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ABSTRACT: Identifying the influence of neotectonics on the morphology of elevated passive margins is complicated in that major
morpho-structural patterns might plausibly be explained by processes related to late Mesozoic to early Cenozoic rifting and/or
differential erosion induced by Cenozoic epeirogenic uplift. The proportional contribution of each process can vary from continent
to continent, and potentially even within the same passive margin.

In the passive margin setting of the southeast Australian highlands the documented occurrence of neotectonic deformation is rare,
and accordingly its role in landscape evolution is difficult to establish. The results of investigations within the Lapstone Structural
Complex, which forms the eastern range front of the Blue Mountains Plateau, provide evidence for two periods of Cenozoic
neotectonic uplift in this part of the highlands. The first, demonstrated by seismic and structural evidence, is suggested to have
occurred in the Paleogene, and is thus unrelated to Cretaceous rifting. The second period, demonstrated by evidence from the
Kurrajong Fault (presented herein) suggests that uplift occurred in both the Mio-Pliocene and the Middle Pleistocene. The cumulative
Neogene and younger uplift of ~15m determined for the Kurrajong Fault is less than 10% of the 130 m of total measured throw
across the fault. The apparently minor contribution of neotectonism to the current elevation of the Blue Mountains Plateau supports
a predominantly erosional exhumation origin for the topographic relief at the plateau’s eastern edge. This finding contrasts with
evidence from fault complexes associated with similar topographic relief elsewhere in the south-eastern highlands, indicating that
present-day topography cannot be directly related to relief generated by Neogene and younger uplift, even from relatively
closely-spaced (< 150km) structures within the same passive margin. These findings have implications for understanding the
spatio-temporal variability of post-rift faulting in continental passive margin settings and the evolution of landscapes therein.
© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.
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1999a, 1999b) indicates that the majority of the present relief
generation along the margins studied post-dates rifting. The
similarity of these margins to other passive margins worldwide
led Japsen et al. (2009) to question whether episodic post-rift
uplift unrelated to the process of rifting and continental separa-
tion might be more common than is generally assumed.

Introduction

Low-relief, large-scale, dissected plateaux separated from an
adjacent coastal plain by a pronounced escarpment are a com-
mon feature of the Earths” elevated passive margins, examples
of which include southern Africa, eastern Brazil, western India,
the northern North Atlantic and eastern Australia (e.g. Japsen
et al., 2009, and references cited therein). Despite their global
distribution, the geomorphic and structural evolution of many
elevated passive continental margins remains the subject of
debate. Specifically, the timing of uplift to their present eleva-

The south-east Australian Highlands and the
Kosciuszko uplift

tion, and the relationship of the uplift to rift- or non-rift-related
structures is often cryptic. Have they been permanently uplifted
since the time of rifting (typically Cretaceous), or does uplift
pertain to Cenozoic events unrelated to rifting? Apatite fission
track thermochronology (AFTT) and geomorphic evidence from
West Greenland (Japsen et al.,, 2006, 2009), Scandinavia
(Bonow et al., 2006) and Africa (Gallagher and Brown,

The south-eastern highlands of the eastern Australian passive
margin are characterized by some of the greatest relief on the
continent, and some of the highest bedrock erosion rates — in
the order of 20 to 50 m/Ma (e.g. Bishop, 1985; Bishop et al.,
1985; Weissel and Seidl, 1998; Bishop and Goldrick, 2000;
Heimsath et al., 2000, 2001; Wilkinson et al., 2005; Tomkins
et al., 2007; Heimsath et al., 2010). Contemporary relief in
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the region is hypothesized to have resulted from a variety of
mechanisms, including flexural unloading of the rift flank
during extension (e.g. Weissel and Karner, 1989), base-level
change initiated at a rift margin (e.g. van der Beek et al.,
1999), lithospheric shortening (e.g. Braun et al., 2009) and
dynamic topography related to northward plate motion over a
pre-existing pattern of mantle convective circulation (e.g. Heine
et al., 2010; Czarnota et al., 2013, 2014). Proposed timings for
the uplift that drove relief development vary from Late Paleozoic
through to Miocene (see Vandenberg, 2010). AFTT data appear
to constrain the earliest possible timing to the Late Mesozoic
(e.g. Kohn et al., 1999; O'Sullivan et al., 1999), temporally co-
incident with the rift-related opening of the Tasman Sea
(Norvick and Smith, 2001).

Holdgate et al. (2008) present evidence from the Victorian
part of the south-eastern highlands (see Figure 1) which
resurrected the idea of a more recent punctuated uplift ‘event’
— the post-Eocene Kosciuszko Uplift (Andrews, 1910; Sprigg,
1945; Browne, 1967) — that continued into the Late Pliocene
and potentially into the Pleistocene. The applicability of this
thesis to the broader south-eastern highlands is subject to
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debate (e.g. Brown, 2008; Holdgate et al., 2008; Vandenberg,
2010; Holdgate et al., 2011; Norvick, 2011). It is plausible that
this postulated Cenozoic uplift might be responsible for adding
several hundred metres of relief to the highlands. The Neogene
and younger components of any such uplift may even relate to
the pulse of deformation seen in southeast Australian offshore
basins between c. 10-5Ma (Dickinson et al., 2001, 2002), as-
sociated with the reorganization of the crustal stress field into
its present configuration commencing in the Late Miocene
(Sandiford et al., 2004; Hillis et al., 2008; Holford et al., 2012).

An epeirogenic mechanism for this punctuated and long-
lived uplift is not readily apparent, nor have any crustal fault
systems which might have accommodated such a large-scale
uplift been identified. However, perturbations in age distribu-
tions derived from AFTT data for south-eastern Australia
suggest a dominant fault-related mechanism underpinning
uplift (Braun et al., 2009).

Holdgate et al. (2006) and Vandenberg (2010) report faults
demonstrating late Cenozoic displacement in the Victorian part
of the south-eastern highlands, while a handful of fault systems
with structural relief on the order of hundreds of metres or more
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Figure 1. Digital elevation model [Shuttle Radar Topography Mission (SRTM): 90 m) showing the Eastern Highlands of south-eastern Australia,
which reach a maximum elevation of 2228 m above sea-level. Fault structures or complexes mentioned in text are shown, as is the outline of the

Permo-Triassic Sydney Basin.
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are also documented (e.g. Webb et al., 2011). Examples such as
the Tawonga and Kiewa Faults (Beavis, 1960, 1962; Beavis and
Beavis, 1976; Orr, 1999), the Khancoban-Yellow Bog Fault
(Moye et al., 1963; Sharp, 2004) and the Berridale Fault
(Lambert and White, 1965) are located in the Snowy Mountains
region of southern New South Wales/northeast Victoria
(Figure 1). Further to the north along the continental divide,
evidence from the Lake George Fault suggests that some topog-
raphy relating to that structure already existed before the
Neogene (Young and Bishop, 1980; Young, 1981), although
70% of the known displacement on the fault is considered to
be Neogene or younger (Coventry, 1976; Singh et al., 1981;
Abell, 1985, 1991). The sedimentary history of the Lake
George Basin currently provides no evidence to suggest that
it has experienced any tectonic deformation since the Late
Pleistocene (Coventry, 1976), and that since that time
sedimentation rates have been more strongly controlled by
climate, particularly during the Holocene (Fitzsimmons and
Barrows, 2010).

