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The information contained in this presentation is provided for general guidance
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- 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
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Major mineral deposits
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Aeromagnetics
(0.5 vertical derivative)
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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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- 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
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Recognition of the critical role of roll-back
in LFB evolution....

Tectonic switching and roll-back in the LFB

Collins, 2002 (Geology)

Extension and the tripartite association:

S-type granites, arcs and back-arc basins |

Collins and Richards, 2008 (Geology) R sy <) 2
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Models that suggest the possibility of strike-slip repetition of Macquarie Arc segments:

Packham, 1987 (AGU Geodynamics Series 19)

Fergusson, 2009 (AJES)
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Models that link extension to sedimentation in the LFB:

Fergusson, 2010: AJES:
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New mapping has revealed unanticipated strucural complexity, LOCATION MAP
Such as large-scale subvertical folds superimposed over
Ordovician rocks
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DARGO 1:100 000 sheet:

Stereoplot (equal area projection):

34 great-circle traces of
F1 fold axial surfaces (Benambran).

Calculated (B-axis for this dataset:
79° towards 333°

= average orientation
of large-scale (Bindian) F2 folds

Large, subvertical-plunging second-generation
folds within Tabberabbera Zone:
Parasitic ?

Willman et al., 2005.
GSV Report 126: Dargo
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New, high quality

Aeromagnetic data infill....

.....where it matters....
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Regional deep seismic transects: pmd*crc, AUSCOPE
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Regional deep seismic transects: pmd*crc, AUSCOPE
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Models that link extension to sedimentation in the LFB:

Fergusson, 2010: AJES:

Lachlan Fold Belt sedimentation:

Late Silurian-Middle Devonian
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. The problems

New data/concepts constrain viable solutions

Retro-deformation, analogue and numerical modelling

. The Lachlan Orocline through time - a new geodynamic model for
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Tasmanian evolution
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Subduction:

when oceans and continents collide:

@ Geology Continental lithosphere;
| thick, light, bouyant

200-300km

Ocean lithosphere:

thin, heavy Ocean
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Ocean plate sinks faster than it advances: Extension!
makes huge holes that mountains collapse into =

Ocean plate advances faster than it sinks: Collision! west Pacific / Indonesia, Aleutian Islands.
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Eastern Australian
geology....

...all screwed up....
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Back-arc basin
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Cayley & Musgrave, in prep.
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. 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? STATE DEVLOPVENT
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Tectonic switching and roll-back in the LFB

Collins, 2002 (Geology)

Extension and the tri-partite association:
S-type granites, arcs and back-arc basins

Collins and Richards, 2008 (Geology)
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The Lachlan Orocline;

an alternative explanation of apparent

vergence reversals in Ordovician LFB:
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Models that link extension to sedimentation in the LFB:

Fergusson, 2010: AJES:
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. 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
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. What does it all mean for mineral prospectivity? STATE SUSNESS AND
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aslab

Moresi, Betts, Miller, Cayley, 2014: NATURE



East flank facing open ocean —
free to run

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

West flank becoming
progressively congested

_ _ ...marks beginning of final transfer of Vandieland
Moresi, Betts, Miller & Cayley onto the upper plate (of the remaining active
2014, NATURE. east flank of the subduction zone)



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....
Moresi, Betts, Miller & Cayley 40 million years earlier)
2014, NATURE.



...the Dundas-Fossey Orocline

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)...
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. 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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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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Cayley & Musgrave, in prep.




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
Ny segments back

to simple parallel faults:
eg.. Stavely-Dryden,

in red
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Mount Stavely Arc — restoration of Silurian deformation
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Mount Stavely Arc — restoration of Silurian deformation



Mount Stavely Arc — restoration of Silurian deformation
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This is the scale of influence of the Lachlan Orocline model — a
significant proportion of the continent....

Aeromagnetics
(0.5 vertical derivative)

Source: Geoscience Australia



Enables a ‘systems’ approach to

classify major mineral

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
NEES
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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.



