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(source unknown)

" Among Bll of nature's phenomena, not a single one seems to

me to be more worthy of the interest and curiosity of the

naturalist than glaciers."

-L. Agassiz, 1840

Etudes sur Les Glaciers : 2.
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ABSTRACT
The broad topographic framework and erosion surface
morphology of west <central Tasmania predates the early
Pleistccene. The valley systems, however, have been
emphasised by glacial erosion which has played a major role

in shaping the detailed geomorphology of the mountains.,.

Part of an extensive ice cap that developed in the Tasmanian
Central Highlands during the 1late Cainozoic discharged
southwards via a major outlet glacier that occupied the

valley of the Derwent River,

The heart of the Central Tasmanian ice cap probably lay west
of the Du Cane Range. When the ice cover was most extensive
the Derwent Glacier was up to 500 metres thick. It may have
extended to as low as 230 metres above sea level, 70
kilometres downstream from its source in the cirques of the
Du Cane Range. Two diffluent lobes of this glacier spread
eastwards to merge with other glaciers in the Iive Valley.
Other diffluent lobes extended southwards into the upper
Gordon Valley, and westwards into the upper Franklin and
Alma valleys. At the maximurn phase the Franklin and Alrma
glaciers were confluent around t, Alma, near the present

junction of the Collingwood ard Franklin rivers.

The more westerly glaciers displayed the highest rates of
mass. throughput hence glacial landforms are more abundant

and better developed in the west.
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Analysis of the ©post-depositional modification of the
placial landforms and sediments suggests that at least three
glaciations took place. The first glaciation was probably
early Pleistocene or late Pliocene in age while the most

recent and smallest occurred during the late Last Glacial

Stage.

Glaciation would have demanded colder temperatures and an
increased solid precipitation budget, but no major shift in
the direction of snow bearing winds is neccessitated. At no
stage was the mean annual air temperature likely to have

been more than 9° C less than present.

The glaciations were probably broadly contemporaneous with
those at similar southern latitudes in Andean Patagonia and
South Island New Zezland. Like the glaciers of those areas
the dce masses of west <central Tasmania were nmainly of

temperate maritime character,

The glaciations were accompanied by periglacial activity
beyond the 1limits of the 1ice. The development of rock
glaciers suggests that localised areas of permafrost existed

during the Last Glaciation.

The glacial oversteepening has greatly facilitated slope
retreat in areas of high structural anisotropy, particularly
under periglacial conditions. Interglacial weathering and
erosion was comparatively innocuous, although the presence
of a substantial vegetation cover seems to have been

critical to the maintenance of slope stabilty, particularly



in steeper and more elevated terrain. The geomorphic
evidence does not demand any climate deterioration during
the Holocene. The most active geomorphological agent of the

Holocene interglacial is humankind.
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INTRODUCTION

The most extensive valley glacier systems known to have
existed in Tasmania during the late Cainozoic were
associated with an ice sheet at least several hundred square
kilometres in extent that inundated the western part of
Tasmania's Central Highlands. The principal southern oulet
for this ice cap was the Derwent Glacier. This glacier
excavated a major glacial trough that is now partly occupied
by Lake St. Clair, Australia's deepest inland water body.
Smaller alpine glaciers moulded the adjacent mountains and

valleys.

This thesis examines the legacy of glaciation on the
southern margin of the ice cap. It seeks to establish the
areal and altitudinal limits of the glacier systems, the
patterns of ice movement, and to differentiate the sequence,
duration and ages of the glaciations. It also investigates

the impact of glaciation upon the mountain geomorphology.

This study has benefitted from the contributions of earlier
workers who established firstly that the area had been
glaciated and secondly the broad outlines of the glacial

geomorphology and glacial climates. lMost importantly their

work has highlighted issues which require resolution.

However, there are impediments to working in this area.
These include terrain which is not only difficult to
traverse but is also often cloaked in dense vegetation which
limits geomorphological visibility. Few useful sections are

available Dbecause streams have seldom incised deeply into
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the sediments which floor many of the valleys, while =steep
slopes preclude the survival of much surficial sediment.
There are few tracks and even fewer roads. Indeed, a 1large
part of the area has recently been placed on the United
Nations World Heritage List in recognition of its wilderness
values. Elsewhere difficulties have been imposed by the
filling of a hydro-electric reservoir in the very «critical

southeastern part of the study area.

Nonetheless, a substantial area has been examined in detail
for the first time. I count it my great privilege to have
had the opp&rtunity to undertake such a task in anp area as
beautiful as this one, generally with the intensity of
wonder and appreciation that only solitude amid wild

magnificance will allow.



PART A

ON THE EDGE OF AN ICE - CAP



chapter one

REGIONAL ENVIRONMENT

"During a long life spent in wandering and observation it
has never been my good fortune to see so magnificant a

picture"

-Sir John Franklin, Mt. Arrowsmith, 1842.

LOCATION AND CHARACTER OF THE STUDY AREA.
The island of Tasmania is the most mountainous region 1in
Auvstralia. This study focusses on some of the loftiest
among its mountains. Elevations in the study area Trange
from 1470 m, in the Du Cane Range down to 230 m further
south in the Derwent River Valley. Lying between 41° 55' -
42° 25" south latitude, and 145° 55' - 146° 25'  east
longitude, these temperate mountains are wet and moderately
windy, subject to the westerly regime of the Roaring Forties

and within 80 km., of the Southern Ocean (Figure 1.1).

Although it presently lacks active glaciers this 1is a
mountain environment in the classical sense, with
considerable elevation, steep gradients, rTocky terrain,
seasonal snow and ice, a legacy of Pleistocene glaciation
and considerable evironmental diversity. The relative
relief between valley floors and summits is generally less
than the 1000 m. regarded by Barsch and Caine (1984) as
characteristic of high mountains. However, it constitutes a
"High Mountain System" according to the criteria of Troll

(1972, 1973) as it encompasses multiple vegetation belts
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including a considerable area which lies above treeline.

For the most part the relief dis of Rocky Mountain type
(Barsch and Caine, 1984). Interfluves are rounded, summits
are flat, the local relief is 1low and numerous accordant
levels appear to represent ancient erosion surfaces. The
glacial legacy of the area is most striking 1in a few
localised areas of Alp type relief where steep cirque
headwalls and glacial argtes are prominent., The glacial
legacy is also apparent on the lake bestrewn western part of
Tasmania's Central Plateau which bears comparison with the
Barren Grounds of Canada, and parts of Finland, the Tibetan
Plateau and West Greenland (Jennings and Ahmad, 1957; Banks,

1973a; Sugden and John, 1976).

The study area sits astride Tasmania's principal drainage
divide. Three major river systems - the lMersey to the
north; the Pieman to the west; and the Derwent to the
southeast - all have their sources in the Du Cane Range
(figure Bl), Tasmania's largest river, the Gordon, together
with its principal tributary, the Franklin, also rises 1in
the study area. This major divide corresponds with an abrupt
change in the whole <character of the environment. This
transition has profound implications for human activity; for
the geomorphic environment; and for the processes of
weathering and erosion in particular. There is, according
to Tyler (1981):

" a line passing through the Derwent Bridge pub, a natural
geologic, climatic, edaphic and vegetational watershed...the

frontier separating the grazing lands to the east from the



dark forests of the west...Here possums become darker and
butterflies change colour to become different
subspecies...The water chemistry (is) a distinctive weak
seawater..brewed to the colour of tea in the peats of the
buttongrass..its rivers (run) brown and acid, its pools
(lie) black on the plains...The waters retain the ionic
character of their westerly ocean, acidified by plant
remains till bicarbonate goes, so starved of <calcium that

local <crayfish reserve it for the most essential parts of

their skeletons."

GEOLOGY AND STRUCTURE
In large measure this striking <change in the landscape
reflects a morphostructural boundary between Tasmania's fold
structure province to the west and fault structure province
to the east (figure 1.2) (Davies, 1967). Precambrian quartz
schists and quartzites occur west of the Derwent-Franklin
divide where they are overlain by dolomite (Figure 1.3).
These rocks were deformed during wuplift of the Tyennan
Geanticline from which subsequent rocks were eroded.
Although they have not been recognised in the study area,
the occurrence further to the northwest and to the south of
diamictites that may be glacial in origin hints that this
part of Tasmania may have been glaciated as long ago as the
Precambrian. These diamictites are associated with dolomite
and lavas on King Island (Carey, 1946; Scott, 1951; Jago,
1981) and albng the Arthur and Julius rivers in northwestern
Tesmania (Griffin and Preiss, 1976). They also occur in the
Wedge River Valley (Corbett and Banks, 1974) and Weld River

Valley (C.Calver, pers. comm.) 1in southwestern Tasmania.



Figure 1.2 Tasmanian morphostructural ©provinces (after
Davies, 1965):
(1) fault structure province; (2) fold structure province

with areas of granite shaded.



These rocks may be equivalent to the 1late Precambrian
(Adelaidean) glacial deposits that are widespread on

mainland Australia (Dunn et al., 1971).

Rocks of the Ordovician Junee Group crop out on the western
margin of the study area, Siliceous terrestrial
conglomerate, marine quartz sandstone and siltstone of the
Owen Formation were deposited into actively eroding troughs
that flanked the Tyennan Geanticline. Tasmania probably 1lay
in tropical latitudes at this time., Sandstone and warm
shallow marine limestones of the Gordon Limestone Formation
were later déposited as the sea transgressed across the
landsurface, possibly due to the decline of placiers and ice
sheets elsewhere (Fairbridge, 1979) or to a slowly sinking
shelf area (Banks, 1962a). Siluro-Devonian quartzites.
slates, siltstones and shales of the Eldon Group conformably
overlie the Ordovician limestone. These rocks were deformed
into a series of parallel flattened folds during the
Tabberabberan Orogeny which occurred in middle Devonian

times.

Essentially flat-lying rocks of Permian and younger age
predominate within the fault province. The most widespread
rocks are Permo-Carboniferous glacio—marine and marine
sediments. These occur in the headwaters of virtually all
the valleys tributary to the upper Derwent, During the late
Carboniferous Tasmania probably lay within 10° of the South
Pole. Continental ice sheets spread out northeastwards into
Tasmania from highlands Dbordering the region to the

southwest, now oceanic terrain but probably then occupied by



Figure 1.3 Geology of the study area (simplified from
Corbett and Brown, 1975):

(1) Quaternary sediments; (2) Permian glacio-marine
sequences and Triassic fluvio-lacustrine sequences; (3)
Siluro-Devonian quartz sandstones, siltstones and shales;
(&) Ordoviéian limestone, siliceous terrestrial
conglomerate, marine quartz sandstone and siltstone; (5)
Cambrian shallow water deposits and orthoquartzite
sequences; (6) Precambrian dolomite, metaquartzite
sequences, pellitic sequences and garnetiferous rocks; (7)
fault; (8) hinge 1line with plunge of major fold; (9)
Tertiary basalt; (10) Jurassic dolerite; (11) Cambrian acid
igneous rocks with 1dintermediate volcanic and associated

rocks.
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Antarctica. The Carboniferous-Permian boundary occurs in
the wupper part of the Wynyard Tillite, which belongs to the
lower part of the Parmeener Supergroup (Banks, 1962b). The
glaciers reached their maximum extent in the early Permian

but ice rafting continued to occur until the late Permian.

The Permo-Carboniferous strata are both marine and non-
marine, only gently deformed, and overlie an eroded basement
with a relief of 600-1000 m. (Clarke and Banks, 1975; Banks,
1978). The tillites are the product of in situ decay of
debris laden ice and contain some thin mudflow lenses. The
grain-size diétribution of the tillite 1is comparable to
sediments presently being deposited beneath the Ross Ice
Shelf in Antarctica. The remainder of the deposits consist
of mudstones, diamictites, sandstones and <conglomerates
(Banks et al., 1955; Frakes and Crowell, 1975; Banks, 1978).
The glaciomarine rocks are overlain by fluvial and paludal
sediments, and by freshwater sandstones, silstones and
mudstones of Triassic age that were deposited in a low

energy fluviatile environment.

The Central Plateau and a number of mountains close to its
western margin is capped by a sheet of Jurassic dolerite
that penetrated the Parmeener Supergroup. This dolerite
represents a response to the initial fracturing of the
Gondwana supercontinent, and the geology in the study area
is very similar to that in the dry valleys of Antarctica and
parts of southern Africa. The intrusion of the dolerite was
probably associated with some raising of the landsurface.

Subsequent erosion has removed most of the cover rocks.



11

Uplift and southeastward tilting of the ©plateau commenced
about 65 Ma BP as Antarctica separated from the Australian
continent (Griffiths, 1971; Banks, 1973b; Sutherland, 1973).
Basaltic eruptions occurred into valleys during 1late
Oligocene and early Miocene times (Sutherland, 1973). The
basalts are confined to the easternmost part of the study
area where they 1locally overlie minor alluvial and

lacustrine sediments of Tertiary age (Prider, 1948).

TOPOGRAPHIC FRAMEWORK
The alpine landscape of the fault structure province is one
of erosional. uplift mountains (Fairbridge, 1968a).
Tensional block faulting and widespread sheets of resistant
dolerite have given Trise to a landscape that is
characterised by tabular dolerite interfluves that separate
valleys of gentle gradient which have been «cut in Permian
and Triassic rocks. The drainage pattern is predominantly
rectangular. The fold structure province 1is dominated by
fold mountain belts (Fairbridge, 1968a). Here a series of
shallowly arcuate ridges trend broadly north to south. The
mountains consist of resistant Precambrain quartzites and
Ordovician conglomerates that rise above valleys incised in
limestones, phyllites and schists. The interfluves are

sharp and the drainage pattern is a dense trellis (Davies,

1967).

From the summit of Mt. Arrowsmith Calder (1849) noted that
"..the greater portion of the surface lying between (the
mountain crests) is so thrown up into hills as to impart to

the country generally an appearance of wonderful
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irregularity of surface, which however presents on
examination extensive levels; over some of these 1 traced
the track to Macquarie Harbour". Clemes (1925) drew
attention to three such surfaces in the Lake St. Clair area,
which he named the Lower, Intermediate and Higher plateaux
surfaces. FEarly views attributed these to the faulting of
at least one erosion surface (Lewis, 1945a; Carey, 1947;
Hills and Carey, 1949). The accordance of some summits east
of Lake St Clair was attributed to the presence of
flat-lying sills of resistant dolerite (Giblin, 1928;

Fairbridge, 1949).

