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Geodynamics: Modelling of 
large-scale processes 
KLAUS REGENAUER-LIEB1,2

1

2

Introduction

are largely composed of silicates and the study of their evolution is important because any self-consistent 
theory of planetary evolution should be capable of predicting the vastly different evolution of these three 

the fundamental processes on Earth: the origin of the atmosphere and its subsequent evolution from 
essentially reduced (CO2 rich) to oxidised (O2 2

immediate access to state of the art high performance computing and on the maintenance of a network 

modelling the interaction of mantle scale convection (the 3000 km between the lithosphere and the 
core of the Earth) with the chemical and mechanical evolution of the lithosphere (the top 100 km of 

This abstract summarises where geodynamic modelling techniques can presently assist the Australian 

Predictive Mineral Discovery and Geodynamic Modelling

We know that giant metal deposits are particularly associated with critical times in Earth history and 
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found to have been formed 2.6 billion years ago. Therefore, it is crucial to obtain an understanding of 
the global tectonics and an assessment of extreme events possibly affecting the whole of the Earth and 
their possible impact on these major episodes of metal release into the upper crust. Such events also 
have a long lasting effect on the making, shaping, preservation and locking in of the present life-sustaining 
plate tectonic regime. A critical point phenomenon exists where a small change in water content of the 
Earth’s surface layer, the lithosphere, of only a few parts per million H/Si can have a fundamental effect on 
its mechanical strength (Regenauer-Lieb et al., 2001). Initial benchmark simulations on this critical point 
behaviour indicate that plate tectonics did not develop spontaneously but was probably accompanied by 
several major convective pulses (Muhlhaus & Regenauer-Lieb, 2005) associated with major fluid exchange 
to the surface. The potential to interpret global convection models in the light of episodicity and spatial 
patterning in metallogeny and geological data is a crucial challenge in economic geology. The focus is on 
looking into the more detailed processes that happen during the volatile flushing events. 

Conclusion and future work

Large scale geodynamic modelling is a powerful and robust tool that can be used to explore tectonic 
processes during the early history of the Earth. This method is presently underutilised in relation to 
predictive mineral discovery. The basic implication of basic modes of heat transfer in terrestrial planets 

Figure 1: Some of the most unusual geological features 
on Venus are the so-called coronae. Coronae are very 
widespread on the Venusian surface; 360 are known. 
The largest and most prominent of all Coronae is 
Artemis Corona, a huge near circular structure with 
a diameter of approximately 2600 km (topography 
shown in top panel). The Corona shows a vertical 
relief of roughly six km from the surrounding chasms, 
to the highest point of its inner rim. The topography 
can be modeled by the impact of a very hot plume 
into the Venusian lithosphere (bottom panel).    
http://www.msi.umn.edu/~lilli/klaus-venus.pdf

Figure 2: On the present Earth, heat exchange 
through plumes is believed to be a minor component 
of the global heat budget. Heat is mainly exchanged 
through a steady mode of plate tectonics. Geodynamic 
modelling has, however, shown that plate tectonics 
is not likely to start immediately after the formation 
of the Earth. Episodic resurfacing events (dampened 
Venus style instabilities) are likely to have preceded 
the formation of plate tectonics in a transition period. 
These resurfacing events are triggered by giant 
subduction flushes and coupled giant plume events. 
One remnant of these events may be preserved in 
the nickel deposits surrounding the Superior Craton.
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– thought processes, tools and target 
generation
PAUL A ROBERTS

pmd*CRC

Introduction

The pmd*CRC was established to assist Australian mineral explorers use an understanding of ore 

abstract describes how the application of those tools can be integrated into the entire mineral exploration 

Thought Processes

Important features of the thought processes in a process-driven targeting approach include:

Empirical exploration practice commonly depends on using deposit-type descriptions as a template for 

targeting criteria in terms of their actual importance in the formation of mineralisation within the area 

Think globally, observe locally

The process-driven approach recognises that a limited number of processes and parameters produce the 
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physical or chemical gradients that will drive mineral precipitation over a long enough time to 

clues to the likely appearance of the undiscovered ore body lies in observations of geological history 

minor mineralisation in an area which is under investigation probably does not have much predictive 

Use all the data you have before acquiring any more

targeting methods over excessively large areas along with over-drilling of the wrong prospects largely 

unsuccessful past exploration is that many areas are quite data rich but continue to have potential for 

mineralisation and geological features which can then be employed generate testable hypotheses of ore 

such as those developed in the pmd*CRC

Observe for process and timing

The process-driven approach requires the geologist to focus on the timing of all relevant processes in 

Tools and Target Generation

The pmd*CRC
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pmd*CRC reactive transport modelling capability is provided by 

relatively well known mineralised system followed by prediction of either the location or the properties 

different methods is typically based on ore shapes and physical properties from known deposits in an 

method for forward modelling ore responses can be quite erroneous in determining the reliability of 

pmd*CRC by Chopping and Cleverley (this volume) in converting reactive transport results directly into 

