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Foreword

Seven years ago the predictive mineral discovery*Cooperative Research Centre (pmd*CRC) was created 

pmd*CRC’

with emphasis on the enabling technologies and unique work practices developed through the unique 

of science with industry by developing a clear understanding of the relationships between fundamental 

situations to feed data and observations into the research programs and help industry apply the newly 

with a common thread of explaining how the technologies and techniques developed by the CRC 

research areas by integrating across disciplines and scales to produce a multilayered understanding of 

The science presented at this conference presents a new way of looking at and of thinking about the 

Dr Bob Haydon 
CEO
predictive mineral discovery* Cooperative Research Centre
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The Mineral Systems approach of the 
pmd*CRC

ANDY BARNICOAT 

pmd*CRC

Introduction

Ore deposits are economic accumulations of metals one to three or more orders of magnitude more 

Mineral Systems

Mineral Systems and the Five Questions
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and they reveal the necessity to think across scales from that of the geodynamic setting to that of the 

of mineralisation is new: links between nature of mineral systems and their global setting have been 

chemical architecture, covered 

Fundamental controls on ore formation

considers the rate of deposition:

2
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cr
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where g the acceleration due 
µ ce

Equation1
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element of interest in mol m-3 cr the concentration of other elements (species) 
ce in mol m-3 t is the gradient operator such 

that

orsson 

independent controls on the amount of material (ore) formed:

P, T and cr

P, T and cr

Translation into the real world

r will 

information taken from a mineral systems analysis depends on the scale at which exploration decisions 
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Some of these parameters translate readily to mappable features that have concerned exploration 

yields the following three sets of geological inputs: 

Figure 1. Linkages within a Mineral Systems framework between the key factors (derived from the basic 

Palaeogeography feeds into most of the critical factors:

Magmatism

A) Gradient in
hydraulic
potential

B) Porosity
C) Permeability
D) Solubility
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to P, T, C

E) Spatial
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dominates several of the critical factors:

e e e r) explicitly have not been 

e

Conclusions

It is possible to link between fundamental physical and chemical parameters and the exploration process 
by means of the geological expression of the fundamental processes and the application of a scale-

is translating the understanding of process and the key parameters controlling process into factors that 

pmd*CRC is 
that it has not only made progress in facilitating the understanding of the exploration industry of critical 

Acknowledgements

I am grateful to many people in the pmd*CRC
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Geodynamics: Using geochemistry 
and isotopic signatures of granites 
to aid mineral systems studies: an 
example from the Yilgarn Craton

D.C. CHAMPION AND K.F. CASSIDY

PMD*CRC,

Introduction

The mineral systems approach adopted by the pmd*CRC

Granites
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basalt  TTG 

geological studies to provide constraints on geological processes and source components for a wide 

Sm breaks down to Nd by 

provides a potentially powerful proxy into determining the bulk age of the crustal block the granites 

Yilgarn Craton

The Archean Yilgarn Craton of Western Australia is not only one of the largest extant fragments of 

information on the four-dimensional evolution of the craton and the relative roles of crust and mantle 

Yilgarn Craton geology - new subdivisions

The Yilgarn Craton dominantly consists of typical Archean granite-greenstone terranes that formed 
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Granite groups

age distributions of greenstone rocks and granites.
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Group Lithologies Geochemistry Isotopic signature Youanmi Terrane Kalgoorlie Superterrane Comments
Area %

High-Ca 2 2 2 Nd

to greenstone belts  occur within

Low-Ca 2 2 Nd

belts

High-HFSE Nd

2

2O3

or marginal to   Ga geographically restricted

   
   

2 Nd

geochemistry and isotopic 

Syenitic 2 2 Nd

2
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2

2
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2

2

Age distribution

Sm-Nd isotopes and crustal development

Nd

model ages (T2DM

The isotopic data also delineate two isotopically ‘younger’ domains that broadly correspond to geological 

2DM

geochemical enrichment recorded in these granites was either introduced by crustal interaction after 
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Constraints from felsic magmatism on tectonic models for the EGST

of arc environments (largely pre-existing continental crust - not island arc-like) with or without various 

earlier changes in style of magmatism are interpreted to represent variations within an overall subduction-
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Crustal isotopic domains and mineral systems

