocks of the
McArthur Group.

•

To the west or the Fault, there isa new block of highly resistive
rocks, which may be directly correlated with the McArthur Group carbonates,
which crop out in this area. Carbonate rocks typically have high resistivities,
and the calculated depth of this block (% 4.45 km) is very close to the
thickness of McArthur Group predicted from surface geology. An underlying
layer has a conductivity equivalent to the Tawallah Group, measured on the
Wearyan Shelf, and is consistent with the predicted geological model.^l!•
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The resistivites resolved in the 2D model can be related to
the McArthur Group to the west of the Emu Fault, and the Tawallah Group
both to the east and west of the Fault. The distinctiveness of the
McArthur Group to the -west of the fault makes it impossible thatan
appreciable thickness of McArthur Group can be present for any significant
distance to the east of the fault. The results of the MT modelling across
the Wearyan Shelf and eastern Batten Fault Zone, and the geological
interpretation, support the currently preferred geological model that the
Batten Trough was a syndepositional graben, with rapid changes in
depositional thickness across boundary faults.•

Conclusions

K.A. Plumb•
Seismic and MT results provide consistent constraints to the

subsurface geology adjacent to the Emu Fault. Basement to the McArthur
Basin succession is recorded on the Wearyan Shelf, at depths consistent
with predicted geology. A crustal discontinuity appears Co occur at the
Emu Fault and, while thick McArthur Group carbonates are registered to

• the west of the Emu Fault, the Tawallah Group is identified as the main
sequence present to the east of the Fault. The combined data make it
seemingly impossible that any appreciable thickness of McArthur Group can
be present for any significant distance to the east of the Emu Fault.

The lack of a gravity anomaly across the Emu Fault implies that
• there is no significant present displacement, or sudden change in preserved

(post-uplift and erosion) thickness of.stratigraphic units at the Emu Fault.

However, the use of the available seismic, MT, and geological
constraints produces mutually compatible cross-sections which are, in fact,
also compatible with the gravity data, and these sections severely constrain

• the palaeogeographic models which are possible. When these sections are
restored to the situation which existed prior to uplift and erosion, it is
clearly implied that the McArthur Group thinned significantly at the Emu
Fault.

Elie preliminary data analysis presently available clearly favours
the geologically predicted model for the nature of the Batten Trough.

•

•
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Geochemical and palaeomagnetic limits on Precambrian
Earth dimensions

A.Y. Glikson

It is shown that the early and middle Proterozoic crustal
record cannot be explained by the present-day Earth surface dimensions, and
consequently modern radius. With few exceptions, lithostratigraphic, geochemical
and isotopic data for the 2.6-1.0 b.y. interval indicate ensialic
environments - with little or no evidence for contemporaneous ocean crust and
operation of accretion-subduction-partial melting cycles. Unlike Archaean
crustal history, which was dominated by two-stage mantle melting processes
and a uni-directional sima-to-sial transformation, most Proterozoic cratonic
and mobile-belt domains show evidence of granitic basement. Ophiolites are
unknown and island-arc-type volcanic assemblages very rare in these terrains.
Silicic igneous formations are dominated by high-K and LIL element abundances,
high initial Sr 87 /Sr86 ratios and negative Eu anomalies. Palaeomagnetic
data indicate coincidence of apparent polar wander paths (APWP) of cratons
within the Laurentian, African and Australian shields, disallowing relative
plate movements within these shields. The joint APWP of each of these shields
and of Greenland for the interval 2.3-1.6 b.y., has recently been shown
to overlap if present-day angular relations between these continents are
maintained. An integrity of the early and middle Proterozoic sialic crust
is indicated by cross-Atlantic (Hurley et al., 1967) cross-Pacific (Sears
and Price, 1978), and other fits, and by the parallel alignment of
Archaean tectonic trends. These constraints raise an enigma for any model,
involving the present-day Earth radius, for the following reasons:

(1) Models assuming global sial of continental thickness
are ruled out on a volume basis, as sial can not be lost
from the crust.

