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The restless Earth

The mountains of Gariwerd sit perched upon the otherwise flat terrain of Victoria’s western
plains, their peaks and valleys visible for many kilometres from every direction. Along with
the hundreds of volcanoes and eruption points of the Newer Volcanics Province that extends
from Melbourne west to Mount Gambier, Gariwerd is the most distinctive geological feature
of western Victoria. At the highest level of description, Gariwerd is a series of mountain
ranges running roughly north to south, the southern and westernmost point of Australia’s
Great Dividing Range that unfolds east across Victoria before a northward journey that
traces the eastern seaboard for 3700 km to Queensland. Gariwerd’s highest point is at
Duwul, Mount William, in the east, and from here in each direction the ranges drop in
elevation to the north and south. The geology of the ranges has determined its soils, and
therefore plant and animal communities, as well as its water resources and, to an extent, its
local climate.

Geology and landform
Gariwerd has a distinctly rugged and broken form, made up of sandstones, mudstones and
siltstones. Steep escarpments, dropping abruptly to the plains below, line the eastern face of
the ranges, while shallow, dipping slopes roll away to the west. This landform – the distinct
cuesta landform – has been broken and cracked as the mountains settled and became
weathered (Plate 1.1). To the west of the main ranges are Burrunj, or the Black Range, as well
as further, final outcrops at Djurid (Mount Arapiles) and Grimgundidj (the Dundas Range);
these are part of the same formations as Gariwerd, or what geologists came to call the
Grampians Group.
The first European to attempt an account of the region’s geological form was Thomas
Mitchell, Surveyor General of New South Wales. His expedition journals have provided a
wealth of information on the landscape the Europeans first encountered in the middle of the
nineteenth century. In 1836, Mitchell had observed that, when he and his party climbed
Duwul, that ‘The surface at the summit of the cliffs was broad and consisted of large blocks
of sandstone, separated by wide fissures … These rocks were inclined but slightly towards
the north-west … [when] we reached the highest point [we] found that it consisted of naked
sandstone … No rocks could be found near the summit to shelter us from the piercing wind
and sleet’.1 As his men continued their journey around Gariwerd, ‘proceeding over the plains
extending along the interior side of the Grampians of the South’, he found that the ‘soil of
such plains consisted chiefly of clay, and we had recently found that it bore the wheels of the
waggons much better during the winter season than the thin and loose soil on the sides of
hills; apparently because this lay on rock, or a substratum so tenacious as to support the
water in or just under the surface.’2
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Around the Wimmera River, he noted that ‘The richness of the soil and the verdure near
the river, as well as the natural beauty of the scenery could scarcely be surpassed in any
country.’3 Climbing Mura Mura, which he named Mount Zero, he described it as ‘highly
micaceous sandstone; the whole being inclined towards the north-west’; from that vantage
point he saw ‘a very remote, isolated hill on the low country far to the northward which I had
also seen from Mount William, and from several stations on our route.’ Mitchell saw that an
‘isolated mass appeared to the westward, having near its base a most remarkable rock
resembling a mitre.’ Beyond this, he wrote
the distant horizon was not quite so level as the plains of the interior usually are
and, as far as I could see northward with a good telescope, I perceived open
forest land and various fine sheets of water. I observed with great satisfaction
that the Grampians terminated to the westward on a comparatively low
country. This was an important object of attention to me then as it comprised
all that intervened between us and the southern coast; in which direction I
perceived only one or two groups of conical hills. I resolved however, before
turning southwards, to extend our journey to the isolated mass already
mentioned, which I afterwards named Mount Arapiles. After descending from
Mount Zero I proceeded towards the track of the carts and found that the
plains, unlike any hitherto seen, undulated so much that in one place I could
perceive only the tops of trees in the hollows. On these plains I found small
nodules of highly ferruginous sandstone.4

