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a powerful new predictive tool for mineral exploration under cover 

across Eastern Australia 

Ross Cayley, Bob Musgrave 

Geological Survey of Victoria, Geological Survey of NSW 



UNCLASSIFIED 

UNCLASSIFIED 

Disclaimer: 

The information contained in this presentation is provided for general guidance 

and assistance only and is not intended as advice. You should make your own 

inquiries as to the appropriateness and suitability of the information contained  

in this presentation for your own circumstances.  

 

While every effort has been made to ensure accuracy and currency at the time 

 of publication, you should verify information for yourself and obtain  

Independent professional advice regarding any investment or other  

business decision.  

 

The Victorian Government does not accept any liability to any person for  

the information (or the use of such information) which is provided or referred 

to in this presentation. 

 

© Copyright State of Victoria, 

 

September 2015 
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pmd*crc 

It’s a team effort 
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Talk Outline 

• The problems 

 

• New data/concepts constrain viable solutions  

 

• Retro-deformation, analogue and numerical modelling  

•   

• The Lachlan Orocline through time – a new geodynamic model 

for Ordovician-Devonian Australia 

 

• How congested subduction zones resolve – key to 

understanding Tasmanian evolution 

 

• What does it all mean for mineral prospectivity? 
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Source: Geoscience Australia, 2013 
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Models that honour structural vergence, accretionary character….. 

Benambran deformation – 

Late Ordovician 



UNCLASSIFIED 

UNCLASSIFIED 

 

Miller et al., 2004 

Large Silurian strike-slip faults dominate eastern LFB 
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Miller et al., 2004 
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Miller et al., 2004 

Fergusson et al., 1989 

Ordovician paleocurrent directions and sedimentology hint  

at post-depositional crustal rearrangements  
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Vandieland (Cayley et al, 2002)  

 

A Mesoproterozoic 

microcontinent…..  

 

includes Western Tasmania  

and the ‘Selwyn Block’…  

 

embedded within the  

Paleozoic Lachlan Fold Belt… 
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Imbricated oceanic crust & no coeval magmatism suggests 

 little post-Cambrian subduction in western LFB 

 

Models that honour  

paleogeographic  

constraints, and account 

for strike-slip faults…..  

 

eg. the Baragwanath  

Transform concept… 

 

(VandenBerg et al. 2000, 

Willman et al., 2002) 
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Collins, 2002 (Geology) 

Recognition of the critical role of roll-back  

in LFB evolution…. 

 

Tectonic switching and roll-back in the LFB 

Extension and the tripartite association:  

 

S-type granites, arcs and back-arc basins 

 

Collins and Richards, 2008 (Geology)  
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Packham, 1987 (AGU Geodynamics Series 19) 

 

Fergusson, 2009 (AJES) 

Models that suggest the possibility of strike-slip repetition of Macquarie Arc segments: 
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Fergusson, 2010: AJES:  

 

Lachlan Fold Belt sedimentation: 

 
Late Silurian-Middle Devonian  

plate-driven extension and convergence 

Benambran Orogeny:  

accretion,  uplift 

Bindian Orogeny: 

extension and translation  

Models that link extension to sedimentation in the LFB: 
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Miller et al., 2004 

New mapping has revealed unanticipated strucural complexity, 

Such as large-scale subvertical folds superimposed over 

Ordovician rocks  
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Willman et al., 2005. 

GSV Report 126: Dargo 
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DARGO 1:100 000 sheet: 

 

Stereoplot (equal area projection):  

34 great-circle traces of  

F1 fold axial surfaces (Benambran). 

 

Calculated β-axis for this dataset: 

79º towards 333º 

 

= average orientation  

of large-scale (Bindian) F2 folds  

 

 

Willman et al., 2005. 

GSV Report 126: Dargo 

Large, subvertical-plunging second-generation 

folds within Tabberabbera Zone: 

Parasitic ? 
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Models that honour structural vergence, accretionary character….. 

Benambran deformation – 

Late Ordovician 
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Foden et al., 2006 (Journal of Geology 114) 

Boninites/‘Sanukitoids’ at ~514Ma: Kemp, 2003 
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New, high quality  

 

Aeromagnetic data infill…. 

 

…..where it matters…. 
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Hallett et al., 2005, Musgrave 2008  
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Deep seismic reflection transects that add the 3rd dimension 
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Regional deep seismic transects: pmd*crc, AUSCOPE  
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Cayley et al., 2011 
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Regional deep seismic transects: pmd*crc, AUSCOPE  
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Fore 

Primitive arc  

geochemistry 
Back-arc / rift geochemistry 

           Arc? 

