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Abstract The Lachlan Fold Belt (Lachlan Orogen) of eastern Australia was part
of a Paleozoic convergent plate margin that stretched around the supercontinent of
Gondwana from South America to Australia. Lower Paleozoic (545–365 Ma) deep-
water, quartz-rich turbidites, calcalkaline volcanic rocks, and voluminous granitic plu-
tons dominate the Lachlan Orogen. These rocks overlie a mafic lower crust of oceanic
affinity. Shortening and accretion of the Lachlan occurred through stepwise defor-
mation and metamorphism from Late Ordovician (;450 Ma) through early Carbon-
iferous times, with dominant events at about 440–430 Ma and 400–380 Ma. The
development and accretion of the Lachlan Orogen and other related belts within the
Tasmanides added about 2.5 Mkm2 to the surface area of Gondwana. The sedimentary,
magmatic, and deformational processes converted an oceanic turbidite fan system into
continental crust of normal thickness. The addition of this recycled continental detritus
and juvenile material to Australia represents an under-recognized continental crustal
growth mechanism that has been important thoughout earth history.

INTRODUCTION

The Lachlan Fold Belt (Lachlan Orogen) occupies the central part of the north-
south trending, Neoproterozoic to Mesozoic Tasmanides (Scheibner 1974) along
the eastern margin of Australia (Figure 1, see color insert). The Lachlan Orogen
(Figures 1 and 2) is part of a Paleozoic orogenic system that extended some
20,000 km along the margin of Gondwana from the northern Andes through the
Pacific margin of Antarctica to eastern Australia (Figure 3). The belt is composed
of deformed deep-marine sedimentary rocks (quartz-rich turbidites), cherts, and
mafic volcanic rocks of Cambrian to Devonian (520 Ma–350 Ma) age, and
younger continental cover sequences (Cas 1983, Gray & Foster 1997). The Lach-
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Figure 2 Map of major geological elements of Australia showing the Lachlan Orogen
and other Phanerozoic orogenic belts of the Tasmanides.

lan has been described as an accretionary continental margin orogen that provides
an unmodified example of Paleozoic Circum-Pacific tectonics (Coney 1992), or
as a retreating subduction zone orogen (Royden 1993); it did not suffer a terminal
continent–continent collision. The large volume of turbidites that make up the
submarine sediment dispersal system was of similar scale to the Bengal Fan and
eroded from the Cambrian (;500 Ma) Delamerian/Ross Orogen in Australia and
Antarctica (Fergusson & Coney 1992b). The fan was developed mainly on oce-
anic crust and also within an island arc (Fergusson & Coney 1992a, Foster et al
1999, Glen et al 1998). The Lachlan crustal section is thought to comprise an
upper crustal framework of thin-skinned thrust belts that flatten with depth and
link into a mid-crustal detachment. The lower crust beneath the detachment is
imbricated oceanic crust containing possible fragments of continental crust (Gray
et al 1991, Leven et al 1992, Glen 1992, Gray & Foster 1998, Korsch et al 1999).
The orogen developed through stepwise continental accretion of the oceanic
sequences accompanied by marked Late Ordovician-Devonian structural thick-
ening (;300%) and shortening (;75%) to form crust ;35–40 km thick. This
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Figure 3 Map of Gondwana showing the position of the Tasmanides within a Paleozoic
orogenic belt stretching from South America through Australia (reconstruction is based
on Li & Powell 1993).
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Figure 1 Magnetic anomaly map of Australia showing the difference between the Archean
and Proterozoic cratons of Australia and the Phanerozoic orogenic belts. The Tasman Line
marks the eastern limit of exposed Precambrian rocks. The Lachlan Orogen has a relative-
ly quiet magnetic character, except for belts of mafic volcanic rocks resulting from the
dominant Ordovician turbidite sequence. Magnetic base map is adapted from AGSO, by
permission.
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Figure 12 Plate tectonic model for the progressive development of the Lachlan
Orogen from 520--380 Ma (Foster et al 1999). The plate positions and continental out-
lines were calculated and drawn using data in the Paleogeographic Information
System/MacTM version June 7, 1997, by MI Ross & CR Scotese (PALEOMAP
Project, Arlington Texas).
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process included widespread magmatism and ultimately added approximately 2.5
Mkm2 to the surface area size of Australia.

In some ways, the Lachlan Orogen differs from classical orogenic belts such
as the Alps, Appalachians, and North American Cordillera, which were con-
structed partly of continental shelf sequences developed along margins of mod-
erately thick (;30–40 km) continents (Coney et al 1990, Gray & Foster 1998).
However, it shares similarities with other accretionary orogens such as those in
central Asia, the Pan African belts of northeast Africa and Arabia (e.g. Sengor &
Natal’in 1996), and the Proterozoic Yavapai Orogen south of the Wyoming craton
(e.g. Hoffman 1988). The belt has similar lithotectonic assemblages, general
structural style, and average level of exposure along the entire .1,000 km
exposed length and across the ;700 km width of the belt (Gray 1997).

For this and other reasons, the tectonic setting and evolution of the Lachlan
Orogen have been contentious (see Gray 1997, Gray & Foster 1997). Significant
advances in understanding the Lachlan Orogen have been made in the last five
to ten years, including improvement in understanding of: timing and patterns of
deformation (Foster et al 1998, 1999); origin of the granitic plutons (Collins
1998); nature of the Ordovician arc in the east (Glen et al 1998); nature of the
lower crust (Spaggiari et al 1999, Korsch et al 1999); and significance of the fault
zones (Gray & Foster 1998). This paper summarizes the broad structures and
nature of the Lachlan Orogen and presents an interpretation of the major tectonic
events and settings.

THE TASMANIDES

In eastern Australia three north-south trending deformed belts make up the com-
posite Tasmanides (Delamerian, Lachlan/Thomson, and New England Orogens,
Figure 4). These orogens are distinguished by their lithofacies, tectonic settings,
timing of orogenesis, and eventual consolidation to the Australian craton. Bound-
aries between them are generally not exposed and are covered by younger
sequences. The more internal part, including the Neoproterozoic-Cambrian Dela-
merian and the western part of the Lachlan Orogen, shows pronounced curvature
and structural conformity with the promontories and recesses in the old cratonic
margin (Tasman Line) (Figures 1 and 2). The Lachlan and Thomson parts of the
orogen have arcuate trends that coincide with the recesses of the old cratonic
margin. Outboard of this, the central and eastern belts of the Lachlan and the
Carboniferous-Triassic New England Orogen have more continuous trends that
truncate the inner belt trends and thus show no relationship to the old cratonic
margin. The older western parts of the Tasmanides (Delamerian and westernmost
Lachlan) were continuous with orogenic belts of similar age in north Victoria
Land, Antarctica, where they make up the Ross Orogen (Foster & Gleadow 1992,
Flöttmann et al 1993, Flöttmann & Oliver 1994). The Wilson Terrain of Antarctica
is equivalent to the Delamerian, whereas the Robertson Bay Terrain shows sim-
ilarities to the westernmost Lachlan. The younger parts of the Tasmanides, includ-
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Figure 4 Structural trend map of the Lachlan Orogen and Tasmanides combining aero-
magnetic trend lines and outcrop traces from regional maps and satellite images (after
Foster et al 1999). The western, central, and eastern subprovinces are identified, along
with major faults (1–20).

ing the New England Orogen, were fragmented by the opening of the Tasman
Sea during the Cretaceous and early Tertiary (Veevers et al 1991). Rifted and
separated parts of the Tasmanides, as well as younger outboard terrains, are now
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located in New Zealand, New Caledonia, and Lord Howe Rise (Gibson & Ireland
1996, Adams & Kelley 1998, Aitchison et al 1998).

