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OUTLINEOUTLINE

• How can we create value in mineral 
exploration

• A snapshot of some technological 
progress

• Recent/current application examples 
from one-on-ones

• Conclusions



pppredictiveredictiveredictive mmmineralineralineral dddiscoveryiscoveryiscovery

pmd  CRC

RATIONALERATIONALE

• Let’s talk a little about the “paradigm 
shift”:
– Empiricism is simply looking for repeated 

observed patterns 

– Process thinking can only add value 
when it builds on empirical geological 
observations (and targeting insights)
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RATIONALERATIONALE

• The test of the process approach is if 
it actually changes how you spend 
the exploration dollar

• To paraphrase Greg Hall, “acting as 
if it is true” defines the paradigm 
shift
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RATIONALERATIONALE

• The test of the process approach is if 
it actually changes how you spend 
the exploration dollar

• To paraphrase Greg Hall, “acting as 
if it is true” defines the paradigm 
shift

•• The key question is whether such The key question is whether such 
actions really add any valueactions really add any value
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VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

• We all know that exploration is simply 
about covering smaller and smaller rock 
volumes until we find a mine

Project Generation

Prospect identification

Prospect testing
Advanced Prospect testing

$
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VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

• The tricks are:
– To do it cheaply

– And ensure that the mine is in the bullseye

$
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VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

• The tricks are:
– To do it cheaply

– And ensure that the mine is in the bullseye

$
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– Increasing reliability
– Reducing false alarm rate and unit cost

VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

OB
dud

OB

duddud

anomalous threshold

Ground surface

R = 1/2 = 0.50R = 1/2 = 0.50
FAR = 2/3 = 0.66FAR = 2/3 = 0.66
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VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

• Reliability probabilities are 
multiplicative:

0.8

0.7

0.7
0.9

0.35
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VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

• Reliability probabilities (improved by 
10%):

0.88

0.77

0.77
0.99

0.52
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VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

• Strategy cost (no. of false alarms 
multiplied by unit cost):

$200,000

$1,000,000

$3,000,000
$6,000,000

$10.2M
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VALUE GENERATION IN MINERAL VALUE GENERATION IN MINERAL 
EXPLORATIONEXPLORATION

• Strategy cost (FAR and UC both 
improved by 20%):

$128,000

$640,000

$1,920,000
$3,840,000

$6.5M
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RISK ADJUSTED VALUE OF RISK ADJUSTED VALUE OF 
DISCOVERYDISCOVERY

Expected Value equals:
(Probability of success x Value of success) 

minus
(Probability of failure x Cost of failure)
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VALUE PROPOSITIONVALUE PROPOSITION

Assume a $100M prize (NPV):
• First assumption:

– EV = (100 x 0.35) – (10 x 0.65)
– EV = $28.5M$28.5M

• Incremental improvements:
– EV = (100 x 0.52) – (6.5 x 0.48)
– EV = $48.9M$48.9M (72% improvement)

AND YOU HAVE AN EXTRA $3.5m TO AND YOU HAVE AN EXTRA $3.5m TO 
SPEND SOMEWHERE ELSE!SPEND SOMEWHERE ELSE!
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HOW DOES COMPUTATIONAL SIMULATION HOW DOES COMPUTATIONAL SIMULATION 
FIT INTO THIS FRAMEWORK?FIT INTO THIS FRAMEWORK?

• Firstly, the CRC is about making 
better targeting decisions with 
process (conceptual) thinking. It is 
not about blind application of 
computational simulation
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HOW DOES COMPUTATIONAL SIMULATION HOW DOES COMPUTATIONAL SIMULATION 
FIT INTO THIS FRAMEWORK?FIT INTO THIS FRAMEWORK?

• So we advocate a process approach, 
and we should measure it in terms of 
ReliabilityReliability, False Alarm RateFalse Alarm Rate and 
Unit CostUnit Cost against purely empirical 
approaches

• We accept that it is not a “given” that 
computational simulation will add 
value against these three measures
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SO HOW CAN COMPUTATIONAL SO HOW CAN COMPUTATIONAL 
SIMULATION SIMULATION ADD VALUEADD VALUE??

• Depends on:
– The predictive value of the underlying science 

and the degree to which the computational 
tools incorporate it

– Our ability to ask testable relevant questions

– The efficiency of the simulation process

– Availability of suitable spatial data to enable us 
to go to the “where” question (or the capacity 
to collect it)
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WHERE CAN COMPUTATIONAL WHERE CAN COMPUTATIONAL 
SIMULATION SIMULATION ADD VALUEADD VALUE??