  Calc-alkaline 

Thursdays Gossan Cu 

McRaes 

Prospect Cu-Au 

Wedge 
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LFB Delamerian Orogen 
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In-situ Cambrian continental-margin subduction-accretion complexes 

Greenfield et al., 2011 (G.R.) 

Miller et al., 2005 (AJES) 

Cayley et al., in prep. 
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A reworked-portion?:  

Cambrian accretionary wedge divorced from its margin  

Darling Basin - extensional,  

initiated in Early Silurian 
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H-BZ 

Possible arc rocks  
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Fergusson, 2010: AJES:  

 

Lachlan Fold Belt sedimentation: 

 
Late Silurian-Middle Devonian  

plate-driven extension and convergence 

Benambran Orogeny:  

accretion,  uplift 

Bindian Orogeny: 

extension and translation  

Models that link extension to sedimentation in the LFB: 
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Regional 

 

Total Magnetic Intensity 
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Kayrunnera Zone: 

Cambrian accretion above 

west-dipping subduction zone 

(Greenfield et al., 2011) 

Stawell Zone: 

Cambrian accretion above 

west-dipping subduction zone 

(Miller et al., 2005) 

Subducting slabs in  

roll-back are concave. 

Therefore Stawell Zone  

curvature is not due to  

Cambrian roll-back 

Restoring the Cambrian accretionary complex 

 to the Cambrian margin…… 
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Ordovician paleocurrent data: Schleiger, 1964; Cas et al, 1983; Fergusson et al., 1989 
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BZ, TZ and MZ: 

limbs of a  

Bindian-age Oroclinal fold? 
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Ocean lithosphere: 

thin, heavy 

Continental lithosphere; 

thick, light, bouyant 

 

Subduction:  

when oceans and continents collide: 

200-300km 

Ocean 

plate sinks 

(gravity) 
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Ocean plate advances faster than it sinks:  Collision!  

pushes up and supports high mountain ranges =  

the Andes. Crust shortened and thickened. 

Ocean plate sinks faster than it advances: Extension! 

makes huge holes that mountains collapse into =  

west Pacific / Indonesia, Aleutian Islands. 

Crust extended and thinned.  

Bolivian Andes 

Indonesian Archipelago 
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Eastern Australian 

geology…. 

 

…all screwed up…. 
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Moresi, Betts, Miller, Cayley, 2014: NATURE 
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Brisbane 

 

Numerical modelling… 

Back-arc basin 
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H-BZ 

Possible arc rocks  
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Moresi, Betts, Miller & Cayley 

2014, NATURE. 
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Moresi, Betts, Miller & Cayley 

2014, NATURE. 
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Western Tasmania –  

 

part of an exotic  

micro-continent  
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Cayley & Musgrave, in prep. 
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Cayley, 2011 



UNCLASSIFIED 

UNCLASSIFIED 

 

Cayley, 2011 



UNCLASSIFIED 

UNCLASSIFIED 

 

Cayley, 2011 



UNCLASSIFIED 

UNCLASSIFIED 

 

Cayley, 2011 



UNCLASSIFIED 

UNCLASSIFIED 

 

Cayley, 2011 



UNCLASSIFIED 

UNCLASSIFIED 

 

Cayley, 2011 
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Cayley & Musgrave, in prep. 
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Vandieland, Mk 2 (Post-Tyennan/Delamerian) 

Cayley & Musgrave, in prep. 
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Collins, 2002 (Geology) 

Tectonic switching and roll-back in the LFB 

Extension and the tri-partite association:  

 

S-type granites, arcs and back-arc basins 

 

Collins and Richards, 2008 (Geology)  
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Top-to-south displacement 

Mt Beauty, Morand et al., 2005 

S N 
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Willman et al., 2005. 

GSV Report 126: Dargo 

Willman et al., 1999  
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Moresi, Betts, Miller & Cayley 

2014, NATURE. 
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Moresi, Betts, Miller & Cayley 

2014, NATURE. 
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The Lachlan Orocline: 

 

an alternative explanation of apparent 

vergence reversals in Ordovician LFB: 
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Subduction rollback  

superimposed on  

an accreted orogen… Cayley & Musgrave, in prep. 
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Stromness, SGI 

Scotia Arc 

A modern analogue? 
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Fergusson, 2010: AJES:  

 

Lachlan Fold Belt sedimentation: 

 
Late Silurian-Middle Devonian  

plate-driven extension and convergence 

Benambran Orogeny:  

accretion,  uplift 

Bindian Orogeny: 

extension and translation  

Models that link extension to sedimentation in the LFB: 
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Reed 2001: 

 

Revised NE Tasmania  

stratigraphy: 

 

Models that link extension 

to sedimentation in the LFB: 

Bindian Orogeny: 

extension,sedimentation 

and translation  

Benambran Orogeny:  

accretion,  uplift 
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Moresi, Betts, Miller, Cayley, 2014: NATURE 
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F 

Moresi, Betts, Miller & Cayley 

2014, NATURE. 

