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A
Talk Outline

Objectives: deep seismic reflection+ data spanning Palaeozoic Victoria; test the Lachlan Orocline hypothesis
Oceanic Lachlan Fold Belt versus the Selwyn Block continental collider that's embedded within it.

The Lachlan Orocline hypothesis — a quick review

Deep Seismic Reflection Survey design, acquisition, processing. Complementary geophysics.

Results of the survey — interpretation methodology, forward modelling

Governor Fault — building understanding of the Melbourne Zone/Tabberabbera Zone interface

Governor Fault Zone revealed as a lithospheric-scale mega-thrust — a Silurian east-dipping subduction zone
congested by a thick continental fragment (the Selwyn Block east flank)
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Delamerian Fold Belt
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Bendigo Zone: Kilmore / Heathcote

plenty of Cambrian rocks,

NO Delamerian Orogeny!
VandenBerg, 1991
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Bendigo Zone: Kilmore / Heathcote

plenty of Cambrian rocks,
NO Delamerian Orogeny!
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| /" Structure contouring across klippen
"X, 1\ gives an averaged magnitude of ~ 15°
€ ] v

WAk . northeast dip for the Governor Fault
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Western Tasmania and its northern
extension...the Selwyn Block.
(Cayley et al., 2002)

The Vandieland microcontinent —
deformed and uplifted Proterozoic -
Cambrian continental crust beneath
central Victoria (Cayley, 2011)

Cambrian calc-alkaline
Jamieson Volcanics (Vic)

coeval with (and along strike from)
Mount Read Volcanics A
Dundas ‘Trough’ (Tas)

Total Magnetic Intensity
Geoscience Australia
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A

Western Tasmania and its northern
extension...the Selwyn Block.
(Cayley et al., 2002)

The Vandieland microcontinent —
deformed and uplifted Proterozoic -
Cambrian continental crust beneath
central Victoria (Cayley, 2011)

Extent in lower crust where Selwyn Block influence
is expressed in a lateral change
in granite chemistry (and age)

Total Magnetic Intensity
Geoscience Australia
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Western Tasmania and its northern
extension...the Selwyn Block.
(Cayley et al., 2002)

The Vandieland microcontinent —
deformed and uplifted Proterozoic -
Cambrian continental crust beneath
central Victoria (Cayley, 2011)

Extent in lower crust where influence
is expressed in granite chemistry

Key Outcrop at Waratah Bay

proves western Tasmanian
structural history (Tyennan Orogeny)
and provenance:Q

Total Magnetic Intensity | /1% gl AESC Feb 2026
Geoscience Australia




G

formity - ‘Tyennan Orogeny’
Coarse continentally-derived sediment pulse in latest Cambrian
Shallow marine post-Cambrian (limestones, phosphatic shale) = Western Tasmania.




A

Western Tasmania and its northern
extension...the Selwyn Block.
(Cayley et al., 2002)

The Vandieland microcontinent —
deformed and uplifted Proterozoic -
Cambrian continental crust beneath
central Victoria (Cayley, 2011)

Extent in lower crust where influence
is expressed in granite chemistry

Same relationships extend into north-
central Victoria: Q
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With the NSWGS onboard in 2016, project redesigned to cross the full width of eastern LFB geology
where best exposed and the best mapping and geological constraints already exist.
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aslab

Geodynamics of congested subduction zones

Model run time = 60 Million years

Ocean plate

Continent

Moresi, Betts, Miller, Cayley, 2014: NATURE
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Geodynamics of congested subduction zones

Rifting / basins

Moresi, Betts, Miller, Cayley, 2014: NATURE ~ #escrebray 202
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Paleo-Pacific
Ocean

= 38°S

152°E

Moresi, Betts, Miller
& Cayley 2014,
NATURE.

Cayley & Musgrave,
in review
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initiates

152°E

Moresi, Betts, Miller
& Cayley 2014,
NATURE.

Cayley & Musgrave,
in review
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”"slab pinned at
northern Selwyn
Block

Moresi, Betts, Miller
& Cayley 2014,
NATURE.

- 38°S Cayley & Musgrave,
in review
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...in places where access for the deep seismic reflection acquisition
infrastructure is possible, given it is the highest topographic relief

in the whole continent. The lines were designed to be as straight as possible

with overlaps across strike of areas of well-mapped and well-constrained geology

620000
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And now...a little something for the geophysicists......