DELAMERIAN OROGEN

The Delamerian Orogen is an arcuate, craton-verging thrust belt (Figure 4) with
foreland-style folds and detachment-style thrusts to the west, and a high T/low P
metamorphic hinterland to the east (Marshak & Flöttmann 1996). The high-grade
part is characterized by polyphase deformation, amphibolite grade metamor-
phism, and intrusion of syn- and post-tectonic granites (Sandiford et al 1992).
During the Middle Cambrian (;500 Ma), allochthonous sheets consisting of NW-
verging duplexes of Cambrian Kanmantoo Group were emplaced over the less
deformed and Neoproterozoic Adelaidean metamorphosed shelf sequence of the
external zone (Jenkins & Sandiford 1992, Flöttmann et al 1994) (Figure 4). Rela-
tively rapid unroofing is suggested by juxtaposition of these high-grade rocks and
their syn-tectonic granites (520–490 Ma) with undeformed, high-level silicic
granites and volcanics intruded at ;485 Ma (Sandiford et al 1992; Turner et al
1992, 1993, 1994). Exhumation of the Delamerian Orogen and the formerly con-
tinuous Ross Orogen of Antarctica provided a source for the extensive Cambro-
Ordovician turbidite sequences of the Lachlan Orogen to the east (Turner et al
1996, Foster et al 1998).

LACHLAN OROGEN

Stratigraphy and Structural Framework

The Lachlan Orogen consists of three separate and distinct subprovinces (Figure
4), each with differences in rock type, metamorphic grade, structural history, and
geological evolution (Figure 5). The western and central subprovinces are dom-
inated by a turbidite succession consisting of quartz-rich sandstones and black
shales. The eastern subprovince consists of mafic volcanic, volcaniclastic, and
carbonate rocks, as well as quartz-rich turbidites and extensive black shale in the
easternmost part (VandenBerg & Stewart 1992). The nature of the basement to
the turbidite succession is less certain. In the western subprovince, Cambrian
(;500 Ma) mafic volcanic rocks of oceanic affinities underlie the quartz-rich
turbidite succession, whereas in the eastern subprovince the oldest rocks observed
are Ordovician arc volcanic rocks and a Late Cambrian/Early Ordovician (;500–
480 Ma) chert/turbidite/mafic volcanic sequence.

Although differences exist among the three subprovinces, little evidence sug-
gests that they are far traveled with respect to each other. The subprovinces prob-
ably all formed along the same Gondwanan margin at different distances from
the continental margin and different positions within the sediment fan, with the
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development within or away from the volcanic arc (Coney 1992). Moreover, the
consistency of stratigraphy and structures around the southern end of the central
metamorphic complex (Figure 4) suggests that the central and eastern subprov-
inces were linked from early in the Paleozoic (Wilson et al 1999). Strike-slip
translations have been proposed between some of the subprovinces, on their
bounding faults juxtaposing parts of the Paleozoic margin that developed along
strike from each other (VandenBerg & Stewart 1992, Glen et al 1994). Impor-
tantly, though, determinations of preserved wrench components of displacement
along faults are always less than 50 km (Gray & Foster 1998).

Structurally, the Lachlan consists mainly of a simple sequence of upright chev-
ron folds and steep faults. (Folds range from open to tight.) Within this sequence,
a number of fault-bounded structural zones show differences in structural trends,
the timing and nature of deformation, and tectonic vergence (Figures 6, 7, and
8). These zones show no simple accretionary trends, and the Orogen is not dom-
inated by thrust-belts verging toward the craton. The western subprovince consists
of an east-vergent thrust system with alternating zones of northwest- and north-
trending structures (Gray & Willman 1991a,b; Wilson et al 1992; Foster et al
1996). The central subprovince is dominated by northwest-trending structures and
consists of a southwest-vergent thrust-belt linked to a fault-bounded metamorphic
complex (Morand & Gray 1991). The eastern subprovince is dominated by a
north-south structural grain and east-directed thrusting associated with inverted
extensional basins in the west, along with an east-vergent thrust system in the
east that links into an accretionary complex. The central subprovince separates
the regions of different lithostratigraphy that were subsequently juxtaposed along
the regional fault systems, both within and bounding the central belt (Fergusson
et al 1986, Morand & Gray 1991, VandenBerg & Stewart 1992, Glen 1992).

The Western Subprovince

The western subprovince (Figure 6) is a folded turbidite sequence cut by a series
of strike-parallel, west-dipping, reverse faults that link into a mid-crustal detach-
ment fault to form an east-vergent thrust system (Gray 1988; Cox et al 1991;
Gray & Willman 1991a,b; Gray et al 1991; Foster et al 1996). These major faults
are steeply dipping zones, up to 2 km wide, of strongly deformed rocks with
intense development of obliquely trending crenulation cleavages that are gener-
ally, but variably, associated with steeply plunging meso- and micro-folds. The
faults expose Cambrian (;500 Ma) metavolcanics (tholeiitic basalts, boninites,
andesites, and rare ultramafics), cherts, and volcaniclastics in their immediate
hanging walls. Although the Cambrian rocks are all fault-bounded, they form
basement to the younger clastic succession, and have mid-ocean ridge basalt
(MORB) or back-arc basin (BAB) affinities (Crawford & Keays 1978, Crawford
et al 1984). Relict blueschist facies assemblages occur in mafic rocks of the
Heathcote and the Stawell-Ararat fault zones (Spaggiari et al 1999, Wilson et al
1992). These metavolcanic rocks are heterogeneously deformed with undeformed
blocks containing relict igneous textures surrounded by shear zones consisting of
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talc and serpentinite. The metavolcanic belts represent peeled-off segments of the
upper oceanic crust and are spaced at 110–150 km intervals in the western Lach-
lan Orogen (Gray & Foster 1998).

Stratigraphy above the metavolcanic rocks is dominated by Cambrian-
Ordovician (;500–470 Ma) quartz-rich turbidites in the west and a sequence of
Ordovician to Devonian (;480–390 Ma) strata in the east. Stratigraphic control
is based on a relatively complete graptolite zonation (VandenBerg 1988). The
younger strata in the east include black shale, mudstone, and reworked sandstone
(Moore et al 1998).