After climbing Djurid, which he had now named Mount Arapiles, Mitchell ‘had a good
view of the Grampians of the South and, discovering that a lofty range extended from them
southward, I named it the Victoria Range having also recognised and intersected Mount
William’. He continued to recall how he
could see no high land to the westward, and the hill on which I stood seemed
to divide the singular lacustrine [lakes] country from that where the character
of the surface was fluviatile [rivers]. Mount Arapiles is a feature which may
always be easily recognised both by its isolated position and by its small
companion the Mitre Rock, situated midway between it and the lake to the
northward, which I named Mitre Lake after the little hill, its neighbour. Like
the mountains in the east Mount Arapiles consists of sandstone passing into
quartz, the whole apparently an altered sandstone, the structure being in one
part almost destroyed, in others perfectly distinct and containing pebbles of
quartz. At the western extremity this rock occurs in columns, resembling, at a
distance, those of basalt.5

Mitchell’s journals epitomise the early attempts by Europeans to describe and account
for, in the scientific language of the day, the lands of the world they began to explore and
claim for themselves. To identify and categorise, and to map and measure, was to bring more
and more of the world into their domain. From the outset, almost all the geologists who
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came in Mitchell’s wake believed that the ranges had been formed when the surrounding
landscape was weathered away, leaving behind the hulking silhouette familiar today. They
were, by and large, correct in their observations but the details would take over a century to
elucidate as new techniques and understandings of the Earth evolved and emerged.
The first attempt at an assessment of Gariwerd’s geology was A. R. C. Selwyn and
G. H. F. Ulrich’s brief article ‘Notes on Physical Geography, Geology, and Mineralogy of
Victoria’, in 1867. This was followed in 1873 by F. M. Krause’s report for the Geological
Survey of Victoria, which accurately mapped and accounted for the physical form of the
ranges. Although goldrushes in the early twentieth century produced utilitarian maps of
promising sites around the mountains, it was not until the 1960s that a new, fully realised
geological map of Gariwerd was authored by a PhD student working for the Geological
Survey of Victoria. This was followed by some smaller studies. Private companies also began
to take interest in the region, drilling for gold and base metals. The most detailed report on
Gariwerd appeared in 1997 and acknowledges all this earlier work. It was authored by R. A.
Cayley and D. H. Taylor for the Victorian Department of Natural Resources and
Environment, and it is from this that we have gained a full picture of the region’s geology.6
Underlying the Gariwerd mountains is a layer of bedrock some 500 million years old,
laid down in the Cambrian Period – material that was originally volcanic and sediment
before being buried, crushed and subjected to intense temperatures over eons. This bedrock
is generally covered over with more recent layers of rock and sediment throughout the region,
but some kilometres to the east, outcrops of ancient volcanic and sedimentary rocks,
including greenstones (andesite), chert and chalcedony, appear at the Mount Stavely Volcanic
Complex, reminders of this region’s unfathomably deep past when it was still part of the
ancient southern supercontinent of Gondwana.
To the east of the mountains, most of what would become Victoria was a deep ocean, its
coastline running from north to south along the Gariwerd region. To the west was
mountainous terrain. Perhaps 430 million years ago, in the Ordovician Period, when the
first fish were appearing and plants were beginning their invasion of the land, the Earth’s
surface in the region underwent violent and intense folding, lifting some areas up into hills
and mountains and pushing other regions down into troughs and valleys. Not long after
this, in the Silurian Period, a trough in what is now western Victoria began to fill with
sediments, water-borne debris washed away from the surrounding Gondwanan landscape.
Rivers drained the mountains from the west into the ocean, leaving sand and gravel behind
on extensive river flats that would become the Grampians Group. As the rivers met the
ocean, they sometimes formed lagoons and tidal inlets, which left behind accumulated red
mud and silt. Sediment was also deposited along the shoreline, and evidence of this can be
seen in the distinctive marks left upon rocks by crashing waves.
The sediments were left behind by the actions of rivers and oceans in four distinct stages.
First came what geologists call the Red Man Bluff sediments, which are on average 1800 m
thick. They form the Mount William Ranges, as well as the areas around Mount Zero (Mura
Mura) and Mount Stapylton. Then came the Silverband Formation, 850 m of a soft, reddish
sediment that is easily eroded; it has been carved away by, for example, Fyans Creek. The
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sediments laid down in the Silverband Formation contain fossils that speak to the ocean
environment in which they were deposited: fish teeth, spines and scales for example, and a
small, mollusc-like shellfish – the brachiopod – that was common in the Palaeozoic era