Acknowledgements

I would like to thank all of my colleagues in the pmd*CRC

worked in the pmd*CRC
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targeting in Australian orogenic-gold systems at the deposit to district scale using numerical 
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Sources and Reservoirs: Computer 

and pathways in Yilgarn Au systems

pmd*CRC

Introduction

Mapping of redox gradients indicates that gold deposits tend to be associated with boundaries between 

Many deposits are located close to the unconformity between late basins and underlying greenstones 

numerical modelling capability enable us to simulate the coupling between magmatic and metamorphic 

Approach to Modelling 
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(pmd*CRC

Examples

-11

m3 2

from this event were not involved in gold mineralisation unless some other process caused these 

4 m3 m-2 s-1
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Figure 2
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Fluid focusing

fault architecture in the Laverton region of the Yilgarn Craton has been used to determine the effect of 

Effects of intrusions

Widespread emplacement of high-Ca granitic magma was followed by more localised emplacement of 

margin of granite dome.
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Figure 3
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1- 2

derived from the mantle of lower crust.

of intrusions.
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Conclusions
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Flowpaths and Drivers: New spectral 
methods and products for resource 
and surface materials mapping in 
Queensland, Australia - methods and 
applications for industry

MATILDA THOMAS1, CARSTEN LAUKAMP2, THOMAS CUDAHY3 AND
MAL JONES4

1pmd*CRC
2pmd*CRC
3

Spectral geology is increasingly recognised as an effective method of mapping both mineral occurrence 

The pmd*CRC
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The original Mt Isa ASTER mosaic includes over 130 scenes tiled together (probably the largest ASTER 

The re-calibrated and reprocessed data has been provided as a series of products in a GIS compatible 

means increased interpretability and eases use by non-expert users and should lead to greater uptake 

as part of the suite of tools available for use in exploration alongside standards such as surface geology 

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

Satellite multispectral

coverage (ASTER -

Advanced Spaceborne Thermal
Emission and Reflective
Radiometer)

HyMap 2006

HyMap 2007

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 .
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The processing steps to create the new ASTER mosaic included usual pre-processing followed by 

The ASTER scenes are of much lower spatial and spectral resolution and due to different scenes being 

it was also spectrally down-sampled to match the ASTER bands to generate a kind of ‘pseudo ASTER 

and offset calculations were plotted for each of the ASTER bands to see how different the information 

The band comparison demonstrates the 2 instruments concur on spectral information and that using the 

The new products comprise a suite of the most geologically meaningful band combinations highlighting 

with accompanying explanatory notes including metadata on processing and relative accuracy ratings for 

Australia at 

http://www.ga.gov.au/acres/prod_ser/asterpri.jsp
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good correlations in all bands.

has a moderate accuracy as it is complicated by mixing with vegetation as well as any residual additive 

It does however provide important context information and indicate some areas of transported and in 
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ASTER products: HyMap products:

composition

*NB. ALL of these products have varying degrees of accuracy and can be affected by vegetation changes 

page.
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Sources and Reservoirs: Stable 
isotopes and mineralogy as indicators 

1, PETER NEUMAYR2, KLAUS PETERSEN2,
JANET TUNJIC3, SCOTT HALLEY4 AND JAMES CLEVERLEY1

1pmd*CRC
2pmd*CRC

3

Introduction 

pmd*CRC suggest an answer in 

Fluid reservoirs in Archean gold deposits

2O - CO2 2 2 2 concentration in 
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and isotopic constraints as well as the asymmetry of the district to deposit -scale alteration in lode Au 
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Figure 2. Histograms of 13C carbonate and 34

reservoirs of 13
2 and 34S sulphur are indicated. 

A systematic study of 13C carbonate and graphite was 
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consumption of hydrogen through reaction with oxidised species or rocks (SO2

or CO2

2 2 2

Concluding remarks
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FW

    H2 flux (Black Juice)

CO2 + 4H 2  = CH 4+ 2H 2O

CaCO3 + 2H 2 +2H
+

               = Ca 2+  + C + 3H 2O

Figure 3. Tracking H2 2

denoted by 13C enrichments in carbonate and carbon in the transition zone to the footwall of 3500 ore body. 
The 13

13C. The 13C enrichments in carbon, such that the 13C values of 
carbon approach that of the carbonate, imply in-situ reduction of carbonate to carbon. Both reactions require 
a reductant to proceed. The most likely reductant was H2.



pmd*CRC Conference 11-12 June 2008

110

References

probably sourced from the late basins. The consumption of H2 2

or sulphate buffers pH to neutral-alkaline conditions. 
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depositional processes and targeting 

1, PETER NEUMAYR2, KLAUS PETERSEN2,
TONY ROACHE3, JANET TUNJIC4, SCOTT HALLEY5 AND
JAMES CLEVERLEY1

1pmd*CRC
2pmd*CRC

3pmd*CRC

Introduction

conditions as:

be possible to map the pathways at scales larger than the deposit and utilise the knowledge of these 
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and the location of 3 g/t gold ore shells, as modeled in Leapfrog. Location of interpreted east-west to east-
southeast – west-northwest trending structures is shown in the blue surfaces. Section line for Figures 3 and 
4 is indicated.  