Davies (1959) argued that the surfaces were multicyclic in
origin. He observed that they were continuous across
dolerite injected at different levels and at different
altitudes, and across other rock types in adjacent terrain.
From this he argued that the surfaces had been preserved on,
rather than caused by the dolerite. Davies recognised at
least six. (and possibly seven) 1levels (Figure 1.4). He
interpreted five of these as erosion surfaces which had
developed at or near base level, with the uppermost level
being monadnocks, He named the lowermost the
Lower Coa§£31 Surface and attributed 1t to marine processes,
To the accordances above this he gave the names Upper
Coastal Surface (365 - 460 m); the St. Clair Surface (730 -
825 m); the Lower Plateau Surface (915 - 1065 m); the Higher
Plateau Surface (1200 - 1350 m); and the Higher Monadnocks.
Davies remained hesitant about a possible further surface at

550 - 610 m, The origin, age and significance of these

accordances remains problematic.
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Distribution of erosion surfaces (after Davies,

1.4

Figure
1959).
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The Lower Coastal Surface is not present in the study area
but all the others are well represented. The Collingwood,
Alma and lower Loddon Plains all lie at about 400 m and
probably represent part of the Upper Coastal Surface. The
St. Clair Surface takes its name from an extensive plain
between Lake St. Clair and Butlers Gorge, but further west
is represented by accordant summits. The Nive Plains, the
floor of the Cuvier Valley, the floor of the Franklin Valley
between Lake Dixon and Lake Undine and some of the hills

north-west of the Alma River appear to be part of the St.

Clair Surface.

The Lower Plateau Surface is discernible on the southern
part of the Central Plateau, in the Cheyne Range around Lake
Hermione, at the Labyrinth, Mt. Arrowsmith, Mt. Mary, and
several other sites. The stepped appearance between this
level and the Higher Plateau Surface may represent
intermittent wuplift (Banks, 1973a). The Higher Plateau
Surface is represented by parts of the Central Plateau
itself, The Higher Monadnocks are well represented in the

Du Cane Range and elsewhere.

A pre-Carbon iferous erosion surface has been exhumed in
some localities. It may only have been extensively stripped
in areas which are accordant with more recent erosion
surfaces (Davies, 1959). This pre-Carboniferous surface
descends from 912 m on Last Hill to 851 m on Pyramid Hill
and 730 m in the Franklin Valley upstream of Lake Dixon

(Banks, 1962b). Lithological benches that are formed on
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flat-lying Permian and Triassic rocks also induce broadly

accordant levels.

CLIMATE AND VEGETATION.
The fold province is the most consistently wet area in
Australia (Figure 1.5). More intense rainfall events are
experienced only in parts of tropical Queensland. It also
experiences fewer sunshine hours per day (average four
hours) than anywhere else in Australia. It is one of only
three areas in Australia where mean annual runoff exceeds
1250 mm., the national average being only 45 mm while less

than 57 of Australia experiences in excess of 250 mm

(Watson, 1976, 1978).

Orography has a marked impact wupon the distribution of

rainfall in western Tasmania, The heaviest rainfall,
around 3400 mm pa., is experienced some 20 km inland on
the most westerly of the ranges, There is a strong

precipitation gradient east of this point. Within the study
area the rainfall probably ranges from about 2600 mm near
the Collingwood River to about 1100 mm on the eastern side
of the Wentworth Hills. Strong precipitation gradients also
exist down the lengths of -the valleys, and are particularly
evident in the Derwent and Nive valleys. Detailed climatic
data are available for only two sites within the study area,
namely Cynthia Bay at the southern end of Lake St. Clair
some 75 km from the west coast, and Butlers Gorge 18 k&
SSE of Cynthia Bay (Table 1.1). Both sites lie adjacent to
the Derwent River. Snow and frost may occur at any time of

the year above 1000 m , snow generally being associated with
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cold polar air masses from the south, An increasingly

pronounced summer dry period is experienced east of Lake St.

Clair.

Vegetation patterns in the area (Figure 1.6) reflect an
interplay between climate, geology, soils and fire frequency
(Sutton 1929; Jackson 1965, 1973; Davies, 1978; [Kirkpatrick
1980, 1984). The montane flora of Tasmania has similarities
with that of New Zealand and Patagonia, and is considered to
be more Antarctic than Australian in character (Minchin,
1981). Endemism in the flora reaches up to 60% in the west
but diminisheg to less than 15%Z in the east, and reflects
the climatic and geological significance of the western
mountains to the vegetation (Brown, 1981). The predominant
vegetation formations within the ©present study area are
temperate closed rainforests, eucalypt forests, sedgelands,

heathlands and herbfields.

With low fire frequencies closed rainforests of Nothofagus

cunninghamii (Myrtle), Atherosperma moschatum (Sassafras),

the conifer Phyllocladus aspleniifolivs (Celery Top Pine)

and Andopetalum biglandulosum (Horizontal Scrub) develop at

lower elevations. Nothofagus cunninghamii, the deciduous N.

gunnii (Fagus) and the native conifers Athrotaxis

selaginoides (King Billy Pine) and A. cupressoides (Pencil

Pine) are present at higher elevations.

The eucalypt forest and woodland is dominated by Fucalvptus

delegatensis (White-top Stringybark) on good sites, with E.

dalrympleana (Mountain Gum), E. pauciflora (Cabbage Gur) and
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Figure 1.6 Vegetation in the study area (redrawn from
Kirkpatrick and Dickinson, 1984): (1) central alpine
complex; (2) eastern alpine complex; (3) Labyrinth subalpine

complex; (4) Eucalyptus coccifera forest: (5) rainforest;

(6) wet scrub; (7) Buttongrass moor; (8) Eucalyvptus oblioua

forest; (9) Eucalyptus delegatensis forest taller than 40

m.; (10) Eucalyptus delegatensis forest less than 40 m.

tall; (11) Buttongrass moor-grasslands mosaic; (12) montane

grassy forest; (13) grassland.
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E. amygdalina (Black Peppermint) on poorer sites.

Eucalyptus nitida (Smithton Peppermint) is common in the
west where it is sometimes emergent over rainforest. Above

1000 m E. coccifera (Tasmanian Snow Gum) is widespread.

Poa grasslands commonly intrude where trees are excluded by

cold air drainage or repeated fires (Jackson, 1965, 1973),.

The sedgelands are dominated by Gymnoschoenus
sphaerocephalus (Button-grass) on poorly drained and
infertile sites. Leptosperum and Bauera scrubs are common

near sedgeland margins and along watercourses, and may grade
into Eucalypt— woodland. The heathland and herbfields are
dominated by australmontane species above treeline (1200 m
approx.) and sometimes down to as low as 1000 m where
drainage and micro-climate permit. Complex mosaics of local
communities are common. Fjaeldmark communities occur mainly
on mountains capped by fissile Permo-Triassic sediments.

(Jackson 1973; Kirkpatrick 1984).

The present distribution of forest represents a response to
climatic amelioration during the Holocene. MacPhail (1981)
has identified two broad phases in postglacial forest
development at Mt. Field, 4Oknm to the south: an Early
Temperate Phase of rainforest expansion that occurred from
10 - 6 ka BP when <conditions were interpreted as being
warmer and wetter than present; and a Late Temperate Phase
that saw the forests become more open 1in structure and
dominated by sclerophyll species, in response to climates
which were interpreted as being more variable and prone to

drought and fire.
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The area presently supports a varied marsupial fauna
including four species of macropods, possums, dasyurid

carnivores and Tasmanian devils.

HUMAN HISTORY
Although the area remains largely in a natural condition,
fires 1it by human beings have probably long had an impact
upon vegetation patterns and slope stability. The Tasmanian
aborigines knew Lake St.Clair as Leeawuleena, the Sleeping
Water, and the people of the Big River Tribe who frequented
the area ma; have travelled westwards into the wupper
Franklin (Ling Roth, 1899; Kiernan, 1982a). A preliminary
archaeological survey further east on the Central Plateau
has revealed a site density of 4.9 sites/km2 . These sites
are probably of Holocene age (Cosgrove, 1984)., No detailed
archaeological survey has been conducted in the study area

but a number of sites have been recorded during fieldwork

for this thesis.

The time at which the first campfires were kindled beside
the Sleeping Water is unknown, but aborigines were present
by 20 ka BP further down the Derwent Valley (Murray et al.,
1980) and even in the rugged Franklin Valley to the
south-west (Kiernan et al.,, 1983), The antiquity of this
occupation is emphasised by the abandonment of the Franklin
Caves about 15 ka. BP, still 5 ka prior to any reliable
evidence for humankind at equivalent southern latitudes in
the Americas and a similar time prior to the painting of

Altimira and other celebrated European cave sites
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(Ortiz-Troncoso, 1981; Jones, 1982).

Despite the fact that their tool kit was the simplest ever
recorded in the world's ethnographic 1literature (Jones,
1968) it is to be anticipated that the aborigines have left
a legacy in the landscape of the study area because many
mountain environments exist in a metastable state and hence
are particularly vulnerable to disturbance (Barsch and Caine
1984) ., Some circumstantial evidence exists to link
aboriginal firing with slope instability and sedimentation

in various parts of Tasmania (Davies, 1967, 1974; Kiernan et

al., 1983).

Europeans first settled near the mouth of the Derwent River
in 1804, From the summit of Mt. Charles surveyor William
Sharland became the first European known to see Leeawuleena
in 1823, Mistaking the identity of the river which drained
from it he renamed Leeawuleena as Gordon Lake., Eight years
later a party led by Surveyor Frankland recognised the error

and renamed it Lake St. Clair after the St.Clair family of
the Scottish Loch Lomond. From the summit of Mt. Olympus
Frankland sprinkled the area with classical Greek
nomenclature before descending into the Cuvier Valley to
camp beneath the "Pines of Olympus" (later renamed Pencil
Pines) beside the sandy beach of Lake Petrarch (Frankland

1835).

In 1837 Surveyor Calder found the true source of the Gordon
to be Lake Richmond, 22 km. south of Lake St. Clair. Three

years later he ventured westward of Lake St., Clair, and from
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the summit of Fatigue Hill (now Mt. Arrowsmith) found that
"...a wilder prospect could scarcely be imagined, for in
almost all directions the landscape ends in groups of broken
mountains." Governor of the colony and noted arctic
explorer Sir John Franklin later accompanied Calder across

the ranges to Macquarie Harbour at the mouth of the Gordon

River on the west coast.

These may not have been the first Europeans to have seen the
western mountains, There were numerous escapes from the
harsh conditions at a convict station that was established
on an island in Macquarie Harbour in 1822, where 7000 lashes
were 1inflicted upon 169 prisoners in one year alone, VWhile
at least sixty two of the escapees perished in the bush, at
least nine of them eaten by their comrades, a few made it
back to Hobart Town to be given the option of the gallows or
service with the surveyors. In 1835 Surveyor McKay found
convict clothing at some aboriginal huts near the confluence
of the Surprise and Franklin rivers., This suggests that at
least one escapee may have passed through the Lake St., Clair

area (Binks, 1980).

PRESENT LAND-USE
For many years the area west of Lake St. Clair was regarded
with awe and even fear by the European settlers. The name
Transylvania was given to it on early maps. Much of the
western landscape rTemains largely unchanged from that
encountered by the early surveyors. As early as 1885 the
Executive Council withdrew from sale all Crown Land within

half a mile of Lake St. Clair and Lake Petrarch, in
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recognition of the potential of the area for public
recreation. Work commenced on an hydro-electric dam across
the Derwent River at Butlers Gorge shortly after the second
world war., The resulting impoundment is known as Lake King
William. The level of Lake St. Clair was later raised by 3
m tfor the same purpose. That lake is now part of the
Cradle Mountain - Lake St. Clair National Park (137,274 ha).
The scenery produced by past geomorphic processes has proven
a greater economic asset than the putative gold that
initially drew people to this area. Today wupwards of
100,000 people visit the southern =shoreline of Lake St.

Clair each year.

A road from Lake St. Clair to the mining settlement of
Queenstown near the west coast was completed in 1932. It
remains the only formed route across the western ranges.
There are no permanent settlements between Lake St.Clair and

the Queenstown area, only overgrown tracks and traces left

by prospectors and timber cutters., The Franklin River
catchment now forms part of the Franklin - Lower Gordon Wild
Rivers National Park that adjoins the Cradle Mountain - Lake

St.Clair National Park. Proposals by the state government
to construct hydro-electric dams on the Franklin River
within this park were blocked in the High Court of Australia
by the national government in 1983. Both parks nrow form
part of the western Tasmanian Wilderness National Parks
complex of 7,693 km2 that is protected under the United
Nations World Heritage Convention, The remainder of the
study area is mainly State Forest or uncommitted Crown Land,

with some small freeholdings and leaseholdings in the east
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(figure 1.7).

RECOGNITION OF THE GLACIAL LEGACY
In 1860 Surveyor Charles Gould was appointed as Tasmania's
first government geologist. Two years later he was
despatched to the study area in search of gold and first
recognised that glacial features were present: "..In the
Cuvier Valley I was struck...by the similarity to the
terminal moraine of a glacier presented by an enormous

accumulation of boulders which chokes the lower end of the

valley .." (Gould, 1860).

Exploration of the wild country to the west was slow, but in
1883 Surveyor T.B. Moore recognised erratics between Mt,
King William I and Mt. Arrowsmith. Continuing westward
Moore noted: ".,.Painters Plains are described by Count
Strzelecki as an accumulation of pebbles. The accumulation
is composed of every variety of rocks, with large Dboulders
of pgreenstone strewn over the plains. These boulders are
also met with cropping out on the tops of the surrounding
quartzite hills, Tt is quite possible that these masses of
greenstone, occurring as they do in solitary blocks or
groups have been brought, in the Glacial Period, from the
higher lands of Mt. Gell or the Eldon Range, and deposited
by that agency in their present resting places” (Moore,

1883).

Another surveyor, C,P. Sprent, had also recorded the

presence of glacial features since coanrmencing work in the

3]

area in 1875, and was soon able to report that "..traces of



27

glacial action are common all over the west coast in
localities close to the high mountains (Sprent, 1887).
According to the government geologist of the day ",.no-one
had a more intimate knowledge of this wild country, for he
(Sprent) was the ©pioneer who first opened out the greater
part of this country to miners by a process of
track-cutting, almost 1like tunnelling in the horizontal,
bauera and other scrubs - the terrible barriers to progress
"

in this region (Johnston, 1894a). Those same barriers

have «continued to impede geological mapping and the
investigation of the glacial record in the Gordon - Franklin
basin.

In his comprehensive volume The Geolopgv of Tasmania Johnston

(1888) amplified the <case for previous glaciation in the
area. In a later paper (Johnston, 189%4a) he argued that the
lakes of the upper Franklin, together with Lake Petrarch and
other lakes east of the King William Range, were of glacial
origin. However, he followed Gould (1860) in attributing
Lake St. Clair to the Derwent having been dammed by a lava
flow. Although Tasmania had by now been cited in the pages
of Nature as a locality in which rock basin lakes of glacial
origin were present (Wallace, 1893) Johnston also contended
that the ".,.innumerable lakelets and lagoons on the upper
levels (of the Central Plateau) are due to original surface
irregularities produced by the flow of greenstcnes on

erupting"” (Johnston, 18%94b).