(2) Models assuming a global thin sial are ruled out by
palaeomagnetic constraints; on a structural basis and from
estimates of crustal palaeothicknesses.

(3) Models assuming the coexistence of sial and EliMA face
such questions as the lack of ophiolites, scarcity of
two-stage mantle melting products, and palaeomagnetic
constraints on horizontal plate movements.

The combined evidence arising from the lack of simatic
records during 2.6-1.0 b.y. ago, the contiguity of the sialic crust
during this time, and the maintenance of modern angular relations between
these shields, are only amenable to interpretation in terms of an Earth
approximately 0.5-0.6 of the present-day radius. About 1.0 + 0.2 b.y, ago,
the appearance of ophiolites and two-stage mantle melting products in pan-
African belts, and the divergence of the APWP, associated with major
compression (thrusting) within the continents, signified the onset of
expansion and related plate tectonic processes. The empirical geological
evidence requires further attention from physicists to investigate potential
mechanisms which could account for a growth in the Earth's dimensions.



Mining and associated research in China to-day 

A. Renwick & I.R. McLeod

In October 1979 a delegation, led by the Acting Director
of BMR and comprising three other BMR officers and seven representatives
of mining companies, visited China at the invitation of the Government
of the Peoples' Republic to study mineral deposits and mineral
exploration methods. The delegation visited six mines (tungsten,
lead-zinc, antimony, copper, iron, and magnesite), one prospect
(uranium), a Geological College, and some six research institutes.
Overall impressions were of markedly dated technology, being rapidly
up-dated by great effort, enthusiastically applied.

China, with its large domestic requirement and economic
system, is able to develop many small and low-grade deposits, although
it has both large and high-grade ones as well. Viability and
economic extraction have different meanings in a socialist economy
to those accepted elsewhere.

There is a significant contrast between facilities in
• Beijing and those in the Provinces, and a serious communication gap

exists. This results in the very slow spread of new concepts and
theories, and a localised pragmatic approach to exploration which is
generally unrelated to ore genesis theory. Most deposits currently
being worked are extensions of old small workings, many of which have
been known for hundreds of years.•

With such a large population, labour-intensive methods are
not, in the national sense, uneconomic; but the progressive upgrading
of only parts of the total mining process leads to the uneconomic
use of much equipment.

•^An outline of the organisation of the Ministry of Geology
and its relationship to other Ministries is given, and some details
of current research projects and of equipment are presented.

S

•

•

0

0



12.

Australian mineral export forecasts to 2000 

A. Driessen

Australia is an important world producer and exporter of
a range of mineral commodities, in particular coal, iron ore,
aluminium (whether as bauxite, alumina or metal), copper, lead, zinc,
nickel, tin, manganese, ilmenite, rutile, and zircon; these 12
commodities account for about 90 percent of earnings from mineral
exports. For 10 of these commodities Australia ranks in the first
five as a world producer (coal and copper are the exceptions); in
all of these ten commodities Australia exports more than 70 percent
of its mine production. Forecast copper and coal exports for the
year 2000 show the greatest quantitative increase, copper from
101 000 tonnes in 1978 to 600 000 tonnes in 2000, and coal from
37.5 million tonnes to 185 million tonnes in the same period. Despite
the very large increase in the forecast quantity of aluminium metal
exports, forecast exports in the year 2000 of combined aluminium metal
and the aluminium equivalent of alumina and bauxite are only 2.6 times
the quantity in 1978, an increase of similar magnitude to that for
iron ore (2.5 times); nickel exports are forecast to increase by a
factor of 2.2 and manganese ore by a factor of 2.7. Forecast exports
of lead and zinc in the year 2000 are less than double those in 1978.
The forecast declining level of exports for mineral sands, and the
uncertainty about the level of tin exports in the 1990s, reflects some
uncertainty about demonstrated economic resources of these minerals in
the future. A shift towards exporting more minerals in processed form
is expected because of Australia's abundant coal resources and its
consequent energy cost advantage.
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0^ The uranium cycle and the development of vein-type deposits 

John Ferguson

Development of quartz-pebble conglomerate uranium deposits
was confined to the period 2800-2200 m.y. The first appearance of
these deposits coincides with major igneous, sedimentary, biogenic
and tectonic changes; it is suggested that all of these factors
contribute to the uniqueness of quartz-pebble conglomerate uranium
deposits.