Seismic data acquisition parameters

Symmetrical split spread, offset.: minimum 20 m, maximum 6 km

300 channels at 40 m intervals, 75 nominal fold data

80 m VP interval

Back crew

mR
o o'

Used a nodal system (SmartSolo) : geophones recorded until collected

Vibrators Front crew

§E3 183 BT s
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v

12 km Live Spread
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0

CDP

==

Oh, all right...

something else for the geophysicists......

Crooked Line
data processing

2-D vs hybrid 3-D
data processing

Differences between results

of processing the upper

few seconds of data using

2-D and hybrid 3D methods reveal
off-line reflectors....

Costelloe et al, 2019
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Interpretation, a t@m effort between Geoscience Australia, Geological Survey‘
of Victoria, Geological Survey'ofNSW and Auscope, involved triple-blind preliminary
interprl‘e'tétion sub-groups, followéd by whole of team reconciliation to a final product...
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SLaCT transects — migrated and stacked 20s TWT profiles
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SLaCT transects — migrated and stacked 20s TWT profiles
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SLaCT transects — migrated and stacked 20s TWT profiles
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Deddick Zone “okuekz - KvarkZone <> Mallacoota Zone

Tabberabbera Zone '-1—' Omeo Zone Omeo Zone
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Tabberabbera Zone <—‘—> Omeo Zone

Cayley et al., in prep.
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SLaCT transects — migratéd and stacked 20s TWT profiles
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A

Governor Fault position at surface
Cambrian-age MORB metavolcanics (DDW Supergroup) and shale at surface

.« o . . . Puw US -
< MARKO!
Ordovician-Silurian metasediments - ov BENDOG coBmANNAH
< Oap - PINNAK SST GROUP Sc  GROUP
3. 90 o %0 045 959 95 960 Lt ' 8'20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60, 0.65

G215 Oap Dth / Dtr overOap Oap Ob

Ob Sc
s e i

Governor Fault — overthrusts east flank of Selwyn Block, dips east overall (consistent with mapping and 2011 results)
Tabberabbera Zone — mid-upper crust dominated by low reflectivity Palaeozoic metasediments (Adaminaby, Bendoc, Cobbannah groups).
Reflectors at depth, rising to surface along western margin — Cambrian Dja Dja Wrung SuperGroup.

But: with crazy alternating reflectivity arranged en-echelon along the fault-plane into the lower crust.

Unreflective ‘eyes’ too coherent and extend too deep to be Palaeozoic metasediments or equivalent. AESC February 2026



Governor Fault Zone footwall projects to surface

12 to 15 km west across strike within Melbourne Zone

ot
s Ob BENDOC
1 ¢ Oap - PINNAK SST GROUP Sc
Uﬁ) 0.25 0.30 0.35 0.40 0.45
Ok215 oap Dth/Dtr overOap Oap  Ob
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Average Fault Zone dip to base of crust: 26°

Average FZ dip from~4to 2.5s TWT: 23°

Puw MARKOUS oM

COBBANNAH
GROUP
0.50 0.55 0.60, 0.65
Sc Sc Ob [ op Sc

* Seismic data reveals the Governor Fault Zone as 1.5 -2 s TWT thick (=~4.5 - 6 km)

* Only the upper part of the fault zone is exposed.
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LOCATION MAP

Upper Devonian
1 Mansfield Group and fiuvial sedimentary rocks
[_| Wellington Volcanics, Delatite Group
[ cauldran complexes
Middle and Upper Devonian
[ Granite
Lower and Middle Devonian
[ cathederal Group
Lower Devonian
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Cayley et al., in prep.
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Jordan River Group
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VandenBerg et al., 2000-; Cayley et al., in prep.
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Upper Devonian
Mansfield Group and fiuvial sedimentary rocks
[ ] Wellington Volcanics, Delatite Group
[ cauldran complexes
Middle and Upper Devonian
[ Granite
Lower and Middle Devanian
[ cathedersl Group
Lower Devonian
- Granite
Silurian to Lower Devonian
Murrindindi Supergroup
Cobbannah Group
Upper Ordovician
I Mount Easton Shale
[ ] Sunbury Group
Lower to Upper Ordovician
[] Castlemaine Group and Mount Easton Shale
Lower and Middle Ordovician
[ castlemaine and Adaminaby Groups
Cambrian