Officer (1894) almost totally rejected the 1idea of any

glaciation in the Lake St, Clair area. Be discarded both
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the 1lava dam and earlier crater lake explanations for Lake
St. Clair, attributed both Lake St. Clair and Lake Petrarch
to valley floor subsidence, and contended that the dolerite
rubbles on the floor of the Cuvier Valley were lag deposits.
In a subsequent ©paper Officer, Balfour and Hogg (1895)
rejected the erosional evidence for glaciation east of Mt,
King William I but <conceded that '"..the possibility of
(Lake St. Clair) being a glacial lake is worth considering."
Three decades vere to pass before Clemes (1925)
reinterpreted the ridges of dolerite rubble south of the
Lake St.Clair as moraines and firmly established the glacial

origin of that lake and many other features in the study

ared,

Reconaissance observations by a number of workers (eg.
Lewis, 1945b; Derbyshire, 1963, 1967; Peterson, 1968, 1969;
Davies, 1969) enable a number of issues to be identified.
These issues are reviewed in chapter two. Some are explored
in detail 1later in this thesis. Others require a detailed
study in themselves and this thesis cannot realistically
seek to do more than contribute to the data base available

for future workers.
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chapter two
SOME ISSUES IN THE MOUNTAIN GEOMORPHOLOGY

OF THE TASMANIAN CENTRAL HIGHLANDS

Issues raised by previous studies of this mountain landscape
include the areal extent of past glaciation; the patterns of
ice movement; the geomorphic consequences of glaciation; the
age of the glacial =events; the ©palaeoglaciological and
palaeoclimatic environments; and the effect of extraglacial

and nonglacial processes.

1 The areal extent of glaciation

Difficult terrain and a consequent reliance wupon broad
morphological criteria which were open to alternative
explanations hés impeded attempts to define the areal extent

of the maximum ice cover in these mountains.

On the basis of the erosional morphology represented by
cirques, glaciated troughs and roches moutonnées, and also
on the basis of moraine distribution, Lewis (1934) suggested
that between 337 and 507 of Tasmania had once been covered
by ice (Figure 2.1). Lewis envisaged that three glaciations
had occurred, and that during the earliest of these glaciers
from the Lake St. Clair - upper Franklin area had extended
down the full 1length of the Franklin Valley (Lewis, 1939,
1945b). Prider (1947) proposed that the glacier in the
Derwent Valley had reached Buplers Gorge. Fairbridge (1949)
argued that ice extended down to 600 m. in the Waddamana

area. This was 300 m. lower than Lewis had suggested.
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Figure 2.1 Limits of Pleistocene ice in Tesmanie: (1)
according to Lewis (1945b); (2) according to Banks (1962);
(3) erratics beyond the limit of continuous drift. (after

Derbyshire, 1966).
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Fairbridge based this suggestion on erosional landforms and
attributed the absence of drift deposits that would have
supported his interpretation to their deposition in

overdeepened bedrock depressions 20 m deep.

The origin of +the 1lakes on the plateau east of Lake St.
Clair remained contentious for decades (eg. Montgomery,
1894; Officer, 1894; Johnston, 1894b; Clemes, 1925).
Jennings and Ahmad (1957) argued that only the smaller lakes
on the western part of the plateau were of glacial origin
and that other lakes further to the east such as Great Lake

and Lake Echo were not glacial.

Davies (1958) suggested that at least some of the sediments
which had previously been interpreted as glacial drift were
more likely to be periglacial solifluction deposits, and
that the ice limits which had previously been proposed were
suspect. The case for a more restricted ice cover was given
added credence when Banks and Ahmad (1959) argued that the
putative glacial deposits at Malanna in western Tasmania
were not of glacial origin, but were fault scarp scree
breccias and fluvial, lacustrine and palludal sediments that
had been deposited in the 1lowland produced by faulting.
Spry and Zimmerman (1959) proposed that the Franklin Glacier
had not extended beyond the confluence of the Franklin and
Collingwood rivers, These developments led to a dramatic
revision of the proposed maximum ice 1limits to depict a
small ice sheet on the Central Plateau, a smaller ice cap 1in
the West Coast Range, and several isolated cirque and short

valley glaciers (Jennings and Banks, 1958; Davies,
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1962)(figure 2.1).

However, Davies (1962) cautioned against total rejection of
the possibility that glaciation had been much more
extensive., Subsequent research compounded this ambivalence
(eg. Blissett, 1962; Threader, 1962). Unequivocal glacial
deposits and erosional landforms were subsequently
documented 1in the Derwent Valley to slightly beyond the ice
limit which had previously been accepted (Macleod et al.,
1961; Derbyshire, 1963, 1965, 1967, 1968a; Gulline, 1965;
Peterson, 1969)., A growing body of evidence and assertion

was synthesised by Fish and Yaxley (1966, 1972). The

emerging picture was presented on The Glacial Map of

Tasmania (Derbyshire et al., 1965). This indicated that
some ice margins were uncertain as 1isolated erratics had
been recorded beyond the limits of continuvous drift in areas

such as Redan Hill in the Collingwood Valley.

Subsequent -studies confirmed the past glaciation of the
upper Franklin Valley and Xing William Range (Derbyshire,
1968; Peterson, 1969); and of the Collingwood Valley and

adjacent areas to the west (MacIntyre, 1964; Read, 1964).

Later investigation of cirque morphology and the discovery
of anomalous conglomerate clasts above cirque headwalls 1in
the Raglan Range 1led Peterson (1969) to conclude that the
Central Tasmanian ice sheet had extended as far west as the
Raglan Range, while Derbshire (1972) theorised that the
Central Tasmanian and West Coast Range ice «caps may have

been continuous,.
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It 1is now approaching two decades since the question of ice
limits in the southwestern part of the Central Highlands has
been reviewed. The recent suggestions that massive boulder
deposits 70 km downstream in the Derwent Valley are
probably glacial (Kiernan, 1983a) and that extensive outwash
gravels existed in the lower Franklin Valley (Kiernan et
al., 1983) highlight the fact that many questions regarding
the extent of the maximum ice cover remain unresolved simply
because much of the terrain still has not been traversed in
a detailed search. Moreover, little is known of the 1ice
limits which prevailed during different phases of

glaciation.

2 The patterns of ice movement

Jennings and Ahmad (1957) demonstrated that a major glacial
divide between north and south flowing ice on the Central
Plateau approximately corresponded with the position of the
present fluvial divide. They reported that much of the the
south-flowing ice spilled into Lake St. Clair while the
remainder flowed into the Nive catchment (Figure 2.2). Lake
St. Clair clearly acted as a major channel for ice from the
Central Plateau and Du Cane Range. Some of the Du Cane ice
has been claimed to have flowed westwards into the liurchison
Valley (Derbyshire, 1963)(¥igure 1.2). Diffluent ice from
the Derwent Valley also passed into the head of the Cuvier
Valley from which further diffluence took place into the
Franklin and Alma valleys (Derbyshire, 1963; Kiernan et al.,
1983). The probability that the Derwent and Franklin ice

was confluent south of Mt. Rufus was recognised by Lewis
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(1939). Derbyshire, (1963) contended that this ice
discharged westwards via King William Saddle into the

Surprise Valley.

Spry and Zimmerman (1959) recognised glacial deposits in the
Franklin as far downstream as the Collingwood confluence,
and contended that a distributary lobe of the Franklin
Glacier extended up the Collingwood Valley. This seems
inconsistent with the alleged failure of the glacier to
extend further downstream into the Franklin Gorge.
Alternative interpretations of the till in the Collingwood
basin were pro;ided by Read (1964) who —considered that a
glacier moved southwards down the tributary Balaclava
Valley, and by MacIntyre (1964) who argued that the glacial
deposits had been 1laid down by an ice sheet as it

retreated towards the highlands.

Derbyshire (1968a) suggested that the tills in the upper
Gordon Valley were depositied by glaciers that developed on
the eastern slopes of the King William Range south of Lake

Montgomery.

Prider (1948) attributed =erratics near Butlers Gorge to a
glacier that had reached this point from the northwest.
These erratics were not observed by Derbyshire (1968a)
following the filling of Lake King William which drowned the
deposits in which the erratics occurred. Derbyshire
attributed tills as far down the Derwent Valley as the
headwaters of Mossy Marsh Ck. to the glacier from Lake St.

Clair. Therefore, some uncertainty has existed with respect
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to ice movements in this area.

Clemes (1925) argued that glaciers also descended from the
Central Plateau via the Travellers Rest and Clarence valleys
but did not define their maximum extent. It has since been
suggested that till in the Clarence River basin south of the
plateau was deposited by a distributary lobe of the Derwent

Glacier (Derbyshire et al., 1965; Derbyshire, 1968a). If a

glacier reached the Waddamana area (Fairbridge, 1949) it
would seem reasonable to assume that it was a southeasterly

extension of the Central Plateau ice cap.

3 The geomorphic consequences of glaciation

A further set of issues relate to the impact of glaciation
upon the landscape. Debate in this regard has questioned
the extent to which landforms that have been regarded as
glacial in origin might be attributed to preglacial or
extraglacial processes; the <controls which <conditioned
glacial erosion and deposition; and the extent to which
subsequent modification of the landscape has been the result

of glacial preparation.

(i) Glacial versus nonglacial

Several workers have argued that the broad form of the
landscape considerably predates the late Cainozoic
glaciations and is largely the result of preglacial fluvial
erosion (Johnston, 18%4a; Clemes, 1925; Davies, 1959;
Derbyshire, 1967). However, Lewis (1934) contended that the
earliest of three glaciations to affect the area had so

modified the preglacial landscape as to rake its
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reconstruction difficult. Lewis (1939) attributed the
carving of the Surprise, Franklin and Collingwood valleys to
this early glaciation. Davies (1959) suggested that Lewis
may have mistakenly attributed some landforms to glacial
erosion when in reality they represented older erosion
surfaces and valleys. While this might be true 1in some
cases, it should be recognised that Lewis was himself aware

of the ©presence of erosion surfaces in this landscape

(Lewis, 1945a).

The relative contributions of fluvial and glacial erosion to
the deepening of some of the valleys was one of the first
issues to arise in Tasmanian glacial geomorphology.
Montgomery (1894) argued that glacial erosion had been a
major factor in the evolution of the landscape but Johnston
(1894a) contended that " the more mobile gravitation and the
infinitely greater dissolving power of water in motion' had

been far more important.

Similarly, Clemes (1925) considered the Lake St. Clair
Valley to have resulted from the "combined river action and
glacial action along a great fault plane...the wide valleys
are dve to glaciers working along the previously eroded
river beds, and lakes have been formed behind the morainal
dams. The lakes on the Traveller Range are probably duve to
glacial scooping.”" Lewis (1934) also recognised the great
importance of fluvial erosion and attributed gorges up to

600 m. deep to erosion by rivers following the earliest

glaciation.
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In each of these cases the fluvial erosion was regarded as
an interglacial phenomenon. A major change came when Lewis
(1939) recognised that some of this erosion may have been
accomplished by proglacial meltwater., Subsequently
Derbyshire (1971a) suggested that the present gorge of the
Derwent River east of Bedlam Walls had been initiated as a

subglacial meltwater channel,

(ii) The genesis and morphology of the glacial
landforms

Derbyshire (1967) argued that only the finer details of the
landscape were due to glaciation but acknowledged that some
distinctive erosional forms had been produced where the ice
cover was thick. He identified 265 cirques in north-west
central Tasmania and differentiated between what he termed
"high discrete cirques" which had been formed solely by
snowfall and snowdrift to form 1local glaciers above the
general level of the ice in the valleys, and other cirgues
that had been over-ridden by ice or that lay at valley heads

(trough ends).

Jennings and Ahmad (1957) proposed that a gradient of
increasing glacial erosion southwestwards could be
recognised on the Central Plateau. Davies (1967) and
Peterson (1968) showed that this trend continued across the
island, cirque floors being appreciably lower in the
southwest, This climatic gradient meant that towards the
north-east cirque glaciers became increasingly dependant
upon the location of snowfences and shading ridges, and

hence wupon the preglacial topography and bedrock geometry
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that had given rise to it.

The apparent absence of «cirques from some more easterly
ranges such as the Wentworth Hills was attributed to the
interception of snowfall by ranges further to windward
(Derbyshire, 1968a). Derbyshire found that the mean
orientation of the cirques was in the southeasterly quadrant
(figure 2.3). Ranges that are oriented north-south show
evidence of greater cirque development than those that trend
northwest-southeast which suggests that the orientations of

the snowfences were an important factor,

A contrast has been Trecognised between the predominantly
shallow and open <cirques around Lake St. Clair and the
deeper cirques and rock basins further west, This has been
attributed to differences 1in glacial climate, and to less
vigorous ice movement in the east where snowfall would have
been less than in the mountains nearer the coast. It has
been argued that the cirque glaciers around Lake St. Clair
generally failed to extend far beyond the cirque threshholds

(Derbyshire, 1967,1968a; Peterson, 1968,1969).

Peterson (1968,1969) attributed the generally poor
development of «cirques in the fault structure province to
less advanced preglacial dissection which had resulted in
less favourable sites for glacier growth; to a shortage of
shady sites at the foot of essentially straight fault-line
scarps and snowfences; and to lesser ice discharge. He
theorised that the susceptibility of dolerite to

interglacial <chemical weathering might have resulted in the
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eastern cirques having been subject to greater interglacial
degradation than those in the west with the result that
differences in form were progressively emphasised by the ice

of successive glaciations,

Peterson (1969) argued that cirques had been over-ridden by
ice and as a result were poorly developed in areas that had
been subject to ice sheet glaciation. He also considered
that in other cases cirque glacier activity had been stifled
by 1large trunk glaciers which impeded discharge from the

cirques,

The Central Plateau is an ice abraded plain on which roches
moutonnéees and rock basin lakes are abundant (Jennings and
Ahmad, 1957; Davies, 1969). Some of the lakes on the
plateau are believed to be of depositional or composite
origin. Lakes become fewer but larger in areas of =steeper
terrain. It has been suggested that some marshes further to
the southeast may be rock basins that have been filled by

sediment (Fairbridge, 1949; Jennings and Ahmad, 1957).

Spry and Zimmerman (1959) pointed out that U-shaped troughs
were well developed in the upper reaches of the OSurprise,
Stonehaven, Alma and Franklin valleys but were not present
further downstream where the gradient was more gentle. They
took the view that this was due to "marginal conditions"
near the glacier terminus. However, Derbyshire argued that
high longitudinal valley gradients had generally inhibited

the development of U-shaped cross profiles. He considered

that the overdeepened glacial trough of Lake St. Clair had
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resulted from a large imput of ice from the Central Plateau
that accentuated the difference in form between the deep
trunk valley and its shallow tributary valleys (Derbyshire,
1968a, 1971). Read (1964) attributed the lack of erosional
landforms in some valleys tributary to the Collingwood
simply to the glaciation having been short-lived.
Fairbridge (1949) argued that the paucity of glacial erosion

near Victoria Valley was due to thin and stagnant ice.

