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SUMMARY Page 1

The conseguences of Triassic movements in Australia are basins,
regions of uplift, and structures. All these features are shown

on an accompanying 1:5,000,000-scale Map.

The basins are subdivided into four types: epicratonic; foreland;
intramontane; and marine-trough basin. Each type can be
recognised by the nature of its sediments, character of
associated igneous rocks (where present), its relationship to
underlying pre-Triassic rocks, its deformational characteristics

and its tectonic setting.

Batholith emplacement, accumulation of lava and tuff piles,
doming associated with emplacement of intrusions, folding,
thrusting and epeirogenic warping were all operative uplifting

mechanisms during the Triassic.

The Tasman Line, some lineaments, some growth faults and strike-
slip faults all influenced Triassic deposition and deformation.
A sharp bend in the Tasman Line beneath the Cooper Basin may
have influenced the generation of closed structures crucial for
some of the trapped petroleum there. Non-diastrophic salt
diapirism occurred during the Late Triassic in the eastern half

of the Bonaparte Basin.

The New England Orogen (northern and southern parts) was
cratonised at about the Triassic-Jurassic boundary, close to the
time that the Jurassic-Cretaceous Eromanga Basin was initiated.
The cratonisation followed extensive granitoid emplacement in the
Orogen throughout the Triassic, and waning regional metamorphism

that ceased during the earliest Triassic.
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The accompanying structure and structural history map for the
Australian Triassic has been compiled as part of a
Palaeogeographic Maps Project (BMR Palaeogeographic Group, 1990)
supported by the Australian Petroleum Industry Research
Association. The Map builds on and updates information that can
be deciphered from the Tectonic Map of Australia (Geological
Society of Australia, 1971). Other generalised palaeotectonic
maps for the Period are in the compilation edited by Clark & Cook

(1983, p.443) and a sketch of Laseron (revised, Brunnschweiler,

1969).

An interpretation of Australia's Triassic tectonic history has
been published by Wopfner (1985). Reviews by Evans and Roberts
(1979) and Murray (1988) provide interpretations of the Triassic
tectonic history of the Tasman Fold Belt in eastern Australia.
Many events were a continuation of those operative in Permian

times (see Totterdell, 1990).

Compared with the Permian, Triassic rocks are similarly
widespread, though more terrestrial and much more restricted in
extent. This is due to depositional areas onshore being smaller
than in Permian times, and to widespread Mid and Late Triassic
uplift and deformation which raised former depositional areas
above local base levels. Consequent erosion has limited
preserved deposits mainly to the larger basins and to synclinal
depressions. The preserved extent of Australia's Triassic rocks

is shown on the accompanying Map, which is non-palinspastic.
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The Map denotes regions of subsidence and uplift as its basis,
both consequences of Triassic tectonism. Triassic movements and
their character are denoted with symbols. Timing of structures
is shown by the lettering TR1, TR2....TR6 etc. equating to chosen
"time slices" in Yeates and Mulholland (in prep.) shown on an
inset in the bottom right-hand corner of the Map. The dating of
these intervals follows the radiometric time scale of

Harland et al. (1982). Radiometric dating of Triassic rocks in
Australia is summarised by Webb (1981). Much of the timing of
structures shown on the Map is inferred from the age of units and
the biostratigraphic position of their palynomorph zones on the

time scale (Helby et al., 1987; Balme, 1990).

Most Australian basins containing Triassic rocks are Late
Carboniferous to TQiassic. One group of exceptions are along or
adjoin the western margin and have pre-Late Carboniferous
beginnings. These basins are the Arufura, Bonaparte, Canning,
Carnarvon and possibly Perth Basins. The other group of
exceptions are a cluster of small Triassic basins in central and
northern South Australia which apparently lies on much older
rocks than Permian. These slight differences across the
continent are presumably reflections of different regional

tectonic characteristics.
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The regions of subsidence are basins, subdivided intoc 4 types as
follows: eipicratonic; foreland; intramontane; and marine-trough
basin, based on their tectonic setting and character. These four
types, as used here, have differences in the nature of their
sediments, their associated igneous rocks (where present) their
relationship to underlying pre-Triassic rocks, and their
deformational characteristics, as summarised in Table 1. Extents
shown on the Map are present-day except where exaggerated to
include the smallest basins (e.g. in Victoria). Extents may have
been greater during the Triassic so are shown as a colouring

edge in a number of places, rather than a geological boundary.