Vein-type uranium deposits made their appearance in the
post-2200 m.y. period. However, over 90 percent of vein-type uranium
deposits are found in rocks dated between 2200 and 1400 m.y. This
skewness is considered to be real.

As continental crustal development after 2200 m.y. ago
appears mainly to follow uniformitarian lines, the only variable which
could explain the concentration of vein-type uranium in the 2200-1400 m.y.
period appears to be a steadily evolving atmosphere. It is suggested
that during these times the hydrosphere was sufficiently oxidising for
uranyl transport, but that rapidly reducing conditions were met short
distances into the lithosphere. Reduction resulted in precipitation of
uranium as UO2 from meteoric water into suitable structural traps, which
were largely developed during periods of prolonged erosion. Rapid
development of impermeable cover rocks preserved the uranium deposits.

BMR studies of vein-type uranium deposits in the Proterozoic
have been confined mostly to those within the Lower Proterozoic sequence
of the Pine Creek Geosyncline, Northern Territory. Using this area
as the type-model, an attempt is made to account for the extensive
development of vein-type uranium deposits originally formed within the
time span 2200-1400 m.y.

•
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Anatomy of a Proterozoic rift, Mount Isa

G.M. Derrick

The Leichhardt River Fault Trough near Mount Isa is a
550 km by 65 km ensialic rift formed from about 1800 m.y. to 1650 m.y.
ago. Extension in the 1800 m.y. old acid volcanic-granite basement
was followed by deposition of 10 km of epicontinental elastics, minor
dolomite and redbeds and marginal fanglomerates, and 6 km of subaerial
to shallow subaqueous basalt, at depositional rates of up to 500 m
per m.y. Further volcanicity (1680 m.y.) accompanied deformation of
the rift; younger intracontinental molasse, distal flysch and Pb-Zn-
bearing restricted shale basin deposits 7 km thick, blanketed earlier
elastics, at depositional rates of 200 m per m.y.

Igneous rocks from the Leichhardt River Fault Trough display
compositional bimodality with time, typical of non-orogenic terrains;
they range from basement rhyolite, to tholeiitic basalt, to granite
and alkali granite, to rhyolite and trachybasalt, and finally to
tholeiitic dyke swarms.

The Fault Trough formed by extension and sagging of
continental crust. Mantle upwelling and subsequent deep rifting tapped
basalt sources; magma withdrawal and basalt loading of the crust led
to further sagging and epicontinental sedimentation. Heat from
earlier mantle upwelling caused lower crustal fusion and subsequent
granite intrusion of the rift pile. Genesis of major Cu and Pb-Zn
deposits is partially controlled by early and reactivated growth faults,
and by the movement of subsidiary crustal blocks within the Fault Trough.

‘9-
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BMR's role in volcanology - surveillance, early warning, and mineral application 

R.W. Johnson

BMR has been involved in Papua New Guinea volcanological studies
for 30 years. In a sense its role began in 1937 when N.H. Fisher set up
a volcanological observatory in Rabaul, but in a stricter sense it began
in 1950, four years after the creation of BMR, when the late G.A.M. Taylor
resumed operations at the Observatory after the Second World War. BMR
relinquished the running of the Observatory in 1973 when Papua New Guinea
became self-governing. However, it contributes to foreign aid by seconding
staff to the Observatory, and maintains a small, Canberra-based volcanological
sub-section whose tasks are to provide basic information on the geology,•

^

^
petrology, geochemistry, and tectonic setting of the volcanoes, and to
apply volcanological knowledge to problems in Australian geology.

