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ABSTRACT

The Nullarbor Plain of southeastern Australia, ~200,000 kmZ2 in area, is flat and
mostly treeless. It contains widely scattered collapse dolines and a few hundred caves,
some of which are large and extensive. Initial karst development probably occurred
during the warm, seasonally wet climatic conditions of the Oligocene, when the with-
drawal of the sea exposed the recently deposited Eocene Wilson Bluff Limestone for
over ~10 m.y. Several major conduits probably developed at thistime. These were
flooded by thereturn of the sea, which finally retreated in the late Miocene because of
regional uplift. Cave formation in the Pliocene and Quaternary was inhibited by the
semiarid climate, which becameincreasingly arid ca. 1 Ma. The overall dryness caused
crystallization of evaporite mineralsin cracks and pore spaces within the limestone
walls of the caves, and they suffered extensive collapse, producing lar ge passages, dome
chambers, and dolines. However, during a wet phase 5-3 M a, rivers extended across
thekarst plain, and caves formed where they sank into the limestone. Shallower caves
probably also formed at thistime, perhaps associated with perched water tables. The
Nullarbor Plain did not develop extensive surface and underground kar st features,
even during thewetter climate of the Oligocene. It appear sthat theflatness of the plain
and the particular characteristics of the limestone (primary porosity and lack of joint-
ing and inception horizons) resulted in relatively uniform downwasting and little cave
formation. Climate played a relatively minor rolein restricting kar st development.
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INTRODUCTION

In Australia, the most extensive and best-known karst 1and-
scape has developed on Cenozoic limestones of the Nullarbor
Plain (Fig. 1), which has an area of ~200,000 km?, making it
one of the largest continuous karst areas in the world (Lowry
and Jennings, 1974). The Nullarbor Plain is also notable for its
present semiarid to very arid climate and lack of vegetation.
Rainfall ranges from 400 mm along the coast to <150 mm in
the north, and occurs mostly as light falls, although occasional

heavy storms can cause local flooding. Potential evaporation
increases from 2000 mm near the coast to 3000 mm inland
(Australian Water Resources Council, 1976). Small trees
(mallee eucalypts and myalls; Martin, 1973; Martin and Peter-
son, 1978) grow aong the coast, but the vast majority of the
Nullarbor Plain is treeless and dominated by bluebush, saltbush,
and tussock grass; soils are thin and stony.

The Nullarbor Plain has a poorly developed surface karst
landscape and contains only scattered caves, and it has been
regarded as typical of karst development in a semiarid to arid
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Figure 1. The Nullarbor Plain, showing rainfall isohyets and locations of major caves, dolines, and paleochannels (adapted from Lowry and

Jennings, 1974).

climate (Jennings, 1983), with a landscape characterized by
“retardation by drought” (Jennings, 1967, p. 279). However, there
issubstantial evidence for past humid climates (discussed herein),
which might have been expected to form more caves and dissect
the limestone into sharp relief. In order to understand the cause
of thisapparent contradiction, it is necessary to resolve the land-
scape evolution of the Nullarbor karst. Here, we will review the
karst geomorphology of the area, including new information
from recent cave discoveries. Then, wewill discussthe geological
and paleoclimatic history of the region. Only then can a
reassessment of the processes and timing of cave formation be
made, and a compl ete story of the karst devel opment assembled.

GEOMORPHOLOGY OF THE NULLARBOR PLAIN

The surface of the Nullarbor Plain slopes very gently sea-
ward, from 240 m above sealevel in the northwest to terminate
abruptly in a cliffline, 40-90 m high, which extends more-or-
less continuously for ~900 km (Fig. 1). The cliffsfall sheer into
the sea except in two areas in the center and west, where there
are coastal plains.

Low hills of Precambrian basement rocks lie to the north
and west of the Nullarbor Plain. Incised into these hills are old
river courses (paleochannels) that contain sediments recording
the changesin vegetation and climate of the region (see follow-
ing). Fragments of tributary patterns are discernible, feeding
three major relict rivers to the north of the Nullarbor Plain
(Lowry and Jennings, 1974). Meandering, often clay-floored
river channels also extend for 100 km or more across the north-
ern parts of the plain (Fig. 1), before terminating as distribu-
taries, where the water seeped into the porous limestone to
become part of the groundwater. Today these channels contain
water only for short periods after heavy rainstorms, and thereis
no perennial surface water on the Nullarbor Plain.

The karst surface of the plain can best be described as
subdued; it rises and falls several meters between clay-floored
depressions, up to 1 km wide, which are separated by stony
ridges of the same width. The ridges are frequently aligned
parallel to jointing in the underlying limestone (Lowry and
Jennings, 1974; Benbow and Hayball, 1992). In the north are
numerous large shallow circular depressions, known locally
as “dongas.”
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The exposed surface of the limestone is case hardened, and
alayer of calcrete, generally ~1 m thick, covers much of the
plain as a hard, white, cemented crust. Karren features are
poorly developed. Small-scale solutional sculptureis restricted
to irregular shallow solution pans on calcreted limestone pave-
ments and vertical pits up to 10 cm deep aong clifflines (Lowry
and Jennings, 1974); solution fluting is never well developed.

