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ABSTRACT 

 

Previous studies have suggested that controls on mineralization can be inferred from 

fractal analysis of mineral deposit distributions. However, many of these potential 

controls have been suggested on a qualitative rather than a quantitative basis.  Whereas 

fractal analysis of mineral deposit distributions simply considers the location of the 

deposits, multifractal analysis can examine variation in values of attributes assigned to 

each deposit location such as deposit size.  Yet no comprehensive study of the 

multifractal properties of mineral production data has been presented. 

 

Coupled deformation and fluid flow modelling has been used to verify sites of 

importance for mineralization in both two- and three-dimensional modelling space.  

Numerical modelling in three-dimensions of strike-slip faulting has yet to fully examine 

the effect of variation in fault geometry. Quantitative analysis of model outputs can 

provide criteria for ranking of different fault geometry parameters in terms of their 

relative prospectivity. 

 

The Proterozoic Mount Isa Inlier is a rich base metal province in northwest Queensland, 

Australia.  As a well studied and well mineralized terrain, with comprehensive 

literature, and detailed geological and mineral deposit databases available, the Mount 

Isa Inlier is an ideal study area for investigating and verifying new techniques for 

brownfields exploration targeting.  A quantitative examination of the controls on base 

metal deposition in the Mount Isa Inlier has substantial implications for future 

exploration in the region, with the techniques being readily applicable to other study 

areas and commodities. 

 

A new method is presented which evaluates mineral occurrence distributions by 

combining fractal analysis of clustering with Weights of Evidence (WofE).  Variation in 

clustering of copper occurrences from the Mount Isa Inlier has a strong positive 

correlation with variation in clustering of fault bends (R=0.823), fault intersections 

(R=0.862), and mafic intrusions (R=0.885).  WofE analysis as quantified by contrast 

values indicates that the copper occurrences have a strong spatial association with fault 

intersections, and fault bends.  Correlation of the variation of clustering of copper 
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occurrences and geological features shows a linear relationship with the contrast values 

indicating that the geological features controlling the clustering of the copper 

occurrences may be the same features controlling their localization. 

 

A fractal dimension can be used to quantify geological complexity, which characterises 

the distribution of faults and lithological boundaries.  Two-dimensional analysis of 

geological complexity in the Mount Isa Inlier suggests that there exists a strong spatial 

relationship between geological complexity and copper endowment (R=0.914).  A weak 

inverse relationship exists between complexity gradients and copper endowment.  The 

results indicate that geological complexity could be used as an exploration targeting tool 

for copper in the Mount Isa Inlier. 

 

The de Wijs model was developed to describe the distribution of element enrichment 

and depletion in the crust.  An expansion of the de Wijs model is presented to 

investigate the distribution of ore tonnage as well as grade.  The expanded model 

produces a log-normal relationship between ore tonnage and grade.  Multifractal 

analysis suggests that ore tonnage values from the expanded model are not multifractal.  

Analysis of production data from the Zimbabwe craton displays a log-normal 

relationship between ore tonnage and grade, and indicates that ore tonnage is not 

multifractal, as suggested by the expanded de Wijs model. 

 

Variation of fault bend and fault jog system geometry parameters during coupled 

deformation and fluid flow modelling of strike-slip faulting reveals that having a low 

dipping fault, a contrast in lithology and a wide fault width generates the highest 

dilation and integrated fluid flux values which can be considered proxies for 

prospectivity.  It is demonstrated that little difference is seen between the results 

obtained for restraining and releasing fault bend and fault jog geometries.  The fault 

geometries observed in the modelling to be the most prospective could be incorporated 

into exploration targeting strategies. 



 

Contents, A. Ford, PhD 2007 

Contents of PhD Thesis 

 

 
STATEMENT OF ACCESS 

 

STATEMENT OF SOURCES 

 

STATEMENT OF CONTRIBUTIONS 

 

ACKNOWLEDGEMENTS 

 

ABSTRACT 

 

INTRODUCTION AND AIMS.............................................................................................. i 

 

REVIEW OF FRACTAL AND MULTIFRACTAL TECHNIQUES.................................. vi 

 

Fractal Analysis .............................................................................................................. vi 

 

Multifractal Analysis .................................................................................................... viii 

 

STRUCTURE OF THE THESIS............................................................................................x 

 

 

SECTION A – Combining fractal analysis of mineral deposit clustering with 

weights of evidence to evaluate patterns of mineralization: Application to copper 

deposits of the Mount Isa Inlier, NW Queensland, Australia................................A1-A31 
 