Landforms that have resulted from glacial deposition are
widespread but less visually striking than their erosional
counterparts.- Derbyshire (1963, 1967) considered most of
the moraines to be recessional in origin. Lake St. Clair is
partly dammed by a moraine barrage which accounts for about
247 of its volume of 1.69 km3. Estimates of the thickness
of drift south of the 1lake between Bedlam Walls and Mt.
Rufus have ranged from 220 m (Lewis, 1939) to 120-150 m
(Clemes, 1925) and 45 m (Derbyshire, 1971). The last
figure is _based on a bathymetric survey of the lake.
Glacial deposits are less abundant east of Lake St. Clair
than to the west and this has been attributed to a more

sluggish glacier regimen (Davies, 1967; Derbyshire, 1972).

(iid) Extraglacial and nonglacial deposits

Clemes (1925) and Derbyshire (1967) have argued that glacial
erosion has conditioned the subsequent development of the
landscape, while Derbyshire (1973) has based part of his
climatic interpretation upon the character of extraglacial
and nonglacial deposits. An attempt has been made in this

thesis to record -surficial slope sediments which reflect
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upon the <character of geomorphic processes although the
sediments are seldom sufficiently widespread to depict on
the accompanying maps (Section B). The classification of
White (1981) has been adopted. White recognises three basic
forms of non catastrophic alpine mass movement deposits

(1) talus, including rockfall, alluvial and avalanche talus,
avalanche boulder tongues and protalus ramparts; (2) rock

glaciers; and (3) block slopes, fields and streams.

Talus originates solely or by some combination of rockfall,
flowage or avalanche, impact scattering, creep and
settlement. This leads to the formation of a debris slope or

felsenmeer, which is defined by Church et al., (1979) as

"any slope upon which <clasts have accumulated by mass
wasting processes'. The nature of the debris reflects
lithology, dislodgement processes and inheritance. Clasts
may be dislodged by direct climatic factors such as frost or
snow wedging, heating or cooling, rain or waterflow, or by
geological. factors such as wunloading, debris wedging,
hydration or seismic activity (Rapp, 1960a; White, 1976;
Church et al., 1979). Movements of the debris result from
impacts, mass failure, downslope «creep and avalanche

(Luckman, 1971; 1978).

Clemes (1925) has claimed that "massive deposits which were
undermined [ by glacial erosion ] gradually lean over at
greater and greater angles until they topple over and pile
up in a tangled mass of boulders below." This process of
slab toppling involves rotation about an axis at the base of

the block and has received most attention in northeastern
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Tasmania where Caine (1979, 1982, 1983) also concluded that
glacial steepening was a «critical factor. Some topple
masses can be very large. One partly detached mass 1.5 km.
long, 100-150 m wide and at least 60 m broad has Dbeen
recorded on the Great Western Tiers in central northern

Tasmania (Kiernan, 1984) while slab topples have moved as

far as 2 km. downslope at Ben Lomond (Caine, 1982).

The initial stage in this process involves the formation of
‘rock crevassesl by dilation in Tresponse to unloading
(Harland, 1957). Large dilation trenches which may be tens
of metres wide and deep and hundreds of metres long
progressively develop. Derbyshire (1973) recognised that

several stages in this process were preserved on Mt,

Olympus, among them "landslipped rock masses which have
preserved their initial form" and '"large landslips which
have spread themselves down the mountain sides." Derbyshire

recognised that this process was at least assisted by frost

action. .Caine has suggested that «cliffs which have
developed by slab failure with tension cracking are
characterised by a two facet concave profile. Other cliffs

which have developed by cambering due to the failure of
underlying sediments have a straight, near vertical profile
(Caine, 1982). After their collapse the dolerite columns
generally disintegrate into masses of large boulders to
leave block aprons and block slopes (White, 1981) which
consist of prismatic joint-bounded blocks that have an

imbricate relationship to one another.

Debris texture commonly reflects its origin or mechanism of
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transport (Church et al., 1979)., Hence, intact imbricate
blocks within the present study area are probably the result
of slab toppling while =slopes formed of poorly sorted
angular <clasts are probably the Tresult of rockfall,
Rockfall mantles commonly rest at an angle of 20-35 degrees
and have an abrupt outer rim, Caine (1983) has argued
persuasively that the dolerite rockfall deposits at Ben
Lomond are probably the result of frost wedging. This 1is
consistent with the observation that large rockfall events
in alpine environments elsewhere have generally occurred
under conditions of glacial or neoglacial cold (Grove, 1972;
Porter and Orombelli, 1980), Alluvial talus is
characterised by the inwashing of fine materials of silt and

sand size and the creation of crudely bedded cones.

Avalanche talus occurs beneath areas where snow can
accumulate by drifting, often at a major re-entrant in a
cliffline or scarp, and may be associated with localised
disruptions to the distribution of vascular plants due to
protracted snowlie. Avalanche deposits may be sorted by
momentum such that the largest blocks travel furthest (Gray,
1673; Martinelli, 1974; Perla and Martinelli, 1976; Luckman,
1977). Protalus has been recognised in a number of cirques
in the Lake St. Clair area (Derbyshire, 1964, 1968b, 1973).
Bryan (1934) proposed the term protalus rampart to describe
an accumulation of single rocks which mark the downslope
margin of a snowbank across which impacting rocks have slid.
Such features commonly lie forward of later talus and may be
arcuate or linear in ©plan with a frontal angle of 40-50

degrees (White, 1981),.
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Derbyshire (1973) has recorded the éresence of fossil rock
glaciers on the slopes of Mt. Olympus and Mt. Gell. From
the presence of transverse ridges and furrows he argued that
the r1ock glaciers had been ice cemented. Ice-cored rock
glaciers commonly exhibit <collapse pits and meandering
furrows (Vernon and Hughes, 1966; White, 1976). Block
streams extend downslope and consist of interlocked blocks.
Their fabric commonly suggests periglacial movement with the
assistance of interstitial fine materials that have 1later

been removed by piping (Caine, 1968a; White, 1981).

Unsorted diamictons mantle many slopes in the study area.
These consist of fragments of local bedrock up to 2 m or
more 1in size set in a silty clay matrix. They have moved
over slopes of as little as 4 degrees. The clasts generally
have a strong downslope fabric and are commonly angular.
However, they may be spherical where they are derived from
deeply weathered dolerite. These characteristics suggest
that frost action played a major role in fragment formation
and movement of the mass. Similar mantles in many areas of
Tasmania have previously been interpreted as solifluction
deposits (Davies, 1958, 1967; Nicolls and Dimmock, 19065;
Derbyshire, 1973),. Notwithstanding the difficulty in
proving solifluction to have occurred by inference from the
characteristics of fossil deposits (French, 1976; Washburn,
1979; Wasson, 1979; Soons, 1980) their geographical
continuity with ©periglacial block slopes supports the
proposition that they moved under periglacial conditions,

while radiocarbon dating indicates that they were last
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active during the late Last Glacial Stage (Davies, 1967:
Colhoun, 1979a; Wasson, 1977)., They are particularly well
developed on the dolerite mountains where the regolith is

rich in clay.

Alluvial, palludal and peat sediments have been recorded in
the text but are seldom sufficiently widespread to be

depicted on the maps.

(iv) Glacial climates

Attempts to reconstruct the glacial «climate o0f the study
area have been based upon the pattern of glacial erosion and
the character of the glacial and periglacial deposits.
Derbyshire <considered that the high discrete cirques would
have been the first to have been glacierised and
deglacierised. He argued that the progressive change in
cirque form from west to east and the severity of glacial
erosion in the west pointed to a stronger west-east

precipitation gradient than that which prevails today.

The cirques around Lake St. Clair have been characterised as
"subtropical <continental" in form, and similar to those in
the mountains of northeastern Spain,the 1low-mid 1latitude
Andes, and parts of the Sierra Nevadas (U.S.A.) and the
mountains of Japan. They have been attributed to strongly
localised wind-drift accumulations of snow, high sun angles
and low air temperatures (Derbyshire, 1967; Peterson, 1968,
1969). The better formed cirques and rock basins further
west in the Frenchmans Cap massif have been attributed to

higher glacier - energy and a more maritime glacial
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environment, similar to that of maritime Norway (Peterson

1969).

The character of glacial deposits has also been suggested to
point towards increasing continentality to the east.,
Peterson (1968, 1969) and Derbyshire (1969, 1971b) have
suggested that protalus and terminal moraine ridges which
bound many of the eastern <cirques are more typical of
continental than maritime conditions, and that the abundant
protalus would have demanded many freeze-thaw ~cycles.
Derbyshire (1966, 1971) argued that a progressive eastward
reduction 1in the size of end moraines and outwash plains
also suggested increasing continentality. This appears to
have been confirmed by the descent of glaciers to lower
elevations and more abundant washed drifts 1in the west,
Derbyshire argued that the more abundant cryergic phenomena
in the east further supported this, but their frequency may

stem from the abundance of dolerite clays.

From the «close association between rock glaciers on the
western slopes of Mt. Olympus and the shallow cirques with
protalus which occur on its eastern flank Derbyshire (1973)
concluded that the summit area was cold and dry. However, he
believed that such conditions may have been limited to the
higher peaks as vigorous valley glaciers had produced a few
washed drifts in the adjacent valleys. Some of the Lake St.
Clair moraines comprise up to 757 bedded materials which
suggests that meltwater was abundant in the terminal zones.
Others exhibit undisturbed false bedding and only localised

slumping of debris-charged ice with 1little meltwater
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(Derbyshire, 1963, 1965). On the other hand the moraines in
the central West Coast Range imply high rates of

accumulation and ablation with rapid mass throughput

(Kiernan, 1980).

Derbyshire (1967) noted a broad similarity between those
areas of Tasmania which were glaciated and those which
presently receive in excess of 250 mm/pa (water equivalent)
of snow (Figure 2.4). As the Central Plateau did not fit
this pattern he proposed that a greater proportion of the

snow must have been associated with winds from north of west

than is presently the case.

The calculation of palaeotemperatures from the equlibrium
line altitudes of the valley glaciers is complicated by the
presence of extensive erosion surfaces which impose
altitudinal constraints upon glacier limits., A temperature
depression of 7.3° C at Lake Dixon during the most recent
glaciation- was proposed by Kiernan et al., (1983).
Derbyshire (1973) wused the rock glacier 1limits on Mt.
Olympus to calculate that the mean annual temperature when
they were formed was at least 6.5° C 1less than at present.
This latter figure is likely to provide a better estimate as
there 1is 1likely to be less interference by the topography
over which the rock glaciers moved.

(iv) Glacial chronology

The original proponent of multiple late Cainozoic glaciation
in Tasmania was government Surveyor T. B. Moore who,
following more than a decade of observations in the Franklin

Valley and West Coast Range, arrived at the conclusion that
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two glaciations had taken place (Moore, 1883, 1894, 1895;
Lewis, 1934). Moore's suggestion was subsequently taken up
by Johnston (18%94a), Taylor (1922) and David (1923) to
account for distinct nivation levels in the West Coast Range
and at Mt, Field. Hills came to a similar conclusion

sometime prior to 1922 but did not publish his observations

(Lewis, 1934).

Lewis later concluded that the younger of the two
glaciations between which Moore, Hills and David had
distinguished was the older ofi the two which had been
recognised by Taylor (Lewis, 1923, 1924, 1934), He
therefore proposed that three glaciations had taken place
(Lewis, 1923) and subsequently both he and David confirmed
this proposition (Lewis, 1926; David, 1923, 1926). Lewis
envisaged an early ice cap glaciation followed by a valley
glaciation and finally a cirque «cutting stage. He named

these the Malanna Glaciation, the Yolande Glaciation and the

Margaret Glaciation respectively (Lewis, 1939) (figure
2.5).
Clemes (1925) was the first to apply a mulriglacial

perspective to the Lake St. Clair area. He argued that four
glaciations had taken place and boldly correlated these with
the Gunz, Mindel, Riss and Wurm of alpine Europe. Clemes
suggested that '"the preliminary work of dissecting the
plateau and widening the great valleys' could be attributed
to the Gunz. He attributed the lack of deposits from this
period to erosion by the Mindel glaciers which had produced

the most striking glacial landforms. Clemes believed that
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the Riss stage saw a cirque glaciation that had produced
glacial horn peaks at Mt. Byron and Mt. Ida, and that the
Wurm Glaciation had been very minor and affected only the

highest sites such as the tarns on Mt, Olympus.

It was another decade before Lewis followed his former
geology master with a tentative and temporary extension of
his own model to embrace a fourth glaciation, based upon
evidence from southern Tasmania (Lewis and Murray, 1935).
Lewis <considered that major valleys in the present study
area such as the Surprise Valley were the result of erosion
during the Malanna Glaciation. He suggested that Clarence
Lagoon was attributable to the Yolande Glaciation. Although
he relied mainly on erosional evidence he also recognised
that there was considerable so0il development between the

Yolande and Malanna ice limits,

This multiglacial model was subsequently rejected on the
basis that in focussing on erosion rather than upon
stratigraphy it was methodologically wunsound, and also
following more detailed investigation of a number of
critical sites. The first challenge came when a radiocarbon
assay of 26,480 +- 800 BP (W-323), obtained on derived wood
collected from within the Malannan deposits in the Linda
Valley (Gill, 1956) suggested that the Linda Moraines dated
from the last glaciation. A detailed study of the
morphology of the Central Plateau found nothing to support
multiple glaciation there, and from the freshness of the
glacial erosion it was concluded that the plateau ice cap

had occurred no earlier than 30-40 ka BP (Jennings and
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Ahmad, 1957). Subsequent work at the Malanna type site
suggested that the deposits were not glacial in origin but
wvere associated with the development of fault-line scarps
(Banks and Ahmad, 1959). Finally, a study of the Lake St.
Clair area "failed to wunearth any evidence of wmultiple

1t

glaciation (Derbyshire, 1963). All the evidence seemed to
be explicable in terms of a single glaciation during the

Last Glacial Stage (Jennings and Banks, 1958; Derbyshire et

al., 1965).

Other studies during this period continued to show
uncertainty about the number of glaciations. Spry (1958a)
proposed that an ice cap and subsequent, possibly
recessional, valley glacier phase had occurred in the
Mersey-Forth area of northern Tasmania. Spry encountered
difficulties 1in extending this model to the Franklin Valley
where the glacial deposits were much more deeply weathered
(Spry and Zimmerman, 1959). This discrepancy was attributed
to differences in postglacial climate, a «contention which
seemed supported by the similar deep weathering of the
deposits in the Linda Valley. However, Spry and Zimmerman
acknowledged the alternative possibilities that the
Mersey-Forth deposits were either more recent or that the
dating of the Linda deposits might be in error.
Grant-Taylor and Rafter (1963) provided a2 radiocarbon assay
of > 40,000 BP (NZ 348) from the Linda Valley but like
another unpublished infinite date on wood obtained by Banks
(R 488) its significance went unrecognised (E.A.Colhoun,

pers. comm. )
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Read (1964) postulated an ice cap and subsequent valley
glaciation further west around the King-Franklin divide
south of Eldon Bluff, while MacIntyre (1964) adopted a
similar position following work in the Collingwood Valley.
MacIntyre's observations that the Collingwood River had
incised 10m. into bedrock since the ice had retreated, that
many metres of slope deposits overlay till at Redan Hill and
that terraces had been constructed up to 60 m above present
river level all hint at a greater antiquity than the
Holocene age she ascribed to them. The Glacial Map of
Tasmania (Derbyshire et al., 1965) noted the ©presence of
erratics beyona the limits of continuous drift in areas such
as Redan Hill and reopened the ©possibility of multiple

glaciation.