The turbidites now consist of chevron-folded sandstone and mudstone layers,
which reflect up to 65% shortening above the mid-crustal detachment (Gray &
Willman 1991b). Regional scale anticlinoria and synclinoria, with a slaty cleavage
that ranges from weakly fanning to axial surface in style, are cut by steeply east
and west dipping reverse faults and by quartz veins (Gray et al 1991). The main
fabric development, related to mica growth in both slate and psammite, occurred
late in the chevron fold development after fold lock-up and attainment of maxi-
mum tectonic thickening (Gray & Willman 1991b, Yang & Gray 1994). Overall,
tectonic shortening ranges from 30–50% (owing largely to folding) in the eastern
segment, and from 60–70% in the other zones because of folding, cleavage devel-
opment, and faulting (Figure 6).

Hanging wall stratigraphy of major faults indicates that detachments occur at
the base of the Ordovician turbidite sequence (Lancefieldian, ;490 Ma) and
within the Cambrian mafic volcanics of the western Lachlan (Gray & Willman
1991a,b). Deep seismic profiling and microseismicity studies suggest that the
detachment is at ;15–17 km depth (Gray et al 1991, Gibson et al 1981) and
shallows to the east where it is exposed as the Mt. Wellington fault zone.

The western boundary of this subprovince is the Moyston fault zone (Foster
& Gleadow 1992, Cayley & Taylor 1999). This fault is a 20-km wide zone that
dips steeply eastward and places amphibolite facies rocks of the Lachlan on low-
grade rocks of the Delamerian. The Moyston fault appears to have developed as
a back thrust or a retro-wedge to the growing east-vergent system (Foster et al
1999, Cayley & Taylor 1999).

Metamorphism of the turbidites is mainly epizonal to anchizonal in the west
between the Stawell and Heathcote faults, with bo lattice spacing of phengites
indicative of intermediate pressure regional metamorphism in a low geothermal
gradient environment (Offler et al 1998a); metamorphism is anchizonal to dia-
genetic east of the Heathcote fault. Exceptions to the low greenschist to
subgreenschist grade include schistose to hornfelsed contact zones of Devonian
(;400 Ma) plutons (Offler et al 1998a) and the amphibolite facies rocks unroofed
in the hanging wall of the Moyston fault (Cayley & Taylor 1999).

The Central Subprovince

The Central subprovince (Figure 7) is dominated by the fault-bounded Wagga-
Omeo metamorphic complex of greenschist to upper amphibolite facies rocks
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Figure 7 Structural trend map and profile of the central Lachlan orogen incorporating
the Wagga-Omeo and Tabberabbera zones (Fergusson 1987; Morand & Gray 1991; Gray
& Foster 1998). The frontal fault of the Tabberabbera zone is the Governor fault zone.
Abbreviations are as follows: GFZ, Governor fault zone; WFZ, Wonnangatta fault zone;
and EF, Ensay fault.
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(Morand 1990). The subprovince consists of complexly deformed Ordovician
metasedimentary rocks dominated by Early to Middle Silurian (;440–425 Ma)
deformation, and is intruded by Silurian to Devonian (;430–400 Ma) granites
(Morand & Gray 1991, Glen 1992, Fergusson & Coney 1992b, Wilson et al 1999).
Much of the complex, which represents the main locus of Paleozoic intermediate
to high-grade, low-pressure metamorphism in the Lachlan Orogen, is bounded
by major amphibolite-upper greenschist facies and mylonitic strike-slip faults,
especially on the western and eastern margins (Kancoona, Kiewa, Ensay, Cassilis
faults on the west and the Gilmore fault in the east; Gray & Foster 1998). For
example, the Kiewa fault zone is a 1.5-km wide, steeply west-dipping mylonite
zone, with S-C fabrics indicating an early dextral strike-slip movement, over-
printed by post-Middle Devonian faults with sinistral strike-slip movement (Mor-
and & Gray 1991). Part of the southeastern margin is bounded by a major thrust
fault (Indi Fault) (Morand & Gray 1991).

External to the subprovince on the southeast side is a low metamorphic grade,
north-northwest trending belt of chevron-folded and faulted Ordovician turbidites
in the east and Silurian turbidites in the southwest (Tabberabbera Zone) (Fergusson
1987, 1998). A 2-km wide melange zone (Wonnangatta Fault) separates thick-
skinned structures, dominated by folds with tighter wavelengths (;10 km), larger
amplitudes (;10 km), and polydeformation, from a thin-skinned zone with only
one set of fold structures cut by north-dipping reverse faults (Fergusson 1987, Gray
& Foster 1998). Both the Ordovician and Silurian strata are characterized by very
strong bedding-parallel fabrics that are tectonic in nature because they form axial
surfaces to early buckled quartz veins. At the boundary fault (Governor fault)
between the central and western subprovinces, tectonic vergence changes from
west to east facing, respectively. Ultramafic to mafic melange zones including
blueschist facies blocks are exposed at this interface within a series of steep anas-
tomosing faults (VandenBerg et al 1995, Spaggiari et al 1999, Gray & Foster 1998).

The Wagga-Omeo complex metasediments are associated with large volumes
of Early Silurian and Devonian (;430–400 Ma) granite. Peak metamorphic tem-
peratures and pressures in the southern part of the complex were ;7008C and
;3.5 kbar (Morand 1990), producing anatectic migmatites and diatexites (Wilson
et al 1999). Erosional unroofing of the metamorphic complex in the Middle-Late
Silurian, documented in the Wombat and Cowombat rifts, requires shallow over-
burden and rapid unroofing (Morand 1990, Foster et al 1999). Wrenching on the
northwest-trending marginal shear zones combined with thrusting along the lead-
ing edge led to emplacement of the Wagga-Omeo complex as a southeast-moving
crustal wedge in the Late Silurian to Early Devonian (;420–400 Ma) (Morand
& Gray 1991).

The Eastern Subprovince

The Eastern subprovince (Figure 8) is characterized by a series of anticlinorial
and synclinorial zones bounded by both east- and west-dipping reverse faults.
Folding is more open (interlimb angles of 708–1208 with shortenings of 24–33%
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(Fergusson & Coney 1992a), with an overall east vergence and an eastward
increase in degree of cleavage development. The regional folds become tight and
inclined toward the Capertee anticlinorial zone. Inversion of a series of former
Mid-Silurian to Late Devonian extensional basins represented by alternating
troughs (rift basins with turbidites) and highs (carbonates and Ordovician volcanic
rocks) has controlled the present distribution of synclinorial and anticlinorial
zones respectively (Powell 1984, Glen et al 1998).

A major feature of the eastern Lachlan is the calcalkaline volcanic arc base-
ment (Glen et al 1998). The volcanic rocks outcrop as four belts of calcalkaline
to shoshonitic basalts and andesites that erupted from a series of intra-oceanic
centers on an abyssal plain covered by the turbidite deposits (Fergusson & Coney
1992b, VandenBerg & Stewart 1992, Glen et al 1998). After eruption, the rela-
tively thick strong arc crust dominated the deformational history of the eastern
Lachlan Orogen, so that when subjected to transtension in the middle Paleozoic,
it rifted into a series of linked basins. Some of these rifted basins evolved into
small spreading centers (e.g. Tumut: Stuart-Smith 1991; Dadd 1998) The Ordo-
vician arc basement probably also exists beneath the Wagga-Omeo complex,
where it may have contributed to the fertile source of the Silurian to Devonian
granitoids.