I Tholeiitic and boninitic igneous and overying
sedimentary rocks

- Calc-alkaline volcanic and overfying sedimentary rocks

Neoproterozoic

5 Sedimentary rocks
Volcanics

S Fault

—  GFeological boundary
Zone boundary

~  Bedding frend

e Melbourne Zone northwest trending cleavage




~ Mount Useful ‘Slate Belt’ - atypical Melbourne Zone - polydeformed

Jamieson-Licola Road;
VandenBerg et al, 2006

Deep Creek, Walhalla;
VandenBerg et al, 2006
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Illite Crystallinity transect

Values less than 0.25: epizone (greenschist facies (T > 300 °C)
Values between 0.25 and 0.42: anchizone conditions
(prehnite-pumpellyite / zeolite facies (T 200-300 °C, Frey et al., 1991).
Values greater than 0.42: diagenetic zone
(T <200 °C ;Warr & Rice, 1994; Merriman & Frey, 1999).

420w

4300m
— 44 Dooo
— 450000

Termperature (*C)
100 200 300 400 500
| | | | |

Wiest of Mount Easton Anbiclinorum
and Walhalla Syncinorium

Mount Useful Fault Zome

Fiddlers Green Fault

Migunt Useful Fault Zone
Jamieson window
(Hendrickx 1823}

E 3= Anticdinoriurm
&
£
Pl
_ . {Spaggiari ef al, 2003)
[ ] Cainozoic
- Baw Baw Granodiorite (Late Devonian) i B0
8.0
- Walhalla Group (Early Devomian) Offler. 2004
[ ] Jordan River Group (Silurian-Early Devonian) ’ 29 e
I Mount Easton Shale (Late Ordovician)
[ ] cambrian Hendrickx, 1993; Spaggiari et al., 2003; VandenBerg et al., 2006
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VandenBerg et al., 2000
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fault melange of
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Cambrian at shallow depth?

FGF  Fiddlers Green Fault MPA  Mongrel Point Anticlinorium SWS  Shillinglaw Synclinorium 1 Thomas Fault
JS Jamieson Syncline SS Selma Syncline WKI  Whisky Knob Inlier 2 Queen Bee Fault
J Jamieson Inlier MUA  Mount Useful Anticlinorium FHF  Frog Hollow Fault 3 Fullarton Fault

BF Barkly Fault 4 Late-stage faults
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Silurian
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Lower ? Cambrian

— Older Volcanics

" [C2v] extrusive

[ Mansfield Group
Snowy Plains Formation
- Mount Kent Conglomerate
I Wellington Volcanics
Delatite Group
Kevington Creek Formation
Moroka Glen Formation
Diw] Walhalla Group
[~ Jordan River Group
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IS Murderers Hill Siltstone
| Skt | Serpentine Creek Sandstane
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Si | Lacerriri Sillsiurme

[ rount Easton Shale
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Fault but too thin fo show)
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| N Handford Creek Formation
Hardwicke Creek Rhyolite
| ®4l | Lakelands Flat Breccia
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Licola Volcanics
[ whisky Knob Rhyolite

[
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Thomas Fault

Fullarton Fault
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Gp 2 structures
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Kanimblan structures
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A

Tabberabbera Zone regional mapping.

CR  Cassilis Reef South
WFZ Wonnangatta Fault Zone
BF  Barmouth Fault

GF  Governor Fault

CSZ Cassilis Shear Zone
ESZ Ensay Shear Zone

""""" S, cleavage
G & . E B

WFZ
GF 10 km

VandenBerg et al., 2000 AESC February 2026
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F Middle Devonian ~385 Ma
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A HFZ pre-Melbourne Trough

Howqgua subduction

) o T , Cambrian
The Howqua River Zone consists of highly dis- arc complex
rupted Ordovician turbidites and blocks of Cambrian s
mafic voleanics, including blueschist fragments meta- 2

morphosed at temperatures of <450°C and at pressures

of 700-900 MPa (Spaggiari et al. 2002a, b). Age constraints
are hased on lncal black shale cnnta:ining Darriwilian—

phic contours, L

sance SHRIMP ages of 450 + 23 Ma on titanite in blueschist

5881

/ helght inmasl.
Y‘\ = hutorhouse

f TN\ creek

TN 4WD track
“'<.~ walking track

and Ar-Ar ages of 446 = 2 Ma on slate that indicate Late
Ordovician metamorphism (Spaggiari et al. 2002a).