The focus of this paper is the Lapstone Structural Complex
(LSC), west of Sydney, New South Wales (Figure 1). The LSC
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is associated with up to 400 m of structural and topographic
relief, and considerable debate exists as to the timing of relief
generation, and its relationship to rifting. We present the results
of an investigation of sediments infilling Mountain Lagoon — a
small basin bounded by the Kurrajong Fault, in the central
LSC. This basin archives a history of Neogene and younger
tectonic activity on the Kurrajong Fault. As a result of the struc-
tural relationships within the LSC, displacements on the fault
can be used as a proxy for neotectonic activity on the LSC as
a whole. Comparison of results from the LSC against data for
known structures elsewhere in the south-eastern highlands
provides insights into variation in the timing and magnitude
of neotectonic deformation in the region and the relative
influence of tectonism on landscape evolution.

Lapstone Structural Complex (LSC)

The LSC consists of a series of approximately north—south
trending faults and monoclinal flexures, including the promi-
nent Lapstone Monocline (Figure 2), that underlie the eastern
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Digital elevation model (SRTM: 90 m) of the Lapstone Structural Complex (LSC), ~60 km west of Sydney, NSW. Solid black lines denote

major structures of the LSC; broad hatching identifies the approximate extent of the Lapstone Monocline (after Branagan and Pedram, 1990). Geology
derived from the Sydney (Bryan, 1966) and Wollongong (Rose, 1966) 1:250 000 geological sheets superimposed over hill-shaded relief. Localities and

major streams mentioned in text are labelled.
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range front of the Blue Mountains plateau over a distance of as
much as 160 km (Mauger et al., 1984; Branagan and Pedram,
1990; Pickett and Bishop, 1992) (Figures 1 and 2). The topogra-
phy of the eastern range front is strongly controlled by structural
relief across the erosionally-resistant Hawkesbury Sandstone
(Herbert and Helby, 1980; Pickett and Bishop, 1992). This
geological unit, along with the Ashfield Shale (Herbert, 1979),
dominate the surface geology of the study area. Both units
are locally disconformably overlain by post-Triassic strata
(Figure 2), amongst which those of most relevance to the
present study are Miocene alkali olivine basalts dated at ~
14-20Ma (Wellman and McDougall, 1974; van der Beek
et al., 2001), and Cenozoic alluvial deposits. The basalts
generally occur to the west of the LSC as remnants of larger
flows that were erupted onto a relatively subdued, low-relief
land-surface (van der Beek et al., 2001), while alluvial deposits
are common to the east of the base of the Lapstone Monocline
(Figure 2), e.g. the Rickabys Creek Gravel (Gobert, 1978;
Chesnut, 1982; Bishop and Hunter, 1990; Pickett and Bishop,
1992). These gravels are found both on the face, and to the east,
of the Lapstone Monocline, and are interpreted by Nanson and
Young (1987) to be conglomerates deposited by a braided
stream (the palaeo-Wollondilly River system). The age of these
deposits is not known.

The LSC can be broadly divided into three domains on the
basis of structural, geomorphic and topographic characteristics
(Figure 3; refer to Figure 2 for locations). South of the village of
Mulgoa the range front is sharp and linear for almost 55 km.
Seismic reflection data indicate that the escarpment is under-
lain by the steeply west-dipping (60°-80°) Nepean Fault
System (Herbert, 1989; Bray et al., 2010; Fergusson et al.,
2011). Triassic Hawkesbury Sandstone and Ashfield Shale
(Herbert, 1979) are folded into a prominent hanging wall anti-
cline at Bents Basin (maximum 85° east dip), and abut almost
horizontal strata immediately east of the fault (Branagan and
Pedram, 1990; Fergusson et al., 2011). Several shorter, east-
facing fault scarps relating to structures imaged in seismic
reflection data occur a few kilometres to the west of the main
range front (Bray et al., 2010). It is not known whether these
faults maintain a steep dip below the couple of kilometres
depth captured by seismic imaging. Structural relief is in the
order of 50-100 m (Figure 3).

In the central domain, from Mulgoa northwards to the Colo
River, the range front is underlain by a series of west-dipping
faults (Branagan and Pedram, 1990; Fergusson et al., 2011)
and east-facing monoclines, most notably the Lapstone Mono-
cline (Figure 2). Two to three kilometres to the west of the range
front and parallel to it, a series of en echelon faults are associated
with west-facing fault scarps — the Glenbrook, Yellow Rock,
Frasers, Blue Gum, Grose, Burralow and Kurrajong Faults
(Branagan and Pedram, 1990) (Figure 4). For ease of reference,
these faults are herein collectively termed the Kurrajong Fault
System (KFS), after Pedram (1983). Faults of the KFS are
interpreted to coalesce at depth (Herbert, 1989; Clark and
Rawson, 2009). Relief across this section of the LSC increases
from south to north, reaching a maximum of 400 m near the Colo
River (Figure 3).

Many of the west-facing scarps in this region are associated
with swamps and small lakes, such as Mountain Lagoon,
Burralow Swamp, Blue Gum Swamp, Shaw’s Creek Swamp
and Warrimoo Swamp (Rawson, 1990; Rawson and Clark,
2009). Rawson (1990) investigated the depth of sedimentary fill
in several of these basins and found that most contained less
than 5m of unconsolidated sediment. The exceptions are
Burralow Swamp (~20m — Rawson, 1990) and Mountain
Lagoon (~23 m — this study) (Figure 4). This was taken as an
indication that long-term average incision rates into the fault
barriers closely match the long-term average uplift rates of the
fault barriers (Rawson and Clark, 2009). A series of drill-holes
in Burralow Swamp identified a 6-7 m thick buried clay lens
which was interpreted to relate to fault damming of Burralow
Creek at some time during the Late Pleistocene (Rawson,
1990; Rawson and Clark, 2009). Episodic uplift on the
Burralow Fault is implied (Clark et al., 2012).