The eastern part of the subprovince is characterized by the chevron-folded
turbidites and brittle thrusts of the Bungonia-Delegate thrust belt (Yalmy, Yarra-
law, Razorback, and Copperhannia faults) (Fergusson & VandenBerg 1990). In
the southern part, structural repetition or interleaving of the Ordovician and Silu-
rian turbidite package is responsible for an inferred listric-fault system (Glen &
VandenBerg 1987). To the north, the faults dip steeply (.608) and clearly cut the
chevron-folded sequences (Fergusson & VandenBerg 1990). This thrust belt is
now juxtaposed against the coastal facies belt of Powell (1984) and includes a
broken formation (melange) of a Late Ordovician/Early Silurian (;460–440 Ma)
accretionary complex within a Late Cambrian/Early Ordovician (;500–480 Ma)
chert/basalt/turbidite sequence (Miller & Gray 1996, Offler et al 1998b). Several
isolated north-south, elongated, low pressure/high temperature metamorphic com-
plexes (Cooma, Jerangle, Cambalong and Kuark complexes) occur within the
Bungonia-Delegate thrust belt. They are associated with foliated granitoids and
have very narrow north-south trending metamorphic zones defined by biotite,
knotted schist (cordierite), sillimanite zone rocks, migmatites, and anatectic gran-
ite (Glen 1992). The narrow metamorphic zones are east-directed shear zones
characterized by multiple cleavages, mesoscopic sheath folds, transposition lay-
ering, shear bands and S-C fabrics, and quartz c-axis fabrics. Thrusting produced
gneissic banding, mylonitic layering, and secondary foliations in the granites, and
complex, polyphase folding in the wallrocks (Paterson et al 1990). These meta-
morphic complexes were emplaced to the present level of exposure on the Devo-
nian thrusts (Glen 1992, Foster et al 1999) and provide a window into the crustal
source regions of the higher-level granitoid plutons.
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Apart from the metamorphic complexes, the dominant metamorphic assem-
blage is white mica-chlorite in pelites in the eastern subprovince (Smith 1969,
Offler & Prendergast 1985, Farrell & Offler 1989). Metamorphic conditions are
characteristic of the greenschist facies, with P/T conditions of 330–4508C and
1–7 kbar (Farrell & Offler 1989). In the extreme southeast part of the belt
(Narooma zone), very highly strained cherts and pelites were deformed at tem-
peratures of ;2608C and pressures of ;3 kbar (Offler et al 1998b).

Rift basin inversion in the north results largely from east-directed thrusting
along earlier-formed extensional faults and their associated detachment (Glen
1992, Glen et al 1992). This deformation occurred at ;400 Ma in the west in the
Cobar Basin (Glen et al 1992) and at ;380 Ma and 360 Ma in the east in the
Hill End Basin (Glen & Watkins 1999, Packham 1999, Foster et al 1999). The
age of thrusting within the eastern part (Bungonia-Delegate thrust-belt) is thought
to range from Early Silurian to Middle Devonian based on age constraints of
granitic plutons (Fergusson & VandenBerg 1990).

The deformed Ordovician through Early Devonian sequence of the eastern
Lachlan is overlain by Late Devonian-Early Carboniferous (;370–360 Ma)
molasse (Lambie facies), which was folded into a series of open meridional folds
in the Early Carboniferous (;360–340 Ma) (Figure 8). Intensity of this Early
Carboniferous deformation, as recorded by fold tightness in Lambie facies rocks,
increases dramatically eastward toward the New England Orogen (Powell 1984).

Magmatism

Granitoid plutons cover up to 36% of the exposed Lachlan Orogen, with maxi-
mum development in the central and eastern subprovinces (Figure 9). The broad
compositional characteristics of these rocks, based on the I-type and S-type clas-
sification, are summarized by Chappell et al (1988). In the western Lachlan,
granites are moderately shallow level, are mainly post-deformational plutons, and
have narrow (1–2 km wide) contact aureoles or very shallow level subvolcanic
plutons associated with caldera-collapse rhyolites and ash flows. Shallow level
plutons are also common in the eastern subprovince. Deeper plutons associated
with regional low-P/high-T metamorphism are less common and are associated
with migmatites and K feldspar-cordierite-andalusite-sillimanite gneisses of the
Wagga-Omeo, Cooma, Cambalong, and Kuark complexes.

Granite intrusion occurred mainly during several time intervals. Between 430
and 415 Ma, the syntectonic plutons in the high-grade metamorphic complexes
of the central and eastern subprovinces were emplaced (Williams et al 1983,
Williams 1992, Keay et al 1998, Wilson et al 1999). In the eastern Lachlan, the
voluminous plutons of the Bega batholith (Williams et al 1983) and the other
large elongate batholiths extending north to the Wyangula batholith also intruded
during this time. By 405–390 Ma, plutonism in the eastern subprovince migrated
eastward, closer to the Pacific coast; a large number of high-level plutons intruded
into the western subprovince, as did the mainly post-tectonic plutons of the central
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Figure 9 Map of intrusion ages of granitic plutons of the Lachlan orogen. Numbers show
the five main areas of magmatic activity (Gray & Foster 1997).

province (Powell 1983, Bucher 1998). The 370–360 Ma plutons are typical of
the central Victorian magmatic province where the granitic plutons are closely
associated with caldera complexes (Richards & Singleton 1981, Bucher 1998).

The outcrop patterns of the plutons suggest five major granite provinces, which
presumably reflect the mode and timing of emplacement relative to tectonism,
and the state of stress at the particular level of emplacement (Gray 1997, Gray &
Foster 1997). Elongate north-northwest trending granites define the Wagga-Omeo
complex. North-south trending granites of the eastern subprovince are elongated
parallel to the regional structural grain. Many of these granites are syn-tectonic
with major mylonites developed along their eastern margins. In the western Lach-
lan, post-tectonic granites of the central Victorian magmatic province are east-
west trending, have elongated form, and were probably emplaced by stoping.