Fourteen volcanoes in Papua New Guinea may be classified as active.
There are at least 24 other volcanoes that are potentially active, and at
least another 60 that seem to have ceased activity during the late Quaternary.
Most of the volcanoes are of explosive arc-trench type, but the range of volcano
types is remarkable for such a small area, though perhaps not so suprising
bearing in mind the extreme tectonic complexity of the area. There are two
major, and possible as many as four minor lithospheric plates in Papua
New Guinea.

•

•

0
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Crustal structure of the Archaean of northwest Australia

B.J. Drummond

•
Two Archaean cratons are exposed in Western Australia; the

Pilbara in the northwest and the Yilgarn in the southwest. They are
separated by the Proterozoic Capricorn Orogenic Belt. In 1977, BMR
conducted a seismic refraction and gravity survey in the Pilbara and
northern Yilgarn regions. The aims of the survey were to study the
crustal structure of the Pilbara and northern Yilgarn Cratons and the
Capricorn Orogen. It was hoped to derive models which would be useful
for studying crustal evolution in the area.

Recordings were made along several traverses both across and
parallel to the regional geological strike. Seismic recorder spacing
was about 20 km, and the routine quarry blasts at the iron ore mines
were used as seismic sources.

• Excluding the Hamersley Basin rocks, the Pilbara Craton has
a two-layered crust. A layer with a seismic velocity of about 6.0 km 8 -1

overlies a second layer (6.4 km s -1 ) at about 13 km depth. The crust is
28 km thick in the north of the Pilbara Craton, and 33 km thick in the
south, and the upper mantle velocity is 8.34 km 8 -1 .

The crust in the northern Yilgarn Craton is 55 km thick. A
layer with a seismic velocity of 6.2 km s -1 overlies a second layer of
6.4 km s -1 at 15 km. A third layer (7.0 km s -1 ) is present below 32 km.

• The upper mantle velocity under the northern Yilgarn Craton is 8.1 km s -1 .

The crust between the cratons has thicknesses intermediate
between those of the cratons, and is characterized by zones of high velocity
gradients in the lower crust. These zones indicate that the lower crust is
denser than the lower crust of the cratons.•

Synthetic seismogram modelling showed that the velocity increases
slightly through the layers, and the boundaries are gradational. The velocity/
depth functions suggest that the cratons are of overall acid to intermediate
chemical composition, and that the velocity jumps are phase changes, probably
due to granulite facies at 13 to 15 km in both the Pilbara and Yilgarn

• Cratons, and to eclogite at 32 km in the Yilgarn Craton. The dense lower
crust between the cratons is probably due to metamorphism and magma
injection of the lower crust during intercratonic tectonics.

•

41
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Revised Proterozoic stratigraphy and economic potential -

of the western Georgetown Inlier, north Queensland

D.E. Mackenzie

Earlier work in 1956-58 resulted in the division of the
Precambrian sequence of the western Georgetown Inlier into four
Proterozoic units - Robertson River Metamorphics, and Bernecker
Creek, Etheridge, and Langdon River Formations, and a possibly
Archaean basement (Einasleigh Metamorphics).

More recent joint BMR-GSQ fieldwork has shown that all of
the previously named units form a continuous sequence, the Etheridge
Group, which is made up of the Bernecker Creek, Robertson River,
Townley, Hellman, Candlow, and Langdon River Formations and the
Einasleigh Metamorphics. The Robertson River Metamorphics is the
high-grade (eastern) part of the more extensive, dominantly pelitic
Robertson River Formation. The Einasleigh Metamorphics contain
higher grade equivalents of the calcareous Bernecker Creek Formation
and also grades into the lowermost(?) part of the Robertson River
Formation, but the stratigraphy of the Einasleigh Metamorphics is
incompletely resolved. A marked angular unconformity separates the
Etheridge Group from the overlying Malacura and Yarman Formations (new
units), which are in turn separated from the Proterozoic (previously
considered to be Permian-Carboniferous) Croydon Volcanics - partly
by faults, and partly by an angular unconformity. Each unit is
described briefly.