many hundreds of millions of years ago. After the Silverband Formation was laid down, next
came the Mount Difficult Subgroup—920 m of coarse sandstone that meets the Silverband
sediments in a sharp junction along the Serra Range. The newest materials that form
Gariwerd are the Victoria Range deposits, which consist of 2800 m of sandstone both coarse
and fine, today often covered by eroded sand and scree. As the movements of the continents
and tectonic plates began exerting pressure on the Grampians Group sediments, they
thickened, hardened, and deformed – stronger sandstone beds pushed up, stacking up over
mudstone, while other beds were thrown up on to their edges (such as at The Terraces and
Golton Gorge). From about 410 million years ago, therefore, the Grampians Group had
taken on their present form.
In the Devonian Period, some 350 million years ago, large masses of molten, granitic
magma, called plutons, pushed up from deep within the crust of the Earth, cooling slowly as
they remained trapped under layers of sedimentary rock. These plutons intruded into the
Grampians Group, waiting for erosion to expose them. Further to the west, volcanic activity
formed the extensive Rocklands Volcanics. Around this time, fish were the ascendant species
on the planet, and algae and fungi had appeared too. Gondwana collided with the smaller
supercontinent Euramerica (or Laurussia) to form Pangaea, a colossal landmass in the
southern hemisphere surrounded by an ocean of unimaginable horizons called Panthalassa.
The rocks and sediments of Gariwerd that would one day come to rise above the plains
were still mostly underground at the start of the Mesozoic era some 195 million years ago,
when the first dinosaurs and mammals appeared. Any exposed sediments were gradually
worn down over the age of the dinosaurs, during which Pangaea itself began to rift and break
apart with new supercontinents, Laurasia and Gondwanaland, forming in the northern and
southern hemispheres. In the early Cretaceous Period, Gariwerd still remained generally
hidden under what was now a flat plain, while Gondwana itself began splitting into the
continents that would become Africa, South America, India, Antarctica and Australia. In a
journey that continues to this day, Australia began a lonely voyage north towards the equator,
and the lush, temperate forests of Gondwana gave way to deserts and grasslands, droughts
and floods.
From about 65 million years ago, at the end of the Mesozoic era, the seas began to
encroach upon the land again, wearing away at the landscape surrounding Gariwerd and
leaving only the quartz-heavy sandstones of the Grampians Group behind. The molten masses
that had pushed up into Gariwerd and slowly cooled were exposed, themselves becoming
subject to weathering and erosion. The harder, more resistant granites formed low, rounded
hills in the Victoria Valley. The softer material was eroded away to form basins in the
Mackenzie River and Mafeking areas. When the molten magma welled up, the surrounding
rock became baked and hardened; as Gariwerd continued to be subject to the movements of
the Earth, this rock was faulted, forming waterfalls along the Mackenzie. Some of the magma
escaped upward through cracks and into the Mount Difficult and Mount William sandstones,
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forming dykes and sills, creating a grand stairway up the eastern face of Mount Rosea, and
laying a path still used on the Wonderland Trail. These volcanic materials were rich in
minerals, bringing the elements needed for abundant vegetation and plant growth to the
surface. By the time the Mesozoic era came to an end, when the dinosaurs became extinct,
marsupials and birds had appeared, as had flowering plants, ferns and cycads.
To the north of Gariwerd, the sediment that would form today’s Wimmera Plains was
laid down as the sea invaded the Murray Basin from about 58 million years ago. At around
14 million years ago, the coastline – the sea also having invaded the Otway Basin to the
south – lapped at the feet of Gariwerd, which was, along with the Dundas and Black Ranges,
part of a southern promontory extending into the sea. Mount Arapiles stood apart as an
island off the coast; platforms and crags were shaped by waves, and an ancient beach was left
behind to the north. As an unusual remnant of Gariwerd’s ancient coastal past, the coast
banksia (Banksia integrifolia) can be found in isolated patches high atop Mount Rosea and
the Major Mitchell Plateau.7
Gariwerd had been formed, but its surrounding landscape would be subject to further
violent upheavals. Volcanic activity across the region beginning about two million years ago
would eventually form hundreds of volcanoes and eruption points in the Newer Volcanics
Province, the western extent of which lies along the southern parts of the Gariwerd ranges.
As volcanoes around Gariwerd erupted, patterns of drainage were disrupted as lava flows
partially filled valleys, creating shallow lakes and swamps around the mountains. Lava flows
from Mount Napier and Mount Eccles – which erupted around 30 000 years ago – further
altered the landscape and encroached into the Victoria Valley region. Volcanic activity to the
south of Gariwerd bequeathed a rolling, fertile landscape, and perhaps the richest soils of
mainland Australia. In contrast, receding oceans in the north left behind a dry, infertile, and
semi-arid landscape.

