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The post-Palaeozoic uplift history of south-eastern Australia

Kurt Lambeck and Randell Stephenson

Research School of Earth Sciences, Australian National University, GPO Box 4, Canberra, ACT 2600,
Australia.

Vertical movements within mountainous terrain may be indicative of either active tectonism or
of passive isostatic rebound of the crust to the erosion of the highlands. During the active orogenic
phase, the landscape evolution is controlled largely by the tectonic process but once this ceases
or is reduced in intensity, the erosional unloading and concomitant rebound becomes the dominant
landscape-forming process. It is this latter phase that is examined here. It is argued that the south-
eastern highlands are a residual of the Palaeozoic Lachlan Fold Belt, rather than having been
rejuvenated in Tertiary time. It is concluded that the erosional rebound model explains many
of the recent geomorphological observations that attest to little landscape evolution since the early
Tertiary. The model adopted is of a mountain range that is initially in local isostatic equilibrium
but which responds regionally to the erosional unloading. The crust or lithosphere is modelled
as a viscoelastic layer so that rebound is not instantaneous. The rate of erosion at any time is
assumed to be proportional to elevation above sealevel with a time constant of the order 108 years.
For a given present-day topography the elevations, erosion, rebound, stress and gravity can be
computed throughout time as a function of model parameters. The time by which the rebound
phase became the dominant process is 200-250 Ma ago and the elevations at that time were about
75% greater than present values. An erosion time constant of 200 Ma produces average Tertiary
erosion rates of a few metres/million years, rates that are consistent with geomorphological
observations in several areas of south-eastern Australia.

Key words: uplift, erosion, isostatic rebound, vertical movements, East Australian Highlands.

INTRODUCTION

The highlands of eastern Australia are unspecta-
cular by world standards. Far from present-day plate
boundaries, they appear to be more comparable to
other intraplate ranges, such as the Appalachians
of eastern North America, than to the iriterplate
Andean or Himalayan Cordilleras. It is exactly this
difference that makes their study of interest, for they
indicate either a different mountain formation
process or they represent a residue of an old
mountain system that marks a former zone of
collisional tectonics.

Mountain chains evolve through two phases. The
first, the orogenic phase, is one of mountain
construction and active tectonism. Uplift, driven by
horizontal compressive forces or by thermal
processes, exceeds erosion, and absolute elevations
increase with time. The second, the passive phase,
is one of destruction and decay in which the driving
force has expired to the point where erosional forces
dominate the shaping of the landforms. Material
is transported away from the highlands and a broad
regional isostatic rebound sets in. Now there is no
growth of the total topography, and absolute
elevations decrease through time until only vestiges
of the former mountains remain. Vertical move-

ments occur during both phases; in response to the
dynamic mountain building process during the
active phase, and in response to the erosion and
isostatic rebound during the passive phase.
Throughout the mountain's history, therefore, rivers
continue their search for new equilibrium base
levels. The difference is that during the first phase,
absolute elevations increase with time but during
the second phase, absolute elevations decrease with
time.

The essential question is whether the Australian
highlands are in a constructive or destructive phase.
This is the question addressed in this paper for the
south-eastern highlands, an area bounded by the
Sydney and Surat Basins to the NE and N, the
Darling and Murray Basins to the W and the
Gippsland and Otway Basins to the S (Fig. 1);
although the arguments developed in this paper
should also be valid for other parts of the highlands
of eastern Australia.

That the southern highlands of Australia exist is
perhaps the only statement in this paper with which
all readers will agree. That the highlands are made
up of crust that mostly predates Late Palaeozoic
time is also well established. Apart from isolated
Cainozoic sediments and volcanics and even smaller
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Fig. 1 Schematic structural map of south-eastern
Australia. The area of study is defined by the dashed lines.

amounts of Mesozoic volcanics, there are few rocks
with ages younger than Carboniferous in the area
of the highlands defined above (Packham 1969).
That the area has been subjected to a number of
disruptive tectonic events in Palaeozoic time also
appears to be beyond dispute because the area is
characterized by intense deformation and meta-
morphism, volcanism and plutonic intrusions.
Whether this evolution is a result of a cratonization
of eastern Australia or whether it reflects a tectonic
reworking of Precambrian crust is immaterial to the
present argument. More relevant is that the pro-
cesses leading to the formation of the fold belt
exhibit all the elements required for the formation
of substantial highlands; phases of compressive
tectonics with crustal folding and underthrusting,
volcanism, and major igneous intrusions (Solomon
& Griffiths 1972; Packham 1969). Northwards, the
New England Fold Belt continued to evolve into
Triassic time. In between the two fold belts the
Sydney Basin formed and was uplifted during the
final stabilization of the two fold belts in Late
Triassic time.

Subsequent deformation of the highlands
appears to have been minor. Old faults can be traced
over long distances throughout the highlands, but
it is not clear whether movements occurred on them
in more recent time. The Berridale fault, for
example, is believed to have formed in Early-Middle
Devonian time, but subsequent movements on it
have been relatively minor (Lambert & White 1965).
Igneous intrusions and volcanism have occurred
throughout Mesozoic and Cainozoic time but while

these occurrences are quite widespread, the volume
of the volcanics is small (Wellman & McDougall
1974a; McDougall & Wellman 1976). Another
tectonic event that cannot be ignored is the opening
of the Tasman Sea and the separation of New
Zealand from Australia, a spreading process that
started at about 80 Ma ago and ended by about
60 Ma ago (Weissel & Hayes 1977). A similar
spreading event removed Australia from Antarctica
starting at about 100 Ma ago (Cande & Mutter
1982) and is still continuing today.

Whether these postorogenic processes are also
responsible for the present highlands remains a
debatable issue. If they are not, then the passive
evolutionary phase will have dominated the
highland evolution onwards from about 250-
200 Ma ago. The magnitude of this early
topography is impossible to assess in any quantita-
tive way but, by comparison with modern-day
examples of interplate collision zones, the
topography is likely to have been substantial. In a
general way, a relation between elevation and degree
of deformation, or between elevation and intensity
of volcanism, may be anticipated as may a relation
between the elevation and the duration of the
orogenic process: the more intense the orogeny and
the longer its duration, the more substantial will
be the final topography.

If the present highlands are largely an erosional
residue of Late Palaeozoic or Early Mesozoic
mountains, then the erosion process must be very
slow. This is in distinct opposition to the geomor-
phological dogma which holds that "Little of the
Earth's topography is older than Tertiary and most
of it is no older than Pleistocene" (Brown 1980;
Thornbury 1962), and which undoubtedly shaped
the view that the eastern highlands were uplifted
in Late Pliocene, Early Pleistocene time (Andrews
1910; David 1932; Browne 1969). If erosion is as
rapid as implied by the above statement, then the
highlands cannot be residues of Palaeozoic
ancestors. Instead they must have been rebuilt in
more recent times. Not all geomorphological
opinion, however, supports such short erosional
time constants.