North of the Colo River, the topographic character of the
eastern range front of the Blue Mountains becomes subdued
(Figure 3). Relief across the range front varies from 100 to
300 m. No faults have been mapped as underlying the range
front north of the Colo River. However, the topography is con-
sistent with the existence of a broad east-facing monocline
(Galloway, 1967; Henry, 1987), punctuated locally by short,
discrete fault traces. Over a distance of 30 to 40 km drainage
is transverse — flowing westerly against the general gradient of
the topography through the northern part of the LSC. The upper
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Figure 3. Scarp-parallel topographic profiles running north to south along the LSC (from Clark and Rawson, 2009). Refer to Figure 2 for locations.
Residual (black dotted line) represents the difference in elevation between the top of the scarp and 5 km east of the scarp front. Residual line is
depressed south of the Nepean River as some deformation is accommodated on structures to the west of the main range front.
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Figure 4. Digital elevation model (NSW Department of Land and Property Information: 25 m) of the central Lapstone Structural Complex (LSC). The
Grose, Burralow and Kurrajong Faults form part of the Kurrajong Fault System (KFS); broad hatching identifies the approximate extent of the Lapstone
Monocline (after Branagan and Pedram, 1990). Geology derived from the Sydney 1:250 000 geological sheet (Bryan, 1966) superimposed over hill-shaded
relief. Locations and major streams mentioned in text are marked. Features of note include (i) Mountain Lagoon, which is underlain by remnant Triassic
Ashfield Shale, (ii) the Green Scrub Basalt, which sits elevated relative to the lagoon and just to its south, and (i) Burralow Swamp — another confined

drainage apparently trapped upstream of a known fault.

reaches of streams in this area, known as the Mellong Plateau
(Figure 2), are extensively alluviated and large swamps occur
on major creeks and tributaries. Valley infill beneath the
swamps is typically less than 10 m thick (Henry, 1987; Riley
and Henry, 1987). One of several possible explanations for
swamp formation involves the back-rotation of stream channels
resulting from vertical growth (displacement) on a northern
extension of the Lapstone Monocline (Galloway, 1967; Henry,
1987). The age of valley fill sediments is poorly constrained.
Black et al. (2007) obtained a radiocarbon age from a sediment
core in Kings Waterhole (Howes Swamp) of 6014-6491 cal.
years BP (B-186148) at a depth of 5.5m. It was not reported
whether bedrock was intersected at the bottom of the hole.
Henry (1987) reports Quaternary pollen at 3.5 m depth from
an embayment near Culloul Creek. Samples from deeper in
Henry’s borehole sections were too oxidized to yield datable
pollen assemblages.

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.

Deformation History of the LSC
A variety of ages have been proposed for the development of
the structural and topographic relief relating to the LSC, and
in particular the Lapstone Monocline. Alternative views
propose that fold development was largely complete by the
Early Jurassic (Pickett and Bishop, 1992), the Late Jurassic
(Herbert, 1989), the Early Tertiary (Branagan and Pedram,
1990; van der Beek and Braun, 1999), and the Late Tertiary
(Bishop et al., 1982, with age recalculated by Pillans, 2003).
Relief generation has been associated with erosional exhuma-
tion of structures produced by Late Mesozoic to Early Cenozoic
deformation (Bishop et al., 1982; Qureshi, 1984; Leaman,
1990; Pickett and Bishop, 1992; Schmidt et al., 1995; van der
Beek et al., 2001) and with post-mid Miocene tectonism
(David, 1902; Wellman, 1987; IGNS, 1999).

The idea that basement structures that were active during
deposition of the Sydney Basin sediments in the Late Paleozoic

Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)
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to Early Mesozoic have played a significant role in the develop-
ment of the LSC (Qureshi, 1984; Harrington and Korsch, 1985;
Branagan and Pedram, 1990; Pickett and Bishop, 1992) is con-
tentious. For example, seismic and structural evidence suggest
dominantly Paleogene uplift under a compressional stress
regime (Bray et al., 2010; Fergusson et al., 2011). This same
compressional setting, which continues to the present day
(Dyksterhuis and Muller, 2008; Hillis et al., 2008), is also
considered to have influenced the Early Neogene cessation of
basaltic volcanism in this part of eastern Australia (Wellman
and McDougall, 1974).

Several other lines of evidence support a Cenozoic age for a
significant portion of the relief generated across the LSC. These
include (a) the eruption of Miocene basalts onto a low-relief
pre-incision land-surface west of the LSC (Wellman and
McDougall, 1974; van der Beek et al., 2001), and (b) the occur-
rence of deeply weathered (and occasionally indurated) Late
Mesozoic to Early Tertiary (David, 1896) or Miocene (Gobert,
1978) Rickabys Creek Gravel. The latter shows an internal struc-
ture consistent with deposition in a braided stream environment
(Chesnut, 1982; Nanson and Young, 1987; Bishop and Hunter,
1990), on both uplifted and downthrown sides of the Lapstone
Monocline (Bishop, 1986; Branagan and Pedram, 1990).

Apparent truncation of the 18.8 Ma Green Scrub Basalt by
the Kurrajong Fault (Grady and Hogbin, 1926; Crook, 1956;
Pedram, 1983; Branagan and Pedram, 1990) (Figure 4) has
been cited as evidence for Cenozoic deformation. However,
at present the reported evidence is inconclusive in determining
whether the basalt has actually been faulted (cf. Branagan and
Pedram, 1990), or whether a fault scarp that existed prior to the
eruption of the basalt simply contained the basalt flow.

Unconformable deposition of the Rickabys Creek Gravel
(Gobert, 1978) over Hawkesbury Sandstone on the face and
up-thrown side of the Lapstone Monocline, and over Ashfield
Shale on the downthrown side has been used to argue for
erosional exhumation of a pre-Jurassic structure (Pickett and
Bishop, 1992). However, palaecomagnetic data show that rota-
tion of strata on the limb of the Lapstone Monocline occurred
after the mid-Cretaceous (~90Ma) (Schmidt et al., 1995) and
before 8 +5Ma (i.e. Late Miocene — Bishop et al., 1982, with
ages recalculated by Pillans, 2003). Combined with evidence
for Paleogene uplift (Bray et al., 2010; Fergusson et al.,
2011), the implication is that development of the Lapstone
Monocline is potentially asynchronous with Tasman Sea rifting
(cf. Branagan, 1975; Schmidt et al., 1995), and that much of
the uplift on the LSC had taken place by the Late Neogene.
Notwithstanding this, Rawson (1990) and Rawson and Clark
(2009) present evidence to suggest that some Miocene and
younger deformation has taken place on LSC structures. This
includes the observation that a number of east-flowing drainage
lines have been captured or impeded, potentially by faulting.

Mountain Lagoon

Mountain Lagoon is located immediately west of the Kurrajong
Fault scarp in the central LSC, on an interfluve between streams
draining north and east into the Colo River (Figures 4 and 5).
The ‘lagoon’ is a small, effectively closed basin which captures
east-flowing drainage from a catchment covering an area of
less than 5km? and has no clearly defined natural inflowing
or outlet channels (Figure 5a). The catchment is characterized
by a thin veneer of remnant Ashfield Shale (Figure 4), overlying
Hawkesbury Sandstone (Grady and Hogbin, 1926). Shale has
been removed by erosion on the up-thrown eastern side of
the Kurrajong Fault. At Kurrajong Heights, 10 km to the south
of Mountain Lagoon (Figure 4), the shale/sandstone contact is

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.

reported to be vertically displaced across the Kurrajong Fault
by 130m (David, 1902; Grady and Hogbin, 1926; Pedram,
1983; Branagan and Pedram, 1990).