Climate and water
At around the same time as volcanic activity began to reshape the region – a bit over two
million years ago – the Pleistocene Period began, and the global climate began a cycle of ice
ages, or glacial periods, and warm, interglacial phases. As ice sheets grew and shrank over
these cycles of climatic change, each lasting between 50 000 and 100 000 years, the seas rose
and fell by over 100 m. When the sea was at its lowest, a great continent – Sahul – was
formed as land bridges connected Tasmania and New Guinea to the mainland Australian
landmass. More recently, about 70 000 years ago, the sea dropped to a level that exposed a
series of islands between south-east Asia and north-west Australia. By the time the first
Australians began to live in and around Gariwerd just over 20 000 years ago, its form had
taken the shape we see today. Its climate and environment, however, would continue to shift
and transform.
Since the end of the last ice age, Gariwerd and its surrounding plains have undergone
major environmental changes. Evidence from the volcanic plains to the east – studies of
water levels and salinity at Lakes Keilambete, Gnotuk and Bullenmerrie – provide insights
into some of these local changes since the late Pleistocene. About 20 000 years ago, the
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Plate 1.1 The Balconies, near Mount Victory, showing distinctive backslopes of the cuesta
landform along the Serra Range in the background. Photo: Alistair Paton, 2013.

Plate 1.2
Manger.

Grass trees (Xanthorrhoea australis) in flower in the Gariwerd mountains. Photo: John
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Plate 1.3 A variety of fringe lilies (Thysanotus juncifolius, T. patersonii, and T. tuberosus) can be
found in deeper soils, well-drained heathlands and open forests. Photo: Alistair Paton, 2013.

Plate 2.1 Detail of motifs in Billimina shelter, Victoria Range. Photo: Benjamin Wilkie, 2016.
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Plate 2.2 Bunjil’s Shelter in the Black Range. Photo: Alistair Paton, 2013.

Plate 3.1 Sunrise at Duwul (Mount William). Photo: Alistair Paton, 2013.
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Plate 4.1
2006.

Mount Sturgeon viewed from the plains below near Dunkeld. Photo: Douglas Wilkie,

Plate 5.1 Sunrise in the Mount Difficult ranges. Photo: Alistair Paton, 2013.
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Plate 7.1 Protective fencing at Manja prevents vandalism and damage to the rock art and shelter.
Photo: Benjamin Wilkie, 2016.
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