TERTIARY REJUVENATION: GEOLOGICAL
ARGUMENTS AND EVIDENCE

With the exception of some recent geomorpho-
logical studies, the discussion of the eastern
Australian highland geomorphology is dominated
by the notion of cycles of uplift and erosion in
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which periods of uplift are followed by erosion and
peneplanation in more or less rapid succession
(King 1959; Browne 1969). In Browne's synopsis,
three periods of uplift occurred in the past 40 Ma
with the latest, the Kosciusko uplift, occurring in
Late Pliocene, Early Pleistocene time (Andrews
1910; David 1932). In this model extensive pene-
plains have been postulated for Late Cretaceous
time and again for Miocene time. It was recognized
that this reduction was not always complete and that
residual elevated areas rose above the Early Tertiary
peneplain erosion surface, remnants of which are
believed to be still present today and to reflect traces
of earlier cycles of denudation (Andrews 1914; King
1959; Browne 1969). Nevertheless the Miocene
peneplain must have been extensive in this model,
for the erosional surface has purportedly been
identified throughout the present highland belt,
near sealevel along the south coast of NSW and at
more than 2000 m elevation in the southern high-
lands of NSW (King 1962). It is not always clear
how much of the present highland was believed to
be shaped during the Kosciusko uplift. E. D. Gill,
G. Packham and M. J. Rickard (in Fairbridge 1975)
quite clearly accept that the Kosciusko event uplifted
the entire divide, but D. A. Brown, in the same
volume, considers that this uplift may have been
more localized. The concept of a youthful, highland
terrain remains accepted without question in most
standard treatises of Australian geology (Brown et
al 1968; Fairbridge 1975) and in some regional
studies, notably in the major review of the Sydney
Basin by Mayne et al (1974). The evidence for recent
uplift is wholly morphological, being based largely
on the assumption that various exposed silcrete and
laterite surfaces formed part of a single peneplain
formed in Miocene or earlier time. The correlation
of the widespread erosion surface is, however,
questionable (Oilier 1978), as are their ages.

Not all geologists or geomorphologists have
accepted the view of Tertiary rejuvenation. Craft
(1933a) regarded the plateaux of the south-eastern
highlands as being erosional features rather than
the result of differential uplift of a common surface.
For example, he considered that the Monaro region
formed in Late Palaeozoic or Early Mesozoic times,
after the partial reduction of features created during
the earlier Carboniferous Kanimblan Orogeny
(Craft 1933b). Craft also considered that the
southern part of the Sydney Basin had suffered no
appreciable differential uplift since at least Middle
Tertiary time. Opik (1958) argued that the present
landscape of the Canberra area is a relic of the

Palaeozoic past, even in its minutest detail. Young
(1974, 1977) noted the occurrence of well-developed
duricrust surfaces at the feet of coastal escarpments
as well as on the plateaux within the southern parts
of the Sydney Basin, and suggested that these high-
lands had reached their present elevations by at least
Early Tertiary time (Young 1978, 1981, 1983). This
observation is endorsed by the recent work of Young
and Bishop (1980) and Bishop et al (1985) in the
upper Lachlan Valley and by Young and McDougall
(1985) in the Shoalhaven Valley, where basalts of
similar age are found over a substantial altitude
range, indicating that many of the deep valleys were
already formed at the time of basalt eruption, and
that considerable topography already existed at that
time.

Over the past decade an important shift has
occurred away from models of Late Tertiary rejuve-
nation to models of continuous or episodic uplift
initiated in Late Mesozoic or Early Cainozoic time
and continuing today in response to unspecified
mechanisms (Wellman & McDougall 1974a;
McDougall & Wellman 1976; Wellman 1974,1979a).
The reason for this shift was the K-Ar dating of
the volcanics of the eastern highlands carried out
by McDougall and colleagues. Early work (Cooper
et al 1963; Dulhunty & McDougall 1966; Stipp &
McDougall 1968) on New England volcanics
pointed to ages ranging from Early Oligocene to
Upper Miocene and similar results were obtained
for the volcanics of southern and eastern
Queensland (Webb et al 1967; Webb & McDougall
1968). Later results by Wellman and McDougall
(1974a) and Young and Bishop (1980) along the
Divide of NSW and by Wellman (1974) for the
Victorian highlands, confirmed that volcanism
occurred throughout the Tertiary. What now
dominates the geological models is the association
of this volcanism with a major phase of regional
uplift; one that was initiated between the Late
Mesozoic and Late Oligocene and which continues
today (Ferguson et al 1979; Smith 1982; Wellman
1979a; Jones & Veevers 1982).

Wellman (1979a) attempted to quantify the
Tertiary uplift model by using estimates of the rates
of the downcutting of rivers through time. Caino-
zoic basalts are sometimes found overlying river
gravels that lie well above the heights of the present
river beds, and Wellman adopts this difference in
elevations of the old and new beds as a measure
of uplift that occurred since the eruption of the
basalts. Wellman argued that uplifts of up to
1500 m have taken place since the oldest basalts
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256 K. LAMBECK AND R. STEPHENSON

were emplaced some 60-70 Ma ago and that these
observations are indicative of a dynamic, uplifting
process; that mountain building is taking place
today and that this process has been going on since
Late Mesozoic time. But, is it also possible to argue
that these uplifts are merely a consequence of the
destruction of much older mountains by erosional
processes? That as mountains erode, there is a con-
comitant rebound of their base such that areas
originally at sealevel move up, even though the
mountains as a whole are reduced? This rebound
need not be instantaneous because the crust or
lithosphere tends to respond to loading as a viscous
or viscoelastic medium and rebound could therefore
be occurring now, even if erosion in the recent past
was reduced or had ceased altogether.

A cardinal assumption made in Wellman's
analysis is that river beds adjust themselves rapidly
so as to reach gradients that are in equilibrium with
the baselevel beyond the highlands. This assumption
has not been widely accepted by geomorphologists
who argue that local control of base level might be
more important than regional control, and that
rivers will not incise instantaneously throughout
their length in response to uplift. Moreover, basalt
fills in upland valleys show that the Tertiary
evolution of the landscape has been much slower
than postulated in Wellman's model (Young 1981;
Bishop et al 1985; Taylor et al 1985; Young &
McDougall 1985).

A further argument against significant Tertiary
uplift and landscape evolution lies in the
observation of Young and McDougall (1982) that
subaerial basalts, which erupted near Ulladulla
30 Ma ago, are still near sealevel today. They
conclude that the present coastal plain existed at
that time and that the adjacent Tablelands had
reached their present elevation before mid-
Oligocene time^ Similarly, an Early Miocene
estuarine deposit in the Sydney Basin is still near
sealevel today (Partridge et al 1979).