The present-day ‘lagoon’ is connected to Lagoon Creek by
an artificial drainage channel on its southern side (Figure 5a).
This channel was established in the early twentieth century to
drain the lagoon for cultivation purposes (Grady and Hogbin,
1926). While there is no visible evidence of natural surface
drainage, the shape of the basin’s southern margin does not
preclude such a feature existing below ground level. Similarly,
a V-notch profile cut through the wind gap to the east
(Figure 5b) is evidence that a channel once connected
Mountain Lagoon to Taylor Creek, an ephemeral stream that
now drains the area to the east of the Kurrajong Fault into the
Colo River (Figure 5a). A series of colluvial slopes prograde
westward from the Kurrajong Fault scarp into the ‘lagoon’.
The eastern shoreline is separated from Taylor Creek by a very
low relief (< 5m), broad convex ridge which slopes gently
(< 3%) to the east and west, with elevation decreasing from
south to north. Rather than a colluvial deposit, the ridge
appears to be an alluvial fan debouching from Russell Creek — a
small northwest-draining gully originating on the up-thrown
eastern side of the Kurrajong Fault scarp (Figure 5a). This gully
has been captured by the headwaters of Taylor Creek.

The c¢. 18.8Ma Green Scrub Basalt (Wellman and
McDougall, 1974) occurs on the scarp face approximately
1.5 km south of Mountain Lagoon (Figure 5a). The deposit is
interpreted to be a flow which formed part of an extensive
province of Miocene alkali olivine basalts dated at ~
14-20 Ma (Grady and Hogbin, 1926; Crook, 1956; Adamson,
1962; Wellman and McDougall, 1974; van der Beek et al.,
2001). These rocks are considered to have mantled a generally
low-relief land surface that predates the migration of knick-
points up the major streams to form the current dissected,
high-relief landscape (van der Beek and Braun, 1999; van der
Beek et al., 2001).

Investigations at Mountain Lagoon

Geophysical characterization of the buried
Kurrajong Fault

An electrical resistivity survey was conducted on the eastern
margin of the lagoon to test the hypothesis that the Mountain
Lagoon basin formed and was maintained as the result of uplift
on the Kurrajong Fault. The survey aimed to identify the location
of the buried fault and determine the depth and distribution of
resistant Hawkesbury Sandstone bedrock on the up-thrown side.

Data was collected along a series of approximately east—
west oriented transects up to 100 m long (Figure 6) using a
multi-electrode system comprising stainless steel spikes at 2 m
intervals (Advanced Geosciences Inc. Supersting R1, Austin,
TX). The system was configured in a Wenner array (Griffiths and
Turnbull, 1985; Griffiths et al., 1990) and the resistivity data
was modelled using AGl’s Earthimager software to produce
resistivity-depth sections.

Figure 7a presents the modelled resistivity at a depth of 20 m
below ground surface. This highlights a prominent north-
trending linear boundary (denoted by red arrows) between
resistive material to the east (pink, red and orange), and rela-
tively less resistive materials to the west (blue and green). This
boundary is parallel to the Kurrajong Fault escarpment both
north and south of the lagoon, and is offset to the east by a
few tens of metres. As such, the resistivity contrast is interpreted
to mark the plane of the Kurrajong Fault, with higher resistivity

Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)
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(a) Digital elevation model (NSW Department of Land and Property Information: 25 m) of the Mountain Lagoon area. Drainage lines and

locations of Mountain Lagoon and Green Scrub Basalt are shown. The catchment boundary of the lagoon (heavy orange dotted line) and inferred
location of the Kurrajong Fault (heavy black dashed line) are also marked. (b) Topographic cross-sections showing the steep-sided V-notch (C-D) east
of the Kurrajong Fault versus the subdued relief of the Mountain Lagoon basin (A-B). Refer to (a) for cross-section locations.

Hawkesbury Sandstone to the east, and less resistive basin
sediments to the west. The location of the resistivity boundary,
and by inference the fault plane, to the east of the topographic
escarpment supports the idea that the Kurrajong Fault is vertical
to steeply east-dipping.

In the northern part of the survey area and underlying the
easternmost point of the lagoon, resistivity and drill-hole data
indicate the presence of a buried east-west trending feature
apparently incised into resistive bedrock on the up-thrown side
of the fault (Figure 7a). This feature is prominent only at depths
below 10m, and located ~20m to the south of the current
topographic low between the lagoon and the headwaters of
Taylor Creek. Drilling at the northern margin of the feature
intersected predominantly sandy sediments overlying weath-
ered sandstone bedrock at 7.4 m depth (DHO4 — Figures 7a
and 7b; see also Figure 9). We speculate that this incision
feature is a palaeochannel linking the basin to Taylor Creek
(cf. Grady and Hogbin, 1926) that was beheaded by move-
ment on the Kurrajong Fault, and subsequently modified by
headward propagation of knick points from its eastern and
western ends. At depths shallower than 10 m, we interpret

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.

the broader high resistivity response (similar to that seen
in the upper 5-10m of Lines 7 and 8 in Figures 7b and 7c¢),
to reflect the generally coarse nature of colluvial and alluvial
fan sediments descending from Russell Creek and the
scarp to the north. These sediments may have contributed
to burying the uplifted fault barrier and the incised
palaeochannel.

Outliers of more resistive material 40-55 m to the west of the
fault barrier are apparent at depths below 10 m and become
prominent below 20 m (e.g. DHO3 - Figure 7a and 7c¢). These
outliers have an approximately linear western margin and
might reflect buried bedrock topple-blocks or bedrock-sourced
colluvium shed from the scarp into the basin. Alternatively, the
resistivity contrast may reflect bedrock elevated (east-side up)
across a splay of the main fault. This interpretation is consistent
with the roughly linear western margin of the resistivity high.

Having established the location of the buried Kurrajong Fault
trace on the eastern side of the basin, a ground-penetrating
radar (GPR) survey was completed by Douglas Partners Pty
Ltd, Melbourne, Australia, across the same area to establish
the stratigraphy of the hill-slope and lacustrine/alluvial deposits

Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)
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Mountain
Lagoon

Figure 6. Aerial view of the eastern side of Mountain Lagoon showing
the location of drill holes, auger holes, ground penetrating radar (GPR)
and electrical resistivity survey traverses. Line numbers for resistivity
and GPR traverses are indicated. This figure is available in colour
online at wileyonlinelibrary.com/journal/espl

on both sides of the fault, and to identify any tectonic displace-
ment of these strata. Transects along which the GPR profiling
data were collected are shown in Figure 6. As a result of prior
knowledge about fault location the GPR transects were shorter
than those for the resistivity survey. A Mala Ramac GPR system
was employed, and after a series of trial lines testing 25, 100
and 250 MHz antennae, a 250 MHz shielded antenna was used
to collect six profiles, with two of the profiles subsequently
repeated using a 100 MHz antenna. Data were processed using
Mala Ramac Ground Vision software.