ABSTRACT.........................................................................................................................A2 

 

INTRODUCTION ...............................................................................................................A3 

 

GEOLOGY AND MINERAL DEPOSITS OF THE MOUNT ISA INLIER .....................A5 

 

DATA AND METHODS ..................................................................................................A12 

 

Copper occurrences and geological data .....................................................................A12 

 

Fractal analysis of mineral occurrence and geological clustering ...............................A14 

 

Weights of evidence (WofE) approach........................................................................A18 

 

A new method for evaluating the spatial distribution of mineral deposits: integrated 

fractal and WofE analysis ............................................................................................A19 

 

Limitations of the analysis...........................................................................................A19 

 

RESULTS ..........................................................................................................................A22 

 

Fractal analysis of clustering .......................................................................................A22 



 

Contents, A. Ford, PhD 2007 

 

Weights of evidence.....................................................................................................A24 

 

Integrated fractal and weights of evidence analysis ....................................................A25 

 

DISCUSSION....................................................................................................................A25 

 

Fractal distribution of copper occurrences and their spatial variation.........................A25 

 

Factors affecting clustering and localization of copper occurrences ...........................A27 

 

Integrating fractal analysis and mineral prospectivity.................................................A29 

 

CONCLUSIONS ...............................................................................................................A30 

 

 

SECTION B – Evaluating geological complexity and complexity gradients as 

controls on copper mineralization, Mount Isa Inlier..............................................B1-B26 

 

ABSTRACT.........................................................................................................................B2 

 

INTRODUCTION ...............................................................................................................B2 

 

GEOLOGY AND COPPER MINERALIZATION IN THE MOUNT ISA INLIER..........B4 

 

MEASURING COMPLEXITY...........................................................................................B9 

 

RESULTS ..........................................................................................................................B13 

 

DISCUSSION....................................................................................................................B17 

 

CONCLUSIONS ...............................................................................................................B26 

 

 

SECTION C – An expanded de Wijs model for element enrichment by 

hydrothermal mineralization....................................................................................C1-C19 

 

ABSTRACT.........................................................................................................................C2 

 

INTRODUCTION ...............................................................................................................C2 

 

CONSTRUCTION OF AN EXPANDED DE WIJS MODEL............................................C4 

 

DETERMINING MULTIFRACTALITY ...........................................................................C7 

 

VEIN-HOSTED GOLD PRODUCTION DATA................................................................C9 

 

RESULTS ..........................................................................................................................C10 

 

DISCUSSION....................................................................................................................C13 



 

Contents, A. Ford, PhD 2007 

 

CONCLUSIONS ...............................................................................................................C18 

 

 

SECTION D – Factors affecting fluid flow in strike-slip fault systems: Coupled 

deformation and fluid flow modelling with an application to the western Mount Isa 

Inlier, Australia..........................................................................................................D1-D36 

 

ABSTRACT.........................................................................................................................D2 

 

INTRODUCTION ...............................................................................................................D2 

 

REGIONAL GEOLOGY.....................................................................................................D4 

 

NUMERICAL MODELLING.............................................................................................D7 

 

Constitutive relationships and lithological properties .................................................D10 

 

Boundary conditions ....................................................................................................D14 

 

RESULTS ..........................................................................................................................D15 

 

Effect of fault dip variation..........................................................................................D16 

 

Effect of fault width variation......................................................................................D16 

 

Effect of bend/jog angle variation ...............................................................................D21 

 

Effect of bend/jog length variation ..............................................................................D23 

 

Effect of cross-cutting fault .........................................................................................D25 

 

Effect of rock type variation ........................................................................................D25 

 

Dilation and integrated fluid flux ratios.......................................................................D27 

 

Fluid flow velocities ....................................................................................................D30 

 

DISCUSSION....................................................................................................................D32 

 

CONCLUSIONS ...............................................................................................................D37 

 

 

Conclusions...................................................................................................................E1-E4 

 

References...................................................................................................................R1-R22 

 

Appendix A – Supplementary Data for Section A................................................. Disc 1/5 

 

Appendix B – Supplementary Data for Section B ................................................. Disc 1/5 



 

Contents, A. Ford, PhD 2007 

 

Appendix C – Supplementary Data for Section C................................................. Disc 1/5 

 

Appendix D – Supplementary Data for Section D..............................................Disc 2-4/5 

 

Appendix E – Digital Copy of Thesis Text ............................................................. Disc 5/5 



 

Contents, A. Ford, PhD 2007 

List of Figures 
 

SECTION A 

 