The fate of the eroded material is clearly an
important point in discussing the evolution of the
highlands, but this aspect has not received much
attention. Only Jones and Veevers (1982) have
attempted to relate the Cainozoic sediments in the
Murray Basin to the history of the highlands. But
the sedimentary history of the other flanking basins
all point to there having been a substantial source
of material from an area now occupied by the
highlands. To the W of the Divide, in the Murray
Basin, Permian and Triassic sediments are found
only in a few small basins underlying an otherwise

predominantly Cainozoic sediment sequence
(Thornton 1976). More substantial deposits occur
to the N, beneath the Eromanga and Surat Basins
and the most extensive sequences are found in the
Sydney Basin. It would appear that these Late
Palaeozoic-Early Mesozoic basins formed in a
synorogenic or immediate postorogenic environ-
ment, at a time when the dominant process was still
one of constructive crustal evolution and mountain
building. This is particularly so for the Sydney
Basin, where the early sediments originated largely
from the Lachlan Fold Belt and from the New
England Fold Belt to the N (Mayne et al 1974;
Gostin & Herbert 1973).

Jurassic and Cretaceous sediments were deposited
in the Surat Basin and a considerable part of them
is believed to have originated from the present
highlands (Exon 1976). Jurassic sediments in the
Sydney Basin are restricted to small outcrops along
the NW margin, but larger deposits occur in the
Oxley Basin to the NW (Mayne et al 1974). At least
2000 m of Upper Cretaceous sediments also occur
on the Lord Howe rise, sediments that have been
deposited in a continental or shallow marine
environment (Willcox et al 1980; Burns et al 1973)
prior to the opening of the Tasman Sea. The Gipps-
land and Otway Basins to the S appear to have been
fed largely from the N (Threlfall et al 1976), starting
in the Late Jurassic for the Otway Basin and in the
Early Cretaceous for the Gippsland Basin (Colman
1976; Ellenor 1976; Threlfall et al 1976). Jurassic
and Cretaceous sediments are not extensive in the
Murray Basin and this implies that an adequate
depositional environment had not yet developed,
rather than an absence of a ready source of sedi-
ments; i.e. that the underlying basement had not
eroded sufficiently to become a major sediment trap
until Late Mesozoic time. Veevers (1982), for
example, has suggested that the Late Cretaceous
sediments on the Ceduna Plateau were delivered
from the eastern highlands via an ancient Murray
Darling drainage system. This continuous supply
of sediments from Permian to Cainozoic time,
originating from a region occupied by the present
highlands, is inconsistent with the concept of a
major peneplain occupying this same region
through Mesozoic and early Tertiary time.

The above arguments present a good case for
pushing the start of uplift of the highlands further
back, in time than has generally been done but the
exact timing of this event remains uncertain. The
youngest marine or shallow water sediments folded
into the Lachlan Fold Belt are Upper Devonian and
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their deformation occurred during the Carboni-
ferous Kanimblan Orogeny (Packham 1969).
Folding was, in general, not intense and intrusive
rocks and volcanics are not extensive. This orogeny,
like its Palaeozoic precursors, may have been a
rather drawn out sequence of events, involving
several orogenic phases. The time of final tectonism
remains uncertain, but it would appear that the
oldest age for the development of the present
highlands is about 300 Ma ago. Some of the
erosional surfaces of the southern highlands may
therefore be of Late Palaeozoic age, uplifted during
or soon after the Kanimblan orogeny as was, in fact,
suggested by Craft (1933a; Andrews 1914).

Uplift of the Sydney Basin is believed to have
occurred in Late Triassic time (Mayne et al 1974)
and this may have been a response to the final
evolutionary steps of the Late Permian Hunter-
Bowen orogeny of New England, particularly if this
basin represents a foreland basin with two principal
sediment sources, the Lachlan Fold Belt to the S
and the New England Fold Belt to the N. Alterna-
tively, this uplift could have been part of a more
general uplift of the region, a proposal that has
some appeal in that it explains the continuity in
landscape across the western and south-western
margins of the Sydney Basin. An appropriate time
for the formation of the ancestors of the present
highlands is, therefore, between 300 and 200 Ma
ago. Possibly the southern part of the highlands,
at latitudes below the topographic low N of
Canberra, was formed by about 300 Ma ago, and
the central part, to the W of Sydney, did not take
on its final shape until later, under the influence
of the formation of the Sydney Basin and the New
England Fold Belt.

GEOPHYSICAL MODELS FOR UPLIFT

The mechanisms for the proposed Tertiary rejuvena-
tion of the highlands of eastern Australia have rarely
been discussed beyond being described by such
vague terms as epeirogenic or cymatogenic uplift.
Alternatively, the uplift has been attributed to
mantle heat sources or to seafloor spreading
without a closer examination of the mechanisms
being made. A complete analysis of mechanical
models for uplift is beyond the scope of this paper,
and one can only comment qualitatively on some
of the proposed mechanisms. These include: (1) the
heating of the crust from below by a heat source
located in the mantle (a view espoused most recently
by Smith 1982); (2) the consequence of the opening

of the Tasman Sea in Late Mesozoic-Early
Cainozoic time (Wellman 1979a; Oilier 1978); and
(3) underplating (Wellman 1979b).

In the first class of models, the lithosphere moves
over a heat source, a Tiotspot' or "plume' that is
fixed, or only slowly moving, with respect to the
lower mantle. Mechanical-thermal models for uplift
resulting from the thermal expansion have been
discussed recently by Sandwell (1982), Mareschal
(1983) and Nakiboglu and Lambeck (1985a). The
broad Hawaiian swell, of a width of about 1000-
1500 km and an amplitude of about 1000-1500 m,
provides a useful analogy for discussing such
models (Crough 1983). The thermal history of this
swell is sufficiently long for a steady thermal state
to be approached (Nakiboglu & Lambeck 1985a)
and much greater amplitudes for the uplift cannot
be expected unless the velocity of the plate relative
to the heat source is reduced so that less of the heat
conducted into the lithosphere is carried away by
the moving lithosphere. An equivalent amplitude
in a subaerial environment would be about two-
thirds of the above amount. These models consider
uplift due to thermal expansion only. Vertical
movements may also result from a vertical
migration of mineralogical phase boundaries. Smith
(1982), for example, has suggested that an effective
uplift mechanism is the vertical migration of a
basalt-eclogite phase change at the base of the crust
in response to a small input of heat. The adopted
model is, however, grossly oversimplified in that it
ignores the experimental evidence for the inter-
mediate pressure garnet-granulite phase assemblage
(Ringwood & Green 1966; Green & Ringwood 1967;
Ito & Kennedy 1971) which is stable over about
5-10 kbar at upper mantle-lower crustal
temperatures (Ringwood 1975; Ferguson et al 1979).
The suggested phase change will therefore take place
over a depth range of 15-30 km rather than being
sharp, and the temperature anomalies required to
produce the uplift must be considerably greater than
those suggested by Smith, although not as great as
that required in the thermal expansion model.