• Brittle domain, hydrothermal ore systems –
science is (largely) predictive

• Affected by scale:
– Mine scale – agree that all mineralisation is ultimately 

detectable but predictive approaches can help:
• reduce FAR and hence production cost, 
• increase discovery rate and hence asset value

– Camp scale – improves prospect prioritisation & 
discovery rate

– District scale - improves prospect prioritisation & 
discovery rate or speeds up walk away decision (use 
the $s elsewhere)

– Terrane scale – as above but getting harder, need to 
consider processes below brittle/ductile transition

– Global scale?
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AND IN THE FUTURE?AND IN THE FUTURE?

The research frontier?The research frontier?
• Whole of lithosphere and all ore systems -

some difficult problems: 
– Self consistent modelling of deformation 

(including thermal feedbacks)

– Better understanding of permeability evolution, 
fluid residence and flow both in the lower crust 
and at the brittle-ductile transition

– Coupling with magmatic processes and fluid 
evolution in the lithosphere/asthenosphere(?)
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ALL THIS LEADS US TO:ALL THIS LEADS US TO:

• Short term objectives:
– improve predictive value in brittle domain
– code coupling especially with chemistry
– efficient computation/systems and skilled 

people 
– ore discoveries generated by many people 

“acting like its true”
• Long term objectives (extending beyond 

CRC):
– Self consistent, whole of lithosphere, all scales
– Magmatic processes
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PREDICTIVE BEHAVIOUR IN “BRITTLE” DOMAINPREDICTIVE BEHAVIOUR IN “BRITTLE” DOMAIN
Cam Clay exampleCam Clay example

Fluid flow vectors and volumetric strain (contours) after 7% shortening

Distributed 
shear-enhanced 
compaction

Localised, dilatant 
brittle failure 
focused fluid flow

6 km

Heather Sheldon
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COUPLING DEFORMATION WITH COUPLING DEFORMATION WITH 
CHEMISTRYCHEMISTRY

Heather Sheldon
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CHEMISTRY COUPLED WITH HEAT 
AND FLUID FLOW

Peter Hornby
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COMPUTATIONAL SIMULATION COMPUTATIONAL SIMULATION ––
CHEMICAL TRACERCHEMICAL TRACER

James Cleverley
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EFFICIENT SYSTEMS EFFICIENT SYSTEMS –– “THE WORK FLOW”“THE WORK FLOW”

• Analyse exploration and/or geological 
problem

• Build geometry (in a form suitable for 3D 
computational simulation)

• Do computational simulations
• Visualise outputs
• Interpret outputs
• Report on results



pppredictiveredictiveredictive mmmineralineralineral dddiscoveryiscoveryiscovery

pmd  CRC

EFFICIENT SYSTEMS EFFICIENT SYSTEMS –– MESH MESH 
CONSTRUCTION (OLD)CONSTRUCTION (OLD)

Geoscience Australia
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Geometry (model blocks) design and Geometry (model blocks) design and 
coordinates of points were sketched on coordinates of points were sketched on 
graphic paper to assist modelling building graphic paper to assist modelling building 
processprocess

Yanhua Zhang



pppredictiveredictiveredictive mmmineralineralineral dddiscoveryiscoveryiscovery

pmd  CRC

A text model input 
file of 1885 Lines 
(31 Pages), 
containing 
x-y-z coordinates, 
was developed to 
build the geometry 
of the Yilgarn 3D 
model. 

Yanhua Zhang
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Constructed Model GeometryConstructed Model Geometry

- Faults were modelled as 
planer zones or 
segments of planer 
zones

- With wedge blocks (more 
likely to have illegal 
geometry, once 
deformed) 

- Prismatic structure 
(2.5D)

Yanhua Zhang
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EFFICIENT SYSTEMS EFFICIENT SYSTEMS –– MESH CONSTRUCTION MESH CONSTRUCTION 
(NEW)(NEW)

Geoscience Australia
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EFFICIENT SYSTEMS EFFICIENT SYSTEMS –– MESH CONSTRUCTION MESH CONSTRUCTION 
(NEW)(NEW)

Peter Schaubs
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EFFICIENT COMPUTATION EFFICIENT COMPUTATION –– DESKTOP DESKTOP 
MODELLING TOOLKITMODELLING TOOLKIT

• A single interface on 
your desktop for 
specifying and 
running problems.