Subsurface karst features occur at several scales. The
smallest are small irregular cavities, generally <20 cm in diam-
eter, and narrow sinuous anastomosing tubes that follow bed-
ding planes and joint surfaces; these honeycomb the limestone
close to the surface of the plain. At a somewhat larger scale are
the perhaps 100,000 blowholes scattered over the plain as
smooth-walled vertical tubes tens of centimetersto 1-2 min
diameter and only a few meters deep (Lowry and Jennings,
1974); some lead into large caves. Blowholes are so-called
because of the air drafts that blow in and out of them, reversing
asthe surface air pressure changes; wind speeds of up to 70 km/h
have been recorded (James et al., 2004).

More than 150 collapse dolines are present on the Nullarbor
Plain, mostly within 60 km of the coast (Fig. 1), as steep-sided,
closed depressions often partially or wholly walled by cliffs,
which may be overhanging. Many dolines are degraded, but
some are still actively collapsing. There are no obvious conical
solution dolines with relatively gently sloping sides.

Caves in the Nullarbor, like the dolines, are mostly
restricted to the coastal belt (Fig. 1); there are ~100 that have
significant passage lengths. For its size, the Nullarbor Plain has
relatively few caverns and dolines (Lowry and Jennings, 1974).
The coastal strip of limestone containing most of the cavesis
some 400 km long, 50 km wide, and 150 m deep (the maximum
depth of the caves), and the caves have atotal length of <40 km,
an average passage width of 15 m, and height of 10 m. This
givesacave porosity of only ~0.0002%. Although there may be
a substantial number of undiscovered caves (discussed further
in the following), it is till likely that the cave porosity of the
Nullarbor Plain is very low.

The larger, deeper caves, extending 50-150 m below the
surface of the plain (Figs. 2-5), are accessed from the sides of
collapse dolines (Fig. 3A). Breakdown arches in the doline
walls descend to passages up to tens of meters in width and
height, characterized by extensive collapse, which has often
completely obscured the original phreatic form of the cave. All
cavesterminate in boulder blockages. Ceilings are domes or flat
bedding planes (Fig. 3B—3D), and floors are covered by break-
down or silt (Fig. 3C-3D). One of the caves, Abrakurrie, has
the largest chamber above the water table in Australia
(~150,000 m3; Fig. 3D). Striking features of caves deep enough
to reach the water table are spectacular lakes of clear, salty,
blue-green water (Fig. 3B); from these lead flooded passages
(Fig. 2A—2B) that have resulted in world-record cave dives. In
Cocklebiddy Cave, >6.5 km of flooded conduit leads from the
lake asalarge collapsed phreatic tube, up to 20 m acrossand 20 m
high, with aflat roof and piles of breakdown on the floor. This

passage intersects two huge breakdown chambers. Only a few
of these deep cavesretain origina phreatic features (e.g., Warbla
Cave with a complex water-filled phreatic maze; Fig. 4).

Old Homestead Cave is notable for being much farther
(100 km) from the coast than most caves (Fig. 1), and is aso
the longest Nullarbor cave (and second longest cave in Aus-
tralia), with ~30 km of surveyed passage; the furthest points of
the cave are ~4 km apart in a straight line. Overall the cave
trends N-S, but individual passages generally follow NW-SE or
NE-SW joints. The caveis an extensive horizontal phreatic sys-
tem developed on two levels, lying ~63 m and 70 m below the
plain, and is completely dry. Old Homestead Cave has a differ-
ent morphology to the coastal caves like Cocklebiddy, in that
the passages are often smaller and many have not collapsed and
still show original phreatic features, particularly large-scale
wall scalloping and spongework with projecting rock blades
and pendants. Some passages have a flat roof that is not con-
trolled by a bedding plane and appears to have formed during a
water table stillstand (Fig. 3F). Old Homestead Cave lies more
or less directly south of an old river channel that represents the
southerly extension across the limestone plain of a paleochannel
cut into the basement to the north (Fig. 1).

There are also a number of shallow caves, <30 m deep,
near the coast. They are low collapse chambers, and their most
notable feature is the presence of abundant speleothems of very
dark brown (sometimes almost black) calcite, as well as halite
and gypsum.

The lakes in the deep caves represent the water table
(James et al., 1991), which slopes southward toward the coast
from 30 to 45 m below the plain in the north to 90 m from the
surface at the coastal cliffs (Commander, 1991; Smith, 1989).
The very gentle hydraulic gradient ranges from 1:650 in the
west to 1:2400 in the east. The limestone aquifer has both pri-
mary intergranular and secondary karstic (conduit) porosity;
rates of groundwater flow through both appear to be very slow,
because the conduits are blocked by collapse. The groundwater
becomesincreasingly saline downgradient, with total dissolved
solids increasing from 1000-4000 mg/L in the north to
5000-20,000 mg/L near the coast (Commander, 1991).

GEOLOGY OF THE NULLARBOR PLAIN

The limestone of the Nullarbor Plain was deposited in the
Eocene-Miocene Eucla Basin, a very extensive shallow shelf
along the central part of Australia’s southern margin. The lime-
stone is composed predominantly of sand-sized fragments of
organisms with skeletons of calcite (bryozoans, foraminifers,
echinoids, and calcareous red algae; James, 1997), which
thrived in the warm to cool temperate waters. It is frequently
not well cemented and often maintains at least part of its origi-
nal porosity.

The limestone is flat-lying and is divided into three main
units deposited at different times (Figs. 6 and 7). The oldest and
thickest is the Wilson Bluff Limestone (up to 300 m thick),




