Solutions of the thermal-mechanical models are
characterized by long wavelength uplift profiles,
similar to those observed on the ocean swells
orthogonal to the spreading direction; that is, of
a total width of 1000-1500 km. The phase change
model, by requiring a significant thermal anomaly
only in the lower part of the crust and upper mantle,
may be able to produce a somewhat shorter wave-
length anomaly than the purely thermal expansion
model and this needs to be examined further.
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However, because a substantial part of the lower
crust must be heated, there is lateral diffusion of
heat, and, because the response of the cold upper
crust to the thermal stress not only decreases the
amplitude but also increases the wavelength of the
uplift (Nakiboglu & Lambeck 1985b), it is unlikely
that the resulting wavelength of the uplift will be
significantly less than the above amount.

Both mechanisms are reversible. Uplift by thermal
expansion is followed by subsidence, with the same
time constant, once the heat source has decayed or
the crust has moved away from it. Evidence for this,
with a time constant of 50-100 Ma is seen at oceanic
ridges and in mid-ocean swells (Crough 1983). The
phase change mechanism is also reversible if the
ambient temperatures are in excess of about 400-
500°C (Ito & Kennedy 1971). The time constant of
this phase change is short compared with the
conduction time constant and it is the latter that
will again control the vertical movements.

It has been suggested that aspects of the thermal-
mechanical uplift model may be relevant to eastern
Australia (Smith 1982) because the Tertiary volca-
nism is almost wholly confined to the highland
province, and because some of the volcanoes exhibit
an increasing age progression from S to N that is
consistent with the known movements of the Indo-
Australian Plate (Wellman & McDougall 1974b).
However, the above cited evidence that the Tertiary
volcanism was erupted on a dissected upland
surface of elevation differences of at least 500-
700 m, indicate that this mechanism has not been
very important. The Tertiary volcanics, when taken
together, do not exhibit a systematic age progres-
sion. Only the central volcanoes of Wellman and
McDougall (1974b), those for which the extrusion
occurred from a well-defined vent area rather than
from an area of diffuse dykes and pipe swarms, and'
which also have associated silicic volcanism, exhibit
a systematic increase in age from S to N. It is
curious that if this volcanic trace reflects the hotspot
that led to the formation of the highlands, no
central-type volcanoes are found in the most
elevated parts of the south-eastern highlands. It is
also curious that, if the central volcanoes result
from a single hotspot, the direction of this trace
changes by about 45°, or is offset, just where the
direction of the coastline also changes. Either
several heat sources are required (Sutherland 1981)
or the Tertiary volcanism is predominantly
controlled by the state of stress in the continent
(Pilger 1982), possibly with an overprinting by the

single hotspot trace suggested by Wellman and
McDougall (1974b).

The analogy with the Hawaiian ridge indicates
that the quantity of heat required to explain the
eastern highlands as a thermal expansion effect can
only be injected into the crust if the heat source was
comparable or even larger than that below the
Hawaiian ridge. Alternatively, the movement of the
plate over the heat source was relatively slow. The
first of these requirements appears to be
inconsistent with the small volume of the total
Cainozoic surface volcanics erupted in the eastern
highlands (Wellman & McDougall 1974a), a volume
that represents only about 20% of a typical
Hawaiian shield volcano. The second requirement
is inconsistent with the seafloor spreading models
for Cainozoic time which postulate relatively rapid
movement of Australia for the past 50 Ma (Weissel
& Hayes 1972; Cande & Mutter 1982). The
wavelength of the present highlands also presents
some difficulty. No known set of model parameters
for the thermal-mechanical uplift model can
provide a profile that rises more than 2000 m in a
distance of as little as 150 km from the coast to the
axis of the Snowy Mountains, as is required by
geological interpretations discussed above. However,
the western profile of the highlands, of a gradual
reduction in height over a distance of some 500 km,
is more commensurate with this model. With either
the thermal uplift model or the migrating phase-
boundary model there should be evidence for
subsidence for those parts of the highlands that
have moved away from the heat source. This has
not been observed. One possibility could be that
the geothermal gradients are low so that the phase
change is not wholly reversible, but this is
inconsistent with geotherms deduced from
observations qf heat flow and geothermometry for
south-eastern Australia (Sass & Lachenbruch 1979;
Wass & Hollis 1983).

Neither mechanism offers a satisfactory explana-
tion for a Tertiary or even Late Mesozoic rejuvena-
tion of the highlands. Possibly these mechanisms
are relevant if they occurred prior to the breakaway
of Australia from Antarctica, at a time when plate
movements were slow, and at a time prior to the
opening of the Tasman Sea so that this latter event
could produce the present E-W asymmetry of the
highlands, and prior to the ages of the oldest
sediments on the Lord Howe Rise. Furthermore, in
the absence of evidence for subsidence, these
mechanisms would have to be irreversible.
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Topographies larger than those formed by heating
the crust from below will result if actual rifting
occurs, for now heat is also injected into the
lithosphere from the newly-formed ridge axis. The
typical ocean ridge elevations of 4 km suggest that
relief of up to 3 km could be expected on land.
Maximum uplift would have occurred near the
present eastern margin, tapering eastwards. Such
a process was proposed by Oilier (1978) who also
drew the analogy between the eastern highlands and
the East African rift system (Oilier 1982). The latter
system developed in the Early Tertiary, although the
broad uplift may have preceded the actual rifting
by a considerable time interval (Baker et al 1972;
King 1978). The African plate is believed to have
been relatively stationary in Tertiary time and this
could produce the significant thermal doming and
the very substantial surface volcanism that is
observed; one that dwarfs the Australian volcanism.
The condition of relative immobility of the plate
does not hold for Tertiary Australia. The analogy,
therefore, is not valid.

Rifting along the eastern margin, by splitting of
a substantial part of the eastern half of the uplifted
dome and sinking this part below sealevel and
beyond close scrutiny, has been proposed to explain
the E-W asymmetry of the present highlands (Oilier
1978). The probable date for the initiation of this
rifting is about 80 Ma ago (Weissel & Hayes 1977),
but this episode would not have left a long-term
mark on the new marginal topography because any
associated uplift must have been eroded down to
form a coastal plain by Oligocene and Early
Miocene times in order to form the environment
for the deposition of the near sealevel basalts and
sediments reported by Partridge et al (1979) and
Young and McDougall (1982). The rifting process
itself is unlikely to have contributed significantly
to the formation of the highlands themselves: after
all, if it had, why is there no comparable highland
topography along either the southern margin of the
Australian continent or the once-adjacent Antarctic
margin?