The sites of the vast majority of Triassic deposits have mostly
been inherited from the loci of Permian basins, except in central
and northern South Australia and the far southeast corner of the
Northern Territory. 1In this region depoaxes shifted during
Permian and Triassic times. For instance, the western edge of
the Triassic Simpson Desert Basin (Moore, 1982) has only minimal
overlap with the eastern edge of the Permian Pedirka Basin due to
northwest tilting of the latter in the Early Triassic (Wopfner,
1985). The Simpson Desert Basin is shown on the Map in the
uncommon Configuration coallesced with the Cooper Basin as it was

in the Early Upper Triassic.

Farther south, the much smaller Leigh Creek Coal, Springfield and
Boolcunda Basins all lack a Permian floor and, according to

Sprigg (1984, p.159) are gently infolded into bedrock hollows.
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It is evident that basin development in these regions differed
from that in both west and east Australia. The development of
the South Australian Triassic basins was thought by Wopfner
(1985) to represent a forerunner to events that initiated the

Eromanga Basin in the earliest Jurassic.

Epicratonic Basins

Epicratonic basins are the most common type. Their widespread
distribution is indicative of the continental nature of Australia
in Triassic times. Basins considered to be epicratonic in
Triassic times are listed as follows: Arafura, Bqnaparte,
Browse, Canning, Carnarvon, Exmouth Plateau Arch, Perth, Simpson
Desert, Cooper, Leigh Creek Coal, Springfield, Boolcunda, Papuan,
Galilee, Oaklands, Tasmania, and inferred pre-Bass Basin

sediments.

In the west, the contiguous basins of the Westralian Superbasin
underlie the North West Shelf, Exmouth Plateau and Arafura Sea
(Yeates et al., 1987; Bradshaw et al., 1988; 1990). The Perth
Basin (Playford et al., 1976) would have been linked to them via
the Carnarvon Basin in Triassic times. Of Australia's
epicratonic basins, these have the greatest extent and thickest
Triassic deposits (up to 5km or more), their greater thicknesses
being facilitated locally by growth faulting and graben
development (Bradshaw et al., 1988; 1990) indicated on the Map.
The superbasin was initiated in Late Carboniferous times
following fracturing related to the eventual break up of

Gondwanaland (Carey, 1976; Fairbridge, 1982).
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Epicratonic basins within the present-day continent mostly have
more symmetrical fills of Triassic sediments and their
thicknesses are of the order of a few hundred metres or less.

The occurrence of labile detritus in the Galilee Basin

(Vine et al., 1965; Vine, 1976) and in the Late Triassic rocks of
the Tasmania Basin (Bacon et al., 1989) are thought to reflect

proximity to source areas.

This may have included a magmatic arc to the east of Tasmania
(Collinson et al., 1987; 1990) with which the volcanic complex

at Mt. Leinster, eastern Victoria, may have been colinear. These
basins otherwise do not have the much greater thickness,
asymmetric sediment thickness and thrusted margins more
characteristic of foreland basins. The same may apply to the
poorly known Triassic sediments of the Papuan Basin which also
contain juvenile detritus at Anchor Cay-1 well (Robertson

Research & Flower Doery Buchan, 1984).

