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INTRODUCTION

The Bowen - Gunnedah - Sydney Basins
formed a contiguous depositional system dur-
ing the Permian, which now extends in a 50
to 100km wide strip from 21° S to 35° S. Itis
generally considered to have been accumu-
lated in a back arc setting, with active sub-
duction occurring some distance to the east.
(Murray,1982) Although the thickness and
type of sedimentation varies markedly during
the accumulation of the Permian sequence, a
common feature is the presence of coal
seams, particularly in the Late Permian, when
coal measures were found over the whole
area. The basins all lie on the boundary be-
tween Palaeozoic deposits of the Lachlan
Fold Belt (and equivalent aged units) to the
west, and the New England Fold Belt to the
east, which is characterised by extensive Per-
mian and Triassic igneous rocks.

The area of Permian sediments and volcanics
is subdivided into numerous subbasins,
troughs, structural highs, ridges, and shelves
(Hammond, 1987; Tadroz, 1982; Lohe and
McLennan, 1991). Morphotectonic and
structural units have been identified on the
basis of basement characteristics and the
structural deformation style present in the
Permian. These morphotectonic units gener-
ally have distinctive thermal histories based
on variations in subsidence, heat flow and in-
trusives, and structural history.

The thermal maturity of the Late Permian
coal measures has been compiled in Figure 1,
using published data (Beeston, 1986; Diessel,
1975; Middleton, 1983; Exon, 1974: Shiboaka
et al, 1973), as this stratigraphic horizon is
widespread, and considerable information
available.

From north to south, subdivisions of the ba-
sins considered are: north Bowen Basin, cen-
tral Bowen Basin, southern Bowen Basin and
beneath the Surat Basin, Gunnedah Basin,
north Sydney Basin (Hunter Valley)

and the central/southern Sydney Basin. The
eastern boundary is delineated by major
thrusts which impinge onto the basins in dif-
ferent ways along the margin. Maximum
sediment accumulation has usually occurred
in north - south oriented troughs along this
eastern margin. West of these troughs are
structural highs (platforms, shelves, ridges)
which have been tectonically less active. In
places these more stable platforms have been
cut by north - south grabens (Denison
Trough, Gilgandra Trough) which were
formed as early Permian rift basins within a
more stable basement platform. The gra-
bens are overlain by late early Permian plat-
form sediments.

Thermal maturity zones as indicated by
vitrinite reflectance and in some areas by fis-
son track studies (Marshallsea, 1988) and
geochemistry (Bai er al, 1990, Eadington et
al, 1991) Along the western margin extend-
ing from central Bowen Basin to the northern
Sydney Basin (Hunter Valley) the vitrinite re-
flectance ranges from 0.5 to 0.1. Sediments
are laid down on stable platforms or over
early Permian rift sequences, and are rela-
tively undisturbed tectonically. The thermal
history has been controlled by burial by sedi-
ments of the Permo-Triassic Bowen
Gunnedah - Sydney basins only.

MAJOR STRUCTURAL SUBDIVISIONS
OF THE BASIN

Northern Bowen Basin

The area north of Peak Downs which takes in
the Nebo Synclinorium has a distinctive ther-
mal overprint associated with early Creta-
ceous igneous intrusions. The centre of this
event is just morth of the main Bowen to
Clermont highway, on the eastern side of the
basin, where vitrinite reflectance as high as
3.4 (K. O'Reilly, pers. comm.) is found.
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The Central Bowen Basin

The eastern edge of the basin in this area is
complex structurally, with large thrust sheets
displacing basin sediments and basement
westwards over the deepest part of the Per-
mian basin. Vitrinite reflectance are up to
2.6 in this area, but the rank distribution pat-
terns are clearly associated with the thrusting,
The ranks are comparable to those expected
in the Mimosa syncline directly to the south,
but the timing of the maximum temperature
has not yet been determined. Stratigraphic
considerations favour the maximum rank to
have been generated here in the middle to
late Triassic, during development of the
thrust sheets. To the west on the stable
blocks of the Comet Ridge, the vitrinite re-
flectance quickly drops to levels which could
have been generated by the Permo-Triassic
sequence of the Bowen Basin alone. In the
east 1-2 km of erosion is required to match
predicted and observed maturity. (Mallett et
al., 1991)

Southern Bowen Basin, and extension under
the Surat Basin

Here, burial by Mesozoic basins have raised
the rank of coals to their highest levels in the
Jurassic. In the Mimosa syncline and its ex-
tension south to the border region the Late
Permian coal measures at the deepest sec-
tions of the Mimosa Syncline have not been
tested, but analyses based on boreholes in the
flanks of the syncline and depths projections
from seismic traverses, suggest that vitrinite
reflectance could reach levels up to 2.6.

Gunnedah Basin

The rank of the Late Permian coal increases
towards the east and the boundary thrusts, as
generally occurs throughout the basins. The
level of maturity is relatively low and compa-
rable to sequences on the western edge of
the central and southern Bowen Basin. (Mid-
dleton, 1983)

Northern Sydney Basin

Although the thickest sequence of Sydney
Basin sediments have accumulated adjacent
to the Hunter Thrust, the Late Permian coal
measures have ranks typical of stable plat-
forms along the western edge of the Permian
Basins. Values increase slightly close to the
thrust. Modelling of bores near the thrust

show that very thick sequences have been
eroded to derive present land surfaces (3
km), which is the largest erosion required
anywhere in the basins (Middleton and Sch-
midt, 1982). This might be related to over-
thrusting and burial along the thrust system.

Central and Southern Sydney Basin

The Sydney Basin shows maximum ranks in
the Late Permian centred around Sydney.
Analyses of boreholes indicate that burial by
1-2 km of sediments which are now eroded, is
required to match modelled reflectivity pro-
files with those observed. As these thick-
nesses are less than those required in the
southern Hunter Valley, it suggests that the
elevated thermal maturity is the result of
higher heat flows centred on the coast
around Sydney, rather than burial by a sedi-
mentary sequence now eroded away. The
Sydney Basin has been affected by the open-
ing of the Tasman sea, with associated uplift
and higher heat flows approximately 80-64
Ma B.P. (Shaw 1978). The present surface
vitrinite reflectance maximum is close to, but
displaced from the highest values in the Late
Permian coal measures. Magnetic overprint-
ing has been generated by the thermal event,
but it has not been possible to discriminate
the Early Jurassic and Middle Cretaceous
pole positions, both of which are possible
times for the heating (Schmidt, 1990).

There is a complex interaction of processes
responsible for the thermal maturity now
seen in the Bowen - Gunnedah - Sydney Ba-
sins which include basin subsidence and bur-
ial, tectonic thickening of overlying strata
with thrusting, and localised heat flow in-
creases. The relative effects of these mecha-
nisms can usually be separated by modelling
maturity profiles, but is the cases of potential
tectonic burial, further evidence on relative
timing of events is required to discriminate
mechanisms,
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Figure 1. Thermal maturity of the Late Permian coal measures in the Bowen-Gunnedah-Syd-

ney Basins, indicated by vitrinite reflectance.
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