THE EROSION-REBOUND MODEL

The above geological and geophysical arguments
leave a sufficient number of unanswered questions
for mechanisms other than post-Palaeozoic rejuve-
nation to be seriously considered. In particular, it
is worthwhile to examine the hypothesis that the
present topography is a residue of a much older
highland. Have the highlands, formed in Palaeozoic

time, been subsequently shaped by the passive
processes of erosion and rebound, instead of by
active tectonism as is implied by the Mesozoic-
Tertiary uplift models?

The starting point of the erosion-rebound model
is a topographic relief formed in the geological past
by an unspecified mechanism or mechanisms. With
time, the crust underlying the mountain range will
have cooled and strengthened so that it responds
in a regional manner to any change in surface loads.
As erosion of the elevated areas takes place and new
sediments are deposited away from the highlands,
so is the load on the crust redistributed and the
original zero height datum shifts with time: it moves
upwards where erosion is dominant and downwards
where large-scale sedimentation takes place. The
model is, therefore, analogous to the rebound of
the Fennoscandian and Canadian Shields in
response to the unloading by melting of the
Pleistocene ice sheets, but whereas the glacial
rebound model is largely controlled by mantle
rheology, the erosional rebound, occurring on a
much longer time scale, is controlled by crustal or
lithospheric rheology.

Mathematically, the lithosphere is modelled as
a thin viscoelastic Maxwell plate overlying an
incompressible fluid substratum. This plate
supports an initial topography q0 that is
compensated locally by, for example, an Airy local
isostatic model. The governing equation is:

DAAw + k(— + w) = 3 +
T T

(1)

where w is the deflection of the plate, positive
downwards; k is the buoyancy force, equal to emg;
where g is gravity, and Qm the density of the mantle
substratum. A is the Laplacian operator 92( )/3x2

+ 32( )/dy2, where x, y are orthogonal axes in
the horizonal plane, w and q denote differentiation
of w and q with respect to time. D and T specify
the rheology of the plate. D is an effective flexural
rigidity and r is an effective relaxation time
constant. In terms of a plate thickness (T), Young's
modulus (E), rigidity, ji and Poisson's ratio {v):

D = ET3/12(1 -

and

T = 7J/V

- v) (2)

(3)

The function q(xy ; t) specifies the load acting on the
plate at any time (t). A particularly simple model
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260 K. LAMBECK AND R. STEPHENSON

has been adopted to describe the denudation in
which the rate of erosion (e) at time (t) is propor-
tional to the height (h) at the same location and
at the same time, or

e ( x , y ; t) = - h ( x , y ; t )/re (4)

where re is the erosion time constant (cf.
Scheidegger 1961, p. 101; Sleep 1971). As it is the
change in topography that controls the rebound,
the right hand side of (1) is replaced by

(5)

where QC is the density of the crust.
The equations (l)-(5) are based on a number of

assumptions of which the principal ones concern
the rheology, the erosion model, and the initial
conditions. These are discussed below. In addition,
there are the usual assumptions relating to the use
of the thin plate theory to an inhomogeneous crust
or lithosphere.

Rheology

The asthenosphere is assumed to be fluid, an
assumption that is readily justified since the
relaxation time of this layer is of the order 103-104

years, much less than the geological time scales of
1O7-1O8 years under discussion here. The
lithosphere is assumed to consist of a Maxwell solid
described by the two parameters D and T (equations
2 and 3). The initial response to a surface load is
therefore elastic but, with time, the flexural stresses
relax until the local isostatic state is reached
(Beaumont 1978; Lambeck & Nakiboglu 1981). This
model represents a gross simplification of the real
lithosphere since the parameters E, /*, T, V are depth
dependent, and a more realistic model comprises
a series of elastic layers overlying viscoelastic layers.
The upper part of the crust may be considered to
behave as an elastic layer whose strength increases
with depth down to about 20-25 km. Much of the
intraplate seismicity, including that of eastern
Australia (Lambeck et al 1984), is confined to the
upper crust and stress relaxation occurs here by
macroscopic processes. The lower crust is generally
devoid of seismicity, and this is frequently inter-
preted in terms of a region that deforms by ductile
flow when subject to a stress difference (Chen &
Molnar 1983). Such an interpretation for south-
eastern Australia is consistent with the evidence for

a high geothermal gradient (Sass & Lachenbruch
1979) and the pressure-temperature relations
deduced from lower crustal and upper mantle
xenoliths: estimates of temperatures (T) in the lower
crust range from 880°C at 35 km depth to 980°C
at 55 km depth (Wass & Hollis 1983) compared with
a solidus Ts of about 1200°C. That is, T/Ts

(expressed in °K) is about 0.80 and ductile flow is
likely to be important throughout the lower crust.

The upper mantle is sometimes considered to be
a region of high strength which deforms elastically
rather than viscously (Chen & Molnar 1983). The
most relevant flow laws for upper mantle materials
are those of Chopra and Paterson (1981, 1984) for
the temperature range of 1200-1400°C for both wet
and dry polycrystalline olivine. The mantle
temperatures beneath south-eastern Australia are
estimated to be approximately 1240°C at 70 km
depth (Ferguson et al 1979) and even for dry olivine
the effective relaxation constant is at most 102

years for a stress-difference of 10 MPa. In this part
of the mantle at least, there is no evidence for a
strong layer responding elastically to stress-
differences of the order of 10 MPa or greater.

Layered elastic-over-viscoelastic models have been
examined by Lambeck and Nakiboglu (1981) and
in surface loading problems there is little to
distinguish observationally between solutions of the
simple homogeneous Maxwell layers and the more
complex layered models. What is important is that
the parameters D and T are considered as effective
or equivalent parameters, representing depth-
averaged values. The simple models have been
found satisfactory in analysing a number of tectonic
problems (Walcott 1970; Sleep & Snell 1976;
Beaumont 1978; Lambeck 1983; Stephenson 1984).
In these studies the parameters D and r are usually
not independent but their product D T is generally
well determined; approximately 1024-1025Nm Ma
for continental lithosphere (Sleep & Snell 1976;
Beaumont 1978; Lambeck 1983; Stephenson 1984)
and D = 1023Nm and T = 25 Ma has been
adopted. (This latter constant is an order of
magnitude greater than that adopted in the first two
of the above-cited papers.) For a relaxed shear
modulus n = 2 x 1010Pa and v = 0.25, the
effective thickness (T) of the plate is about 33 km.
The effective viscosity is 1025Pa s.