The distribution of epicratonic basins shown on the accompanying
Map was the most widespread in the Early Middle Triassic (Time
Slice Tr.2). This extent includes numerous outliers from the
major basins, including the Papuan Basin, recently discovered
deposits in western Queensland (Williams & Gunther, 1989) and
Mt. Mulligan (De Keyser & Lucas, 1968) all in the north, and the

Oaklands Basin (Yoo, 1982) in the south.
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In the far east of the continent, the contiguous Bowen, Gunnedah
and Sydney Basins comprise a foreland basin or foredeep
(Geological Society of Australia, 1971) the northern part of
which evolved from what Murray (1990) interpreted as an Early
Permian magmatic rift. Bimodal volcanics underlie Permo-Triassic
sediments in the Gunnedah segment (Tadros, 1988). The foreland
basin lies between the then cratonised portion of the Tasman Fold
Belt System in the west affected during the Triassic only by mild
epeirogenic movements, and the actively emerging highland of the
adjacent New England Orogen toc the east. The foreland basin
merges with the epicratonic Galilee Basin above a basement high,
the Nebine Ridge. 1Its contact with the Orogen 1is largely thrust

faulted, (Exon, 1976; Voisey, 1959).

Dykes and plutons of alkaline mafic igneous rocks (Jagques et al.,
1985) were intruded into the Sydney Basin during and after the
latter stages of its depositional history. These thermal events
were thought by Joplin (1968) to have accompanied the gradual
stabilising of a 'mobile belt'. Late Middle Triassic teschenite
sills are present in the upper Hunter region of New South Wales
(Gamble et al., 1988) and indicate a continuation of the
magmatism. Alkaline mafic lavas were also extruded at about the

Triassic-Jurassic boundary in the Gunnedah Basin (Dulhunty, 1986;

Dulhunty et al., 1987}).
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The larger intramontane basins are the Esk and Abercorn Troughs,
and an interpreted younger trough beneath the Ipswich Basin, all
in southeast Queensland. All have rift character and were
initiated very soon after deposition ceased in the Gympie Block.
Strike-slip faulting is thought to have triggered their develop-
ment (Korsch et al., 1988; 1989) and perhaps the coeval felsic

volcanism on adjacent rigid Palaeozoic basement.

The Callide, Mulgildie and Tarong Basins are smaller and younger
intramontane basins within the Eastern Highlands (Day et al.,

1974; 1983). All occur in a highly faulted region.

Another small unnamed basin occurs at Mt. Mulligan, north
Queensland (De Keyser & Lucas, 1968). It is a Permo-Triassic
basin and unrelated to the Middle to Late Triassic rifting
farther south. The Lorne Basin in New South Wales is also a
Triassic intramontane basin (Herbert, 1974; Leitch & Bocking,

1980).

In Queensland and northern New South Wales faulting persisted
until the Norian after which volcanism waned. Thermal relaxation
then induced further subsidence, and basins of sag character
developed over the easternmost rifts (Korsch et al., 1988; 1989)
but still in the intramontane setting which was to last until the
end of the Triassic. The Clarence-Moreton, Ipswich and
Maryborough Basins are the sag basins related to this Late
Triassic subsidence. The Maryborough Basin farther east remained

depositional after the Triassic (until the Cretaceous).
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A small Permo-Triassic marine-trough basin, termed the Gympie
Block (Ellis, 1968) is the youngest flysch-depositional element
of the Tasman Fold Belt System. This trough-like basin ceased
being depositional in the earliest Middle Triassic, after which
it was intruded by granitoids before being partially overlapped
by the Late Triassic to Cretaceous Maryborough Basin. The

Gympie Block is possibly bound offshore to the east by a basement

high termed the Bunker Ridge by Ellis (1968).

A review by Murray (1987) summarises another view that the Gympie

Block may be an exotic terrane (Harrington, 1983).

Its inferred collision with the Orogen in the mid Triassic is an
explanation for interpreted oroclinal bending in New England
(Korsch & Harrington, 1987; Harrington & Korsch, 1987). Though
most Triassic sedimentary rocks of the Gympie Block are unigque
within Australia, derived clasts in older (Permian) conglomerates
of the Gympie Block support a local derivation and imply movement
was not great (Murray & Whitaker, 1982). Also, there are
uncertainties in crucial field relationships (Murray, 1987). The
similarity in size, shape and facies to older Palaeozoic tectonic
troughs in the Tasman Fold Belt System (eg; Hill End Trough, and
Permian facies around Drake) suggest the Gympie Block could
otherwise be interpreted as the basin of terminal flyschoid
sedimentation in the exposed portion of the Tasman System.