The Einasleigh Metamorphics contain stratabound Pb-Zn and Cu
deposits spatially related to a change from calcareous to pelitic
lithologies; thus the Bernecker Creek Formation-Robertson River
Formation contact, as well as calcareous parts of the latter unit, may
also be prospective. Maximum development of volcanic rocks is in the
middle Robertson River Formation, where metabasalts and metadolerites are
locally associated with minor Cu-Ag-Au mineralisation. The overlying
more quartzose Townley Formation may contain some volcanic detritus, and,
as well as several Ag-Pb-Zn mines and prospects, there are signs of
apparently stratigraphically controlled Pb-Zn geochemical anomalies.
Parts of the Candlow Formation, a shallow-water siltstone - fine sandstone
unit, are very carbonaceous, also commonly pyritic, and locally dolomitic,
all reminiscent of evaporitic conditions. The unit is very poorly exposed,
but several minor Pb-Zn gossans, generally associated with intraformational(?)
breccias, are known.
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Structure and petroleum potential of the Lord Howe Rise 

J.B. Willcox

The Lord Howe Rise is a major submarine feature in the Tasman
Sea, which lies about 600 km off the east coast of Australia.^It has a
continental crustal structure.

Two 1971 BMR reconnaissance seismic protiles indicated that the
Rise is divided longitudinally into an eastern shallow basement province,
and a western province characterised by horsts and grabens. The western
province has been interpreted as a submerged 'rift-valley' formed prior to
the Late Cretaceous breakup of the Tasman Sea. It has been suggested that
the general lack of rift-valley or pull-apart basins along the eastern seaboard
of Australia indicates that during breakup the rift-valley was breached
along its western boundary fault, and that any associated basins remained
wholly attached to the 'Lord Howe Plate',

During October 1978 the Federal German Geological Survey (BGR)
and the BMR conducted a cooperative geophysical survey of the central Lord
Howe Rise area to examine its structure, geological evolution, and petroleum

.^ potential. A preliminary interpretation indicates that:

(i) Numerous small basins, which may have formed within grabens,
underlie the western half of Lord Howe Rise. These probably
trend NNW, range from 20-40 km wide, and the deepest of
them contains 3000-4000 m of sediment.

(ii) A larger basin, about 50 km across, has been delineated
250 km NE ot Lord Howe Island, in a water depth of 1700 m.
It is possibly of Mesozoic age.

(iii) A horst and graben province extends across the Middleton
and Lord Howe Basins and onto the Dampier Ridge, which is
considered to be at least partly of continental origin.

(iv) Relatively thick prograded sediments occur on both the western
and eastern flanks of the Rise. On the eastern New Caledonia
Basin flank, 2000-3000 m of pre-breakup sediment is
observed, which was probably deposited on the ancient (pre-
Late Cretaceous) seaboard of the Australian-Antarctic
.supercontinent.

The absence of major rift-basins of the type that underlie
other 'Atlantic' or 'pull-apart' margins (for example, Ceduna Terrace and
Northwest Shelf/Exmouth Plateau regions) is disappointing in terms of
petroleum potential. However, structural and palaeogeographic considerations
suggest that petroleum source rocks may have been deposited on Lord Howe
Rise, in the Late Cretaceous, prior to formation of the Tasman Basin.
A favourable restricted marine environment was possibly associated with
the small basins and grabens.

Possible petroleum traps exist against the boundary faults and

4
^as pinchouts within the basins. Structures interpreted as Late Cretaceous

and Paleocene reefs are also possible targets. A seal may be provided by
interbedded shales or pelagic oozes. The prograded sequences on the flanks
of the Rise also warrant further examination.
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New information on the Denison Trough and its petroleum

prospects from recent seismic surveys 

J.A. Bauer

During 1978 and 1979 BMR conducted a seismic survey in the
southern Denison Trough to study the structure of the Trough and to
examine facies distributions. The study complements detailed work
on the stratigraphy of the Trough being carried out by the Geological
Survey of Queensland (GSQ).