500 m N

Victory-Defiance

Britannia/Sirius

Conqueror

East Repulse

Section line

Intermediate porphyry intrusion

felsic porphyry intrusion

Dolerite

Sediment

Black Flag Beds

Paringa Basalt

Devons Consol Basalt

Ultramafic Rocks

Lunnon Basalt

NS
NESW

0 250m

Figure 3. Geology along section line shown in Figure 2, with selected drillholes. Geological legend as for Figure 3 
34S pyrite, 13C

carbonate and 18
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18O carbonate from dominant 18O value for the aqueous domain 
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Fosterville, Victoria

JAMIE A. ROBINSON

pmd*CRC

Introduction

Gold mineralisation at Fosterville is hosted in a Ordovician turbidite succession and is characterised by 

at localities in which the hangingwall bedding is oblique to the fault and the footwall bedding is parallel 

in light of the following considerations:

(1) Evaluation of the geometries of the folds and the west-dipping faults associated with mineralisation 
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TM

Figure 1. 3D model of the Fosterville deposit viewed from the east. Bedding is shown in red, 3.5 g/t grade shells 

over-southeast directed transport with the northwest-over-southeast transport occurring at high-angles to 

Note the obliquity between the inferred northwest-over-southeast transport direction and the bedding-fault 
intersection.  

2000) has yielded a maximum principal stress ( 1

1

to remove fold hinges while maintaining bedding parallel-parallel and oblique-parallel relationships 

principal stresses ( 1 and 3
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calibrating them against known structural behaviour of the rocks within the Fosterville mineralised 

3D modelling

The results of the three-dimensional numerical modelling suggest a strong relationship between the plunge 

whereas regions in which the faults occur parallel to bedding are know to be associated with relatively 

between fault transport direction and the plunge of bedding-fault intersection may provide an important 

Figure 2. Model geometry of the principal surfaces at Fosterville in FLAC 3D.  

2D modelling

The geometry of these models consisted of a west-dipping fault with alternating layers of mudstone 

is changed from one model to the next so that the series of models consider bedding-fault angles that 
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Flow rate versus bedding-fault angle plots for changes of the footwall-bedding-fault angle show a similar 

principal stress direction ( 1) relative to the intermediate principal stress ( 2) and how this affects the 

2 1 to being equal to 1 2: 1

greater than 1 imply that 2 is greater than 1

increase in the sandstones as the 2: 1 2: 1 ratio 

Conclusion

The implications of these models are that the geometry of bedding and faults in combination with applied 

Figure 3. Volume strain indicating dilation in the psammitic units between faults at 1% shortening (looking 

Figure1. 
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2: 1 that produces a resultant 
vector which is within the range of the observed slickenline orientations.  
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Understanding regional structural 
controls on mineralisation at the 
Century deposit: a numerical 
modelling approach

1, PAUL A ROBERTS1, BARRY MURPHY2,

ANGELA LORRIGAN3 AND RODNEY ANDERSON3

1pmd*CRC
2pmd*CRC
3

Introduction
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Model architecture 

sedimentary movement prior to the D1 event (northwest-southeast shortening) and that this 
cessation of movement may have coincided with incipient inversion and change of sedimentary 

explored subsets of these scenarios with the TRF and RL being vertical (which we describe as the 

Model methodology 
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Hills Fault. The Pmh4 horizon lies at the top of the seal-1 unit. The green layers below the upper ends of the 

(a)          (b)

Model results

Scenario 1 – exposed TRF and buried RL

The architecture of the scenario 1 model (the RL buried below the Widdallion unit and the TRF exposed 
at the surface) is deformed by northwest-southeast shortening (the D1 event which probably began 
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Table 1. Stratigraphic units and material properties of the models (see Fig. 1 for geometries)

-3) modulus ratio modulus modulus (Pa) strength angle angle (m2)
(Pa)  (Pa) (Pa)  (Pa)

post Widdallion

sandstone &
siltstone

Riversleigh FM)

& Lower McNamara)

    basement
    level)
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Scenario 2 – buried TRF and deeper buried RL

The architecture of the scenario-2 model (the TRF buried below the Widdallion unit and the RL buried 

Major points from additional modelling analyses

Discussion and conclusions
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a) b)

c) d)
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a) b)

c) d)
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There are also several important points in the discussion of mineralisation at Century: 

event is more favourable for shear strain localisation (reactivation) along the RL and TRF than 

ore bodies are hosted within thin shale beds within the top few hundred metres of the siltstone-shale 
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formation of giant stratiform sediment-hosted Zn-Pb-Ag deposits: with particular reference to 
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