If so, the block could be approximately in place. However, the
'oroclinal bending' in New England would therefore require a new

explanation if this were the case.
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Batholith emplacement, accumulation of lava and tuff piles,
doming associated with emplacement of ultramafic intrusions on
the western margin (Edel-1 well), folding, thrust faulting, and
epeirogenic warping were all operative uplifting processes during
the Triassic. Evidence for uplift has been reported from rock
relationships (e.g. emergence of the Jones Rise, Canning Basin;
Yeates et al, 1984). It can also be implied from changes in
palaeocurrent direction, for example, as in the Tasmania Basin
({Banks 1989) and described within the Hawkesbury Sandstone of the

Sydney Basin (Conaghan et al., 1982).

The character and composition of coarse-grained facies in
adjacent basins {(e.g. in the Warialda Depression; Hawke & Bourke,

1984) can also be indicative of uplift nearby.

However, the Triassic uplift history of regions devoid of nearby
Triassic rock is difficult to ascertain without available apatite
fission-track data. It may be that many of Australia's
Precambrian and Palaeozoic cratonic regions have always been

high relative to their surrounds, at least since the Early
Permian glaciation (Ollier, 1981). Despite the magnitude of
geological time that has elapsed since the Triassic, the
Precambrian and Palaeozoic cratons of Australia still underlie
the continent's topographically highest regions (Harrington et

al., 1982).
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On the accompanying Map, uplift is indicated by presence of

granites, lava and tuff piles, some intrusions, and a stipple.

Uplift is one consequence of batholith emplacement (Carey, 1976).
It can be inferred throughout the Permian and Triassic history of
the New England Orogen from the widespread distribution of
granitic rocks (Day et al., 1983; Shaw & Flood, 1981) from
granitoid clasts in conglomerates of adjacent basins, such as the
Warialda Depression (Hawke & Bourke, 1984) and from the subaerial
nature of coeval felsic volcanism in northern New England and
Queensland (e.g. Godden, 1982; Stephens, 1986; 1987;
Falkner,1987; Day et al., 1974; 1983; Barnes et a;., 1991).
Extensive volcanic plateaus developed as a result of these

eruptions.

Doming associated with small intrusions

Alkaline ultramafic rocks in Edel-1 well (Le Maitre, 1975)
thought by Hocking et al. (1987) to be shallow sills, caused
doming during the Late Permian to Early Middle Triassic adjacent
to the North Abrolhos Sub-basin of the Perth Basin. Absence of
the transgressive Kockatea Shale in this well (Ocean Ventures,
1972) suggests that the doming associated Qith sill emplacement
restricted the extent of this unit to the axial portion of the
North Abrolhos Sub-basin until the doming waned later in the
Middle Triassic allowing sandstone deposition (Lesueur Sandstone
equivalent, derived from the underlying Silurian Tumblagooda

Sandstone) to continue over a wider extent.
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The two sandstones can be distinguished only on the sonic log of

Edel-1 well (see Ocean Ventures, 1972).

Lesser doming due to probable Permian igneous activity appears to
have kept the Bedout High a positive feature during the Early

Triassic transgression farther north (Gorter, 1978).

Uplift associated with tectonism

Uplift in mainland eastern Australia can be inferred particularly
from the time of the Middle Triassic unconformity (Yeates &
Mulholland, in prep.) This may partly be due to regression of a
sea to the east of the continent or to the cessation of
subsidence, or both, in the Sydney, Gunnedah and Oaklands Basins.
It was also a time when depoaxes shifted in the Galilee Basin
{thereby implying tectonism) and depositional areas in eastern
Australia became greatly restricted in extent (Yeates &
Mulholland, in prep.). An exception (beyond the "mainland")
however, was the Tasmania Basin which contains the most complete
of Triassic sections in eastern Australia. This basin has a
coincident spatial association with Jurassic dolerite sills not
found in the mainland but which are widespread in Antarctica

{see Barrett et al., 1986).

