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Abstract

Limestones in Devonian reef complexes of the Canning
Basin have been subjected to several episodes of
karstification, during the Late Devonian, latest Devonian or
Early Carboniferous, Early Permian, and Cainozoic.
Subaerial Devonian palaeokarst formed after platform
emergence at the end of the Frasnian and during the
latest Famennian. Those events define second-order
sequence boundaries at the tops of the Givetian-Frasnian
Pillara Sequence and the Famennian Nullara Sequence. Five
other events, associated with the backstepping of Frasnian
platforms, define third-order sequence boundaries. 

Hydrothermal palaeokarst developed beside active
faults during the latest Devonian or Early Carboniferous,
resulting in caverns that were filled penecontemp-
oraneously, or very soon after they were formed, with zinc-
lead mineralisation. Tubular structures between microbial
columns in Famennian reef limestone, described as
palaeokarst by some authors, are here interpreted as
pseudokarst, unrelated to karstification.

The most extensive palaeokarst (including cave
systems, karst corridors, solution dolines, tunnels, tower
karst, N-channels, and collapse breccias) was formed by
intensive solution of the Devonian limestones in subglacial
meltwater, below the last of a series of mid Carboniferous
to Early Permian continental ice sheets. Those ice sheets
eroded the faulted and tilted reef complexes to form a
nearly level surface, removing more than 2,000 m of
Devonian and Carboniferous section from some areas. A

well-exposed glacial pavement shows that the Early
Permian ice sheet, possibly as much as 2 km thick, moved
towards the north to north-northwest.  The Early Permian
palaeokarst, exhumed during the Cainozoic, has been
incorporated into the modern karst topography in many
areas. Some of the exhumed caves contain Late Tertiary or
early Pleistocene bone deposits; others were used by the
Aborigines as dwelling places, galleries for rock art, and
tombs for the dead.

Introduction

Middle and Upper Devonian reef complexes are well
exposed in a series of strongly karstified limestone ranges on
the Lennard Shelf, the northern subdivision of the Canning
Basin (Fig. 1). The ranges are composed of platform and
marginal-slope limestones, with lesser dolomite. They rise
some 50 to 80 m above plains underlain by shale and siltstone
of the basin facies. 

Growth of the oldest reef complexes, referred to here as the
Pillara Sequence (previously the ‘Pillara cycle’ of Playford,
1980), began during the Middle Devonian (Givetian) on
Precambrian (Proterozoic) rocks of the Kimberley Block and
Ordovician dolomite and shale of the Prices Creek Group.
Reefal platforms in this sequence were constructed by
stromatoporoids, corals, and calcimicrobes. Vertical to
retreating reef growth continued into the Late Devonian
(Frasnian), punctuated by backstepping events that were
probably preceded, in most or all cases, by brief regressions.
The reefal platforms advanced briefly in the latest Frasnian. A
fall in sea level at the close of the Frasnian was associated with
the global mass-extinction of most shallow-water metazoans,
including reef-building stromatoporoids and corals. This was
one of the most profound mass extinctions known in earth
history (McGhee, 1996). It was followed during the
Famennian by advancing reef complexes, termed the Nullara
Sequence (previously the ‘Nullara cycle’ of Playford, 1980), in
which reef building was dominated by microbial organisms,
with few metazoans. A regression in the latest Famennian
marked the end of reef growth. The extinct reef complexes
were buried during the latest Famennian and Tournaisian
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regression at the F-F boundary coincided with a global
mass extinction of shallow-water metazoans, and the
late Famennian regression marked the cessation of reef
building in the Canning Basin. Palaeokarst is less well
developed at the F-F unconformity than at the late
Famennian unconformity.

3. Latest Devonian or Early Carboniferous hydrothermal
palaeokarst formed where fluids, expelled along active
faults, dissolved out cavernous systems that were filled
penecontemporaneously, or very soon after they
formed, with zinc-lead mineralisation.