Although a large amount of seismic data has already been
recorded in the Trough, mainly in the early 1960s, the quality of these
data was sufficient to map only the strongest reflection horizons and
generally little information was obtained from the deeper parts of the
sequence. The new seismic data, recorded and processed digitally, are
significantly better, and of sufficient quality to allow the thickness
and distribution of most formations to be reliably interpreted along the
seismic lines. It was not always possible, however, to obtain a reliable
and consistent basal Permian reflection in areas with a very thick Early
Permian sequence.

Three major phases of folding, during Early Permian, Late
Triassic, and Late or post-Jurassic are identified. Minor phases of
deformation which affected depositional patterns towards the end of the
Early Permian are also identified.

The extent of the Comet Platform has been better defined, and
the configuration and depth of the base of the Permian sequence are better,
though still incompletely, known. Several previously undiscovered
structural features have been identified which shed new light on the
structural and depositional history of the Trough.

Considerable scope has been demonstrated for the existence of
hydrocarbon traps, both (i) structural, particularly involving structures
which formed earlier than the Triassic ones most commonly tested to date,
and (ii) stratigraphic, particularly in the Early Permian sequence.

• The new BMB seismic data, together with GSQ regional facies analyses,
joint BMR/CSIRO source rock evaluation, and renewed company seismic
investigations, has led to a better understanding of the Denison Trough and
its hydrocarbon potential.

0
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Future prospects for liquid fuel supplies in Australia

D.J. Forman

Indigenous production of oil and condensate from
known fields is expected to remain fairly steady at about 150
million barrels a year until 1987, and then to decline.
Indigenous production currently provides about 68 percent
of total crude oil input to Australian refineries, but
estimates suggest that production from known oil fields will
meet about 55 percent of demand in 1985, and about 35 percent of
demand in 1990. Becuase of the lead time between discovery
and development,is is unlikely that any new discoveries will
have much effect on indigenous supply before 1985, but
Australia's geological potential for further conventional oil
discoveries, though modest, could well allow high levels of
self sufficiency to be attained again for at least a few years
in the late 1980s, possible extending into the mid to late
1990s - but in nearly all projections falling to low levels
shortly after the year 2000.

There are abundant resources, such as oil shale, coal
and gas, from which alternative fuels may be developed, but the
techology and/or economics of the various processes and the
lead times involved in developing them are uncertain and there may be
serious environmental constraints.

4
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Geochemical evaluation of the petroleum prospects 

of the Galilee Basin

K.S. Jackson

The Galilee Basin in central Quee9land is an extensive
intracratonic basin covering some 234 000 km , containing up to 2800 m
of Late Carboniferous to Middle Triassic strata. The sediments have
been deposited under predominantly fluviatile conditions in two
depocentres, the Koburra Trough and Lovelle Depression, separated by
the Maneroo Platform. The forty-seven exploratory wells drilled to date
have encountered only two significant hydrocarbon shows - oil in EML
Lake Galilee No. 1 and gas in FPN Koburra No. I.

A systematic petroleum source rock study of sixty-one cores
from wells in the northern Galilee Basin has been carried out. Generally,
the results are disappointing. Source rock quality is poor, with
only the Late Permian Bandanna Formation correlative and Colinka Sandstone
correlative rocks showing fair source potential. The kerogens analysed
prove to be sub-Type III (sub-humic) and hence gas prone, if source at all.
Maturation levels within the basin are suitable for present-day oil
generation in the Early Permian strata.

The oil recovered from the Late Carboniferous Lake Galilee
Sandstone at ENL Lake Galilee No. 1 is at least encouraging. An attempt
using carbon-isotope data is being made to correlate this oil with possible
source rock; core material from Devonian strata (either Adavale or
Drummond Basin) underlying the oil show have been included in this study.
The data available to date do seem to rule out the Permo-Triassic strata as
the oil source.

4
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Groundwater in oceanic islands

S

G. Jacobson

0
Nearly all small oceanic islands have water supply problems,

and the utilisation of groundwater is commonly the solution to these
problems. The assessment of groundwater resources on an oceanic
island requires consideration of geology, climate and the water
balance. Generally there is a layer of freshwater overlying saltwater,

4111

^

^and the measurement of the freshwater layer thickness can most readily
be done by resistivity depth probing. Examples will be given of some
recent BMR investigations of oceanic islands including the Cocos
(Keeling) Islands - a coral atoll, and Niue Island - a raised atoll.