The central Bowen Basin is dominated by Middle to Late Triassic
thrust faulting (Korsch et al., 1990) and its contact with the
New England Orcgen is also strongly faulted (Exon, 1976). This
former sunkland emerged above base level and probably became a

hogback and cuesta landscape for a time.
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The eastern margin of the whole foreland basin was also thrusted

from the east as uplift culminated in the adjacent Orogen.

In the Canning Basin, Western Australia, wrench movements along
in the bounding faults of the Fitzroy Graben produced faulted
anticlines in the Fitzroy Sub-basin and fault scarps in the
Gregory Sub-basin. In the present-day landscape these exist as
palaeoforms indicative of the uplift (Yeates et al., 1984).
Though the timing of this event cannot be precisely dated, it can
be inferred to have begun from the maximum age of fine clastics
containing redbeds beneath parts of the North West Shelf (i.e.
about the Late Middle Triassic) (Yeates & Mulholland, in prep.).
Late Triassic uplift of the order of 1.5km, determined from
apatite fission-track data, occurred in the vicinity of the
Lennard Shelf, (Arne et al., 1989). 1In the southern Dampier
Peninsula there was substantial erosion following the uplift,

and the entire Permian section was removed (Yeates et al., 1984).

Offshore, the Exmouth Plateau Arch was uplifted and substantially
block faulted in the latest Triassic and Jurassic (Exon &
Willcox, 1980). The deformation was also a prelude to volcanism,
indicated by dredged rhyolite and trachyte (von Rad & Exon, 1982)
and to eventual deepening of the Indian Ocean (Bradshaw et al.,

1988).

Epeirogenic Uplift

Redbeds are fairly common in Australian Triassic sediments. The
pigment is generally thought to be derived initially from leached

soils.
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If so, then uplift would have taken place at a rate not

exceeded by the rate of so0il formation. Such epeirogenic upwarp
could have been more widespread in the Triassic than shown on the
accompanying Map; it can be inferred only from adjacent
sediments, and there are large areas of the continent devoid of

Triassic deposits.

An abundance of reworked Triassic and Early Jurassic spores in
the Cretaceous Otway Group (Burger, 1987) is evidence of wide-
spread erosion (implying uplift) so Triassic outcrops at Bacchus
Marsh, Victoria, and sediments in the Oaklands Basin, southern
New South Wales (Yoo, 1982) could be relicts of a formerly larger
basin. Such a basin perhaps underlies the Bass Basin. An
unknown pre-Bass Basin sequence there (Williamson et al; 1987,
figs. 16 and 17) could possibly include Triassic (and Permian)

sediments similar to those exposed in northern Tasmania.

Epeirogenic upwarp has been interpreted to account for prolonged
influxes of coarse clastics into several basins. In the
vicinity of the western margin of Australia, it could explain the
thick sandstones and minor conglomerates of the Lesueur Sandstone
in the Perth Basin (Playford et al., 1976) the thick section of
Mungaroo Formation in parts of the Carnarvon Basin (Hocking et

al., 1987) and its eqguivalent in the Exmouth Plateau Arch

{Barber, 1988).

Onshore, the Warang Sandstone in the Galilee Basin (Vine et al.,

1964) and conglomerates in the Moolayember Formation of the Bowen
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Basin (Gray, 1984) are perhaps responses to similar, though more
localised, uplift nearby. Such local uplift perhaps accounts for
the more restricted extent and thinner sequences of Triassic
sedimentary rocks in onshore basins when compared to the more
extensive and generally thicker Permian deposits beneath them

{see Totterdell, 1990).

TRIASSIC STRUCTURES

The accompanying Map shows depositional, deformational and
miscellaneous structures of Triassic age and their timing where
known. The chosen depositional symbols also convey an impression

of the relative magnitude of subsidence.

The Tasman Line

The Tasman Line divides Australia into a western region of
exposed Precambrian blocks and fold belts overlain by
Phanerozoic basins, and an eastern region of exposed Phanerozoic
fold belts overlain by younger basins (Veevers et al., 1984).

It was a place where the differing tectonic frameworks between

central and east Australia met (Harrington, 1974).