Figure 8 shows the radargram for GPR Profile 7 - the
northernmost GPR survey traverse (refer to Figure 6). A number
of semi-continuous undulating or dipping reflectors occur at
depths of up to ~6 m (and deeper in the west). Correlations with
drill-holes DHO1/DH02 and DHO04 (Figure 9; see next section)
indicate that these reflections relate to denser clay horizons
within the sedimentary sequence. Bedrock was encountered
at a depth of 7.4 m in DHO4 (Figures 8 and 9), however a strong
bedrock reflection is not apparent on this or any other GPR pro-
file. A zone of few to no deep reflections at depths below ~5m
occurs east of the road on Profile 7 (Figure 8). This low
response zone, which continues westward towards the road
in the profiles further south, could be interpreted as shallow,
relatively ‘old” sediment, draped over the upthrust bedrock
block (John Lean, Principal Geophysicist, Douglas Partners
Pty Ltd, personal communication, 2009). Alternatively, and
our preferred interpretation, is that this low response zone is
the result of weak or scattered reflections from an irregular
bedrock surface. This is suggested by its approximate depth-
wise co-location with the bedrock identified in the base of
DHO04, and its spatial association with the up-thrown bedrock
block, as interpreted from the resistivity. This is in contrast to
the strong basal reflections at the western end of the profile
(Figure 8) that are correlated with thick clay horizons within
the basin proper, as identified in drill-hole DHO1. Strong but
complex reflection patterns to the east are interpreted as
younger sediments in a depositional channel environment
relating to alluvial and colluvial packages associated with the
Russell Creek alluvial fan.

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.

The three northernmost GPR traverses (see Figure 6) overlie
the subsurface incision feature identified in the resistivity data
(Figure 7). These GPR profiles show strongly basinward-dipping
reflectors at their western end (e.g. Figure 8). Erosional trunca-
tion and onlap of strata within this dipping package is evident,
consistent with infill of the incision feature by sediment sourced
from the Russell Creek fan and adjacent slopes. The dipping
package of strata is not displaced across the position of the
Kurrajong Fault plane. The basinward-dipping sediment
package is absent, or very subtle, south of the incision feature
imaged in the resistivity data. As such, we consider the dip
more likely to relate to drape of sediments over pre-existing
topography rather than to tectonic tilting.

Basin stratigraphy

In order to validate the interpretations from the geophysical
surveys, establish sediment thickness and characteristics on
both sides of the fault, and acquire samples for geochronology,
a drilling investigation was completed using a track-mounted
Geoprobe drill rig. A series of 60 mm diameter cores were
collected from four drill-holes (DHO1, DH02, DH03, DHO04)
on the eastern side of the lagoon (Figure 9; see Figure 6).
Duplicate cores were collected at several of the sites for
optically-stimulated luminescence (OSL) dating.

Detailed logging of the cores (Figure 9) confirmed the
general stratigraphy and regolith geology as interpreted from
the geophysics and field investigations. This included
numerous layers of finely (< 2 mm) laminated brown to grey
and occasionally black, light- to heavy-clays (many with appre-
ciable organic content) of dominantly (shallow) lacustrine origin.
These clays interfinger with moderately- to poorly-sorted,
medium- to coarse sub-angular quartz sands and loamy sands,
which are associated with colluvial slopes and alluvial fans (e.g.
Russell Creek) sourced from the fault scarp to the east. As might
be expected, lacustrine clays become more prevalent in the pro-
files closer to the lagoon margin (i.e. DHO1, DHO2 — Figure 9).

Drill-hole DHO1 revealed 23 m of sediments overlying shale
bedrock on the west side of the Kurrajong Fault with most of the
section appearing to be of lacustrine origin. Drill-hole DH04
confirmed that up to 7.4 m of sediments overlie sandstone on
the up-thrown block immediately north of the buried
‘palaeochannel’ (see Figure 7). The Mountain Lagoon basin
thus contains up to 15m of sediments trapped behind a
bedrock barrier presumed to be uplifted by movement on the
Kurrajong Fault. The regolith materials in DHO3 and DH04
(Figure 9) contain a greater proportion of coarse sandy sedi-
ment, suggesting relatively greater input from the sandstone-
dominated fault scarp via colluvial and alluvial fan processes,
and also reflecting their higher elevation landscape position
(Figures 6 and 7). The sedimentary sequence within DHO04 also
includes an appreciable lacustrine component (Figure 9).

Age constraints on basin sediments

Having established sediment thickness distribution across
the fault and the characteristics of the dominant strata, sam-
ples from the drill cores were taken for geochronological
analysis in order to constrain depositional and/or re-working
ages for layers within the stratigraphic sequence. Organic-
rich clay layers were sampled for palynological analysis,
while sands from the coarse layers were sampled from the
sealed drill cores for OSL dating.

Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)
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Figure 7.  (a) Electrical resistivity at 20 m depth below ground surface modelled from survey data (blue = low; pink/red = high - refer to (b) and (c) for
resistivity scale). The strong resistivity contrast between east and west indicates the location of the concealed Kurrajong Fault (black dashed line) and a
possible western splay (red arrows). An incision feature in the up-thrown block on the eastern side of the Kurrajong Fault between resistivity Lines 3
and 8 is apparent at depths below 10 m. (b) Vertical depth section through resistivity Line 8 showing thickening of basin fill to the west and interpreted
bedrock surface as validated by drill-hole DHO4. (c) Vertical depth section through resistivity Line 7 showing low resistivity sediments associated with
the main basin depocentre (0-36 m horizontal) and more localized deposition east of the interpreted fault splay (57-93 m horizontal). Higher resistivity
material at depths less than ~10 m in both (b) and (c) is interpreted as coarse clastic input from the Russell Creek alluvial fan and surrounding slopes.

Optically-stimulated luminescence (OSL) geochronology

Samples for OSL were collected from the sealed drill cores
under subdued red light. There was no disruption of the lami-
nated sediments, showing that mixing had not occurred during
core extraction. The analytical procedures employed in

sampling, processing and analysing the core materials were
as detailed in Quigley et al. (2006).

Dose rate data and optical ages for samples from the drill
cores are presented in Table I. The OSL sample ages are
presented in conjunction with the palynology data in Figure 10.

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd. Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)
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Figure 9.

Detailed drill core logs for drill holes DHO1 to DHO04 showing the dominance of fine-grained (clay) materials within the basin fill sedi-

ments. Field textures are expressed as approximate grain-size classes. Inset shows locations relative to the eastern margin of the lagoon. Note: Layer
thicknesses for drill holes DHO1 to DHO3 have been normalized to DHO4. Top-of-hole relative levels reflect true elevation differences surveyed from

collar heights.

Ages of 20+2ka (1.2m) and 27 +5ka (2.1 m) for sediments
in the upper 2m of drill-hole DHO2 are consistent with the
data presented by Robbie and Martin (2007), who constrain
the upper T m of lake sediments to ~23 ka. A general progres-
sion of increasing OSL age with depth, i.e. ~20ka at 1.2m
through to ~80ka at 5.1m, is noted in the sediments from

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.