In the absence of dateable organic deposits, till weathering
became increasingly critical to the search for evidence of
multiple glaciation, In his study of the Frenchmans Cap
area in the middle Franklin Valley Peterson (1966) showed
the reserve towards weathering evidence that prevailed at
that time. Peterson expressed caution that some <clasts 1in
the till might have been preweathered (Hale, 1958;
Derbyshire, 1965). He later observed that the weathered
clasts in the glacial deposits had "almost certainly decayed
after emplacement in the till as glacial transport in
mountain valleys would be unlikely to allow the retention of
cohesion in weathered boulders." He acknowledged that
"higher tills are in some cases obviously less weathered
than tills in lower areas" but argued this to indicate

"nothing more than the usual single phase sequence of cirque
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glaciers extending to a maximum as valley glaciers followed

by retreat into the original cirques."

He concluded that
the deposits at Frenchmans Cap were comparable to the
"equally fresh evidence of glaciation in the nearby Linda

Valley" and concluded that all the deposits were referrable

to the last glaciation.

Subsequently Paterson (1965, 1966, 1969) used differences in
the degree of 1lithification and <chemical weathering of
glacial deposits to argue that two separate glaciations had
taken place in the Mersey-Forth area, the younger indicated
by unconsolidated and wunweathered drift and the older by
weathered drift and highly lithified basal till. Derbyshire
(1967, 1968a) also distinguished between two advances in the
Derwent Valley on the basis of till <consolidation and the
development of secondary clay minerals, notably those of the
kaolinite family, in the older till. Secondary clay
minerals were generally absent from the younger till. He did
not define -the 1limit of the younger advance. While he found
no fossil evidence to indicate whether interglacial or
merely interstadial warming had intervened between the two
glacial phases he argued that they were "well separated" in
time, Derbyshire and Peterson (1971) atterpted to
categorise all the Tasmanian tills in terms of this two-fold

model,

Colhoun (1975) obtained a radiocarbon assay of >36,400 BP
(Gak~5595) on wood overlying till in the Henty Valley,
reported one of the infinite assays from the Linda Valley (R

488) =and reinterpreted the earliest of the Yersey-forth
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Figure 2.5 Relative dating and duration of Tasmanian
glacial stages according to A.N. Lewis (1945b). This model

was based primarily upon erosional landforms.

Figure 2.6 Thickness of dolerite weathering rinds from the
glacial deposits of the central West Coast Range. Mean and
standard deviation are plotted on a three cycle semi-log

base (after Kiernan, 1983b). Compare with figure 2.5.
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glaciations as possibly being of late Tertiary age., In
subsequent papers Colhoun (1976) argued on the basis of till
weathering and stratigraphic relationships that till in the
Forth Valley predated the Last Interglacial, globally
defined (Shackleton and Opdyke, 1973); argued from the
weathering of the Linda deposits that they too must predate

the Last Interglacial Stage (Banks et al., 1977); and showed

that two glaciations had occurred in the middle Huon Valley
in southern Tasmania (Colhoun and Goede, 1979). Subsequent
fieldwork in the Pieman Valley provided radiocarbon evidence
for a glaciation prior to the late Last Glacial Stage

(Sansom, 1978; Colhoun, 1979a).

A radiocarbon assay of 18,800 +- 500 BP (ANU 2533) was
subsequently obtained on driftwood in proglacial silts
beneath lightly weathered outwash in the King Valley
(Kiernan, 1980, 1983a, 1983b). This date indicated that s
small glaciation, the Dante Glaciation, had taken place in
the central West Coast Range during the late Last Glacial
Stage. Two more extensive glaciations, the Comstock and
Linda glaciations, were TrTecognised on the basis of
morphostratigraphic and weathering evidence. The difference
in the thickness of dolerite weathering rinds in the glacial
deposits amounted to one order of magnitude between each of
these glaciations (Figure 2.6). Weathering rinds up to
300mm. thick on dolerite clasts and the presence of Tertiary
type pollen in the sediments overlain by the moraines was
interpretted as evidence that the Linda Glaciation was
ancient. Two 2zones in the weathering of the Comstock

deposits and presumed interstadial type pollen in deposits
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Figure 2.7 Cumulative percentage frequency of dolerite

weathering rinds from some glacial deposits: (1) in the

Mersey River Valley, central northern Tasmania (after
Kiernan, 1982b); (2) in the Weld River Valley, southwestern
Tasmania (based on Kiernan, 1983a and unpublaished data.

Maximum recorded rind thickness in the Mersey River Valley
is 250 mm and the maximum recorded in the Weld Valley is

185 mms«
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between these two zones suggested that a degree of climatic

amelioration occurred during the Comstock glaciation

(Kiernan 1980).

Weathering evidence for a similar three-fold division of the
glacial sediments in the Mersey Valley (Kiernan 1982b) and
in several other Tasmanian valleys was subsequently
recognised (Figure 2.7) and a three-fold model strikingly
similar to that proposed by Lewis (1945b) was therefore
re-erected (Kiernan, 1983a). The Linda Stage was
tentatively dated at between 600 ka BP and late Pliocene 1in
age on the basis of weathering evidence (Kiernan 1983a).
The deposits at Linda, and others in the Pieman Valley that
are weathered to a similar degree (Augustinus, 1982) have
recently been shown to be ©palaeomagnetically reversed
(Colhoun and Auvgustinus, 1984; Colhoun, 1985a). This
confirms that they can be no younger than Early

Pleistocene,

Radiocarbon assays of Tasmanian glacial deposits and some
other diamictons are presented in tables 2.1, 2.2 & 2.3.
Assays from a number of areas indicate that final
deglaciation of Tasmania was complete by 10 ka BP (Macphail
and Peterson, 1975). An early deglaciation date of 17,700
+- 400 BP (SUA 1359) from the Ooze Lake cirque in southern
Tasmania is problematic because of the posibility of older
organic material having been washed into the 1lake deposits

following retreat of the ice (Macphail and Colhoun, 1985).

Few organic samples suitable for radiocarbon assay have been
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obtained from the Tasmanian Central Highlands and none of
these have provided wuseful evidence concerning the age of
the glacial events (Table 2.4)Some major objectives of the
present study are to re-assess the evidence for multiple
glaciation in the Tasmanian central highlands and to define
the 1limit of the younger drift recognised by Derbyshire; to
investigate the status and complexity of the "older advance"
(Derbyshire, 1967); and to assess the relationships that

existed between the glaciations of the Central Highlands and

those that occurred in the West Coast Range.
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chapter three
MAPPING AND DATING THE GLACIATIONS
" 0f all these criteria only a few can usually be applied in
any one place. One of them affords only a tentative opinion,
but when several of them ©point to the same conclusion
confidence is much strengthened"”

- Blackwelder, 19031,

A major aim of this study 1is to expand on the work of
Derbyshire (1967) and to differentiate the sequence,
duration and age of the glacial events. Data assernbled
during a lengthy field mapping programme were plotted on maps
of 1:50,000 and on aerial photographs at a variety of
scales. Aerial photography aided the identification and
plotting of the landforms which formed the basis {or mapping
several of the glacial units, but vas of limited assistance

in heavily -forested country.

Landforms were identified on the basis of conventional
criteria (Embleton and King, 1975) and the identification of
glacial deposits follows Dreimanis (1976). The topographic
position of moraines and their associated outwash terraces
provides a basic means of establishing the relative sequence
of glacial advances and retreats (Peterson, 1966). The
moraine and outwash together ©provide a single rmappable
morpho-stratigraphic unit (Frye and VWillcan, 1962). lore
detailed field investigations

sought to locate exposec

sections through the deposits that would enable the
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development of a stratigraphic model. Organic deposits
suitable for radiocarbon assay or which might provide
palynological evidence from which past climates might be

e re
interpreted was also sought.

Few wuseful sections were located. The little organic
material that was obtained all proved to be Holocene or
latest Pleistocene in age (c. 13 ka BP) (Table 2.2) and so
failed to provide any useful radiocarbon dating of the
glacial events or to provide any insight into Pleistocene
climates. Time-dependant differences in the form and
character of the landforms and deposits have, therefore,
assumed <considerable 1importance in the development of a
stratigraphic model. Such characteristics are commonly
referred to as relative dating (RD) criteria (Birkeland et
al,, 1979). They might more accurately be referred to as
post-depositional modifications (PDM) as they exist
independant of whether they are used as an aid to relative
dating. They comprise changes to the morphology of
landforms, and physical and chemical changes to the deposits
that occur progressively over time. Most of these techniques
focus upon glacial deposits and depositional landforms but a
few examine changes that heve occurred to erosional

landforms within ice limits defined by glacial deposits.

1. Post-depositional Modification as a Dating Tool: Some
General Considerations.

Evidence of a post-depositional kind has long been used to
date landforms and deposits (eg. Leverett, 1909), and has

gained increasing acceptance in the study of glacial
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landscapes (Blackwelder, 1931; Richmond, 1962; Sharp, 1969;
Burke and Birkeland, 1976).Despite some misgivings due to
the possibility of some characteristics being a legacy of
original deposition rather than being post-depositional in
origin (Hale, 1958; Derbyshire, 1965; Peterson, 1966) such
criteria have been applied to Tasmanian glacial problems by
a number of workers. Some have adopted essentially
qualitative approaches with varying degrees of success
(Gill, 1956; Derbyshire, 1967). In recent years others have
achieved more consistent results through the employment of
more quantitative metheds (Caine, 1968, 1983; Kiernan, 1980,

1982, 1983a,b; Augustinus, 1982).

The wuse of such criteria as dating tools is complicated by
the fact that the characteristics of any one landform or
deposit are influenced by factors other than age. Almost all
post—-depositional modifications are a response to the same
range of determinants that was identified by Jenny (1941) as
fundamental to soil development, that is, not time alone but
also the nature of the parent material, climate, vegetation
and topography. Ideally the dating of landforms and deposits
should be based upon inter-site differences which are solely
a function of age, but in rTeality this is difficult to
achieve. The validity of conclusions based on PDMN criteria
rests heavily on the wextent to which the influence of
factors other than time has been minimised in the selection

of sites, and on the parameters chosen for scrutiny.

A wide range of parameters has proved wuseful for dating

glacial sequences, but generally only a few of these will be
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available in any particular area, and even fewer will be
applicable at all sites within it. Excessive reliance upon
any criterion is unwise because other factors may have been
more influential than time and give results which depart
from a time dependant sequence. Very often some criteria
provide results that appear to be meaningless or are even
contradictory to other 1lines of evidence. Createst
confidence <can be placed %n those conclusions that are

supported by several different parameters (Blackwelder,

1931; Burke and Birkeland, 1979).

Further diff{culties that arise 1in the use of PDM as a
dating tool include the identification of the most useful
criteria and the quantification of the results in a manner
that facilitates wuseful comparison. Comparison 1is often
hindered by differences such as lithological variation
which militate against the collection of data on the same
parameters at all sites. Computer manipulation of PDM data
is often not justified because the original imput 1is too
incomplete, too coarse, or even too clouded by operator
variance. A further impediment is inadequate knowledge of
the rates at which post-depositional modification takes
place and the relative impact of different environmental

factors upon those rates of change (Birkeland, 1984).

Due to the ©probable intervention of the local factors of
parent material, topography and organisms, especially
vegetation, any vcorrelation between different areas would
seem to be most sound if based upon similar relative

sequences rather than on absolute numerical similarities in
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the PDM values. If erosion or weathering rate equations can
be derived then it may prove possible to estimate the ages
of glaciations in numerical terms (Colman and Pierce, 1981:

Caine, 1983; Kiernan, 1983a).

Despite these limitations the employment of PDM criteria may
enable better differentiation between glacial deposits that
are probably of different ages where stratigraphic or
radiometric evidence is not available. If no differences in
PDM can be demonstrated then deposits are more likely to be
of the same age than of different ages. The terrestrial
record of glaciations is fragmented., This is partly due to
the complete or partial obliteration of =earlier deposits
during subsequent glaciations. A recent probability analysis

by Gibbons et al., (1984) suggests that the most probable

terrestrial legacy of the glaciations that are inferred from
the deep sea record to have taken place during the 1last
000ka, 1is a sequence of only two or three moraine belts.
This is conmnsistent with the glacial record =&already evident
in Tasmania (Kiernan, 1983a2; Colhoun, 1985a). The real
importance of using PDM techniques may ultimately prove to
lie more in the matching of glacial deposits in different
areas than in enabling a significant number of further

glaciations to be recognised.

2. Relative Dating by PDM: Applications and
Limitations.

In developing a stratigraphic model rorphologic and
stratigraphic evidence has been supplemented by the evidence

derived from a variety of PDM criteria. The assumption that
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all the landforms and deposits were originally in an
identical or very similar condition underlies all these
techniques, and undoubtedly provides their greatest
weakness. In the case of the techniques which focus on the
nature of deposits the condition of the original material
can often be cross-checked to some extent by reference to
the wunaltered material at greater depth. Not even this low
level o0f certainty is available for morphological
technigues that assume very similar original slope angles
and crest widths, or demand an absence of syngenetic

modification.

Because the principal valleys in the study area extend from
dolerite wuplands, dolerite occurs in all the glacial
deposits. This facilitates the aquisition of PDli data using
comparable material. However, ©because the proportion of
dolerite in some of the deposits is low, and it is desirable
to compare as many parameters as possible other rock types
have also. been investigated. Almost all of the glacial
troughs are incised through Permo-Triassic rocks for at

least part of their course, Hence, these rocks are also

ubiquitous in the glacial deposits. Some of the
Permo-Triassic clasts are highly siliceous anrd very
resistant to weathering. Others comprise incoherent

sandstones or mudstones which break down sc readily that
they have totally decomposed in all but the nost recent

glacial deposits.

A brief resume follows of the specific PD!| parameters that

have been used  in this study to aid dating. Their
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applications and principal weaknesses are tabulated. The
factors that underlie these limitations are addressed more
fully in the following section. It has only been possible
to record the majority of the listed criteria at a very few
sites. Rather than incorporate a full review of the
assumptions, applications and methods relevant to each

technique the reader is referred to the works cited.

Techniques which are based on PDM of subsurface clasts have
provided the most consistent results of all relative dating
methods (Burke and Birkeland, 1979; Colman and Pierce, 1981)

(Table 3.1). One reason for this lies in the fact that the

subsurface environment tends to be less prone to
non~temporal influences than the surface. The most
frequently used technique involves comparison of the

thickness of weathering rinds.

A second set of methods focuses upon the modification of the
subsurface till matrix (Table 3.2). These examine the
degree of pedogenic alteration which is achieved over time.
Virtually all require numerical expression to be used
effectively, Difficulties in differentiating between
pre-consolidated till and those which have undergone
post-depositional lithification «can impede this line of

investigation.