Though its influence was greatest in the Palaeozoic it appears to

exert control on the shapes of Galilee, Cooper and Simpson Desert

Basins and their structures.

The thinning of sediment to the south and east in the Lovelle

Depression of the Galilee Basin indicate that the Cork Fault was
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active during deposition (Hawkins & Harrison, 1978). 1Its north-
east orientation together with the trend and pattern of
structures in, and shape of the Cooper Basin, both reveal that
the Tasman Line was influential throughout the depositional and
deformational history of these basins. In the first instance,
the Tasman Line was probably a lineament system providing lines
of weaknesses in the basement along which enough subsidence took
place to enable sediments to be deposited over a wide area.

Subsequent reactivation of the weaknesses deformed the sediments.

The right-angled change in direction of the Tasman Line beneath
the Cooper Basin is thought here to be significant for some of
this basin's petroleum occurrences. Closed interference
structures crucial for future trapping of petroleum generated
after Jurassic-Cretaceous subsidence suggest Late Triassic
movements parallel to both directions of the Line. This
possibility provides an explanation for the far greater petroleum
prospectiveness of the Cooper Basin, when compared with the
adjacent Galilee Basin, despite their very similar depositional
histories (Yeates & Mulholland, in prep.)}. The Lovelle
Depression is much farther distant from, and apparently beyond
the region of influence of, the northwest-trending portion of the

Tasman Line in the northeast of South Australia.

However, some of the basin's depoaxes did shift with time, as

indicated on the Map, particularly towards the Koburra Trough.
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Several large lineaments are shown on the Map (O0'Driscoll, 1982;
written communication, 1985; Scheibner, 1976; Wopfner, 1985; and
Evans & Roberts, 1979). They reveal weaker influences seen in
basin shapes, abrupt changes in basin outlines and in the

orientation of a few structures (see Map).

Fractures and Mineralisation

Other smaller-scale fracture systems have been recognised from
remotely-sensed data in the coastal parts of central and south-
east Queensland (Nash, 1986). Some Late Triassic fracture
systems have spatially-associated precious-metal mineralisation
in veins and stockworks, for example at North Arm, southeast
Queensland (Ashley, 1987a; 1987b; Ashley & Dickie, 1987} and
farther north at the Mt Shamrock-Mt. Ophir area (Williams, 1991).
A pipe-like body within the Late Triassic Aranbanga Beds in
southeast Queensland contains gold and silver (Cayzer & Leckie,
1987). Tin and tungsten are also important commodities that have
been mined, particularly from vein deposits sourced or hosted

by Triassic granitoids in New England (Markham & Basden, 1974).
The prospective granites are enriched in uranium relative to the

others (Yeates, 1982).

Growth Faults

Triassic growth faulting was prominent along the basins of the

western margin of Australia.

In the southern Perth Basin, one depoaxis is beside the Darling

Fault.
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The Flinders-Long Island Fault System facilitated deposition of
Triassic sediments in the northern part of the Carnarvon Basin.
At one stage (Late Lower to Early Middle Triassic) subsidence was
sufficient to allow an inlet of the sea to come close to the
present coast, thus influencing palaeogeography (Yeates &
Mulholland, in prep.). Sub-sea canyon development followed the
down-faulting (Bentley, 1988). Lesser growth faulting
facilitated subsidence in depoaxes of many other basins as

indicated by symbols on the Map.

Growth faulting was not restricted to the west. It has been
inferred also to account for the asymmetric thickness character
of Triassic deposits in parts of the east Bowen and Galilee
Basins. (Yeates & Mulholland, in prep.). The thick seguence in
the Gympie Block was considered by Ellis (1968) to be due to
fault-controlled subsidence. The Esk Trough is also asymmetric
due to uneven subsidence along its faulted margins. Subsidence
there was accompanied by felsic volcanism within and along the

margins of the Trough (Day et al., 1974).