Erosion model

The erosion model (4) represents a gross simplifica-
tion of erosion processes and its use is largely
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governed by its mathematical convenience (Sleep
1971; Scheidegger 1961, p. 101). The model can only
be claimed to describe an effective erosional process,
one that is spatially and temporally averaged over
the area as a whole. Local variations associated with
lithology or vegetation are ignored, as are climate-
related variations through time. The dependence of
the erosion rate on slope is also not considered in
that Te is assumed to be independent of wavelength
in part for want of more information and in part
for a need to keep to a minimum the total number
of parameters in the model so that the predicted
results can be realistically evaluated. Therefore,
concern here is not with the detailed erosion of
topography, but with the average conditions over
areas of 1000 km2 and greater, or with topographic
features described by wavelengths from
approximately 60-70 km to up to several hundred
kilometres. From a geomorphological viewpoint, a
better erosion model is one in which the rate of
erosion is proportional to regional relief (that is
height differences between valleys and ridges)
because river gradients are probably less controlled
by their heights above sealevel than by their heights
above local base levels. However, because the
average conditions dealt with are over areas of about
1000 km2, areas of large mean height are generally
also areas of large relief.

Erosion models such as (4) define the physical
erosion process. Chemical or solution erosion is
much less dependent on elevation and will not be
significant in regions of steep terrain. Instead, it
becomes important in areas of little relief, such as
elevated plateaux or lowlands. Elevated areas of low
relief may therefore still be subject to substantial
erosion but by chemical rather than by physical
processes. Whether this chemical process remains
significant, thereby encouraging uniform denuda-
tion of plateaux, depends on climatic factors, for
if the process leads to the formation of a lateritic
cover subsequent chemical erosion rates may be
much reduced.

The eastern margin of the highlands is charac-
terized by a coastal escarpment, and this is where
the greatest erosion has occurred, by scarp retreat,
during Tertiary times. Here the erosion model is
clearly not appropriate and the predictions of
erosion and uplift along this margin can only be
approximate measures of areally averaged rates.

The adopted time constant re is of the order of
108 years, very long when compared with other
studies of detailed erosion processes. For example,
the predicted erosion rate of terrain at 1000 m

elevation is about 10 m/Ma for re = 108 years, and
this compares with erosion rates of about 50 m/Ma
frequently found in the detailed local studies. This
difference may be because the latter studies are
usually carried out in restricted areas of high rates
of erosion caused by local geological and climatic
conditions. It may also be a consequence of
different meanings of erosion rates in these local
studies from the more regional estimates. For
example, erosion rates based on estimates of cliff
recession are indicative mainly of local land slipping
and gravitational instabilities. The actual rate of
erosion viewed on a larger scale depends more on
the ability to transport the debris away from the foot
of the cliff. Furthermore, the present-day estimates
of rates of erosion may be strongly influenced by
the climatic changes of Pleistocene time during
which interval temporary storages of eroded
materials formed on footslopes and are now
being worked further down the system. Erosion
rates, averaged over times of 106 years and longer
and over areas of 103km2 and greater, are therefore
likely to be significantly less than the estimates
based on these local studies.

Gilluly (1964) has estimated the present erosion
rates for the eastern United States to be approxi-
mately 20 m/Ma years, including clastic and
solution loads in about equal parts. For an average
terrain elevation of 1000 m, re = 50 Ma. His
estimates for Cainozoic and Mesozoic rates are only
marginally less than this. England and Richardson
(1980) examined the effect of erosion on surface
heat flow and adopted erosion time constants of
50-200 Ma for the initially rapid phase of erosion.
They note that denudation rates for active orogenic
belts, such as the alps, may initially be very rapid
but they also note the persistence of mountains
formed during the Hercynian, Caledonian and older
orogenies. Stephenson (1984) adopted longer time
constants of 275-375 Ma for the older terrains of
North America, in recognition that the time
constant may itself be a function of the age of the
eroding structure. It would be appropriate to
consider a time dependent erosion constant, one in
which erosion is initially more rapid than proposed
here. The adopted value is largely scaled by the
estimates of Tertiary erosion and, as such, estimates
of total erosion since Late Palaeozoic time are likely
to be minimal rates.

Time constants in the interval 150-250 Ma are
considered for south-eastern Australia. A value of
200 Ma means that areas at 1000 m elevation are
eroding at a spatial and time averaged rate of
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approximately 5 m/Ma. Thus, on average, approxi-
mately 150 km3 of material/1000 km2 of area has
been eroded since Oligocene time. For terrain at an
average elevation of 500 m, these figures are reduced
by a factor of 2. The local isostatic rebound in
response to this unloading will be about two-thirds
of these erosion estimates and the change in
absolute elevation is only about 50 m at 1000 m
elevation in the past 30 Ma.

Initial conditions

The initial conditions required to solve equation (1)
with (5) are two-fold. First, the epoch t0 has to be
established; the time at which the passive destructive
phase becomes the dominant factor in shaping the
highlands. The second is the stress-state at that time.

If the mountains are a residue of the Palaeozoic
Lachlan Fold Belt, then to equals or is younger
than the end of the Kanimblan Orogeny, or approxi-
mately 300 Ma. To allow for a thermal equilibrium
to be reached after this and earlier orogenies, and
to avoid the earliest period of decay when erosion
processes may have been significantly more effective
than later, a more appropriate value for to is
perhaps 250 Ma. The uplift of the Sydney Basin
suggests that to =. 200 Ma for the highlands
adjacent to this basin [for that region W of Sydney
and N of the topographic low that lies between
Canberra and Goulburn (Fig. 2)]. Values of between

Fig. 2 Contour map of present-day average elevations
(at 250 m intervals). The heights have been averaged into
32 x 33 km areas before being contoured. Coastline is
shown by dashed line.

150 and 250 Ma ago for the starting time are there-
fore appropriate.

If the initial mountains are a consequence of
compressional tectonics accompanied by extensive
igneous intrusions, then the resulting mountains can
be expected to be in a state of local or near local
isostasy. If the mountains are a consequence of a
thermally driven uplift, then the state of isostasy
may be a more regional one because the colder
upper crust will support the thermal stresses over
an area that is larger than the heat source. For
wavelengths of uplift that exceed the thicknesses of
the crust by a factor of 4 or 5, however, there will
be little to distinguish between the local and regional
stress states (Nakiboglu & Lambeck 1985b). There-
fore, the topography at time t0 will be assumed to
have been locally compensated. This choice is not
an important one insofar as the rebound is
controlled mainly be the unloading of the crust.
Where it has some consequence is in the calculation
of stress and gravity.