A third set of methods examines the progressive modification
of clasts that occur on the surface of moraines (Table 3.3).
These methods assume that older moraines will be more

impoverished in intact clasts than will younger rnoraines.
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Factors other than time significantly impinge upon some of
these parameters, for instance fire may open the ground

surface to erosion and split clasts.

Some of the first relative dating techniques to have been
used are those that rely upon apparently time-dependant
degradation of original depositional morphology (Table
3.4). A final set of methods focuses not upon deposits but
upon erosional landforms that occur Dbetween successive
glacial 1limits, and compares the extent to which the

erosional morphology has been degraded (Table 3.5).

Relative dating in this thesis is ©based primarily upon

sub-surface criteria.

3. The Determinants of Post-depositional Modification.

Apparent post~depositional differences in the <character of
landforms and deposits are the result of a variety of
factors that can be placed in four broad groups. These are:
(1) primary factors, which stem from the condition,
character and origin of the site from the outset; (2)
environmental factors, whereby different sites are subject
to different modifying forces or similar forces operating at
different rates; (3) temporal factors, particularly the
period of time over which any particular site is subject to
modification: (4) operator factors, such as operator
perception and operator variance; and (5) any combirnation of

primary, environmental, temporal and operator factors.

Jackson and Sherman (1953) have argued that the factors
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responsible for chemical weathering are essentially those
enunciated by Jenny (1941) as responsible for soil
development. This perspective has been extended by Colman
and Pierce (1981) to explain the development of weathering
rinds., It is applicable to all forms of PDM. In terms of
the model of Jenny (1941) parent material is a primary

factor; climate, vegetation and topography are environmental

factors; and time is a temporal factor.

Serious difficulties confront any attempt to isolate the
effects of the individual factors upon weathering and
erosion. All are complexly inter-related, For example,
parent material, climate (both past and present) and
topography may all condition the nature of the vegetation
cover. The vegetation cover may in turn condition the local
climate and the nature of weathering processes which
subsequently modify the parent material. This modification
leads to further <changes in the vegetation that will
influence soil acidity. Providing that its limitations are
recognised, the basic four-fold model outlined above
provides a convenient framework within which to consider the
origin of site differences and the safeguards required in

any application of PDM dating techniques.

A. Primary factors.

Primary factors that influence the apparent response of any
landform or materials to PDM include the original morphology
of the landform and the composition of the rocks.
Variability in the response of those materials may be the

result of their mineralogy, prior weathering and packing
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during or after deposition. Any application of PDM
parameters to dating problems must ensure that comparisons
are made only between materials which are likely to have
responded to like processes in similar ways and at similar

rates.

1. General considerations.

There 1is no guarantee that all parts of a bedrock surface
were uniformly abraded by ice as local variations in glacier
flow influence the intensity of ice erosion from place to
place. The failure of glaciers to remove deeply weathered
krasnozem and Dbauxite soil profiles in the Tasmanian
highlands (Hale, 1958) together with the presence of
autometasomatic alteration products to very great depths in
the dolerite joint networks (Hale, 1958) might easily give
an impression that a greater degree of postglacial
modification has taken place within former ice 1limits than
has actually been the case, In the same way, any technique
that 1is wunderscored by an assumption of original
morphological wuniformity among landforms as potentially
diverse as moraines produced by ice cap and outlet wvalley

glaciers must be regarded as highly suspect.

Marked differences also exist in the rate at which erosion
will proceed on different types of rock. In the central part
of Tasmania's West Coast Range postglacial streams have
incised far more deeply into Cambrian volcanics than they
have into the more resistant siliceous rocks of the Owen
Formation (Kiernan, 1980). Similarly, weathering and erosion

processes may proceed at a greater pace and with greater
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effect upon ablation and meltout tills than wupon highly

compacted basal tills.

Some writers have also expressed concern that the
entrainment of preweathered materials may impart a false
appearance of age to some glacial deposits (Derbyshire,
1965; Peterson, 1966). However, it seems unlikely that
weathered clasts would remain intact for long during glacial
transport (Peterson, 1966). Preliminary investigations by
the writer suggest that weathering rinds are fairly rapidly
by abrasion

lostAafrom dolerite clasts entrained in solifluction deposits

on Mt, Wellington in southern Tasmania.

Differences in the grain size distribution of the clasts in
glacial deposits are also likely to affect the rates of
weathering. In the <central part of the West Coast Range
dolerite weathering rinds in outwash deposits are generally
at least 207 thinner than those in the associated moraines,
wvhile in the western United States the difference is about
117 (Kiernan, 1980; Colman and Pierce, 1981). The precise
cause of this relationship is unknown but it seems likely
that the greater retention of moisture in the more clay-tich
tills may be the basic control. The matrix texture also
influences the surface vegetation and, hence, can influence

variations in the acidity of the soil moisture.

Differences in the size of mineral grains also exert a najor
influence upon weathering rates. Although it has been argued
that finer grained clasts break down more rapidly than

coarse grained clasts (Derbyshire, 1967) the opposite seems
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more likely to be the case. Coarse grained igneous rocks
such as granites generally succumb to grussification within
the space of a few thousand years while finer grained
hypabyssal rocks may persist for tens of thousands or even
hundreds of thousands of years (Icole, 1963; Birkeland et
al., 1979). In the western United States Colman and Pierce

(1981) found that rinds on fine grained andesites are 84% as

thick as those on coarser grained clasts.,

Mineralogical factors may reverse the trend for preferential
weathering of coarse grained rocks. Mafic rocks weather more
rapidly than felsic rocks (Goldich, 1938; Loughnan, 1969;
Bikeland, 1984). On the other hand it has been shown in at
least one <case that rind development involved no preferred
order of element loss (Donner and Anderson, 1662). A
feedback process may also take place in some tills that are
rich in clasts susceptible to comparatively rapid breakdown.
This is 1likely to operate through the cumulative effect upon
the proportion of clays and hence moisture retention, and
possibly also through leachates that are aggressive to other
minerals in the till. Acid clays may enhance weathering

(Graham, 1941; Grant, 1969).

In summary, the impact of primary factors upon PDN
parameters is invariably great. Colman and Pierce (1981)
found their effect on PDM of basalt and andesite clasts
exceeded that of climate between different areas, although
climate was dominant within each area. The present thesis
restricts comparisons to sites of similar lithology and till

facies. The parameters recorded for dolerite are only
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compared between sites where this rock type makes up at

least 50%Z of the clasts.

2. Dolerite and its weathering products.

In view of the importance to this study of <dolerite
weathering it is appropriate to examine the nature of this
rock and its decomposition. The dolerite is a mafic igneous
rock that occurs in the form of sills up to 500 m thick and
as steep-sided dykes. It is generally highly coherent, the
principal points of weakness being cooling joints that are
vertical and hexagonal (or less frequently, rectangular and
platy as at the =eastern end of Laughing Jack Lagoon)
together with horizontal faulting or unloading joints which

intersect the cooling joints to produce hexagonal prisms

(Hale, 1958).

The dolerite originated from a tholeiitic quartz dolerite
association and its basic <constituents are plagioclase
feldspar (average 427), pyroxenes (augite and pigeonite)
(34%2), and a mesostasis (24%) that is generally quartz and
alkaline feldspar (McDougal, 1961, 1962). The texture is
generally ophitic to sub- ophitic, although in more acid
situations there may be a duplex texture with finer grained
crystalline patches occurring 1in association with radial
intergrowths of alkalai feldspar and minute pyroxene
crystals. Analysis of the dolerite at <chilled margins
indicates a remarkable lateral uniformity of composition.
However, in situ vertical differentiation of the magma on
cooling has produced variation that can extend to andesitic

composition 1in extreme cases.
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This vertical differentiation means that there is
considerable variability in chemical composition,
mineralogy, grain size, fabric, density and magnetic
properties (Edwards, 1942 Joplin, 1957; McDougal,

1962).This differentiation is sufficiently pronounced to
allow the dolerite to be zoned into four mappable units
(lower, central, pegmatitic and upper) on the basis of grain
size and pyroxene : plagioclase : mesostasis ratios (Spry,
1958b) (figure 3.1 and Table 3.6). In the lower zone of the
dolerite near Great Lake pyroxenes (orthopyroxene, auigite

and pigeonite) predominate over plagioclase (bytownite) and

there is little mesostasis, The central and upper zones
show 1increasing predominance of plagioclase and more
mesostasis. In some <cases there may be a granophyre zone

wvhere late crystallising residues lost volatiles through a
fractured roof. Here the mesostasis may exceed the combined

proportion of pyroxene and plagioclase (Sutherland, 1973).

The mineralogical and grain-size differences are of great
significance to how the rock responds to weathering and
erosion. Some dolerites which are more mafic and g0 rich
than the original magma can result from the early settling
and crystallisation of magnesium rich pyroxenes from higher
parts of the intrusion (McDougal, 1962). The mesostasis
breaks down particularly rapidly (Spry, 1958b) hence the
relative proportion of the mesostasis exerts a major control
upon the rate at which the dolerite weathers. Grain-size 1is
also important. Nicolls (1958a) argues that the influence of

varving differentiation products on gross soil development
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MINERAL Lower Zone Central Zone Granophyre
Clinopyroxene 43.0 23.9 13.1
Orthopyroxene 5.0 - -
Plagioclase 42.5 44.3 16.6
Mesostasis 10.1 29.5 65.8
Iron Oxide 9.5 2.3 4.2
Olivine - - 0.3

Table 3.6 Mineralogy of dolerite differentiates, Great Lake

area (after Sutherland, 1973).
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is slight, but Spry (1958b) considers the influence on clast
weathering to be <considerable, «coarse grained dolerites

being the most rapid to succumb to attack.

The chemical weathering of dolerite clasts initially leads
to the development of a weathering rind,. This may be
defined as a concentric zone of weathered rock that
parallels the outer surface of a clast and extends inward
over time (Colman and Pierce, 1981). Such rinds are easily
distinguished on most dolerite clasts. The thickness of the
rinds 1is easily measured because the transition from the
brownish or reddish colour of the rind to the blue-grey of
the wunaltered dolerite is generally sharp. Occasionally it
may be diffuse particularly in coarse grained clasts, with a
wvhitish zone of discolouration underlying the rind proper.
The initial rind results from the development of a greenish
chlorite~-like mineral in fractures and cleavages within the
pyroxene. This oxidises "to a brown material. The same
material may form ©patches within the interstices between
feldspar crystals, while limonite produces a reddish rind 1in

some specimens (Edwards, 1955).

Comparison of magnesium 7Tich bedrock and its weathering
products from the Butlers Gorge area (Table 3.7) reveals
only slight oxidation of the <diron in the pyroxenes, and
hydration in the initial rind. As weathering proceeds lime,
magnesia and silica are leached out while alumina
concentrates in the chlorite seams. Limonite in the «clay
that coats the bedrock at Butlers Gorge results from the

conversion of pyroxene. Lime, soda and silica are reduced



89

-
A B c D E ¥ G d
s1 oé 53.3 52.74  52.90  52.60 47.13 53.40 43,40  22.6
A, o, 15.5 ‘ 12.28 12.10 14,24 14,44 14 .68 22.47 34.42
Fe, 0, 0.8 0.24 1.04 0.17 6.85 1.04 13.63  15.20
Fe O 8.3 9.35 8.24 10.71 8.90 8.36 0.64 0.51
Mg O 6.8 10.35 10.35 7.51 8.95 7.50 1.29 0.93
ca0 11.1 11.33 11.25 11.70 6.61 10.40 2.56 tr.
' Ra, 0 1.7 1.36 1.7 1.10 0.60 1,77 2.08 0.14
X, 0 1.0 0.72 0.60 0.62 0.86 0.77 1.11 0.05
B,0 - - - - - 0.10 3.88 4.32
B0+ 0.7 0.27 0.46 0.30 3.70 1.21 7.84 20.19
Mo 0 0.1 0.31 0.28 0.25 0.35 0.15 0.04 0.08
110, 0.6 0.56 0.56 0.60 1.03 0.63 1.50 0.90
P, 0, 0.1 0.16 0.10 0.22 0.12 0.07 0.05 0.07
co, - - - - - tr. 0.15 0.21
Cr2 03 - - - - - - - -
50, - 0.04 0.03 0.07 tr. 0 0 0
S - - - 0.04 tr - - -
|a - 0.20 0.53 0.21 0.11 tr. tr. tr.
100.0 99.96 100.17 100.34 99.65 100.08  100.64  99.63

- average Tasmanian chllled dolerite

- fresh dolerite from Sullivans Quarry, Butlers Gorge
weathering rind from dolerite, Sullivans Quarry, Butlers Gorge
-~ fresh dolerite, Butlers Gorge damsite

- clayey coating on fresh dolerite, Butlers Gorge

m MDD O W >
1

~ fresh core of dolerite boulder, St. Leonards, central northern Tasmania
- similar composition to Butlers Gorge

G ~ 2cm weathering rind from same boulder as F.
H ~ low grade doleritie bauxite surrounding boulder F,
(Sounces: Edwards, 1942; hﬁ‘Docj 21, 1562)

Table 3.7 Composition of weathered and unweathered dolerite

from two Tasmanian sites.
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through the <conversion of the feldspar to kaolin, while
oxidation of the irom in the pyroxenes (probably due to
feldspar leachates) increases the proportion of Fe0
(Edwards, 1955). Feldspar weathers rapidly to illite and
thence by ion exchange along layer boundaries to
montmorillonite (Birkeland, 1964). Dolerite may then weather
slowly to kaolinite, providing there is complete removal of
all alkalis, alkaline earths and iron, together with at
least 507 of the silica (Loughnan and Golding, 1958). The
divalent ions (Ca, Mg, Fe) inhibit desilicification by
flocculating silicic acid, while Ca and Mg interfere with

the kaolin lattice which does not <contain them (Ollier,

1969).

As weathering ©proceeds still further silica 1is greatly
reduced; brownish or ©brownish yellow fibrous limonite
replaces almost all of the pyroxene and reprecipitation of
Fe occurs on the original grain boundaries (Edwards, 1955).
Gibbsite has been recorded in weathering rinds at Linda
(Kiernan, 1980). Gibbsite is produced following the initial
hydrolysis of feldspar to kaolinite, an interchange reaction
and a second hydrolysis which creates silicic acid and

aluminium hydroxide. (Douglas, 1977).

The expansion of weathering grains of feldspar and oxidised
or hydrolised iron-rich minerals (Bloom, 1978) may mean that
the progressive inward extension of weathering rinds 1is
supplemented by some expansion outwards where confining
pressures permit. This may underlie slight differences in

rind thickness at some sites. It may also be responsible for
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the flaking of rinds and for the development of concentric
shells in the rinds that surround deeply weathered clasts
exposed by excavation at sites such as Linda and in the
Wentworth Hills. The observation that surface rinds are
generally thinner than those that develop in the subsurface
environment (Colman and Pierce, 1981) may partly be the

result of rind destruction in this manner.