BUT: palaeogeography shows the Tabberabbera
Zone and Melbourne Zone weren’t together in the
Ordovician -first arrival across Governor Fault was Early Devonian!

ca. 430 Ma
Cambrian

drc

Benambran subduction
Sl complex

Howqua River —
subduction complex ~

Fergusson, 2003 ~

Benambran arc
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3 shearbands
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<« intersection lineation
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A
Talk Outline

Objectives: deep seismic reflection+ data spanning Palaeozoic Victoria; test the Lachlan Orocline hypothesis
Oceanic Lachlan Fold Belt versus the Selwyn Block continental collider that's embedded within it.

The Lachlan Orocline hypothesis — a quick review

Deep Seismic Reflection Survey design, acquisition, processing. Complementary geophysics.

Results of the survey — interpretation methodology, forward modelling

Governor Fault — building understanding of the Melbourne Zone/Tabberabbera Zone interface

Governor Fault Zone revealed as a lithospheric-scale mega-thrust — a Silurian east-dipping subduction zone
congested by a thick continental fragment (the Selwyn Block east flank)
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s 4

Working Hypothesis: Ordovician imbricated
forearc / accretionary wedge reactivated in
Silurian, progressively underthrust by

Selwyn Block flank to congest subduction zone.....
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Cayley et al., in prep.

AF GF/IF

b 4
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Gondwana
Curnamona
Craton

MOHO

relict of
Cambrian
subduction

®
%
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ll%‘\

Narooma
4 ESE

pre-Omeo Zone trough

Macquarie
Arc

450-446 Ma - Spaggiari et al., 2002
This is the Benambran Orogeny
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Paleo-Pacific
Ocean
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- 38°S

Cayley & Musgrave,
in prep.
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Cayley et al., in prep.
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A

Age constraints on collision initiation from changes in
Melbourne Zone sedimentation (Siluro-Devonian boundary)

ian Benambran subduction massif granites

Benambran arc
complex
@g @ T
A4

Howqua River
subduction complex

Fergusson, 2003

Cayley et al., in prep.
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Accretionary wedge overthrusts Selwyn Block
Passive margin, inverts former rift faults / blocks

\ —32°S
H-BZ
P
Q
o
S
rbo?
Ma‘“\(\(\fbc\}. = 38°S
Roll - ©
Subvertical extension field (sigma 3) for east-over-west L230km __, n

thrusting — would be expected to drive systematic 140°E 146°E 152°E

fragmentation of mobilised SB crust blocks o
OFFICIAL



shear-induced rotation:
extension fractures evolve into:

foreland-dipping antithetic thrusts.
MORSB slices drawn into fault interstices
from hangingwall side:

A

AESC February 2026

Foreland dipping
duplex

LEADING

IMBRICATE FAN
 IMBRICATE
FANS
TRAILING _]'
IMBRICATE FAN
—l
HINTERLAND
TDIPPING DUPLEX
L DUPLEXES —|— ANTIFORMAL 4 &
STACK
—
| FORELAND
DIPPING DUPLEX N\

FIG. 12—ClassificAtion vs wrscivus 3ysveims ve e, wos are i

THRUST
SYSTEMS

Boyer & Elliot, 1982

Shear-induced rotation progressively rotates duplex elements into
westerly dips = explains ladder-array geometry of interlayered
reflective and non reflective crust imaged in Governor Fault Zone.
Explains west-dip of fabrics, folds and thrust faults within

an overall east-dipping ‘Mount Useful Fault Zone’



_ A Fullarton

segment

Fiddlers Green / Howes Creek faults
Walhalla i e
Synclinorium eg: Spaggiari et al., 2004
Mount Useful oo ARKOUS S
Slate Belt  »-» *&Rowr. s C%BR%TPPN"*/ KL\
Melbourne Zone _ . 030 0.35 0.40 045 0.50 0.55 0.60 0.65
sasssmsnsnunms Oap Dth/DtroverOap Oap ~ Ob Sc Sc ob [op sc
N |
-:::::?. %
Seismic data reveals the Governor Fault Zone to be = \gz
1.5-2 s TWT thick (=~4.5 - 6 km) with a simple planar base. 3
The fault zone is the ‘Mount Useful Slate Belt’.
This model explains the reversal of structural vergence. ¢

Wahalla Synclinorium is a thrust-footwall-propagated syncline.
‘Governor Fault’ sensu-stricto revealed as an upper fault zone-bounding
structure which will have variable character along-strike

Cayley et al., in prep.
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