MODEL PREDICTIONS

With the load specified by equations (4) and (5),
equation (1) can be solved for the deformation w(t)
through time, subject to the requirement that the
elevation at the present time (t = tp) equals the
observed values. Other values that can be computed
once equation (1) is solved include the temporal
evolution of elevation, the amounts and rates of
erosion, gravity g(t) and stress ffjj(t). Because of the
irregular geometry of this topography, the solution
of equation (1) is sought in the wavelength domain
in which heights and other quantities are trans-
formed into the two-dimensional Fourier domain.
The solution of the Fourier transformed form of
equation (1) is transformed back into the spatial
domain (Stephenson 1984).

Figure 2 illustrates the mean elevations, for areas
of 1000 km2, at time t = tp. Elevations have been
set to zero in the offshore region, thereby avoiding
the complications arising from the rifting and
spreading in the Tasman Sea. Standard procedures
have been used to compute the Fourier spectra
(Stephenson & Lambeck 1985). Table 1 summarizes
the various parameters adopted in solving equations
(l)-(5). Stephenson and Lambeck (1985) adopted
an origin time of t0 = 180 Ma BP and an erosion
time constant of re = 150 Ma. These parameters
were chosen to give uplift rates for Tertiary time that
were consistent with Wellman's estimates based on
rates of river downcutting but, as discussed above,
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Table 1 Parameters used to define the erosional rebound
model. The secondary parameters define the equivalent
viscoelastic layer.

Primary parameters
Starting time t0

Erosion time constant re

Effective flexural rigidity D
Effective relaxation

constant T
Density of substratum

Density of upper crust

Spatial resolution

Secondary parameters
Relaxed shear modulus
Equivalent elastic thick-

ness of plate
Equivalent viscosity of

plate

250 Ma BP

200 Ma
1023 Nm
25 Ma

6 m = 3.3 x 103 kg
m"3

e c = 2.7 x 103 kg

m
31.5 km latitude x

33.3 km longitude

H = 2 x 10'° Pa
H = 33 km

)j = 1.6 x 1025 Pa s

the assumptions inherent in these observational
estimates have been questioned. Instead, parameters
are now used that are more consistent with the
recent geomorphological and geological studies of
Young, Bishop and Taylor.

The predicted mean elevations, averaged for the
approximately 1000 km2 areas, are illustrated in
Fig. 3 for time to (t = 0), corresponding to 250 Ma
BP. Because phase shifts are not permitted in this
model, the past topography is similar in form to
the present terrain, only of greater height. The
topographic low predicted for the region imme-
diately to the W of the highest elevation is largely
a consequence of the Fourier analysis method not
being able to adequately model steep gradients
when the sampling interval is relatively large. The
zero height contour at t0 lies further westward than
it does now, and the central part of the Sydney Basin
as well as the onshore Gippsland basin would have
been shallow-water environments at t0, even in the
absence of sealevel fluctuations. With time, this
contour moves away from the topographic axis, a
consequence of the regionality of the isostatic
response. This is seen more clearly in Fig. 4 for a
section from Albury to Bega. The rebound is of a
more regional character than is the erosion and this
results in a "broadening' of the topography with
time. Lowlands originally flanking the original
highlands have now been uplifted. In some areas
such as the Monaro Plain, rebound has equalled
erosion and there has been little change in the
absolute elevations through time.

Fig. 3 Contour map of average elevations at t0 (250 Ma
ago). Contours are at 500 m intervals (except for the 250 m
contour to the W). Shaded areas represent regions that
are below present-day sealevel.

The evolution of landscape, erosion and rebound
is initially quite rapid, but during Tertiary time
evolution throughout the region is much reduced.
This is illustrated in Fig. 5 for several localities. For
both the Kosciusko region and the Victorian high-
land region, for example Mt Feathertop, the initial
erosion rates of approximately 12-14 m Ma"1

(averages for 1000 km2) decay to approximately
6-8 m Ma"1 at present. For the Monaro Plain, the
erosion rates have remained nearly constant at
4-5 m Ma"1 . Somewhat lower rates are predicted
for the Upper Lachlan Valley area studied by Bishop
et al (1985) and in the Sassafras area, near the
southern margin of the Sydney Basin, studied by
Young and McDougall (1985). Erosion rates may
change quite rapidly from one 1000 km2 area to
the next, as can be seen for the results at two
different locations along the Snowy River in
Victoria. For most areas the erosion rates have
evolved little through Cainozoic time, and the areal
distribution of these average rates for the past
50 Ma is illustrated in Fig. 6. These values represent
average rates over areas of about 1000 km2 and the
distribution of erosion rates within the blocks can
be quite variable. Likewise, the erosion time
constant is an average value for the past 250 Ma
and departures from it could be significant. The
areal distribution of the total predicted erosion since
250 Ma BP is illustrated in Fig. 7. The estimated
volume of eroded sediments is 1.5 x 105 km3, of
which approximately 3.5 x 104 km3 were removed



D
ow

nl
oa

de
d 

B
y:

 [A
us

tra
lia

n 
N

at
io

na
l U

ni
ve

rs
ity

] A
t: 

04
:0

8 
18

 D
ec

em
be

r 2
00

7 
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Fig. 4 Evolution of elevation, erosion and rebound along the section from Albury to Bega (Fig. 2) at intervals of
50 Ma from 250 to 100 Ma BP, and at intervals of 25 Ma from 100 Ma BP to the present. For each epoch elevations
are given on the left and erosion and rebound on the right. Rebound is generally positive and erosion is predominantly
negative.

3- ot

P'wdgifl. Rongg jNimitobal) _

150 rOO

Time (Ma BP)

!
MI Feathertop
Mitta-Mitto R.

, Snowy K.-Deddkk R. Junction

Fig. 5 Model-predicted erosion and uplift rates through time at selected sites in NSW (left) and Victoria (right).



D
ow

nl
oa

de
d 

B
y:

 [A
us

tra
lia

n 
N

at
io

na
l U

ni
ve

rs
ity

] A
t: 

04
:0

8 
18

 D
ec

em
be

r 2
00

7 

POST-PALAEOZOIC UPLIFT HISTORY OF SE AUSTRALIA 265

Fig. 6 Model-predicted average rates of erosion during
Cainozoic time (units of m/Ma).

Fig. 7 Distribution of total amount of material eroded
from highlands since 250 Ma ago (contour interval is
500 m).

in Cainozoic time, 4.2 x 104 km3 during the
Cretaceous and 3.3 x 104 km3 during the Jurassic
(Fig. 8). As mentioned previously the volumes for
Mesozoic sediments are likely to be lower limits if
the erosion time constants were greater during the
early part of the erosion history than during Tertiary
time.