DHO02 and DHO04 (Figure 10); a trend consistent with the
palynology data.

In DHO1 below a depth of ~5 m there is a significant increase
in the age of the sediment compared to similar depths in
neighbouring drill-holes. Only the uppermost sample yielded
a non-saturated OSL age of 172+25ka (5.4m). It is possible

Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)
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Figure 10.  Plant microfossil (palynostratigraphic) data for samples from the four drill cores collected along the eastern margin of Mountain Lagoon.

Optically-stimulated luminecence (OSL) ages (refer to Table 1) are shown as red stars. Values on the left-hand side of the columns represent raw
microfossil counts from the individual samples, while fields A-D on the right hand side of columns relate to items A-D in the legend. See Supplemen-

tary Information for details of the plant microfossil analysis.

that the package between this sample, and the weathered interval
at ~11.3 m (see Figure 10), was deposited during Marine Isotope
Stage 7 (c. 240 ka — e.g. Murray-Wallace, 2002).

Palynostratigraphy

The uppermost metre of sediment infilling Mountain Lagoon
represents the period since the Last Glacial Maximum (c. 20 ka
— Robbie and Martin, 2007). In contrast, and with two possible
exceptions (the uppermost samples in DHO1 and DHO04), all
palynostratigraphic age determinations in this study (Macphail,
2013; see Supporting Information) are Last Glacial Maximum or
older (Figure 10). This is based on OSL ages and comparison
against presence/absence criteria developed for the Gippsland
and Murray-Darling Basins, supported by data from northeast
Queensland and central Victoria (Macphail, 1997, 1999;
Partridge, 1999; Sniderman et al., 2007). Yields of fossil spores

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.

and pollen in oxidized, filtered (5um) organic extracts from
drill-holes DHO1 to DH04 were mostly low to very low but
adequate to show that sediment began accumulating in the basin
in the Neogene, possibly as early as the Miocene, and continued
intermittently into the Last Glacial period. The presence of
thermally-altered Permo-Triassic gymnosperm pollen in the same
strata provides circumstantial evidence that sediment accumula-
tion post-dates the 18.8 Ma emplacement of the Green Scrub
Basalt flow (Wellman and McDougall, 1974), and supports the
assertion that the basalt flow was previously more extensive.
Significant findings are:

1. A ~5.5m thick deeply weathered interval dated by OSL to a
minimum age of 172ka occurs between 11 m and 5.5m
below ground surface in drill-hole DHO1. While its age
limits are not well constrained, the base of this interval

Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)
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may correspond to unconformity surfaces identified in
DHO02 and DHO04, and imaged in the GPR data. In DHO2,
the unconformity reflects a time gap ranging from Late
Pliocene (Piacenzian) to Late Pleistocene, and in DHO4
from Early Pliocene (Zanclean) to Late Pleistocene. Assum-
ing that a pollen grain of the extinct species Reevesiapollis
reticulatus is in situ at 6.7-7.4m below ground surface in
DHO04 (see Supporting Information), then the sample pro-
vides compelling evidence that accommodation space
was present on the eastern side of the Kurrajong Fault
sometime before or during the Early Pliocene (Zanclean). It
is probable that at this time the basin was part of a more
extensive ‘lagoon’ with a depocentre on the western side of
the fault (cf. Henderson, 1975). The same data provide
circumstantial evidence that displacement on the Kurrajong
Fault had occurred before or during the Early Pliocene
(Zanclean) since it is unlikely that the sandstone fault barrier
was deeply buried at this time.

2. Plant microfossils in samples from above the unconformity
surface indicate that fen and lacustrine environments are
prevalent during the Last Glacial Period and the ‘post-
glacial’ period. (Figure 10; see Supporting Information).
Independently dated assemblages indicate sedimentation
occurred from the Last Glacial Period to Last Glacial
Maximum in DHO2 (c. 56-20ka) and from before the Last
Glacial Maximum to the Late Pleistocene or Early Holocene
in DHO4 (c. 36 to < 20 ka). The underlying weathered inter-
val in DHO4 dates to the early stages of the Last Glacial Pe-
riod based on an OSL date of 83 +15ka for sediments at
5.1 m depth below ground surface. Whether a palaeolake
was present at Mountain Lagoon during the Early to Middle
Pleistocene is unknown.

3. Unlike the Quaternary intervals, Neogene sedimentation
shows evidence for significant coarse clastic terrestrial input
suggesting increased erosion. Many of the weathered
sections are dominated by coarse sediment and show
abundant evidence for groundwater interflow, including
deposition of secondary iron oxides and enhanced mineral
weathering. Not surprisingly these intervals are relatively
poorly represented by plant microfossils. Accordingly a
matching set of organic-rich core samples was analysed to
determine any evidence for non-marine ostracods, which
might indicate prolonged periods of high lake level. None
were found in any of the samples, consistent with palyno-
logical evidence for fluctuating lake levels within the basin.

Discussion

The Neogene to Holocene evolution of Mountain
Lagoon

Sediments overlying Triassic shale bedrock at the base of the
sequence infilling the Mountain Lagoon basin are no older than
Late Paleogene and are most likely to be Early Neogene in age.
The presence of thermally-altered Permo-Triassic gymnosperm
pollen in these basal strata provides circumstantial evidence
that sediment accumulation postdates the 18.8 Ma emplace-
ment of the basalt at Green Scrub (Wellman and McDougall,
1974), which was presumably of greater original extent (van
der Beek et al.,, 2001). However, the lowermost strata in all
drill-holes preserve pollen assemblages dominated by terres-
trial organics, suggesting that deposition relating to alluvial
fan processes dominated over lacustrine deposition. This is
consistent with the existence of relief related to the Kurrajong
Fault prior to 18.8 Ma, with the additional implication being

© Commonwealth of Australia. Earth Surface Processes and Landforms © 2014 John Wiley & Sons, Ltd.

that the Green Scrub Basalt pooled against extant topography.
The relative elevation of shale bedrock on the western side of
the fault and sandstone bedrock on the eastern side of the fault
indicates that only ~15m of the 130m of throw across the
Kurrajong Fault postdates the onset of sedimentation in the
Mountain Lagoon basin.

The top of the Neogene section does not appear to be
vertically displaced between drill-hole DHO4 and drill-holes
DHO02/DHO03 (Figure 10) across the position of the main fault
imaged in the resistivity data. This interpretation is supported
by the GPR data, which shows the semi-continuous reflectors
representing shallow undeformed sediments draped over the
uplifted bedrock block and extending across the position of
the fault. In contrast, the top of the Neogene section varies by
6 to 7m vertically in the ~40m horizontal interval between
DHO1 and DHO02/DHO3. This interval crosses the western
quasi-linear margin of the region of elevated resistivity response
occurring west of the main fault (Figure 8). A plausible explana-
tion is that, following the deposition of the drape of alluvial
sediments across the main fault trace in the Late Neogene,
the locus of deformation on the Kurrajong Fault migrated west
from the main fault imaged in the resistivity, to a western splay.
The accommodation space created by movement on this
western splay was subsequently filled by Quaternary alluvial
and lacustrine sediments.