Consideration of the relationship between crustal age (based on Sm-Nd model ages) and the distribution 
of mineral deposits shows that there is a close spatial association between komatiite-associated nickel 

gold endowment is spatially restricted to areas underlain by crust of intermediate age (Nd T2DM

Why these apparent relationships hold for komatiite-associated nickel-sulphide and gold mineral systems 

of plume-related and subsequent subduction-derived ‘enriched’ magmatism on a pre-existing lithospheric 

Acknowledgements

The authors wish to acknowledge that many of the results presented here were made possible through 
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integrated geological and metallogenic framework for the eastern Yilgarn Craton: developing 
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Architecture: Mapping the 
distribution of alteration: what 
different geophysical techniques 
can reveal
R. CHOPPING

pmd*CRC

Introduction

The physical property changes that can be attributed to alteration have been examined at the St Ives Gold 

Physical properties at the St Ives Gold Mine

A study of the physical properties of a 1km deep drillhole at the St Ives Gold Mine shows that anomalous 
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to either pyrite or pyrrhotite also consistently follow the trends suggested by the alteration cone 

Figure 1: Seismic velocity-density and magnetic 
susceptibility-density plots for samples logged as an 

likely a basal volcaniclastic rock in the Black Flag 
beds. Two different symbols, light and dark grey 
diamonds, represent intervals logged to contain pyrite 

and pyrrhotite alteration, denoted by light and grey 
dashed lines representing alteration cones for this 
unit. Black diamonds represent samples inferred 

containing both pyrrhotite and muscovite.

Figure 2: Seismic velocity-density and magnetic-
susceptibility-density plots for samples logged as 
Devon Consols basalt, in a deep drillhole at the St 

diamonds, represent two intervals which show very 

(dashed oval, inferred to represent the properties of 

can be inferred, by the alteration cone methodology, 
to represent samples altered to pyrrhotite. This type 
of alteration can be inferred to be distal alteration 

million ounces of gold, is located some 3 km west of 
this drillhole.
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The physical property results for St Ives also indicate that density-magnetic susceptibility relationships 

physical property signatures include hematite (very dense and approximately as magnetic as pyrite) 

region.
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Preliminary seismic velocity measurements on samples from Sunrise Dam indicate that the Sunrise Shear 

Figure 4: Preliminary seismic velocity-density results from the samples from Sunrise Dam, collected in April 

samples are moderately anisotropic, that is, the velocity changes with orientation, and the samples from the 
Sunrise Shear are the most anisotropic of these samples. The anisotropy of the samples from the Sunrise 

seismic energy.
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Implications for alteration mapping using geophysics 

There are several ways in which chemical alteration can be detected using geophysics:

of chemical alteration (supported by both numerical chemical models and hand-specimen 

of these inversions are physical properties and thus can be interpreted as per other physical 

Acknowledgements

pmd*CRC

support from the pmd*CRC
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Centre (pmd*CRC
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pmd*CRC

http://www.pmdcrc.com.au/final_reports_projectY3.html
http://www.pmdcrc.com.au/final_reports_projectY3.html
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Flowpaths and Drivers: Creating 
forward geophysical models from 
reactive transport simulations
R. CHOPPING1 AND J.S. CLEVERLEY2

1pmd*CRC
2pmd*CRC

Introduction

physical properties are primarily controlled by the mineralogy of the rocks in the subsurface (Guéguen 

predict the geophysical response of the alteration system which has been simulated by the chosen 

This abstract describes a method which calculates potential geophysical responses of a reactive transport 

Creating physical property models from an RT model

Density
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Reactive transport models specify the mineralogy of the solid phases as the number of moles of each 

2670 kgm-3

Magnetic susceptibility

kquartz  to 10

The simplest method to calculate the magnetic susceptibility from mineralogy is to assume that it is a 

Other empirically derived formulae exist to calculate magnetic susceptibility based on magnetite content 

applied to the proportion of all magnetic minerals by using magnetite-equivalent volumes (Shandley & 

volmagnetite equivalent = volmineral × (kmineral/kmagnetite

This magnetite-equivalent volume may then be used in place of the magnetite volume in any method that 