•

•
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AUSTRALIA AS A MINERAL PRODUCER ALM EXPORTER: SALIENT STATISTICS FOR 1978 

Commodity

Mine production Exports

('000)^tonneS Austraiia Quantity
('000 tonnes)

Value fob
million $

% of
production EPI*

Estimated -
share of
world tradeAustralia World Z of

world
World
ranking

31ack coal 71 830 2 555 000 .. 3 9 38 726 1 512 42 na 18

:ron ore 83 134 832 000 10 2 75 102 906 90 3 40

ALuminium

Bauxite 24 293 83 564 29 (e) 5 500 (e) 65 23 76 20

Alumina (3) 6 776 (e) 30 200 22 6 250 671 92 2 47

Metal (4 ) 263 14 531 2 10 80 83 30 na 2

Copper 222 7 852 3 11 101 112 45 66 3

bead 400 3 620 3 369 244 92 80 20

Zinc
contained

me.tal

47J 6 390 7 4 459 155 97 49 12

82 629 13 3 (e) 75 222 91 98 17

in 12 198 6 5 9 90 75 23 5

anganese or 1 257 21 460 6 5 936 (e) 47 74 3 8

ilmenice Concentrates 1 255 4 8450 26 2 994 16 79 4 40

Rutile^concentrates 257 302(2 85 371 69 144 na 85

Zircon concentrates 392 ' (e) 550 72 1 391 29

Export processing index (the percentage of exports of a commodity exported in processed form)
I Excludes large quantities Jaried in USSR from ilmenite -^ 0maanetite ore

C.) 2 Non-Communist world
3 Refinery production

4 Smelter production



AUSTRALIAN AND WORLD IDENTIFIED RESOURCES OF SOME MAJOR MINERALS (1978) 

Australia^ World

Australian
reserves as
% of world
reserves

Australian
resources as
% of world
resources

Australia/world
ratio of per
capita economic
resources

Economic
resources

Total
identified
resources

Economic
resources

Total
identified
resources

Bauxite^(10 9^tonnes) 4.44 6.42 15.40 32.7 29 20 88

Black coal^(10 9 tonnes)

'in^situ' >202.68 >202.68 (6)1 272.0 (b)^7 725.0 16 >3

'recoverable' >112.71 >112.71 (c) 636.0 na 18 na 54

Copper (106 tonnes Cu) 5.99 10.81 456.0 2 200.0 1 0.5 4

Ilmenite^(10 6^tonnes) 48.05 73.35 (d) 580.0 (d)^1 641.0 8 4 26

Iron ore^(10 9^tonnes) 18.0 >35.0 258.8 831.0 7 >4 21

Lead (106 tonnes Pb) 16.15 28.36 145.0 1 506.0 11 2 37

Manganese ore^(106^tonnes) 490.0 891.0 5 443.0 very large 9 na 27

Monazite^(10 3^tonnes) 354.80 539.81 (e)7 000.0 (e)38 000.0 5 1 10

Nickel^(10 6^tonnes Ni)
.....

1.36 7.90 54.4 129.7 2 6 8

Rutile^(106^tonnes) 9.25 12.14 39.0 (f) 194.0 24 6 71

Tin (10 3 tonnes^Sn) 353.50 919.70 10 200.0 37 000.0 3 2 10

Zinc ( 10 6^tonnes Zn) 23.53 49.80 160.0 4 680.0 15 1 4J

Zircon (10 6^tonnes) 14.42 19.84 36.0 54.0 40 37 125

(a) Based on recovery rates of demonstrated economic resources.
(b) World data x 10 9 tonnes coal equivalent, where I tce = 29.3 Gigajoules
(c) Based on 50 percent recovery race.
(d) Western world; inclusion of USSR and China could increase world resources by 50 percent.
(e) In terms of rare-earth oxides, contained mainly in bastnaesite and monazite
(f) About 50 percent attributable to anatase resources in Brazil which are not yet commercially developed.
na Not available



PEOPLE'S REPUBLIC OF CHINA

MINISTRY OF GEOLOGY

The main task of the Ministry is to lead and manage the exploration of mineral
resources; and also energy, environmental, water, and engineering geology
resources. It is also responsible for research programs and the training of
professionals; the training of technicians; and the design and construction
of relevant equipment.