The presence of a subsurface incision feature in the sand-
stone bedrock on the up-thrown eastern side of the Kurrajong
Fault suggests a significant hiatus separating the last episode
of Neogene movement on the main fault, and that on the west-
ern splay. This interpretation is consistent with the presence of
the weathered interval at the Neogene/Quaternary unconfor-
mity (Figure 10). Basal Quaternary sediments in DHO4 are
older than c. 83ka, but their age is otherwise not well
constrained, as pollen was not preserved and OSL samples
were saturated. OSL dating of unbroken strata (verified using
GPR) overlying the Kurrajong Fault traces at Mountain Lagoon
suggests the most recent deformation event predates
172+ 25ka (sample DHO1_01 — Table I). Our preferred inter-
pretation is that several temporally closely-spaced seismic
events displaced the top of the Neogene section in the
Mountain Lagoon basin prior to 172 + 25 ka. This uplift created
accommodation space within the basin, and may also have
resulted in enhanced alluvial fan activity, particularly relating
to Russell Creek, which buried the channel at the north-eastern
edge of the lagoon and contributed significant volumes of
sediment to the basin.

The GPR survey results suggest that, while a number of
geomorphic processes may have contributed to the evolution
of the stratigraphic sequence imaged in the upper 8 m, there
is no evidence preserved for either syn- or post-depositional
deformation of these sediments. The distribution and dip of
the strata draping the buried sandstone ridge are consistent
with an alluvial fan-dominated hillslope environment shedding
sediment from the sandstone escarpment to the east, inter-
fingering with lacustrine sediments (stronger GPR reflectors)
that indicate periods of higher water level, and perhaps greater
areal extent of the lagoon (cf. Henderson, 1975). The domi-
nance of fen and lacustrine facies up-section implies relatively
humid environments during the Early Pliocene into, but not
during, the Last Glacial Maximum at c. 20ka, and again in
the Holocene (Robbie and Martin, 2007; this study). The rela-
tively consistent gradation in the sediment ages with depth in
the upper few metres of the lagoon suggests that climate has
been the dominant control on sedimentation during the Late
Pleistocene and Holocene. Alternatively, a model of relatively
steady displacement on the Kurrajong Fault, coupled with com-
parable rates of erosion and deposition, could be invoked.
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However, the dominance of lacustrine sediments in the upper
sections does not support such a hypothesis, which would be
expected to result in episodic input of clastic sediments from
the adjacent slopes. Accordingly, it is inferred that no significant
movement has occurred on the Kurrajong Fault since the
Middle Pleistocene.

Implications for the evolution of the LSC

Burralow Swamp (see Figure 4) is the only basin within the LSC
apart from Mountain Lagoon to have been investigated in any
detail (Rawson, 1990; Rawson and Clark, 2009). At Burralow
Swamp, the deepest borehole (B-C4) intersected 14m of
sediment without encountering bedrock. A spatially extensive
6-7m thick medium- to heavy-clay layer, denoted the
Tabaraga Unit, was defined in the deepest part of the basin.
This unit rapidly thins downstream and pinches out against a
steeply rising bedrock barrier considered to relate to the
Burralow Fault (Rawson, 1990). Fossil pollen assemblages pre-
served in this unit lacked typical Neogene taxa, including
Nothofagus, but included Tubulifloridites pleistocenicus, a
morphospecies that becomes rare or absent following the Last
Glacial Maximum (see Figure 10; Rawson, 1990). Rawson
and Clark (2009) contend that this deposit is the result of
tectonic rejuvenation whereby movement on the Burralow
Fault imposed a new elevated base-level, leading to temporary
damming of the drainage line. Sandy strata extending from the
top of the Tabaraga Unit to the surface are interpreted to have
been deposited during the progressive re-establishment of
stream channel equilibrium. This evidence for Late Pleistocene
damming of Burralow Creek is consistent with the data from
Mountain Lagoon, where the top of the Neogene section has
been displaced by a similar amount to the thickness of the
Tabaraga Unit. The similarity in timing and displacement
between the Kurrajong and Burralow faults implies a shared
rupture history, which would suggest structural linkage
between faults of the KFS. The en echelon arrangement of faults
comprising the KFS (Branagan and Pedram, 1990), and seismic
reflection data over the south-central section of the LSC
(Herbert, 1989), supports this interpretation.

A diversity of opinions exist regarding potential structural
interactions and linkages between faults of the KFS and the
east-facing monoclines and faults associated with the eastern
range front of the Blue Mountains (e.g. Herbert, 1989;
Branagan and Pedram, 1990; Pickett and Bishop, 1992; Bray
et al., 2010; Fergusson et al., 2011). Although no master fault
has been imaged or observed beneath the Lapstone Monocline
(Herbert, 1989), monoclines are typically considered to form as
propagation folds above faults at greater depth (e.g. Suppe and
Medwedeff, 1984; Jamison, 1987; McBride and Nelson, 1999;
Tindall and Davis, 1999). The spatial association of the
Lapstone Monocline and the KFS can be interpreted in terms
of a shallowly-dipping reverse fault underlying the monocline,
with the fault dip steepening as it emerges from the underlying
Lachlan Fold Belt basement into overlying Sydney Basin strata,
and generating antithetic splay faults (e.g. IGNS, 1999).
Circumstantial evidence for faulting related to the Lapstone
Monocline is seen at its southern end, where folding is accom-
panied by west-dipping faulting (e.g. Mount Riverview and
Hawkesbury Lookout Faults) (Branagan and Pedram, 1990;
Fergusson et al., 2011).

Sympathetic movement of the KFS and east-facing mono-
clines in the central LSC could also explain the coincidence
of swamps and shallow basins west of the KFS and ubiquitous
over-steepening of stream profiles across the adjacent mono-
clines (e.g. Rawson, 1990; Kirkby et al., 2009). However, the
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link is not compelling as the stream profile over-steepening
might plausibly relate to alternative mechanisms, such as litho-
logical and/or structural control, or renewal of knick-points to
the east of the monoclines as streams incised through Ashfield
Shale into the more resistant Hawkesbury Sandstone (Seidl
et al., 1996; Kirkby et al., 2009). Irrespective, the geologic data
favour a largely pre-Neogene origin for the majority of struc-
tural relief of the LSC, as suggested by many previous workers
(e.g. Pickett and Bishop, 1992; van der Beek et al., 2001; Bray
etal., 2010; Fergusson et al., 2011). The present-day physiogra-
phy of the eastern range front of the Blue Mountains, repre-
sented by up to several hundred metres of relief, is therefore
likely to dominantly reflect the progressive erosional emer-
gence over the last ¢. 20Ma of resistant, faulted and folded
sandstone from beneath a cover of more readily erodible shale
(e.g. Pickett and Bishop, 1992). Removal of shale immediately
west of the west-facing fault scarps occurred concurrently with
removal from the eastern side of the monocline, exposing the
‘ramp’ of the lower Blue Mountains on the west and the front
of the monocline on the east, both corresponding closely to
the top of the Hawkesbury Sandstone.