Predicted uplift rates are also given at selected
sites in Fig. 5 and in most localities these rates have
remained nearly constant through time, with

maximum rates being about 5 m Ma"1 . While
erosion rates for the more elevated areas are
originally relatively rapid, the crust is not
responding immediately to this unloading because
of the viscosity introduced into the lithospheric
rheology and the maximum rebound rates will occur
at a later time. The areal distribution of mean uplift
rates for the past 50 Ma is illustrated in Fig. 9.

DISCUSSION

It is important to recognize that the model provides
only a broad framework for discussing the geo-
logical evidence. Erosion rates will vary through

Fig. 8 Cumulative amount of total erosion with time
from 250 Ma ago to the present.

148°

Fig. 9 Model predicted average rate of regional isostatic
rebound during Cainozoic time (in units of m/Ma).
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time and with location in a more irregular way than
is predicted here because the latter values represent
average rates over an area of about 1000 km2. This
may not be adequate to model reliably the evolution
along the eastern margin where erosion is mainly
by scarp retreat. Examples are illustrated in Fig. 10.
In Fig. 10a erosion is by river incision only and the
elevated plateau surface remains unchanged. The
area-average rate of erosion will be e = (6A/A)e;,
where e\ is the rate of river incision and 5A/A is the
fraction of area occupied by eroding river valleys.
The regional uplift rate of the area will be about
ep</Pm where ec, Qm are the densities of the
eroding material and mantle, respectively. In this
instance the net elevation of the uneroded plateau
actually increases whereas the average absolute
elevation of the area decreases at a rate of approxi-
mately (1 - Qc/gm)e. In Fig. 10b erosion is by scarp
retreat but the consequence is the same; scarp
retreat over a fraction of the area results in an actual
uplift of the plateau part of the area and a net
reduction in the average elevation of the area.

B

Fig. 10 Relation between erosion and rebound. In
Fig. 10a, erosion is by river incision and in Fig. 10b, it
is by scarp retreat. The shaded area represents the present-
day elevations of a topography whose position before
erosion is represented by the dashed line. The dotted line
represents the hypothetical position that the past
topographic surface would occupy now if rebound only
occurred. In response to erosion (E) a regional rebound
(W) occurs and the change in topographic height is dH.
In both cases no erosion of the plateaux surfaces occurs
and these surfaces may actually increase in elevation,
although the region as a whole is reduced.

The rebound rates, like the erosion rates, also
represent average values and observed rates may
depart locally in time and space from these
predicted averages because of the departures of the
geological and rheological characteristics of the
upper crust from the assumed homogeneous layer.
Rather than uniform uplift, for example, the vertical
movements are likely to be episodic and concen-
trated at pre-existing faults and other zones of
weakness in the upper crust.

In the past year, several new estimates of erosion
rates have been made for parts of the south-eastern
highlands. In the Sassafras region of the Shoalhaven
Valley, Young and McDougall (1985) estimate that
erosion is mainly by scarp retreat at rates of between
12 and 28 m Ma"1 during Tertiary time. In the
1000 km2 area centred on Sassafras and the nearby
Endrick Valley, there is about 200 km of river bed
with escarpments of an average height (H) of
approximately 200 m above the river bed. The area-
average rate of erosion is then e = 2L es H/A
where es is the rate of scarp retreat and L is the
length of river bed in the area. With the above
values e = (1.0-2.3)m Ma"1 . This represents a
lower limit because erosion by river incision is
ignored and because erosion in a myriad of smaller
valleys within the 1000 km2 area is not included.
The predicted erosion rate for the Tertiary is (3-4) m
Ma"1 (Fig. 5) and the agreement is satisfactory
although possibly fortuitous.

Erosion rates for the Monaro are predicted to be
about 4 m Ma " ' (Fig. 5) so that on average about
200 m of material has eroded from the plain over
the past 50 Ma. Taylor et al (1985) note that basalts,
which erupted 54-36 Ma ago, are up to
200 m above the present valley floors and, because
the thickness of the original basalt flows is
unknown, this provides a lower limit to the rate of
erosion. Agreement between the geomorphological
observation and the model is again satisfactory.

Bishop (1985) has estimated that erosion rates for
the Lachlan River catchment area have been on
average 4 m Ma"1 over the past 25 Ma. This
estimate is based on the volume of post-Oligocene
terrigenous sediments deposited in a fan of the
Lachlan River and it represents a lower limit because
it ignores sediments not trapped in the fan and
material carried away in solution. Comparable
estimates have been reached by Bishop from a study
of river incision and scarp retreat.

A comparable mass balance calculation of eroded
material and basin terrigenous sediments has not
been attempted here because the model excludes
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sediments from the northern NSW and Queensland
highlands as well as from western Victoria, and
because the volume of sediments in a number of
the flanking basins is poorly known. For an order
of magnitude comparison, the Murray Basin, for
example, contains about 4.2 x 104 km3 of
terrigenous Cainozoic sediments (Bishop 1985) of
which a significant fraction would have originated
from the area of study. The predicted amount of
eroded Cainozoic sediments is 3.5 x 104 km3

(Fig. 8) and there is qualitative agreement.

Gravity has been computed by Stephenson and
Lambeck (1985) and the predicted field is consistent
with observations. The stress state of the crust
through time is more difficult to evaluate because
the stresses are more a function of the choice of
rheology and initial stress state than is the
displacement field. The principal characteristic of
the predicted stress field is one of tension in the
near-surface crust and compression in the deeper
crust with maximum stress-differences reaching
1 kbar. Should failure occur, it will be by normal
faulting near the surface and by thrust faulting at
depth. Because of the introduction of the viscous
element in the rheology, the maximum stress
differences due to the rebound did not occur when
the topography was greatest and preliminary
calculations show that maximum stresses actually
occurred in Tertiary time, and that the present-day
stress differences are still near their maximum values
(Stephenson & Lambeck 1985). A preliminary
examination of these stresses in relation to the
seismicity of the region has been made by Lambeck
et al (1984) and McQueen (1985).

It is inevitable that any eroding mountain range
will be subjected to isostatic rebound of a regional
character. The essential question here is whether this
is the dominant process that has been shaping the
south-eastern highlands of Australia since Late
Palaeozoic or Early Mesozoic time. It has been
concluded that it is, that the present highlands are
very much an erosional residue of Late Palaeozoic
or Early Mesozoic mountain building processes,
and that the landscape has evolved only slowly since
then. There does not appear to be strong evidence
for, nor a need for, significant rejuvenation of the
highlands in Late Mesozoic or Tertiary time.

This conclusion has important repercussions for
traditional geomorphological models of erosion
which hold that erosion time constants are of the
order of 106-107 years rather than 108 years as
proposed here. The conclusion also has significance
for studies of the basins peripheral to the highlands,

for not only does the model provide a ready source
of sediments throughout Late Palaeozoic and
Mesozoic time, the rebound also perturbs the
history of the basin margins.
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