The Paleozoic igneous rocks range from basalt/gabbro to alkali feldspar gran-
ite. Some are strongly peraluminous, including cordierite-bearing granite (S-
type), whereas others are metaluminous hornblende-biotite granitoids (I-type)
(Chappell et al 1988, Collins 1998). Previous models held that the compositional
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variations depended on the crustal source terrains (thought to be Proterozoic) and
that the typical linear variation trends were related to variable amounts of restite
unmixing (e.g. Chappell et al 1988, McCulloch & Chappell 1982). Based on
larger Nd, Sr, and Pb isotopic data sets, as well as geochemical data, it now
appears that the different granite types are related mainly to various degrees of
mixing between subduction-generated, mantle-derived mafic magmas and partial
melts of two crustal components: 1) the mafic oceanic/island arc basement and
2) the Ordovician turbidite sequence (CM Gray 1990; Collins 1996, 1998; Keay
et al 1997; Gray et al 1998). Inherited zircon in both the I- and S-type plutons
contain the same age populations as the Ordovician turbidites, and the two pluton
types have similar isotopic trends (Collins 1998). This magma generation and
mixing process is apparent in the high-grade metamorphic belts (e.g. Cooma and
Omeo) where complete gradations from metasediments to metatexite to diatexite
to granite, associated with mafic igneous rocks, are exposed (e.g. Collins 1998,
Wilson et al 1999). The distinctive I-S line (White & Chappell 1983) of the eastern
Lachlan Orogen could be the eastern limit of the thick turbidite wedge (Collins
1998) or a thrust boundary that brings up deeper crustal levels on the west side
(Hendrix 1999).

Rifts, Foreland Basins, and Cover Sequences

The Lachlan Orogen was extended at different times throughout the Paleozoic
(e.g. Cas 1983, Coney et al 1990, Foster et al 1999). Extensional periods were
marked by localized development of rift basins and half grabens accompanied by
extensive granitic magmatism and silicic volcanism (Gray 1997, Figure 18). Dur-
ing the Late Silurian and Devonian, rifts may have been linked in a broad basin-
and-range style, distributed extensional or transtensional system (Cas 1983). This
developed in response to subduction rollback, collapse of the Late Ordovician/
Early Silurian thickened crust, or highly oblique convergence between Australia
and the Pacific. Rift basins within the Lachlan Orogen are now preserved as
elongate zones of clastic sedimentary cover sequences, and silicic volcanic rocks,
locally with intrusions of A-type granitoids. The rift basins represent structural/
topographic remnants of inverted extensional basins that were generally bounded
by north-south trending extensional faults. The chemical compositions of basaltic
rocks in the Lachlan are also indicative of an extensional back arc setting for the
mid-Paleozoic (Collins 1999).

Half-graben sequences are typified by the Cobar Basin, which is an overlap/
cover basin to the central Lachlan (Glen et al 1994), and the succession of troughs
and highs in the northern part of the eastern Lachlan (Glen 1992). Other regions
have been interpreted as strike-slip basins, such as the Tumut Basin (Stuart-Smith
1991) and the Mansfield and Combienbar Basins (Powell 1984). Ages of sedi-
mentary and volcanic rocks within the rifts provide an approximate timing for
extension.
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The northwest part of the eastern Lachlan Orogen underwent regional exten-
sion after the Early Silurian (;440–430 Ma) deformation in the Wagga-Omeo
complex. Short-lived (,30 Ma) rift basins (Cowombat and Wombat rifts, Figure
7) developed within the uplifted metamorphic complex and were subsequently
deformed in the Late Silurian (;420 Ma). Several rift basins developed east of
the metamorphic belt during the Late Silurian to Early Devonian (;420–400 Ma)
(e.g. Cobar, Cowra and Hill End Basins, Figures 4 and 8).

Other regions show Early and/or Late Devonian bimodal volcanism associated
with extension; this includes the Woods Point mafic-felsic dyke swarm in the
eastern part of the western sub-province: 375 Ma (Arne et al 1998) and Early and
Late Devonian silicic volcanism [Rocklands Rhyolite, near the Delamerian-
Lachlan boundary: ;410 Ma (CM Fanning, unpublished data)]; Central Victorian
caldera complexes: ;360–370 Ma (Bucher 1998; Richards & Singleton 1981);
Snowy River volcanics: Early Devonian (Talent 1965).

Other large preserved sequences of clastic cover appear to be related in part
to the late stages of regional compression and crustal thickening. These basins,
like the Late Devonian to Carboniferous Mansfield basin (O’Halloran & Cas
1995), overlap the major fault zones and were probably initiated as foreland
basins, although they may have become extensional later in their history.

Crustal Structure

Crustal thickness in the Lachlan Orogen ranges from 40 to 52 km under the
eastern highlands of Australia, and from 35–36 km in the western subprovince,
to 26 km in the eastern Lachlan (Finlayson et al 1980, Gibson et al 1981). The
southeastern part of the eastern subprovince is characterized by an upper crust
with P-wave velocities between 5.6–6.3 km/sec, a lower crust with velocities
between 6.7–7.4 km/sec, and a low velocity zone at a depth of about 15–20 km
(Finlayson et al 1980). In the western subprovince, the upper crustal velocities
range between 5.3–5.9 km/sec with a change to $6.3 km/sec at a depth of 17 km
(Gibson et al 1981).

Limited deep seismic reflection profiles (Pinchin 1980, Leven et al 1992, Gray
et al 1991, Korsch et al 1999) provide evidence for the nature and geometry of
the lower crust. Petrologic evidence from xenoliths in young volcanic rocks (Grif-
fin & O’Reilly 1987, Clemens 1988) suggests a lower crust dominated by sub-
horizontal alternating mafic and felsic layers, but structural interpretations of
seismic profiles suggest the existence of a structurally complex lower crust cut
by shear zones. The Tibbinbilla-Braidwood seismic traverses, which have short
traverse lengths (,10 km) and were shot above granites, show intracrustal reflec-
tions (particularly at 10–12 km, and a pronounced low-velocity zone at 22–28
km) with a depth to the reflection Moho of 41 km (Pinchin 1980). The Tumut
seismic traverse shows that steep faults exposed at the surface (Killimicat and
Mooney Mooney faults) correspond to east-dipping, listric-shaped, nonreflective
zones (Leven et al 1992). These are truncated by a series of strong, continuous,
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gently west-dipping reflectors interpreted to represent a detachment at ;20 km
depth. The Cobar seismic traverses show a Moho depth of 30–33 km and a mid-
crustal detachment that varies in depth from 25 to 12–16 km (Glen et al 1994).

The Heathcote seismic data (Gray et al 1991) in the western subprovince shows
a reflection Moho at approximately 36 km. The steeply dipping Heathcote fault-
zone appears as a moderately dipping reflector that flattens with depth to ;15
km (Figure 10). The lower crust appears structurally complex and has been inter-
preted as a westward-dipping duplex or crustal stacking-wedge developed on a
ramp that originates at the crust–mantle boundary (Gray et al 1991). The Gram-
pians seismic reflection traverse shows a duplexed lower crust at the boundary
between the Delamerian and Lachlan. In the upper crust, the Moyston fault is
marked by a steep, east-dipping, highly reflective zone (Korsch et al 1999).

Timing of Deformation and Regional Events

The timing of orogenic events in the Lachlan Orogen is broadly defined by the
ages of strata over regional unconformities and by stitching plutons (Gray &
Foster 1997). More recently, Ar-Ar data from metamorphic white mica in the
low-grade meta-sedimentary rocks give precise estimates on the timing of cleav-
age formation and regional deformation events (Foster et al 1999). Ar-Ar results
for rocks in the high-grade metamorphic complexes give the timing of exhuma-
tion, so wherever possible, deformation in these areas is controlled by U-Pb zircon
data.