Figure 1: Simplified geological map of the Mount Isa Inlier .............................................A7 

 

Figure 2: Chronostratigraphic framework of the Mount Isa Inlier .....................................A9 

 

Figure 3: Map of copper occurrences in the Mount Isa Inlier ..........................................A13 

 

Figure 4: Example log-log plots of N(r) vs. r from shifting box counting.......................A16 

 

Figure 5: Contour plot of fractal dimension variation in the Mount Isa Inlier .................A17 

 

Figure 6: Outcomes from combining fractal analysis and WofE .....................................A20 

 

Figure 7: Log-log plot of N(r) vs. r from global box counting.........................................A23 

 

Figure 8: Plot of correlation between clustering correlations and contrast values ...........A26 

 

 

SECTION B 

 

Figure 1: Simplified geological map of the Mount Isa Inlier .............................................B5 

 

Figure 2: Variation of geological complexity in the Western Succession........................B10 

 

Figure 3: Variation of complexity gradients in the Western Succession..........................B12 

 

Figure 4: Relationships between geological complexity, complexity gradients and 

copper mineralization ........................................................................................................B15 

 

Figure 5: Relationship between geological complexity, complexity gradients and 

copper endowment using linear profiles ............................................................................B16 

 

Figure 6: Contour maps of raw geological complexity and average geological 

complexity in the Western Succession ..............................................................................B19 

 

Figure 7: Map of geological complexity illustrating unmapped boundaries ....................B24 

 

Figure 8: Log-log plot of N(r) vs. r for increasing undiscovered boundaries ..................B25 

 

 

SECTION C 

 

Figure 1: Two-dimensional ore tonnage distribution model ..............................................C5 

 

Figure 2: Log-log plot of ore tonnage vs. grade for expanded de Wijs model...................C8 

 

Figure 3: Multifractal plots for expanded de Wijs model.................................................C11 



 

Contents, A. Ford, PhD 2007 

 

Figure 4: Log-log plot of ore tonnage vs. grade for Zimbabwe production data .............C12 

 

Figure 5: Multifractal plots for Zimbabwe production data .....................................C14-C15 

 

 

SECTION D 

 

Figure 1: Copper deposits in the Gunpowder region of the Western Succession 

proximal to fault bends, jogs, and intersections...................................................................D6 

 

Figure 2: Fault bend model geometry (Model 3)................................................................D9 

 

Figure 3: Fault jog model geometry (Model 21) ..............................................................D11 

 

Figure 4: Fault intersection model geometry (Model 18).................................................D12 

 

Figure 5: Maximum dilation and integrated fluid flux values..........................................D18 

 

Figure 6: Effect of varying fault dip .................................................................................D19 

 

Figure 7: Effect of varying fault width .............................................................................D20 

 

Figure 8: Effect of varying fault bend/jog angle ..............................................................D22 

 

Figure 9: Effect of varying fault bend/jog length .............................................................D24 

 

Figure 10: Effect of adding adding a cross-cutting fault ..................................................D26 

 

Figure 11: Effect of adding contrast in rock types ...........................................................D28 

 

Figure 12: Dilation and integrated fluid flux ratios ..........................................................D29 

 

Figure 13: Fluid flow vectors ...........................................................................................D31 



 

Contents, A. Ford, PhD 2007 

List of Tables 

 

 
SECTION A 

 

Table 1: Global fractal dimensions for copper occurrences .............................................A22 

 

Table 2: Clustering correlations and contrast values ........................................................A24 

 

 

SECTION B 

 

Table 1: Correlations between raw geological complexity and copper mineralization....B14 

 

Table 2: Correlations between average geological complexity, average complexity 

gradients and copper mineralization ..................................................................................B17 

 

 

SECTION C 

 

Table 1: Coordinates and grade-ore tonnage values from 10 sample locations ...............C10 

 

 

SECTION D 

 

Table 1: Summary of model configurations .......................................................................D8 

 

Table 2: Material properties for FLAC
3D

 models .............................................................D14 

 

Table 3: Dilation and integrated fluid flux values ............................................................D17 

 

Table 4: Ranking of prospectivity ingredients..................................................................D36 

 


	COVER SHEET
	TITLE PAGE, STATEMENTS AND ACKNOWLEDGEMENTS
	STATEMENT OF ACCESS
	STATEMENT OF SOURCES
	STATEMENT OF CONTRIBUTIONS
	ACKNOWLEDGEMENTS

	ABSTRACT
	CONTENTS OF PhD THESIS
	LIST OF FIGURES
	LIST OF TABLES