Despite its modest scale, the evidence from the LSC for two
separate periods of Neogene and younger structural relief
building is compelling. This apparent temporal clustering of
fault activity in the LSC is similar to that documented elsewhere
in eastern Australia, including regions distal to south-eastern
highlands. For example, the Cadell Fault, located within the
Murray Basin over 500 km west of the highlands (Clark et al.,
2012; McPherson et al., 2012), provides evidence for two
periods of relief building. The first is constrained to the
Mio-Pliocene, and the second to the Upper Pleistocene (
70-20ka), with each period involving approximately 20 m
of uplift (McPherson et al., 2012). The LSC data therefore
adds to an emerging body of evidence suggesting that the
temporal clustering behaviour observed from individual
fault studies in Australia may reflect essentially continuous,
yet relatively minor, tectonic activity from Late Miocene to
Recent being punctuated by ‘pulses’ of activity in specific
deforming regions (e.g. Quigley et al.,, 2010; Norvick,
2011; Clark et al., 2012). It is possible that the initial and
most widespread phase of Cenozoic activity might relate
to the pulse of deformation recorded in south-eastern and
southern Australian offshore basins in the interval
10-5Ma associated with the reorganization of the crustal
stress field to its present configuration (Dickinson et al.,
2001; Norvick and Smith, 2001, Dickinson et al., 2002;
Sandiford et al., 2004; Hillis et al., 2008).

A punctuated and spatially variable Kosciuszko Uplift?

Based upon a study of Paleogene basalt distribution and an
appraisal of AFTT ages in the Victorian highlands (e.g. Kohn
et al, 1999; O'Sullivan et al., 1999), Vandenberg (2010)
concluded that the total amount of Neogene uplift of the
south-eastern highlands was on the order of no more than a
few hundred metres, broadly consistent with modelled uplift
rates resulting from lithospheric shortening (Braun et al.,
2009) and mantle-driven dynamic topography (Heine et al.,
2010; Czarnota et al., 2013, 2014). Holdgate et al. (2011)
dispute key points of the Vandenberg (2010) argument,
maintaining that up to a kilometre of relief may have been
generated since the Eocene, which Holdgate and colleagues
termed a ‘resurrected’ Kosciuszko Uplift. Holdgate et al.
(2008) invoke block faulting on a series of northeast-trending
faults, evident as lineaments in digital elevation data, as the
driver of uplift. However, these features typically strike at a

Earth Surf. Process. Landforms, Vol. 39, 1449-1466 (2014)



POST-RIFT UPLIFT NEOTECTONICS SOUTHEAST AUSTRALIAN PASSIVE MARGIN 1463

moderate- to high-angle to the few faults in the south-eastern
highlands with documented significant Cenozoic displace-
ments (e.g. Vandenberg, 2010; Clark et al., 2012).
Furthermore, the proportion of displacement on these docu-
mented structures that might be Neogene or younger is typically
unknown. An exception is the Lake George Fault, which is
associated with at least 190 m of Neogene vertical displace-
ment. This contributed to the formation of a 150m deep
depocentre and the building of a 100-150m high scarp
(Singh et al., 1981; Abell, 1985, 1991). That is, a minimum
of ~70% of the total displacement on this fault can be con-
sidered to be Neogene or younger.

Based upon an appraisal of the physiography alone, the
eastern range front faults of the Blue Mountains (i.e. LSC) might
be considered analogous to large Cenozoic fault structures or
complexes elsewhere in the south-eastern highlands, such as
the Lake George Fault, and so might also constitute evidence
for the Holdgate et al. (2011) post-Eocene uplift. However,
the present study demonstrates that only ~10% of the uplift
across the LSC post-dates the Eocene. Accordingly, present-
day relief in this intraplate passive margin setting provides little
guidance as to the timing and scale of fault activity. A further
implication of this comparison is that we might expect signifi-
cant variability in the timing and degree of deformation on
other faults exhibiting Cenozoic displacement in the south-
eastern highlands. That is, the post-Eocene component of the
Kosciuszko Uplift, at least, exhibited large spatial variability
in the magnitude of uplift.

The results from the LSC suggest that a significant proportion
of the relief generation of the southeast Australian passive
margin at this location was attained by episodic (i.e. Paleogene
and Neogene to Recent) post-rift uplift unrelated to the process
of rifting and continental separation, similar to the emerging
body of evidence from other elevated passive margins
worldwide (e.g. Japsen et al., 2006, 2009). However, our data
also suggest that significant spatial variability exists in the magni-
tude of post-rift uplift along the southeast Australian elevated
passive margin. In addition, it might be expected that locations
exist elsewhere along the margin where the majority of relief
may be a relict relating to processes associated with Creta-
ceous rifting (e.g. Seidl et al., 1996).

Conclusions

A multidisciplinary investigation of Mountain Lagoon confirms
that the origin of the basin can be linked to tectonic uplift on
the Kurrajong Fault. Two episodes of neotectonic uplift are
recorded on the Kurrajong Fault; the first in the Mio-Pliocene
and the second in the Middle Pleistocene at around 200 ka, with
each generating a similar amount of displacement (~7-8 m). Our
findings indicate that a maximum of only ~15m of the 130 m of
throw across the Kurrajong Fault is Neogene or younger in age.
This relatively small proportion of neotectonic displacement
recorded within the LSC suggests that erosional exhumation of
pre-existing (Paleogene) structure is the dominant process
responsible for the formation of the present relief at the eastern
range front of the Blue Mountains Plateau. Estimated rates of
tectonic uplift (~1 m/Ma — this study) are an order of magnitude
less than calculated long-term denudation rates (21.5 +7 m/Ma
— Tomkins et al., 2007), which also implies that tectonism has a
relatively limited influence on the geomorphic evolution of the
escarpment in this region (e.g. Nott et al., 1996).

A comparison between two physiographically-similar
structures within the Australian south-eastern highlands — the
LSC and the Lake George Fault — demonstrate that the extent
and magnitude of Neogene and younger deformation differs
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markedly. Accordingly, present-day topography is considered
to be a poor proxy for understanding the timing and scale of
relief building across faults of the south-eastern highlands.
Along with evidence from previous studies (e.g. Singh et al.,
1981; Abell, 1985, 1991; Holdgate et al., 2008; Vandenberg,
2010; Holdgate et al., 2011; Webb et al., 2011), the new data
from the LSC demonstrate that episodic post-rift faulting
deformation is an important driver of uplift and consequent
relief generation in the elevated passive margin setting of
south-eastern Australia, consistent with observations in similar
settings worldwide (e.g. Japsen et al., 2009). The present study
also highlights that the relative proportion of rift and post-rift
uplift is characterized by high spatial variability.
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