SeismicVelocity

v

Calculating the  geophysical responses for the model

Calculating the gravity and magnetic response can be performed using the forward-modelling components 
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codes grav3d mag3d

best preserve the resolution and to limit the introduction of artefacts is the natural neighbour algorithm 

The seismic response of the RT model is considerably more complex to forward-model than the gravity 

An example: the gravity response of an RT model

100 m of constant low-density (2000 kgm-3

The general pattern of the gravity response over this model is that alteration has increased the density 

Conclusions

The prediction of geophysical responses for geochemical simulations provides a new tool for mineral 

Acknowledgements

from the pmd*CRC
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fault. The density has also been increased, although by a smaller amount, in the footwall basement gneiss. The 

in the gravity response, with respect to the unaltered gravity response, on either side of the deposit, and a 
decrease in gravity response directly above the position of the gold deposit. These differences are apparent 
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transport models allow the testing of different survey designs, verifying the minimum data spacing required to 
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pmd*CRC
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Deposition: Reactive transport 
modelling

JAMES S. CLEVERLEY

pmd*CRC

Introduction

This work describes the reactive transport code being developed within CSIRO as part of the Predictive 

Software

The pmd*CRC

are described in detail in the Enabling Technology Final Report (pmd*CRC

Concept Model
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2S-bearing brine with gold released from the 

General Physical Properties

0

paper. Geological domains are coloured and the unstructured, triangular mesh is also illustrated. B. Physical 
properties of the rock units and boundary conditions for the initial modelling.
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m-2

 m-2   m-2  

at each time step as a function of the liquid volume of the nodes and changes are a consequence of the 

0)
3

Chemistry
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2

2  (1e  and 1e 2 C(aq)

2
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in the overlying rocks is low (10 m-2

2
-

Model Time (m.y.)
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Large-scale Alteration Patterns

Mg

2 derived from the underlying felsic unit reacting 

Evolution in Time

Magmatic Upwelling

magnitude (10  to 10 m-2
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0.189 m.y.

the granite. B. The calculated chlorite chemistry (XMg

Simulated Paragenesis

used to generate a history of minerals through time and this is presented as a stacked plot (showing 

tracer through time.
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oxidised CO2

Conclusions

DMT interface and by the end of the pmd*CRC at least the thermal-transport models can be run using 

2S-bearing 

0.784 m.y.

X (metres)

Y
 (

m
e
tr

e
s
)

-15 m2 has evolved through chemical reaction to a range between 10-

14 and 10-15 m2
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Carbonate maps out the upwelling plume and has been used in other work to model the gravity lows 

References

gold concentration is given as a black line. This is a stacked plot so that variation in totals equates to variation 

Model Time (m.y.)
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Deposition: Modelling uranium 
deposition

L. FISHER1, F. ELMER1,2, J. CLEVERLEY1, P. SCHAUBS1 1

1pmd*CRC
2current address: Woodside Petroleum

Introduction

Geochemical and reactive transport modelling of metal transport and deposition within uranium systems 
allows reverse engineering of ore formation and provides insights into the conditions required to form 

studies are presented demonstrating this capability: the unconformity-related systems of the Alligator 
Rivers Uranium Field in the Northern Territory and the palaeochannel-hosted deposits of the Frome 

Geochemical Modelling

HCh

Geochemical modelling of the formation of hydrothermal ore deposits and associated alteration can be 

Reactive transport modelling

pmd*CRC
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Modelling uranium deposition

Unconformity-related uranium in the Alligator Rivers Uranium Field

Geochemical modelling of unconformity-related uranium deposits in the ARUF provides insight into 
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that it is equal to that of the overlying sandstone greatly increased predicted deposition of uranium within 

Figure 1: RT model outputs:  A. after 150,000 years all mineralisation is localised along and above the 

permeability of the fault zone is increased to equal that of the sandstone units mineralisation of the basement 
is predicted.

Palaeochannel-hosted Uranium in South Australia

Geochemical and RT numerical modelling of palaeochannel-hosted uranium mineralisation was 
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Figure 2: Tracer distribution in Beverley long-section model at 0 and 68,000 years.