The Ar-Ar geochronologic and thermochronologic data, interpreted along with
other geological data, allow us to define when specific regions within the Lachlan
Orogen first underwent significant deformation, metamorphism, faulting, and
reactivation (Foster et al 1999). Deformation in the Lachlan Orogen was initiated
between ;455 and 430 Ma in three areas: the western subprovince where it
migrated eastward, the central subprovince where it migrated to the southwest,
and the eastern subprovince in the Narooma accretionary complex. The western
subprovince is characterized by major deformation in the Stawell and Bendigo-
Ballarat zones between ;455 and 440 Ma, and fault reactivation at ;430–410
Ma (Foster et al 1996, 1998, 1999). The eastern bounding faults of the western
Lachlan, in the Mount Wellington fault zone, were active between 410 and 385
Ma (Figure 11) (Foster et al 1998, 1999) and were reactivated during Carbonif-
erous (;360–340 Ma) time (VandenBerg et al 1995).

The central subprovince underwent major deformation in the high-grade meta-
morphic complex between 440 and 430 Ma (Wilson et al 1999, Foster et al 1999)
and was exhumed between ;410 and 400 Ma, as shown by mica dates from the
shear zones bounding the complex (Foster et al 1999). To the west, in low-grade
metasediments, deformation began at ;440–430 Ma and migrated southwest-
ward to ;410–416 Ma. Later deformation took place in the Tabberabbera struc-
tural zone when it collided with the western subprovince at ;400–380 Ma, and
again at ;360–340 Ma (VandenBerg et al 1995, Foster et al 1998).
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Figure 11 Maps of the Lachlan Orogen showing timing of deformation events and fault
reactivation, based on 40Ar-39Ar geochronology and other geological constraints (Foster
et al 1999).

The oldest recorded deformation in the eastern subprovince took place in the
Narooma complex ;455–445 Ma (Offler et al 1998b) when it was outboard of,
and separated from, the rest of the present eastern subprovince. The inland parts
of the eastern subprovince are dominated by 400–380 Ma contractional defor-
mation (Glen et al 1992, Foster et al 1999), with a central and northeastern region
of 380–360 Ma deformation (Packham 1999, Foster et al 1999). These younger
episodes overprint the earlier fabrics such as those in the Narooma complex. The
Silurian extensional event predated this contractional deformation phase.
Although mild Carboniferous (;360–340 Ma) deformation is very widespread,
intense Carboniferous deformation is almost unique to the northern part of the
Lachlan Orogen in the eastern subprovince (Glen 1992). Carboniferous defor-
mation partly reflects the progressive eastward accretion of the Tasmanides and
is probably related to amalgamation of the New England orogen. The Carbonif-
erous event could also be related to the rapid movement of Australia toward the
South pole, which may have also caused the Alice Springs orogeny in central
Australia (e.g. Li et al 1990).

In the past, a framework of six orogenic events were proposed for the Lachlan
Orogen during the Paleozoic. It now appears that some of these events are local-
ized and strongly time-transgressive. Because of the complex and localized pat-
tern of deformation during the Ordovician, Silurian, and Devonian, we have
preferred to refer to the whole interval as the Lachlan Orogeny (Gray & Foster
1997, Gray et al 1997; see also Cas 1983). Based on the present data, it could
also be argued that two major events dominate the middle Paleozoic—one at
;440–430 Ma and one at ;390–380 Ma (Foster et al 1999). Because significant
tectonic activity in terms of strike-slip faulting and plutonism continued between
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these events, however, we prefer to use the broader framework. The regional
;360–340 Ma Kanimblan event seems to be widespread over a relatively short
interval in time, so we retain this usage.

TECTONIC EVOLUTION

Background

The progressive west-to-east younging of upper crustal segments in the Tasman-
ides led to concepts of large-scale continental accretion for eastern Australia. Most
tectonic models suggest arc-continent collisional interaction along the Gondwana
continental margin in the Paleozoic (Oversby 1971; Solomon & Griffiths 1972;
Scheibner 1974; Crook 1974, 1980; Cas et al 1980; Powell 1983). Cratonization
occurred either by back-arc accretion in a marginal sea setting (Cas et al 1980;
Powell 1983, 1984) or in a convergent continental margin setting, involving some
form of plate interaction to the east. Disputes relate to the tectonic setting in the
Ordovician and Cambrian periods (continental rift or oceanic setting?) and the
nature of the basement to the voluminous quartz-rich turbidite succession (con-
tinental, oceanic, or mixed?). Observations of modern fan systems indicate that
large parts of such fans accumulate on oceanic rather than continental crust (Cur-
ray 1982) because of buoyancy. The presence of Cambrian (2500 Ma) tholeiites
and boninites of MORB or BAB affinities suggest an oceanic setting associated
with a possible island arc(s) for the Cambrian (Crawford & Keays 1978, Crawford
et al 1984). The Narooma accretionary complex (Miller & Gray 1996) within
Late Cambrian and Early to Late Ordovician chert-turbidite sequences is sugges-
tive of an oceanic setting. There is little evidence for Proterozoic continental crust
under most of the Lachlan (e.g. Gray et al 1998, Collins 1998). Therefore, a
continental rift setting for the Cambrian is unlikely. For the Ordovician (;480
Ma), a volcanic island arc existed in the east with the western subprovince rep-
resenting a back-arc basin.

The western and eastern subprovinces probably represent different parts of a
complex oceanic setting for the following reasons: 1) The easternmost part of the
western subprovince was in an open, east-facing basinal setting until the late Early
Devonian (;400 Ma); 2) during Silurian-Devonian times the eastern subprovince
was under extension, whereas part of the western subprovince was still a conti-
nental margin sediment-prism dominated by turbidites; 3) during the Cambrian-
Ordovician, the western subprovince was in an oceanic setting with turbidite
deposition, while the eastern subprovince was dominated by shallow marine arc
volcanism and carbonate deposition; and 4) Deformation pulses and the tectonic
vergences for these two structural belts are centered about the central subprovince.

Tectonic models must also explain the extensional phases, but there is no single
regional phase of extension as required by crustal thinning models (Sandiford &
Powell 1986). Another aspect that must be explained is the preservation: first, of
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the Late Devonian (;365 Ma) volcanic cauldron complexes and exposure of the
Late Devonian granites that were intruded at pressures of #1.7 Kb (Clemens &
Wall 1981) in the western Lachlan; and second, of the high-level Ordovician Cu-
Au porphyry systems in the eastern Lachlan. Their preservation indicates that
only a small amount of uplift and erosion (,3 km) has occurred, particularly
since ;360 Ma in these areas. Most of the erosion in the areas affected by the
440–430 Ma deformation occurred before Early Devonian time. In the west and
central subprovinces, up to 10 km of exhumation occurred between 430 and 400
Ma, but much less after 400 Ma (Foster et al 1999, Offler et al 1998a, Morand
& Gray 1991). This may be due a higher density, structurally thickened, mafic
lower crust that prevented high elevations from developing (Coney et al 1990,
O’Halloran & Rey 1999).