Slab begins to tear and separate at  

the COB along the newly congested  

west-flank of orocline  

– for the LFB this was  

             a window-tear, not a zip-tear  

 
…marks beginning of final transfer of Vandieland 

onto the upper plate (of the  remaining active  

east flank of the subduction zone)   

West flank becoming  

progressively congested 

East flank facing open ocean – 

free to run 
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Asthenosphere beneath Vandieland 

now free to flow (initially rapidly) through 

slab window, and directly into  

the site of ongoing slab-foundering  

 

(for the first time since it’s initial accretion…..  

40 million years earlier) Moresi, Betts, Miller & Cayley 

2014, NATURE. 
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Cayley & Musgrave, in prep 

As proximal asthenospheric flow  

gathers momentum, the resulting  

flow-gradient drives extension  

in the overlying lithosphere –  

        it’s thinned (Bass Strait),  

and rafted along for the ride (orocline)… 

…the Dundas-Fossey Orocline 
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Cayley & Musgrave, in prep 
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Cayley & Musgrave, in prep 
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Cayley & Musgrave, in prep 
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400 Ma 
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395 Ma 

Wilsons 

Promontory 
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390 Ma 

Bass ‘rise’ 

magmatism 
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Drummond et al., 2000 

Offshore seismic reflection 
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Drummond et al, 2000: interpreted highly extended  

Precambrian continental margin beneath Mathinna Terrane 
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390 Ma 

Single continent-dipping subduction zone 

re-established outboard…….. 
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Onset of  

Tabberabberan  

Orogeny 

~380 Ma 
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Culmination of 

Tabberabberan Orogeny 

~375 Ma 
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Drummond et al, 2000 

Tyennan ‘limb’ 

Jubilee ‘limb’ 

Lake Gordon Fault 
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Cayley & Musgrave, in prep. 

 

Cadia 
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Cayley & Musgrave, in prep. 

 

Cadia 

A scalable structural template that can be applied  

to other parts of the system known to have been  

deformed in the Silurian…Like fault slices of 

the Stavely Arc. 
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Mount Stavely Arc – restoration of Silurian deformation 

The Grampians Group  

constrains the age 

of some deformation  

to the Late Silurian  

(Cayley & Taylor, 1997) 
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Mount Stavely Arc – restoration of Silurian deformation 

The template constrains 

retrodeformation of  

Cambrian fault slice  

segments back  

to simple parallel faults: 

eg.: Stavely-Dryden,  

in red   



UNCLASSIFIED 

UNCLASSIFIED 
Mount Stavely Arc – restoration of Silurian deformation 
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Mount Stavely Arc – restoration of Silurian deformation 
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Mount Stavely Arc – restoration of Silurian deformation 
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Source: Geoscience Australia 

This is the scale of influence of the Lachlan Orocline model – a 

significant proportion of the continent…. 
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Enables a ‘systems’ approach to  

classify major mineral  

exploration ‘fairways’  

 
1: Kanmantoo – 

    Strathalbyn SEDEX 

 

2: Delamerian  Ultramafic 

    Ni 

 

3: Miga Arc base metals  

gold 

 

4: Greenstone orogenic 

    gold 

 

5: Bendigo orogenic gold 

 

6: Selwyn Block base                

metals (gold) 

 

7: Wagga-Omeo Zone tin 

 

8: Macquarie Arc base     

metals (gold) 

 

9: Macquarie Arc  

derivatives base metals 

(gold)’ 

 

10; Devonian magmatic 

metals 
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Conclusions 

 

• The Lachlan Orocline- fundamental to understanding LFB, DFB (and TFB) and 

Tasmanian evolution and mineral prospectivity 

 

• Restored Ordovician DFB, LFB/TFB: narrow, simple, single continent-directed 

subduction zones and accretionary complexes — multiple subduction not needed  

 

• Late Ordovician-Early Silurian LFB/TFB – mode-switch to asymmetric roll-back 

triggered by ingestion of Vandieland – context for mineralised MA porphyries. 

 

• Post-Silurian LFB/TFB: wide and complex— dextral strike-slip faults & oroclines in 

an extending and fragmenting upper plate, chasing a slab in asymmetric SE-

directed roll-back  

 

• One simple geodynamic system explains Palaeozoic Qld, NSW, Vic. & Tas. and the 

origin of the Alice Springs Orogen. A template for finding buried arc segments. 

 

 

 

 