4. The most extensive development of palaeokarst
occurred during the Early Permian, by intensive
solution of limestone in subglacial meltwater below
the last of a series of mid Carboniferous to Early
Permian ice sheets, at a time when Australia formed
part of the Gondwana supercontinent. Glacial
pavements indicate that the Early Permian ice sheet
flowed towards the north to north-northwest in this
area, the same general direction of ice movement that
is evident across wide areas of Western Australia. The
maximum thickness of ice is estimated to have been
as much as 2 km over the Lennard Shelf and more
than 4 km over other parts of Western Australia.

5. The ice sheets planed down the Devonian and Lower
Carboniferous rocks to form a nearly level surface,
with glacial pavements in some places and subglacial
karst (caves, karst corridors, solution dolines,
horizontal tunnels, tower karst, N-channels, and
collapse breccias) in others. Some subglacial karst
features extend more than 200 m below the glaciated
surface, and include extensive systems of caves and
karst corridors, the most notable being the Mimbi
Caves System.

6. Tectonism (faulting, tilting, and mild folding)
occurred in the Lennard Shelf area during deposition
of the Devonian reef complexes and the Lower
Carboniferous Fairfield Group, and probably
continued during the mid Carboniferous to Early
Permian glaciation. There has been relatively little
tectonic activity in the area since the Early Permian.

7. Glacially mediated erosion removed more than
2,000m of Devonian and Lower Carboniferous
section from some parts of the Lennard Shelf.

8. Sea level rose when the last continental ice sheet
withdrew from the area during the Early Permian,
and sediments of the Grant Group were deposited
over the glaciated and karstified surface. Alpine
glaciers probably persisted on the Kimberley Block
after the continental ice sheet withdrew, and icebergs,
derived from those glaciers, carried facetted and
striated boulders and cobbles that were deposited as
dropstones in the Ngumban Claystone Member at
the base of the Grant Group.

9. The Early Permian palaeokarst was exhumed when
weakly consolidated claystone and sandstone of the

overlying Grant Group were removed by Cainozoic
erosion, so that the modern karst geomorphology
incorporates many elements of the Early Permian
palaeokarst. Some major river gorges and dry gorges
in the Lennard Shelf area, such as Windjana Gorge
and Menyous Gap, were probably formed as Early
Permian subglacial N-channels, and have since been
exhumed by Cainozoic erosion.

10. The sharp karren and irregular surfaces that typify
modern subaerial karst contrast with the smooth and
regular walls of Early Permian solution dolines, karst
corridors, N-channels, and tower karst, that resulted
from steady solution of limestone in subglacial
meltwater. Meltwater is expected to have given rise to
fresh-water diagenesis of Devonian limestones below
the Permian unconformity, probably resulting in the
precipitation of the late-stage banded-luminescent
calcite cements that occluded most of the porosity
remaining after early marine and burial diagenesis.

11. Loading of the Devonian limestones below the
Permo-Carboniferous ice sheets probably resulted in
some stylolitisation of those limestones.

12. Distinctive tubes in Famennian microbial reef
limestone, commonly filled with sandstone, have
been interpreted by some authors as forms of
palaeokarst and by others as growth features. The
present study has confirmed the latter interpretation,
and the tubes are here termed ‘pseudokarst’.

13. Two second-order sequences, termed the Pillara
Sequence (Givetian-Frasnian) and the Nullara
Sequence (Famennian) are recognised in the
Devonian reef complexes. The Pillara Sequence is
characterised by retreating and back-stepping reef
complexes. They formed in response to rapid upward
growth of the platforms and high rates of subsidence,
except for a brief period during the latest Frasnian
when subsidence slowed and the platforms advanced.
The subsequent Nullara Sequence is characterised by
advancing reef complexes and slow upward growth of
the platforms, in response to relatively low rates of
subsidence.

14. Six third-order sequences are defined by backstepping
events in the Frasnian Pillara Sequence, and these
were probably associated with strong pulses of
faulting and subsidence. Each backstepping event
may have been preceded by brief emergence and
minor erosion of the reefal platforms, with little or no
karst development.

15. The mid Carboniferous to Early Permian interval of
glaciation on the Lennard Shelf resulted in a major
unconformity and sequence boundary between the
Devonian reef complexes and the Lower Permian
Grant Group. This interval is expected to be
represented in deep-water deposits beyond the
Lennard Shelf by multiple glacial-interglacial
sequences.
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