Tectonic History

The tectonic history of Tasmanides involved four distinct phases: Proterozoic
supercontinent breakup, Paleozoic to Mesozoic continental accretion, Mesozoic-
Tertiary continental breakup, and post-breakup volcanism and reactivation (Figure
12, color insert; Figures 13 and 14). The first two of these are summarized below.

Neoproterozoic Rifting The cycle of crustal extension, sedimentation, and orog-
eny that predated the Paleozoic evolution of the Lachlan Orogen began during
the late Neoproterozoic, with initial rifting between cratonic Australia and another
large continent. The best candidate for the adjacent continent at this time is Lau-
rentia (North America), within the supercontinent of Rodinia (e.g. Hoffman 1991,
Powell et al 1994, Foster & Ehlers 1998). Rifting between these continents began
at ;800 Ma but did not lead to separation of the continents until about 700 Ma
(Powell et al 1994). The early phases of rifting were epicontinental and are
expressed as rift sequences in the Adelaide Rift and other graben west of the
Tasman Line. After separation, the character of this sequence became more like
a passive margin. In early Cambrian time, a renewed phase of rifting in the
southeastern part of the margin formed the deepwater Kanmantoo Basin, which
rapidly subsided and was filled with clastic sediments. Very shortly after depo-
sition of the Kanmantoo sediments, the basin was inverted in the first stage of
the 530–500 Ma Delamerian orogeny (Flöttmann et al 1994, Powell et al 1994)
(Figure 13).

Delamerian Orogeny

The Delamerian/Ross orogeny resulted from inversion of the Neoproterozoic and
early Cambrian passive margin and rift sequences, presumably driven by sub-
duction and collision of continental fragments (Powell et al 1994, Finn et al 1998).
Just west of the Lachlan Orogen, the major Delamerian element is the deformed
Kanmantoo Basin, which closed due to collision of a previously rifted continental
fragment (Glenelg zone 5 Tasmania) and an island arc (Stavely volcanic arc)
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(Powell et al 1994, Flöttmann et al 1994). North of the Kanmantoo Basin, the
Delamerian Orogeny dominantly affected the Adelaidean platform sequences and
Proterozoic cratonic basement in the Broken Hill Inlier (Hartley et al 1998).

A magmatic arc grew on the eastern side of the Delamerian Orogen starting
at ;510–500 Ma and included plutons and volcanic rocks exposed just west of
the Moyston fault (Foster et al 1998, Moore et al 1998). Shortly after major crustal
thickening, the Delamerian belt began to extend rapidly. Evidence for extension
includes: 1) the post-tectonic plutons with emplacement ages younger than ;490
Ma are dominantly A-type; 2) much of ;500 Ma Mount Stavely volcanic com-
plex is developed within a rift; and 3) thermochronological evidence from the
higher grade areas suggests relatively rapid cooling. Post-orogenic extension may
have been caused by subduction rollback after the Delamerian, which could have
also formed most of the oceanic (back arc) basement for the Lachlan turbidites
deposited during the Late Cambrian and Ordovician. Most of the mafic metavol-
canic rocks and plutons of the central Victorian basement give ages of ;500 Ma
(Spaggiari et al 1999; Foster, unpublished data). Extension and rollback may have
also rifted small continental fragments away from the Delamerian and distributed
them within the back-arc basin.

Lachlan Evolution

The complexity of deformation, sedimentation, and magmatic patterns in the
Lachlan Orogen can be interpreted to reflect the interaction of oceanic micro-
plates, a volcanic island arc, and multiple turbidite-dominated thrust systems
(Gray & Foster 1997, 1998; Foster et al 1999). Differences among the deforma-
tional, metamorphic, and magmatic character of the western, central, and eastern
subprovinces of the Lachlan Orogen reflect different tectonic positions and ori-
gins. The Lachlan Orogen developed as part of a greater Gondwanide oceanic
accretionary system (Figure 12). However, the belt developed somewhat differ-
ently than the large accretionary systems that faced the open Pacific ocean, in
that the Lachlan Orogen probably formed from the closing of a small ocean basin/
arc system, inboard of a larger subduction zone. These basin systems closed
behind—and in the back arc position to—a major long-lived Paleozoic subduction
system now exposed in the New England Orogen (Fergusson et al 1993, Leitch
et al 1994) (Figure 12); the total amount of subducted oceanic lithosphere was
relatively small (,1000 km).

An oceanic thrust wedge model for the western subprovince of the Lachlan
Orogen is supported by the presence of relict blueschist or transitional blueschist-
greenschist facies metamorphism in the Cambrian metavolcanic rocks (Spaggiari
et al 1999) and the high-P/low-T metamorphic field gradient in the Ordovician
turbidites (Offler et al 1998a). A magmatic arc associated with the suggested west-
dipping subduction zone of the western subprovince was not developed until late
Silurian time—probably because subduction was of very shallow dip and the
ocean basin that closed was relatively small, so the amount of subduction was
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limited. Shallow-dipping subduction is consistent with the moderately high meta-
morphic P/T ratios.

A plate tectonic model for early Paleozoic eastern Australia at different times,
based on Foster et al (1999), is shown in Figure 13. During and following the
Delamerian Orogeny (;500 Ma), a large turbidite fan grew offshore of the Ross-
Delamerian mountain chain and spread onto the mafic crust of a marginal ocean.
This marginal ocean basin formed by rollback of paleo-Pacific subduction at
;500 to 480 Ma. Subduction rollback also caused extension and collapse of the
Delamerian Orogen and post-tectonic alkaline magmatism. Some thousands of
kilometers offshore, Ordovician subduction in the oceanic plate led to the devel-
opment of a volcanic arc complex, which is now represented by the Ordovician
mafic to felsic arc volcanic rocks in the eastern Lachlan Orogen and an associated
accretionary complex (Narooma complex). Shallow-angle subduction may have
also initiated in the west and started to close a marginal basin under the backstop
of the Delamerian Orogen by ;455 Ma, when major faults began forming in the
western Lachlan Orogen.