Evaluating Genetic Models using Reactive Transport

ore deposition in the basement of unconformity related uranium systems in the Alligator Rivers Uranium 
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Towards Prediction

Studies of the palaeochannel systems in South Australia highlight the role RT and geochemical modelling 

modelling methods can be used to provide a better understanding of the reactions and processes 

and the chemical processes involved in uranium transport and deposition will lead to a more predictive 

Acknowledgments

References
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Architecture: Regional 3D maps and 
how to use them
P.A. HENSON1 1, J. McL. MILLER2, I. G. ROY1 3

AND P.M. SCHAUBS3

1pmd*CRC
2pmd*CRC

3pmd*CRC

of the can provide insights into the three dimensional extension of the surface outcrop and alteration 

The uptake of 3D maps as a mainstream method to conduct geological research and exploration has 

TM

TM is gaining support due to 

Regional, camp and mine scale integration

Regional 3D maps are often constructed to provide an increased understanding of the 3D architecture 

An example of 3D scale integration was conducted in the Laverton region located in the Eastern 



pmd*CRC Conference 11-12 June 2008

for statistical analysis of 3D fault surfaces to ascertain preferential sites of fault reactivation and dilation 

segment of faults to reactivate during the northwest-southeast contractional event were faults striking 

TM

were imported into the software package gOcadTM

Analysis of these data indicated that there is an almost one-to-one relationship between known gold 

is fundamental to the mineralisation process at least during northwest-southeast contraction event in 

Data

Solid geology

Seismic data Potential field data

Serial cross sectionsSerial cross sections

Gocad DATA
INTEGRATIO N

2.5D potential 
field modelling

WORM S3D inversion
modelling

Local and 
regional
architecture

Increased
understanding
of mineral
systems

Increased
understanding
of mineral
systems

Structural data

Seismic reflection

Tomography

geochem; geochronology; metamorphic dataElectric techniques MT; EM; IP

Sequence
stratigraphy

Company Geoscience Australia UniversitiesState Survey

TM.
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The integration of mine and camp scale studies highlights the power of scale integration when applied 
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TM, looking to the northeast, of wireframes from Sunrise Dam mine. Blue 
diamonds show regions of suitably oriented fault segments to reactivate/dilate during a Northwest-Southeast 
contractional event.  

3D maps and numerical modelling

The integration of 3D maps with numerical modelling has provided techniques for testing geological 

TM or GeomodellerTM

to test a range of different hypotheses using a variety of techniques including:

These techniques have been applied to both conceptual and actual 3D surfaces and volumes (generated 
in gOcadTM
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TM, looking to the northeast, of the regional faults in the Laverton region. Red 
surfaces show regions of suitably oriented fault segments to reactivate or dilate during a northwest-southeast 
contractional event.

Suitably orientated fault

sections (painted red)

the mesh used. 
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Summary

The power of using 3D software packages to interpret geology is derived from data integration and 

is a powerful way of validating our hypotheses and cross checking geological relationships derived from 

References

event. A and B are plan views at 0.5 and 1.0 km below the top surface of the greenstone, which is the upper 

to Sunrise Dam.
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Sources and Reservoirs: Noble gases 
as tools for constraining a mantle 
connection during orogenic-gold and 
IOCG mineralisation

M.A. KENDRICK1 2, G. MARK3, K. PETERSEN4, T. BAKER5,
D. PHILLIPS1, M. HONDA6, N.H.S OLIVER5, L. FISHER5, D. GILLEN5, P.J. 

5 AND B. FU5,1

1pmd*CRC
2pmd*CRC
3pmd*CRC
pmd*CRC
pmd*CRC

Introduction

They have well constrained isotopic compositions that vary by orders of magnitude between the Earth’s 

2

CO2
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Application to IOCG mineral districts

1ppm Au) and is unusual because its peak metamorphic 

syn-mineralisation granites are unknown in the Wernecke 

and barren Na-Ca alteration were collected from both 

inclusion assemblages include variably saline aqueous and 

2

Mt Isa Inlier

are characterised by variable Ar values of between 

Ar values are correlated with halogen signatures 

mineralisation and are interpreted to represent a deeply-

Table 1. Noble gas parameters for key reservoirs in the Earth.