Strike-slip faults

Though uplift was widespread, deformation during the Triassic was
not nearly as intense as in the Palaeozoic. Though shearing,
strike-slip faulting and heating occurred close to the present
east coast (particularly along the northeast edge of the Bowen
Basin; Day et al., 1983) there was generally little isoclinal

folding or cleavage development elsewhere.
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However, tight folding occurred along faults in the Esk Trough
sequence during the Late Triassic (Day et al., 1974} and there
was some reactivation of igneous activity associated with
shearing between Cairns and Mackay in north Queensland
{Stephenson & Chappell, 1987). The reactivation also continued

after the Triassic.

Twenty three kilometres of dextral strike-slip movement occurred
along the Demon Fault in New England during the Triassic. This
is revealed by measured displacements on radiometrically dated
units (McPhie & Fergusson, 1983; Korsch et al., 1978). The Fault
terminates in the 227 Ma (corrected) Stanthorpe Batholith (Shaw,
1964; 1969; Korsch et al., 1978) which is not displaced thereby
providing a minimum age on the movement. The Demon Fault was
active at the same time as other similar strike-slip faults that
bound the Esk and Abercorn Troughs in Queensland (Day et al.,
1974). The mapped units of the Coombadjha Volcanic Complex
adjacent to the Demon Fault (McPhie, 1982; 1986) have an
elliptical outcrop pattern. As faulting began before the
cessation of volcanism, this elliptical outcrop pattern may be

partly due to drag along the fault.

Most workers consider the Complex to be Upper Permian, but on
the timescale used here, its youngest unit the 247 Ma (corrected)
Dundee Rhyodacite (Evernden & Richards, 1962) is earliest
Triassic. However, more recent estimates of the age of the
Permo-Triassic boundary (Hag et al., 1987; Forster & Warrington,
1985) are both younger and older than that of Harland et al.

(1982).
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Error factors on ages of Period and stage boundaries also should
not be neglected (Webb, 1981). Volcanism should therefore
perhaps be interpreted as "waning" or "almost extinct" by the
earliest Triassic. The Dundee Rhyodacite is widespread in New
England and occurs in and beyond the Dundee Caldera (Godden,
1982). An underlying volcanic unit there has intercalated
sediments containing the definitive Permian plant Glossopteris
(Wood, 1982). A review by Barnes et al. (1991) gives a summary

of the ages of the various volcanic piles in New England.

Thrust Faults

Triassic thrust faulting has affected the Canning, Perth and

Bowen Basins.

Reverse movements along the Fenton Fault (Canning Basin) have
been established from field relationships of mapped units

(Crowe et al., 1978). Middle Triassic to Early Jurassic redbeds
occur offshore (e.g. ge?a’daf and Ma/ffd F‘ormationi; Gorter,

Mory, 1988, fQSPE'CfNe'gD
1978; ;{The Bedout Formation is thought to have been deposits of

. . ) C(lll/ll‘/lj &S/}g

the erosion of the anticlines and fault scarps created by thi(

movements (Yeates & Mulholland, in prep.).

The prolonged supply of coarse clastic sediments that comprise
the Lesueur Sandstone in the Perth Basin (Playford et al., 1976)
is suggestive of continual uplift along the Darling Fault in the
Middle and Late Triassic. Thrust movement along the fault can be

interpreted to account for the uplift.
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The Hunter-Mooki and Goondiwindi-~Moonie Faults separate the

New England Orogen from the Permo-Triassic foreland basin to the
west. Periodic uplift in the vicinity of these faults can be
inferred from facies (Jensen, 1975; Gray, 1984) and is probably
due to thrusting. Seismic interpretation reveals that the Bowen
Basin sequence was also thrusted in the Middle to Late Triassic
{Korsch et al., 1990). There is some indication that these
thrusts tie to unspecified faults inferred from field relation-
ships of mapped units (Geological Survey of Queensland, 1988).
The fault pattern is currently being studied as part of a
National Geoscience Mapping Accord project, and is not shown on

this edition of the Map.

Normal Faults

Principal examples of Triassic normal faulting are the tilted
fault blocks of the Exmouthvplateau Arch (Exon & Willcox, 1980:
Barber, 1984, fig.10). 1In the Late Triassic, the Arch was
uplifted and, in contrast to the neighbouring Carnarvon Basin,
remained relatively so throughout the Jurassic. Jurassic
deposits of the Arch, where present, are relatively thin or

confined to fault-angle depressions.