By Late Ordovician-Silurian (;445–440 Ma) times, shallow-angle subduction
and/or imbrication had closed a significant part of the marginal ocean basin in
the west. (The amount of oceanic crust lost to the mantle may have been relatively
small, with much of the present crustal thickness made up of imbricated mafic
crust.) During this interval, sedimentation continued in the eastern part of the
basin, the major fault zones of the western subprovince formed, and the basal
décollement propagated eastward. Subduction in the eastern Lachlan orogen had
probably stopped, and reefs were growing around the volcanic edifices. The major
Gondwanide subduction zone probably stepped east (present coordinates), .1000
km (?) to what is now the New England Orogen. In the style of the Solomon or
Molucca Sea, double convergence began along the western part of the central
Lachlan, forming melange zones, a westward propagating wedge, and magma-
tism. Evidence from the eastern and northern Lachlan suggests that transtensional
rifting dominated at ;420 Ma, and therefore the reactivation of faults documented
throughout the western Lachlan may have been related to regional extension and
not compression. Furthermore, the thickened crust was intruded in the west at
;400 Ma by granitic plutons that contain both mantle and crustal melt compo-
nents. These magmas may have been generated by subduction processes or by
post-thrusting extension/collapse or mantle delamination, as has been suggested
for other orogenic belts (e.g. Dewey 1988). During the Middle Devonian, the last
undeformed part of the marginal basin in the west had collided with the central
subprovince, causing crustal thickening and deformation of the younger sedi-
ments in the Melbourne zone. Thrusting was also taking place in the eastern
Lachlan thrust belts. Middle Devonian (;390–380 Ma) collision led to attainment
of freeboard over most of the orogen, followed by widespread post-orogenic
extension, basin-and-range style faulting, explosive volcanism, and high-level
plutonism. This period of post-orogenic extension was dominated by bimodal
volcanism and continental rift clastic sedimentation from the Late Devonian
through Early Carboniferous (;370–360 Ma) times (Figure 13). The cause of
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extension is possibly related to the collapse of the previously thickened orogenic
crust and/or delamination of part of the mantle lithosphere following thickening,
rollback of the subduction system along the Gondwana margin, or transtension
caused by oblique plate motions between Gondwana and the Pacific.

Cayley & Taylor (1999) (also, Scheibner & Basden 1996) have suggested that
a fragment of Proterozoic crust underlies the Melbourne zone in central Victoria.
The proposed microcontinent is thought to be a continuation of crust exposed in
Tasmania, and may have originated as a rifted portion of Australia or Laurentia
during Neoproterozoic breakup. The existence of the fragment is suggested by
geophysical data that shows trends apparently continuous with those across Bass
Strait, as well as geological data from Cape Liptrap. Figure 14 shows a summary
of the tectonic evolution of the southern Tasmanides that may have occurred if
this fragment of Proterozoic crust exists within the Lachlan Orogen. The open
folding and initial shortening of the western Lachlan belt at about 455 Ma was
caused by the westward movement (current direction) of the microcontinent. By
445 to 440 Ma, much of the western belt, which was underlain by oceanic crust,
had shortened to the point that the folds were very tight, and major thrusting
occurred with the principle vergence direction to the east. During this interval,
sedimentation continued in the Melbourne zone. By ;420 Ma, further westward
motion of the Proterozoic crust caused the western Lachlan to be thrust westward
over the Delamerian and eastward over the edge of the microcontinent. This
eastward thrusting occurred on the Heathcote fault zone and caused the micro-
continent to be depressed as a foreland basin. Rapid erosion of the uplifted thrust
wedge in the west resulted in an eastward prograding sediment fan over the
microcontinent. This thickened crust was intruded by plutons in the west at ;400
Ma, with mantle and crustal melt components that may have been generated by
subduction east of the central Lachlan or post-orogenic extension/delamination
in the west. At ;400–385 Ma, the east-vergent western subprovince came into
close contact with the west-vergent central Lachlan. As in the previous discussion,
the Late Devonian was dominated by the extension of the Ordovician to Middle
Devonian orogen.

The Late Devonian to Carboniferous molasse-like overlap sequence of the
Lachlan Orogen marks the emergence of the entire belt. The sediments were
deformed over most of the Orogen during Late Carboniferous time, but with a
highly variable intensity. Most of the deformation was concentrated in the north-
east where the rocks were intensely cleaved and tightly folded. The Carboniferous
event, known as the Kanimblan Orogeny, is probably related to the initial inter-
action between the New England orogenic wedge and the Lachlan. Unfortunately,
the exact timing and nature of the boundary between these two orogenic belts are
not exposed and lie beneath the thick foreland basin sediments of the Sydney and
Bowin Basins (Figures 2 and 4)

Although many aspects of the tectonic evolution of the Lachlan Orogen, the
nature of the basement, and the thermal/magmatic processes that led to final
accretion and cratonization of this orogen remain unclear, the summary provided
here attempts to explain as much of the present data as possible.
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Flöttmann T, Oliver R. 1994. Review of Pre-
cambrian-Palaeozoic relationships at the
craton margins of southeastern Australia
and adjacent Antarctica. Precam. Res.
69:293–306
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JD. 1994. Rb/Sr dating of differentiated
cleavage from the upper Adelaidean meta-
sediments at Hallett Cove, southern Ade-
laide fold belt. J. Struct. Geol. 16:1233–41

Turner SP, Kelley SP, VandenBerg AHM,
Foden JD, Sandiford M, Flötmann T. 1996.
Source of the Lachlan fold belt flysch
linked to convective removal of the lithos-
pheric mantle and rapid exhumation of the
Delamerian-Ross fold belt. Geology
24:941–44

VandenBerg AHM. 1988. Silurian-Middle
Devonian. In Geology of Victoria, ed. JG
Douglas, JA Fergusson. Geological Society

Australia, Victorian Division, Melbourne.
pp. 103–46. 2nd ed.

VandenBerg AHM, Stewart IR 1992. Ordovi-
cian terranes of the southeastern Lachlan
fold belt: stratigraphy, structure and palaeo-
geographic reconstruction. Tectonophysics
214: 159–76

VandenBerg AHM, Willman CE, Hendrix M,
Bush MD, Sands BC. 1995. The geology
and prospectivity of the 1993 Mount Wel-
lington Airborne Survey area. VIMP Rep.
2. Geol. Surv. of Victoria, Melbourne. p.
165

Veevers JJ, Powell CMcA, Roots SR. 1991.
Review of seafloor spreading around Aus-
tralia. I. synthesis of the patterns of spread-
ing. Aust. J. Earth Sci. 38:373–89

White AJR, Chappell BW. 1983. Granitoid
types and their distribution in the Lachlan
Fold Belt, southeastern Australia. Geol.
Soc. Am. Mem. 159:21–34

Williams IS. 1992. Some observations on the
use of zircon U-Pb geochronology in the
study of granitic rocks. Trans. R. Soc.
Educ.: Earth Sci. 83:447–58

Williams IS, Compston W, Chappell BW.
1983. Zircon and monazite U-Pb systems
and the histories of I-type magmas, Berri-
dale Batholith, Australia. J. Petrol. 24:76–
97

Wilson CJL, Will TM, Cayley RA, Chen S.
1992. Geologic framework and tectonic
evolution in western Victoria, Australia.
Tectonophysics 214:93–127

Wilson CJL, Gray DR, Foster DA, Morand VJ,
Schaubs PM, Spaggiari C, 1999. The great
southern transect I: an overview of the geol-
ogy of the eastern, central, and western
sub-provinces of the Lachlan Fold Belt;
Mallacoota to Halls Gap, Victoria: Special-
ist Group in Tectonics and Structural Geol-
ogy Field Guide No. 5. Geol. Soc. of
Australia, Sydney. 123 pp.

Yang X, Gray DR. 1994. Strain, cleavage and
microstructure variations in sandstone:
implications for stiff layer behaviour in
chevron folding. J. Struct. Geol. 16:1353–
65