20 22

21 22

3

Ra = the atmospheric 3He/4 -6

Figure 1. Summary map showing areas of 

40Ar/36Ar
values determined for key study areas. Star 
size indicates interpreted involvement of 
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interpreted as an important source of CO2 Ar

Ar values 

the abundant CO2

maximum  

2

inclusions: initial noble gas analysis indicated a maximum  

2 had a local source from the 

CO2 component and resulted in the maximum measured  
value is higher than could easily be generated by metamorphism of sedimentary rocks and it is positively 
correlated with 20 22 20 22Ne and Ar is most easily 

Ar-rich CO2 obtained by devolatilisation 
of the Corella Formation and Ar-poor CO2

the maximum measured  Ar value corresponds with a maximum mantle CO2

outcropping in the Wernecke Mountains the Ar and halogen results are very similar to those obtained 

Ar values can be attributed 
Ar value of 

Application to orogenic gold deposits 
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3He/4He value of 

bearing mixed CO2 2

are generally explained by localised reduction of CO2

2 2 2

= [CO2 2 2

veins are dominated by CO2 2

contain ppb levels of 
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 at St Ives if noble 

Ar concentration than 
CO2  could not have formed by reduction of CO2 due to wall-rock 
interaction: wall-rock interaction typically increases the 

Ar values are orders of magnitude higher than is typical of hydrocarbons 
 was 

sourced independently of CO2

Summary and conclusions 

Fluid sources are indicated to have been heterogeneous in IOCG deposits and the fractionated halogen 

2 has been demonstrated 

2

are interpreted to have been completely absent during mineralisation at the syn-metamorphic Osborne 
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the Mt Isa Inlier suggests that wall-rock interactions are a far more important control on the mineralising 

Argon data demonstrate independent origins for CO2

with exceptionally high 

References
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Architecture: New knowledge from 
seismic surveys
R.J. KORSCH

pmd*CRC

Introduction

Cooperative Research Centre (pmd*CRC ) has adopted an integrated methodology across all scales 

pmd*CRC  routinely constructs 3D geological maps in selected 

pmd*CRC

geodynamic setting

architecture

reservoirs

pathways

Northeast Yilgarn Craton (Orogenic Au, Ni)

pmd*CRC

eastwards past Laverton and Yamarna before passing over the mineral exploration drill hole NJD1 and 
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Q u i c k T i m e ™  a n d  a
d e c o m p r e s s o r

a r e  n e e d e d  t o  s e e  t h i s  p i c t u r e .

Q u i c k T i m e ™  a n d  a
d e c o m p r e s s o r

a r e  n e e d e d  t o  s e e  t h i s  p i c t u r e .NE Yilgarn
2001

McArthur
2002

Mt Isa 
2006

Curnamona
2003-04

Thomson
-Lachlan

2005

Victoria
2006

CRC has 
been associated with.
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pmd*CRC and AngloAmerican combined to fund a deep seismic 

environment for the base metals is the thick accumulation of carbonaceous deep-water shales and 
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aquifer is implicit to the initiation and maintenance of west-to-east brine transport and the proposed 

The new seismic data suggest that the potential for McArthur style base metal deposits is increased 

of it now under cover to the north and south of the McArthur River deposit may also have formed sub-

pmd*CRC

The original interpretation of the seismic transect in New South Wales indicated that the dominant 
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3

3

levels where they could have migrated into favourable depositional sites associated with the second 

The thin-skinned and thick-skinned deformation (D3

Thomson Orogen-Lachlan Orogen Boundary (Frontier Terrain)

and pmd*CRC
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boundary imaged by the seismic beneath Late Devonian strata in the Nelyambo Trough of the Darling 

CentralVictoria (Orogenic Au Systems)

pmd*CRC

constructed concurrently for 3D interpretation and the building of a meaningful 3D map of Central 
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pmd*CRC

mineralisation during or subsequent to basin formation

Leichhardt and Calvert Superbasins

additional interpretative tool to better understand unexposed basement that can be targeted by 