The Rankin Platform, an element of the Carnarvon Basin, was also

uplifted at this time and block-faulted (Hocking et al., 1987).

Normal faulting also occurred in Eastern Australia. It was

probably asscciated with the formation of intramontane basins and
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other adjustments to the rising and cratonisation of the New
England Orogen. The same faults have not affected Jurassic

deposits (Bradshaw & Yeung, in press).

Salt Diapirs

Non-diastrophic salt diapirism occurred in the eastern half of
the Bonaparte Basin (Edgerley and Crist, 1974) during the
Mesozoic. Seismic sections examined reveal that some of the
upward movement of the diapirs occurred during the Late Triassic.
The positions of known diapirs (Edgerley and Crist, 1974) are
shown by a symbol on the Map. The salt is probably Early to Mid

Palaeozoic (Wells, 1980).

WANING METAMORPHISM

Heating sufficient to reset K-Ar ages of biotites accompanied
shearing and minimal reactivation of plutonism and dyke
emplacement in the Northeast Queensland Plutonic Province (Day et
al., 1983; Stephenson & Chappell, 1987). This region is crossed

by northwest-trending lineaments (O'Driscoll, 1982) (see Map).

The symbol denoting low grade metamorphism in the New England
Fold Belt about 40 km west of Coffs Harbour, NSW, possibly
denotes the waning of a mainly Permian metamorphism. Thermal
metamorphism associated with Late Permian and Triassic granitoids

is also widespread in New England (Graham & Korsch, 1985).
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The New England Orogen became largely cratonic by about the
Triassic-Jurassic boundary. The major late-stage granitoids
(including those that produce Sn and W) are Middle to Late

Triassic and are indicative of impending cratonisation.

The Orogen's new stability was accompanied by a great change in
the composition and character of igneous intrusions, and in the
architecture of subsequent sedimentary basins. Igneous rock
compositions changed from calc-alkaline acidic to dominantly
alkaline mafic and ultramafic. Igneous bodies were plutonic
during granitoid emplacement but much smaller tabular to pipe-
like during the later mafic/ultramafic magmatism.‘ Basin shapes
in Triassic times were elliptical and elongate. Subsequent

basins became more amorphous in outline, except in graben.

By the end of the Triassic, granitoid emplacement had virtually
ceased, and instead, much smaller ultramafic bodies were emplaced
throughout eastern Australia during the remainder of the Mesozoic
({Bradshaw & Yeung, in press; Bradshaw et al., in prep.). The
first known of the ultramafic bodies, the Somerset Dam Igneous
Complex (Mathison, 1987) was emplaced at about the Triassic-
Jurassic boundary. Ccinciding with this new magmatism, the
Eromanga Basin was initiated along a profoundly new trend that
cuts the strike of the Orogen. Jurassic sedimentation does not
appear to have been influenced by topography (Bradshaw & Yeung,
in press) so the Queensland portion of the Orogen had presumably

become lowland by then.



CONCLUSION Page 24

Through progressive observation from place to place across the
accompanying Map, and paying attention to the timing of events
depicted, an impression can be gained of the nature and

consequence of Triassic movements which affected Australia.

Most subsidence was inherited from Permian depositional loci,
although this was not so in central Australia. The loci of
depoaxes changed markedly in eastern Australia at the Triassic-
Jurassic boundary when the Eromanga Basin was initiated. This
change did not occur on the western margin of Australia where
deposition maintained much the same character for the remainder
of the Mesozoic, albeit in environments that became progressively

more marine.

Uplift was probably widespread throughout Australia, especially
in the Middle and Late Triassic. Many epicratonic basins ceased
being depositional then, and new ones were generated in areas
spatially associated with granitoid emplacement in the New
England Orogen. Strike-slip faulting there facilitated
sedimentation, and caused considerable deformation in older
rocks. These events were a prelude to cratonisation of the

Orogen at about the Triassic-Jurassic boundary.
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