Finally, it has been argued by some workers that secondary
clay minerals in soils formed on tills are due at least in
part to the weathering of primary minerals (Birkeland, 1964;
Morrison, 1967). Derbyshire (1967) has argued that the
presence of kaolinite and halloysite in some Tasmanian tills
suggests that they are older than other tills that do not
contain them. However, a number of studies have revealed an
absence of secondary clay minerals in rinds on basalt and
andesite «clasts that are imbedded in argillic B horizons
which revealed good <clay mineral development (Crandell,
1963; Colman, 1982b). The dominant constituent in these
rinds was allophane, an early stage in the transition from
primary to secondary minerals (Fieldes, 1966; Swinedale,
1966; Colman, 1982a)., Colman suggests from this that either
the secondary minerals in the tills did not develop from in
situ decomposition, or that the clay minerals develop more

rapidly in the soil environment than they do in the rinds.

Although this thesis focusses upon dolerite weathering as ar
aid to dating the glaciations it would appear that the
variation within dolerite itself is sufficient to bring

about considerable variation in its response to weathering



and erosion, Comparisons between <clast weathering at
different sites are confined to medium grained dolerites, in
the hope that some co-variance between grain size and

mineralogy will help to minimise the errors induced by both

factors.

B. Environmental factors,

Environmental influences upon the response of a site to PDM
include topography, organisms and climate. Once again the
complexity of inter-action between each of these sub-factors
means that the precise impact of each <cannot be isolated.
This discussion attempts to suggest at least the order of
magnitude of the influence each may have wupon PDM and

safeguards which are required as a consequence.

1. Topography.

The topography of a potential sample site is significant in
terms of drainage and the possible interruption of
weathering.by erosion or burial. The topography is important
because the specific weathering process is a function of the
balance between the loss of ions associated with hydrolysis
and gains of dions from wupslope (Icole, 1963) Clearly,
moraines that are situated in a topographic position that
favours runoff over their surface will be more rapidly
dissected than those that 1lie in 1less erosion-prone
situations. Topography wmay also influence sub-surface

parameters through its effect on drainage of the regolith.

The presence of fresh striations on ice abraded bedrock need

not indicate a comparatively recent event if the site has
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been subject to burial by subsequent deposits and later been
exposed (Dyke, 1977, 1979). Colman and Pierce (1981) found
that surface erosion had only a limited effect on
sub-surface weathering rinds, but «clearly the effect of
surface erosion on surface rinds dis 1likely to be
considerable.Burial by subsequent deposits may be more of a

problem. It would seem hazardous to assume a total cessation

of weathering in the subjacent deposits in all cases,

In this thesis PDM data other than moraine slope angles have
only been recorded from sites on or beneath moraine crests
to minimise local differences brought about by wvariable
topography. Sites obviously subject to erosion or burial

have been avoided unless noted otherwise.

2. Organisms.

While some erosion or change of drainage patterns may be
induced by fauna, vegetation generally exerts the most
significant biological control over PDM. This role derives
from the importance of vegetation in maintaining slope
stability but at the same time conditioning the acidity of

soil moisture and the nature of the soil micro-clicate.

Observations in several Tasmanian mountain areas suggests
that rinds developed under very acid conditions at shallow
depth beneath peaty button-grass bogs appear to be slightly
thicker, and certainly to develop more rapidly, than those
beneath more open sclerophyll forests. Because the
button-grass tends to develop in swampy low lying areas and

the forest on -better drained moraines this difference 1is
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perhaps more properly ascribed to topographic factors. An
apparent tendency towards enhanced rind development also

seem to exist beneath Nothofagus forests., Colman and

Pierce (1981) found that rinds under developed grassland (or
sage) in the western USA tended to be around 13% thinner
than those beneath a forest cover. Rinds on surface clasts
also tend to be thicker where a 1lichen cover is present

(Jackson and Keller, 1970).

An attempt 1s made in this thesis to minimise 1local
differences brought about through ©biological activity by
avoiding sites which have obviously been disturbed by
burrowing animals or fire; by excluding data on surface
clasts in areas where spalling 1is apparent; and by
restricting comparisons to areas bearing similar vegetation
today. These steps will not solve the problem. Many of the
deposits have been present in the landscape sufficiently
long to have supported a wide variety of different
vegetation.types under different climates, while man and his
fires are 1likely to have been present for at least twenty
millenia (Kiernan, 1983a; Colhoun and Augustinus, 1984;

Kiernan et al.,, 1983).

3. Climate.

The principal <climatic parameters of concern here are
temperature and precipitation, The Van't Hoff temperature
rule states that for every 10 ¢ rise in temperature the
velocity of a chemical reaction doubles (Jenny 1941).
Temperature conditions whether physical or chemical

processes will ‘be dominant in the environment at any
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particular time., It will also condition the vegetation cover
and the stability of slopes. Local variations in temperature
brought about by aspect or other factors may promote marked
differences in the degree of mechanical breakdown of surface

clasts., A number of workers have inferred past temperature

conditions from the degree of ©pedogenesis and the soil

colours imparted by the resultant weathering products
(Matsui, 1967; Colhoun and Goede, 1979). The great
difficulty with such approaches is that similar

characteristics to those imparted by warm climates may come
about simply in response to more lengthy exposure under
cooler conditions. The only routes out of this appear to lie

with supporting stratigraphic or palynological evidence.

From his study of the weathering of alluvial terraces in the
Pyrenees JIcole (1963) concluded that the impact of possible
Quaternary palaeoclimates wupon palaeosols was not at all
apparent and that such features were the result of prolonged
rather than enhanced conditions. Icole found <that the
increase in weathering with age reflected progressive
hydrolysis related to the total rain imput since deposition,
with no other factor evident. He argued that the sole cause
of weathering was the permanent leaching action of
percolating rainwater. Colman and Pierce (1981) found that
there was a two-fold increase in the thickness of subsurface
weathering rinds along a 45 km long transect subject to a
decrease in precipitation by a factor of three, and an

increase in temperature of less than 1° C.

Wind may exert -some influence if it has a pronounced
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evaporative effect, but 1in the present study area is more

likely to be significant through its impact Uupon snow

deposition. Certain 1limestone karren forms suggest that
snow may act like a temporary soil cover, albeit a
biologically sterile one (Jennings, 1971). Evidence exists
to indicate that weathering rind development is

significantly enhanced beneath snowbanks (Colman and Pierce,

1981).

Climate is also important 1in determining which secondary
clay minerals develop as weathering proceeds, as different
clays tend to develop under specific conditions (Keller,
1964). Icole (1963) claims that because high leaching
environments are inimicable to the preservation of gibbsite
the clay mineral associated with the oldest deposits in the

Pyrenees is kaolinite.

Within the present study area temperature and precipitation
gradients are frequently more marked down the lengths of the
valleys than they are between wvalleys. As a consequence
correlation on PDM grounds between valleys probably poses
less of a hazard than the differentiation of deposits down
the length of individual wvalleys. A1l of the valleys
commence on high ground and extend to much lower elevations.
It is probable that rainfall diminishes downvalley and that
the degree to which tills lower down are weathered will not

be directly proportional to their age.

C. Temporal Factors.

Temporal factors include the duration of site exposure to
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the agents tending to modify it, the specific tinme periods
at which the site 1is exposed to those influences and the
rate at which it responds. All three considerations are
important 1if any attempt is to be made to estimate the age

of a landform or deposit on the basis of PDM criteria,

Few post-depositional modifications are likely to be
effected at rates which are consistent through time. Price
(1980) found that most of the major changes to the
morphology of moraines occurred in the first 100 years of
their existence when meltwater runoff was abundant and there
was little binding vegetation. If the climatic trend is
towards amelioration then the rate of modification is likely
to diminish greatly over time. However, 1if there 1is
subsequent re-exposure that trend through time will be

modified.

Climatic conditions change over time and hence the processes
that give rise to PDM also change. Chemical weathering does
not come to a standstill with the advent of cold climatic
conditions (Birkeland, 1984). The higher 002 saturation
equilibria of cold waters and the high CO2 concentration in
intergranular voids in snow and firn may aid chenical
weathering and partly underlie the thicker weathering rinds
that occur beneath snowpatches. On the other hand the onset
of cold climate sees a diminution of vegetative productivity
and hence the availability of biogenic COZ~ Subglacial
precipitation of CaCO3 testifies to the previous

aggressivity of the cold waters involved (Corbel, 1657

Smith, 1969; Hallet, 1976).
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Numerous attempts have been made to derive equations that
describe the rate of weathering rind development over time.
Using these equations attempts have been made to date
specific glacial deposits (Cernohouz and Solc, 1966; Colman
and Pierce, 1981). Such a curve has been developed by Caine
(1983) to describe rind development on Tasmanian dolerite

clasts.

Laboratory and field studies both suggest that the rate of
chemical weathering diminishes over time as the build-up of
residues 1impede the evacuation of solutes (Colman, 1981),
While this is in all probability quite true, the situation
may be complicated by Quaternary «climatic change. If
chemical weathering is enhanced wunder wetter (or warmer)
interglacial conditions then viewing degrees of till
weathering from a Holocene perspective might well give a
false impression that weathering diminishes over time
because the latest deposits will be weathered to a
disproportionate extent. Although this issue may perhaps be
intractable at present it 1is an 1important one. Some
Tasmanian rind thicknesses exceed 250 mm., and using deposits
presently being laid down and those of the late Last Glacial
Stage as the only available calibration points, none of the
previously published rind development equations provides an
acceptable or realistic estimate of age, nor is 1t easy O
develop one that can have real temporal meaning other than

using linear or logarithmic time scales
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4. Concluding Remarks.

A wide range of variables condition the degree of PDM of
landforms and deposits. Seldom is the exact process by which
each operates known nor its rate of cperation or its impact.
As a result the use of PDM as a dating tool demands extreme
caution. Little faith can be placed in marginal differences
between sites. The differences need to be of a substantial
magnitude, and be demonstrable on the basis of several

parameters for differentiation to be convincing.

Correlations are likely to be most secure where they are
based wupon similar relative sequences in different valleys
rather than simply a similarity of numerical values for the
measured parameters. This suggestion poses its own dangers
as the glacial record is seldom identically preserved in all
valleys. The dangers inherent in correlation by simply
counting backwards might be overcome in due —course through
the development of satﬁsfactory equations to describe the
rates of modification or at least a more substantial body of
evidence wupon which to base qualitative judgements. The
better alternative lies with evidence of a stratigraphic,
radiometric or organic nature which is not always available,
Such evidence has not been forthcoming in the study area and
as a consequence morphostratigraphic and PDM technigues

provide the only means for dating the glacial deposits.



PART B

FIELD EVIDENCE
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STRUCTURE OF PART B.

The following chapters present the evidence that has been
gathered during fieldwork in, and adjacent to, the upper
Derwent River Valley. For convenience of description the

area has been divided into 2 number of subsidiary catchrents

(Figure Bl).

Chaptefs four to nine describe the evidence from tributary
catchments within the present Derwent River drainage systen.
This represents the core area of the study that has been
examined 1in detail. Chapters ten to twelve document the
evidence obhtained during reconnaissance 1dinvestigations in
neighbouring valleys that previously formed part of the
drainage system of the Derwent Glacier. These valleys have

not been studied in the same detail as the core area.

A map of the glacial geomorphology of each area is presented
with each chapter, together with a second map that depicts
the extent of the ice during the principal glacial events
that have been recognised. The key to the geomorphological

maps 1is presented in Figure B2,

Lithostratigraphic wunits have been recognised on the basis

of the morphostratigraphic and postdepositional
characteristics of the. landforms and deposits. Their
distribution is also depicted on the geororphological =raps.

The derivation of these units is explained at greater icrgth

in section C of this thesis (chapter thirteern).
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Integrated maps of the ice limits during each of the
glaciations are also presented 1in section C (chapter

fourteen).
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chapter four

THE LAKE ST. CLAIR AREA

"I will not dilate on the extreme beauty of the scenery as
it might be considered out of place in an official Report
«+s. the view from this point was beyond all description."”

- George Frankland, 1835 Government Surveyor.

Lake St.Clair lies downstream of the —convergence of the
former Narcissus, Cephissus (Pine), Marion and llamilton
glaciers, all gf which arose in the Du Cane Range. The lake
marks the site at which the resulting Derwent Glacier was
joined by ice that moved westwards from the Central Plateau,
an 1ice abraded dolerite plain (Jennings and Ahmad, 1957)
(Figure 4.1). This chapter explores the placial
geomorphology of the main <catchment area of the Derwent
Glacier, and examines the uppermost reaches of the adjacent
Murchison,. Mersey and Nive valleys in an effort to identify

the glacial divides (Figure 4.2).

EROSIONAL MORPHOLOGY

A Glacial erosion:

A composite vallev-head cirque 3 km. wide lies at the head
of the Narcissus Vallev. This cirque is floored by Permian
sediments and its headwall is cut in Triassic sandstone that
is overlain by columnar dolerite. The pronounced
scallopping of the north-south aligned Geryon-Acropolis
ridge that forms the western margin of the cirgque indicates

that this was a particularly important part of the Du Cane
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Range snowfence (Figure 4.3),

Rock type has exerted a major control on cirque form.
Whereas headward sapping of the Triassic sandstone beneath
the dolerite «columns has permitted the development of a
steep 500 m headwall in the Narcissus Valley, the head of
the Cephissus Valley cut only in massive dolerite is steep
and mammilated rather than vertical, A steep arete occurs
between the two valleys., The Marion and Hamilton cirques
are also cut in Permo-Triassic rocks and again have vertical

headwalls.

Each of these valley-head cirques has its floor at 900 - 950
m and a headwall 350 - 500 m high. Only in the arion
Cirque, where there is a small rock basin lake 13 m., deep
(Derbyshire 1967), is there a clearly defined threshhold.
Several factors have limited the degree of «cirque
development and conditioned the character of these cirques.
These factors included the slowing of tributary ice {low by
the main trunk glacier (Hamilton Cirque); over-riding of the
headwall and later some downwind interception of snow
(Cephissus Cirque); an unfavourably aligned snowfence
(tiarion Cirque); and an excessively low and broken valley

head (liamilton Cirque).

Structural geometry has played a major role in cirque
location. Lake Helen (1190 n) and Lake tEnone (1210 r), the
latter of which is a rock basir, occupy two prorirent
cirques on a lithological bench on the eastern flank of lit.

Olympus (Derbyshire, 1964, 1968) (Figure 4,4). A number of
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smaller cirques are also present at about the same elevation
on this mountain., Preglacial topography, in the form of
benches on which snow could accumulate leeward of the
snowfences, is likely to have been a major determinant of

their location (Peterson 1969).

A series of «cirques occurs on the slopes of the Du Cane
Range at the head of the Murchison and Mersey valleys. Thev
indicate that the range formed a major glacial divide
(Figure 4.5). A shallow and totally enclosed cirque 200 =
in diameter occurs on the summit of Massif Mountain. This

has a distinct bedrock 1lip.