Conclusions

have implications for regional geodynamics and constrain the crustal architectures during the building 
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Geodynamics: Linking geochronology 
and structural evolution at Stawell
JOHN MILLER1 2 AND DAVID PHILLIPS2

1pmd*CRC

2pmd*CRC

Ar age data from rocks that host the Stawell deposit indicate that the rocks are actually part of 
the older Cambrian Delamerian Orogen that was reworked during later orogenesis associated with the 

The revised tectonic model places the Stawell gold deposit within a Cambrian metamorphic belt 

by younger Ordovician turbidites that had not been deposited when the Cambrian deformation and 
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dominant structural grain and this is parallel to the western edge of an inferred underlying crystalline 
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Architecture: using Leapfrog to link 
structure and spatial data

JOHN MCLEOD MILLER

pmd*CRC

Traditional sectional structural analysis approach is also commonly restricted by an inability to rapidly 

FracSIS (Runge Ltd) to integrate and visualise data and also Leapfrog (Zaparo Ltd) to model drillhole 

A revised structural mapping approach is as follows:

The Leapfrog isosurfaces of rock and alteration types are produced as follows:

Whilst the isosurfacing approach using Leapfrog is restricted by drilling density (and the consistency of 
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The Wallaby gold deposit occurs within an Actinolite-Magnetite-Epidote-Calcite (AMEC) alteration 

combination of dyke and pipe geometries, with more than one dyke trend.
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linked to breaks within the syenite intrusives. Grade shells produced by geology staff from Barrick Gold of 
Australia Limited.

Systematic structural mapping of fault-vein intersections (with niche sampling of grade) delineated the 

One key observation from the mapping was that there were actually two phases of fracture-mesh 

a change in 2 2

set of lodes was associated with hematite alteration that had more gently dipping fault-vein intersections 

disseminated wall rock alteration linked to the hematite-associated lodes had different gold grades 
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split into multiple dykes. Note light red coloured areas are regions where massive syenite (instead of sheeted 
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The initial structural mapping underground was able to constrain the geometry of the fracture-mesh 

related alteration trend that was substantially different to ore shoots linked to the intersection of the 

observed alteration shoot produced in the 3D Leapfrog model by modeling geology-logged alteration 

chemically and mechanically prepare the rocks making them more susceptible to developing ore-related 

Summary of mapping approach

data into a 3D model and also generated models of geology logged rock and alteration codes prior 
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Reference

matches the alteration trend in Figure 4.
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can show
F. C. (BARRY) MURPHY

pmd*CRC

Introduction

Mineral explorers must make area reduction decisions based on some a priori knowledge and understanding 

pmd*CRC to convert the 3D data into 2D 
pmd*CRC

Worms are points of maximum gradient derived through a process of wavelet transformation and 
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Figure 2. Template used for construction of geological cross sections in western Victoria. A. Geological map 

at same location as geology map. Scale bar is 10km, V=H (reproduced with permission from Murphy et al., 

The pmd*CRC’s Geoscope software renders the 3D gradients (Figure 3a) as thematic maps of worm 

neighbour analysis to generate vector lines from the worm points that are attributed with a range of 
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a)         b)

pmd*CRC’s application of worms to constraining regional architecture 

Conclusions

pmd*CRC
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analysis of gravity and aeromagnetic gradients provides a basis for generating interpreted fault length 
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Deposition: Tarmoola Au numerical 
modelling - from reverse engineering 
of a deposit to multi-scale predictive 
targeting

pmd*CRC

Introduction

controlled ore system hosting gold within both the granodiorite and carbonated komatiite sequences 

Reverse engineering of deposit



pmd*CRC Conference 11-12 June 2008

81

Multi-scale predictive targeting
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The results of the Tarmoola modelling work can also be applied to regional predictive targeting of the 

shapes of other covered granitoids in the region can be derived from geophysical interpretations with 

Figure 2. Models with east-west to east-northeast - west-southwest compression directions yielded anomalous 

results.
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numerical reverse engineering model.
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to be shear vein and/or disseminated shear zone hosted anomalies associated with low angle thrusting along 

be very easy to test with a limited number of holes. Anomaly 3 is predicted to be a highly localised zone of 
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