Total staff under the Ministry is nearly 400 000, of whom about 60 DUO are
professional/technical staff; including 30 000 geologists, 800 exploration
geophysicists and geochemists, and 3000 engineering staff for drilling and
exploration. The Ministry operates 9 factories for the manufacture of drilling
rigs and deploys some 2800 drilling rigs throughout the country. It also
operates 3 factories which manufacture geophysical equipment. Provincial
Bureaux, Which were established in 1958, come under the joint direction of the
Ministry and the Provincial or Regional Governments. Their task is to integrate
planning and carry out geological work in the Provinces.

The Ministry of Geology is divided into Departments (which perform scientific
and administrative tasks); Bureaux (which have executive powers); and Research
organisations.

Departments 

Head Office
Planning
Education
Geology and Mineral Resources
Labour and Wages
Exploration and Engineering
Marine Geology

Bureaux 

Geophysical and Geochemical Exploration
Foreign Affairs
Hydrogeology and Engineering
Regional Geology
Geological Equipment
Petroleum Exploration
Special Mineral Resources
Logistics .

Research organisations

The Research Institute of Geological Planning
The Research Institute of Exploration Techniques
The Chinese Academy of Geological Sciences

The Chinese Academy of Geological Sciences

The Academy was established in 1956 and now has a stafff of more than 4000, some
2000 of whom are professional or technical. Its most important human resource
is its access to 60 000 geologists in the Ministry and Provincial Bureaux. The
Academy consists of five institutes in Beijing and- fiv.e provincial research
institutes elsewhere, three other topic-oriented research institutes, and the
National Geological Library and National Geological-Museum,in Beijing. .



Black ooal 

Iron ore 

AJ.umillium 

Copper 

Lead 

Zinc 

Phosphate rock 

Salt 

Antimony 

Tungsten (WO 3) 

Deposit 

Iihuashan 

Taolin 

IiltDangshan 

DeJd.ng 

Dagushan 
(Anshan) 

Dashiqiao 

THE PEOPLE'S REPUBLIC OF CHINA 

MINERAL PRODUCTION (TO~) 1978 

World -
2550x106 

8))x106 

15x106 

8x106 

4x106 

6x106 

124x106 

173x106 

63 650 

56 000 

Main produots 

W 

Pb, Zn, CaF 2 

Sb 

Cu 

Fe 

Magnesite 

China(est) Ra.nking 

6oox10 
6 

70x106 

;00 000 

200 000 

150 000 

150 000 

4x10 
6 

35x106 

13 000 

17 000 

Mines visited - some data 

Reserves 

·15 Mt at 0.21~ 'tIO, 
head grade ) 

·13 Mt, 1.06% Pb, 1.6~Zn, 
15.7'% CaF2 , O.fYI, Cu, 7 f!lt Ag 

13)Kt metal; ore grade 4.8%Sb 
290Kt metal; ore grade 3. J'Sb 

3 

5 
10 

10 

7 

12 

5 

2 

3 

> 5 Nt au metal j ore grade O. 46~ 
Cu, 0.01~ Mo, 0.2 g/t Au 

200 Mt, 33.6~ Fe (magnetite 
and hematite) 

> 600 Mt, +44." MgO, in 
several deposits 

Australia -
89x106 

83%106 

263 000 

222 000 

400 000 

473 000 

248 000 

5.8x10 
6 

1 600 

3 400 

Mine prodillctitm. htU) 

1625 w03 

10 000 Zn, 6000 Pb,in 
cons j 60 000 CaF 2 

10 000-12 000 Sb metal . 

7000 t/ day ore 

4.4 Mt ore 

• Calculated from stated life and ourrent production rates 
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