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THE PERMO-CARBONIFEROUS GLACIATION
OF GONDWANA:

ITS IMPACT ON WESTERN AUSTRALIA
Phillip Playford

QOME 290 to J20 mi l l ion years ago.  dur ing rhe Vid
t J C a r b o n i f e r o u s  t o  E a r l y  P e r m i a n  l P e r m o -
Carboniferous), Westem Australia was covered by a
succession of thick continental ice sheets, comparable
with those that coverAntarctica and Greenland today and
covered large areas ofEurope, Nofth America, and Asia
during the Pleistocene (2 million to 10,000 years ago).
The Permo-Carboniferous glaciation occurred when
Australia formed parl of the Gondwana supercontinent.
This huge landmass was made up of the present-day
continents of Antarctica, Australia, South Arnerica, Africa,
and lndia, clustered togetheraround the south pole (Figure
l). Gondwana broke up during the Late Jurassic to Early
Tefiiary, some 150 to 60 million years ago, and the
individual continents gradually drifted apaft (Figure 2).
Westem Australia is still moving steadily towards the
norlh-norlheast at a rate of about 7 cm Der vear.

Figure 1: Mop (south polar prcjection) of Gondwano, showing
the maximum extenl af the Permo-Cotboniferous canlinentol
ice cap.

The Penno-Carboniferous glaciation of Gondwana
was one ofthree major glaciations that have affected the
earth, the other two being during the Late Precambrian
(around 700 million years ago) and the Pleistocene. For
most of the eaflh'\ hislory there were no major ice caps
centred on the north and south poles, although a number
of less extensive glaciations occurred periodically. The
reasons for the development of ice ages are not fully
understood, but they may be linked with changes in the
sun's radiation, ocean circulation, and the positions of
the earth's c6ntinents.

The great Permo-Carboniferous glaciation is
evidenced in Western Australia by extensive glacial
sedimentsandpavements. The sedin.rentscontainstriated
and facetted boulders, known as enatics, that were dragged
along the base of the moving ice sheets for very long
distances (up to several hundred kilometres). These

Figure 2: Mqp (sauth palor projecfion) showing the modern
Antarctic ice sheel in relation fo the oresent Dositians of
Austtolio, South Americo, and soulhen Africa.
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Glaciation continued from page 1

Figure 3: The 'White Horse' euolic, norfh of Mingenew. This black of Caamberdale Cherl wos ttonspotted by ice from the
Moora qeo during the Early Permiqn, obaut 290 million yearc ago.

3

erratics ale as much as several metres across, a good
example being the 'White Horse' erratic, north of
Mingenew (Figure 3). This is a block of Coomberdale
Chert, 3 m across, that was transported by ice from the
Moora area, about 200 km to the south-southeast.

Glacial pavements were formed at the base ofmoving
ice sheets, where 'dirty' ice eroded the underlying
basement. Rock debris, ranging from large boulders to
fine 'rock flour', was frozen into the basal ice, and this
effectively planed dovin the underlying rocks as the ice
moved steadily away from the south pole. Some ofthe
best examples ofgrooved, striated, and polished glacial
pavements are in the Pilbara district, east of Marble Bar
(Figure 4). They are also displayed clearly at other
locations around the State, notably east of Geraldton,
near Lyons River, and east of Fitzroy Crossing.

The ice sheets flowed into the surrounding oceans,
where 'calving' of icebergs occurred and rock debris
dropped to the sea floor as the icebergs melted. Evidence
ofthe direction ofice movement is provided by striations
(scratches), grooves, and other features on the glacial
pavements. The striations and grooves formedparallel to
the direction ofice movement, which, in Westem Australia
was overwhelmingly towards the north-northwest,
averaging about 340o (Figure 5).

The modem Antarctic ice cap is up to 4.8 km thick
(near the Vostok base), and it seems probable that the

Figure 4: Crcaved, striated. ond polished glaciol povement
in chert easl of Marble Bor, Ihis pavement wos sculptured by
'dirtv' ice at Ihe b$e af the Eo v Permion ice sheet, which
wos moving towotds lhe north-narthwesl.

Permo-Carboniferous ice sheets, which covered a.reas at
least four times that of Antarctica, reached even greater
thicknesses. The Early Permian ice sheet may have been
more than 5 km thick over the southem part of Westem
Australia, perhaps thinning to 3-4 km over the Pilbara
and 2 km over the Kimberley. It is expected that the
whole ofWestem Australia, including mountainous areas
in the Pilbara and Kimberley, was periodically covered
by ice. There was notjust one ice cap, but a succession
ofice sheets that advanced and retreated regularly across
Gondwana in the Permo-Carboniferous.
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