• A ‘grid computing’ 
environment for use 
of single-, cluster- or 
super-computer 
resources.

• An archive system 
to hold data.

DMT GUI

GLOBUS / GT4
Condor
Vendor wrappers

Storage Resource 
Broker (SRB)
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How does it work?How does it work?

• You provide a 3D geometry (xmml4fem file)

• Use the GUI to specify a problem (mech / fluid / thermal 

/ chem / transport) and a  timeline
• You send it to the grid (GT4 queues your job)

• Grid finds resources to run your job
• Can query status of job (stage, cycle num, time)

• Results in your SRB (storage resource broker) 
directory
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CGPD software team
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Current and (near) projected Current and (near) projected 
capabilitiescapabilities

• Problem domains:
– Deformation
– Damage mechanics
– Fluid and transport
– Thermal
– Chemical

• Vendor codes:
– Flac3d 2.0 Unix 
– Flac3d 2.1 Windows
– FastfloRT
– Finley

• FastFlo plugins:
– User-defined temp gradient 

eqn
– User-defined pore press 

gradient eqn

• Flac3d plugins:
– Plasticity state –

permeability coupling
– Model Shortening
– Slip/strike contractions

• Inversion 
(parameter search) 
tool
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PEOPLE PEOPLE –– E&T PROGRAME&T PROGRAM
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RESEARCH FRONTIER RESEARCH FRONTIER –– SELF CONSISTENT SELF CONSISTENT 
SIMULATION (CRUSTAL SCALE)SIMULATION (CRUSTAL SCALE)

Courtesy: Klaus Regenauer-
Lieb,
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RESEARCH FRONTIER RESEARCH FRONTIER –– THERMOMECHANICSTHERMOMECHANICS

Mechanics

Thermodynamics

Kinematics

Concepts

Geology

Chemistry

Physics

Sciences

Continuum mechanics

Thermomechanics
Regan Patton
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APPLICATION TO INDUSTRY TARGETING APPLICATION TO INDUSTRY TARGETING 
PROBLEMS DURING CRCPROBLEMS DURING CRC

• International:
– USA Au
– Canada U
– Canada potash
– Finland Cu-Zn
– China Zn-Pb-Au-Ag

• Australia:
– Isa (Qld) Cu +/- Au, Zn
– Yilgarn (WA) Au
– Gawler (SA) Au
– Tasmanides (Vic, NSW) – Au 
– Tanami (NT) - Au
– Petroleum (fault-seal research)
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APPLICATION TO TARGETINGAPPLICATION TO TARGETING

• Computational simulation is an adjunct to the 
conceptual thinking process

• Absorb all available whole system knowledge
• Start simple and work to complexity
• Multiple working hypotheses
• Two stage process: 

– “reverse engineer” the known deposit
– predictive phase (cut to the 

chase/recognise the risk)
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KUNDANA EXAMPLEKUNDANA EXAMPLE

Barrick Confidential 
Map

Available to pmd*CRC 
members only.

Do Not Reproduce

N

2km

Aims: 

• use numerical modelling to 
understand the impact of fault understand the impact of fault 
intersection geometry on intersection geometry on 
mineralisationmineralisation

• use modelling to predict predict 
favourable fault orientationsfavourable fault orientations to 
assist with green-fields & 
brown-fields exploration target 
ranking and generation.
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TemplatesTemplates
(buffer box & boundary conditions)(buffer box & boundary conditions)

Z=2400m

Y=4000m

X=6000m

- 4000mRL

- 6400mRL

Bounding box 
“Faults rheology”

Bounding box “wall-
rock rheology”Top of model 

box buried 
4000m

Warren Potma and Thomas Poulet
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Block model of Block model of U.gradPU.gradP (proxy for mineral precipitation)(proxy for mineral precipitation): : 
showing variation with farshowing variation with far--field stress orientationfield stress orientation

(Looking ~ sub(Looking ~ sub--horizontally ENE)horizontally ENE)

Looking towards 090o

Looking towards 060oLooking towards 070o

Looking towards 080o

kd4a1a6x

Preferred Model

kd4a1b6x kd4a1c6x

kd4a1z6x σ1=060ο−240οσ1=070ο−250ο

σ1=080ο−260ο σ1=090ο−270ο

F1
65-230 F2

90-105

Block model 
colours depict 
values for 
U.GradP - a proxy 
for mineral 
precipitation:

• Warm colours = 
greater potential 
for precipitation

• Cool colours = 
lesser potential 
for precipitation

• No blocks = 
minimal 
precipitation or 
potential 
dissolution

Warren Potma
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Trend recognised in 
geophysical data

KUNDANAKUNDANA



pppredictiveredictiveredictive mmmineralineralineral dddiscoveryiscoveryiscovery

pmd  CRC

Contains visible goldContains visible gold

Courtesy - Barrick
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Trend recognised in 
geophysical data

•• Reliability Reliability –– with new with new 
drilling orientation, more drilling orientation, more 
likely to find ore that’s likely to find ore that’s 
therethere

•• FAR FAR –– targeted on more targeted on more 
favourable structural favourable structural 
intersections, hence intersections, hence 
fewer misplaced holesfewer misplaced holes

KUNDANAKUNDANA
Where was the Where was the 

value add?value add?
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GAWLERGAWLER

0 100 km

PIRSA’s challenge 
in the Gawler:

• What 
combination of 
factors will 
make a 5 million 
oz high grade 
gold deposit?
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A.Budd (2004 unpubl.)

Reverse Engineering Reverse Engineering –– Tarcoola Gold Tarcoola Gold 
FieldField

0          1km
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Reverse Engineering Reverse Engineering –– how do the how do the 
mineralised faults form?mineralised faults form?

Warren Potma
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““Reverse Engineering”Reverse Engineering”
GeoGeo--mechanical modelling predicts dilation in the quartzites mechanical modelling predicts dilation in the quartzites 
BUT gets correct results from several different stress BUT gets correct results from several different stress 

historieshistories

Warren Potma



pppredictiveredictiveredictive mmmineralineralineral dddiscoveryiscoveryiscovery

pmd  CRC

““Reverse Engineering”Reverse Engineering”
Chemical modelling shows that adjacent carbonaceous Chemical modelling shows that adjacent carbonaceous 

shales (and some other rock types) are more favourable, shales (and some other rock types) are more favourable, 
thereby explaining the ore positionthereby explaining the ore position
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Courtesy: Evgeniy Bastrakov, Geoscience Australia

Warren Potma
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““Prediction” at the next Prediction” at the next 
scale upscale up

Warren Potma
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Suite of modelsSuite of models

• NNW-SSE compression only 
deformation (160-340 deg) 

• NNW-SSE compression only 
deformation with strain softening
behaviour (160-340 deg) 

• Sinistral strike-slip deformation along 
NNW-SSE plane (E block to the NNW)

• Sinistral Transpression (compression 
component NNW-SSE, 6:1 sinistral strike-
slip:compression component)
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““Prediction” at the next scale up (for Prediction” at the next scale up (for 
highest probability result)highest probability result)

Shear Strain

Dilation

Warren Potma

11

11 22

22

33

33
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And the next scale againAnd the next scale again

…….where we do not even know the dip of the Yarlbrinda Shear Zone

Yanhua Zhang
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•• Multiple working hypotheses Multiple working hypotheses 
and little dataand little data

•• Targeting and focused data Targeting and focused data 
acquisition across scaleacquisition across scale

•• Reliability Reliability –– moderate moderate 
reliability targets in areas reliability targets in areas 
where no targeting method is where no targeting method is 
availableavailable

•• FAR FAR –– method for method for 
discriminating numerous discriminating numerous 
calcrete anomaliescalcrete anomalies

•• Potential to identify major Potential to identify major 
undiscovered ore systemundiscovered ore system

GAWLERGAWLER
The value add?The value add?

0 100 km
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ConclusionsConclusions
•• Brittle Domain Brittle Domain –– hydrothermal ore systems hydrothermal ore systems ––

obvious potential for valueobvious potential for value--add using add using 
deformation/fluid flow/thermal up to terrane deformation/fluid flow/thermal up to terrane 
scalescale

•• Major strides in reactive transport starting to Major strides in reactive transport starting to 
generate equivalent impactgenerate equivalent impact

•• Very large efficiency gains leading to application Very large efficiency gains leading to application 
in normal exploration programsin normal exploration programs

•• Research frontier is in the lower crust and Research frontier is in the lower crust and 
mantle and has  potential to offer equal mantle and has  potential to offer equal 
assistance to global scale targeting in the futureassistance to global scale targeting in the future