Many of the cirques have been over-ridden, particularly on
the Labyrinth Plateau (Derbyshire, 1967). Cirques betwveen
Walled Mountain and Macs Mountain have been over-ridden by
ice that was flowing to the east. Long Lake occupies a
valley head cirque that was over-ridden by ice <from the
Labyrinth during a later phase of glaciation when the ice
was less extensive and the Labyrinth ridge formed an
important glacial divide between ice that flowed westwarcds
into the Murchison Valley and eastwards into the Cephissus
Valley. A cirque at 860 m on the southern end of lit,
Olympus has been over-ridden by ice that passed through a2
diffluence <col from the Cuvier Valley. Valley head cirgues
that lie north and south of Mt. Ida have both Deer
over-ridden by ice from the Central Plateau where alrost all
the cirque headwalls have also been over-ridden by ice which
flowed generally southwards and southwestwards (Jennings and

Ahmad, 1957).
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Figure 4.5 Ice spilled northwards from the shallow Lake
Helios cirque into the Wallace Valley. Glacial striae have
been preserved beneath the surface of the lake but have been

removed by chemical weathering elsewhere in the cirque.

Figure 4.6 Lake Pallas occupies one of many rock Dbasins
that have been eroded along structural lineaments 1in
dolerite in the Traveller Range. This range forms the
western margin of the Central Plateau and overlooks the Lake

St. Clair trough.
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Rock basin lakes are abundant on both the Central Plateau
and the Labyrinth Plateau (Figure 4.6), In both these
localities mnarrow elongate basins follow structural
lineaments in the dolerite and are linked by a rectangular
drainage system (Jennings and Ahmad, 1957). Some of the
lakes in the Labyrinth are in excess of 10 m deep while
others such as Lake Helios (Figure 4.5) are broad and
shallow. Small rock basins formed transverse to the local
flow of the ice occur 450 m above Long Lake on the western

slopes of the Parthenon.

The most oustanding of the rock basin lakes is Lake St.
Clair ( igure 4.7). This piedmont lake occupies four rock
basins on the floor of a glacial trough (Figure 4.8). Its
maximum depth of 167 m (Derbyshire, 1971a) makes Lake St.
Clair the deepest lake in Australia. Less than 50 m of
this depth is due to impounding by end moraines. The
deepest basin lies downstream from the entry point of the
Ida glaciers from the Central Plateau. A fifth basin lies
at the south-eastern extremity of Lake St., Clair and was
developed jointly by the St. Clair Glacier and 1ice that
descended from the Traveller Range. A rock bastion, rergys
Hill, has developed at this point, Sublacustrine benches
along the 1lake margins nray be of lithological origin.
Derbyshire (1971la) suggests that 76.87 of the total 1lzke
volume of 1.69 ko3 is contained within the rock basins. The
lake bed lies at a lower elevation than the bed of the
Derwent River as far downstrean as the lirit of continuous

drift 8 km south-east of Butlers Gorge.
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Figure 4.7 " Lake St, Clair and Mt. Olympus from Mt. Gould.
Ice spilled into the lake along much of the plateau margin
to the east, The ©prominent benches on Mt., Olympus are
formed on Triassic sandstones,. IJce from the Cephissus
trough (left) over~rode the sandstone bench of " the Gould
Plateau (niddleground). Alpine shrub vegetation
re-established around the small tarn on the Gould Plateau

before 7920 +- 250 BP (SUA 2080).
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Figure 4.8 Bathymetric chart of Lake St. Clair (redrawn by
Peterson & Missen, 1979, from bathymetry by Derbyshire,
1671a). The isobath interval is 50 ft, (15 m) and those
shown dotted are at 225 fr., 265 ft., 425 ft. and 530 ft.

(68 m , 80 , 130 m and 161 m ).
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The bedrock geometry and the consequent preglacial
topography have clearly been responsible for determining
the location of the glacial troughs. South of Mt. Ida the
Lake St. Clair Trough is bounded by dolerite to the east and
sub-horizontal Permo-Triassic rocks to the west. The Dbase
of the dolerite lies over 300 m above the lake on Mt.
Olympus but descends below lake level at the foot of the
Traveller Range. This suggests that the trough exploits a
fault. The orientation of joint trends and structural
lineaments in the dolerite of the Central Plateau (Jennings
and Ahmad, 1955) is duplicated in the ©orientation of the
tributary valleys upstream from Lake St., Clair which
suggests that these valleys have been superimposed from the

dolerite (Ffigure 2.2).

Rock type and valley gradient have conditioned the cross
profile of the troughs. Broad U-shaped troughs are well
developed in Permo-Triassic rocks. In strong contrast to
this, narrower troughs cut in dolerite descend to the St,
Clair Surface from the Central Plateau and at the head of
the Cephissus Valley. The Lake St. Clair trough is strongly
assymetric and has a steep western wall. The d%@est part of
the lake occupies a steep, straight trench which trends LU
~ SSE close to the western shoreline. This is cut in
Triassic rocks west of the St. Clair Fault. At this point a
rock bastion, Fergys Hill, deflected the ice flow westwarg
towards a re-entrant in Permo-Triassic rocks where the

Cuvier Valley joins the St, Clair trough. The rock bastion

probably owes its origin largely to interference with the
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flow of the Derwent Glacier by ice spilled over the margin
of the Central Plateau. Therefore the most marked
over-deepening of the trough may not reflect the amount of
ice that descended from the Central Plateau so much as its
gradient and energy, and its interference with the main ice

flow southwards (cf. Derbyshire, 1971a).

Du Cane Gap is a transfluence col through which ice escaped
westwards from the fersey Valley into the head of the
Narcissus trough (Figure 4.3) (chapter thirteen). A further
col occurs between Mt. Ossa and lit. Massif. Ice flowed
eastwards throﬁgh this col into the DMersey Vallevy, which
broadens appreciably downstream of this point. llowvever,
moraine ridges that are concave to the east were constructed
east of the col during the most recent phase of glaciation
and indicate that diffluence through the col did not occur
at that time.. Cols betweeﬁ Mt.Olympus, !it. Bvron end !llt.
Cuvier exhibit stoss and lee features which indicate that
ice moved southwards through them from the Harilton Valley
into the Cuvier Valley. Similar evidence indicates that 1ice
from the Cuvier moved into the St. Clair trough through a
col on Mt. Olympus (Figure 5.5). Derbyshire (1963) coints
out that ice would have flowed through the Olvmpus col in
the opposite direction had it not been for the overdeepening

of the St. Clair Trough.

Ice abraded bedrock indicates that the most recent glzcial
divide on the Centrasl Plateau broadly coinciced with the
present divide ©between northward and southward flowing

streams (Jennings and Ahmad, 1957). Some of tre generally
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southward-moving plateau ice spilled into Lake St. Clair.
Selective erosion along joints in the dolerite 1is comnmon
both here and on the Central Plateau. Stoss and lee
surfaces on summits in the southern part of the Du Cane
Range suggest that ice flowed from the upper Murchison into
the Cephissus Valley (Figure 4,9). However, roches
moutonges at lower levels north of the Parthenon suggest
that at a later date ice flowed from the Labyrinth into the

head of the Murchison Valley.

Smoothed bedrock on the summit of Walled Mountain suggests
that it was ovér-ridden by ice when the glaciers were rost
extensive., These summit rocks together with other abraded
dolerite surfaces at 1250 m on the eastern ridge of VWalled
MHountain are exfoliating in slabs 15 - 20 cm thick (Figure
4,10), Glacial erosion may also have plaved a significant
role 1in stripping overlying rocks from the lithological
benches of Triassic sandstone developed on tit. Gould anc¢ !it.

Olympus.

Glacial striae are generally poorly preserved due to the
susceptibility of the rocks to cherical weathering.
However, numerous striations on dolerite 1 m Dbelow the
normal water suface in Lake Helios indicate that 1ice roved
northwards into the valley of the Wallace kiver, a tributery
of the Murchison. Striations trending towards 190°- 205°
on sandstone bedrock just beneath the ncrmel weter surface
in a small tarn of the Gould Plarezu, together with plucxing
of nearby outcrops, indicates that the Cephissus Giacier

flowed across the plateau from the north. The generally
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Figure 4.9 The southern end of the Du Cane Range viewed
from the Acropolis. A1l the summits except Mt. Gould
(extreme 1left) have been over-ridden by ice that moved from
the Murchison Valley (right) into the Cephissus Valley
(left). A talus that was deposited in contact with the
margin of the ice is just discernible at the break of slope

below the summit block of Mt. Gould.

Figure 4.10 The summit rocks of Walled Mountain, west of
the present Derwent - Murchison (Pieman) drainage divide,
have been subject to <considerable mechanical weathering

since they were ice-smoothed. View eastwards towards the

Labyrinth and Mt. Geryon.
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southward flow of this ice across the Marion and Hamilton
valleys towards the cols at the head of the Cuvier is
confirmed by bedrock plucking and one lunate fracture. Lake
Helios undoubtedly contained ice during the most recent
glaciation, but the possibility that the Gould Plateau
striae are earlier forms which have been exhumed must be

kept open (cf. England et al., 1981),

B Glaciofluvial erosion:

Meltwater has played a major role in initiating or deepening
many of the present stream channels in the Lake St. Clair
area. Steep. canyons 1incised 1in rock downstream of the
higher cirques may have been initiated subglacially and have
certainly been deepened as proglacial channels., Lateral
meltwater flow along valley margins wutilised lithological
benches and also structural lineaments in the dolerite. As
an example of the former, meltwater erosion has emphasised
sandstone benches above Byron Gap and produced channels
across the sandstone Gould Plateau. Deflection of meltwater
along dolerite lineaments is evident above Long Lake,in the
Labyrinth and on the Central Plateau. Some of the narrow
elongate lake ©basins oriented parallel to the direction of
ice flow on the Central Plateau may be the rTesult of
meltwater corassion bv subglacial streanms (Fairbridge

'1968b).

The present outlet of the Derwent River from Lake St. Clair
was probably initiated subglacially on the eastern rargin of
the St. Clair Glacier where <confining 1ce pressures were

lowest (Derbyshire, 1971a). It has subsequently develorped
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as a proglacial channel cut through drift.

C Non-glacial erosion:

Because the major erosion surfaces of the Lake St. Clair
area predate the glaciations (chapter 1) the suggestion that
the principal valleys have been superimposed carries with it
the corollary that the broad topography of the area is

essentially the product of fluvial erosion.

Present day fluvial =erosion is largely restricted to
reworking of unconsolidated deposits. Some debris
avalanching hag occurred adjacent to a creek which descends
steeply to the floor of Pine Valley south-east of the
Parthenon, and other landslide scars and hollows are common
in areas of steeper terrain on Mt. Olympus and elsewhere.
Erosion runnels have developed on areas bared by nivation in
the Narcissus Cirque and on Mt. Olympus. Small scale
erosion and collapse of stream-banks 1is widespread, as
exemplified along the course of Cephissus Creek in Pine

Valley.

Solution pans have developed on the dolerite summit rocks on
Walled Mountain (1411 m), and pans, runnels and sub-erratic
pedestals are present on the Triassic sandstone benches of
the Gould Plateau (1070 m) (figure 4.11). The shallow and
open cirque on the summit of Massif Mtn. forms an enclosed
depression the size of a small football field. Drainage fronm
this sinks into a pit 15 m in diameter and 8 m deep which
appears to be focussed on a major joint intersection. While

this may be due to very localised joint dilation there 1s


http://summ.it

124
little evidence of it. An altermative is that it is the
product of solution processes acting upon autometasomatic
alteration products in the joints (Hale, 1958; Spry and

-

Hale, 1964).

The eastern ridge of the Acropolis and the surmmit of Mt.
Gould <consist of frost shattered dolerite columns that have
not been over-ridden by ice at any tinme. Shattered rock
that occurs on the Parthenon and Minotaur suggests that less
than 50 m of ice passed through the adjacent <cols during

the most recent phase of glaciation.

Impressive free faces <characterise nruch of the Lake St,
Clair area, especially in the Du Cane Range and on Nt.
Olympus. While many of these are the result of erosion by
ice, some have resulted from the mechanical adjustment of
rock materials to wunloading or basal sapping. On a small
scale such processes give rise to concentric shells such as
are found on the summit rocks of Walled Mountain. Slopes
formed on rocks with a high degree of structural anisotropy,
particularly the vertically jointed dolerite, are prone to
fail due to joint dilation once valley sides or cirque
headwalls are steepened, The <cambering and ultimate
disintegration of columns due to this process is evident on
Mt., Olyopus (Clemes, 1925; Derbyshire, 1973) and elsewhere
where it has effected considerable topographic change on &

local scale, It is best described acs slab-toppling (Caire,

1982).

The development of deep rock crevasses and dilation trenches
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which parallel the steepened slope is the first obvious sign
of this process (Figure 15.12). Both are present above the
Narcissus Cirque and on Mt. Olympus. The process is not
confined to dolerite terrains as\rock crevasses‘ and small
gullies formed parallel to the valley side also occur at
1100m on the sandtone slopes east of the summit of Mt.
Gould. The "Big Gun" in the Du Cane Range west of Massif

Mtn. i1s a large leaning topple that has slipped downslope

and is close to the point of outward collapse.

Toppling i1s most apparent 1in those areas where there has
been glacial e}osion of Permo-Triassic rocks that wunderlie
the dolerite. Unloading is probably the principal cause but
periglacial processes may play a role in dislodging columns
(Banks, 1981; Derbyshire, 1972), while removal of alteration
products in joints may also be significant 1in some <cases
(lfale, 1958). Some topples may be directly of ¢lacial
origin. Six metre high columns lean outwards at 30-50
degrees on the plateau margin just south of lit. Hyperion and
have clearly been pushed by a small plateau glacier that
constructed a small blocky moraine against their foot. A
similar process of pushing by a summit 1ce carapace may
explain the ©presence of near horizontal columns that lie
normal to the eastern margin of the Olympus Plateau. rere
they are 1lodged between other columns that occur close to

the edge and remain in a standing position (Figure 4.12).

Occasional fresh scars on dolerite cliffs and freshly broken
rocks at their foot suggest that only limited erosion by

rockfall is presently occurring. A large fresh scar on
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Figure 4,11 Pedestal developed on Triassic sandstone

beneath a dolerite erratic on the Gould Plateau.

Figure 4.12 Toppled dolerite columns atop the eastern edge
of the Mt. Olympus plateau lie normal to the plateau margin

and are stacked horizontally between the buttresses.

overleat
Figure 4,13 Principal ice limits in the Lake St, Clair

area.
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Falling Mountain delineates a recent collapse over an area
of about 5 ha. (Figure 4.3). Some steep gullies between
dolerite columns on Mt. Geryon, Walled Mtn and elsewvhere are
probably the result of snow and rock avalanche, Snowpatch
erosion occurs to a very limited extent in a number of
areas,including the northern end of Mt. Olympus, and is far

more effective on Triassic sandstones than on dolerite.

DEPOSITIONAL LAKNDFOR!S AXD SEDIMEKTS

A Glacial Deposits

The Central Plateau adjacent to Lake St. Clair falls within
a zone of predgminantly erosional landforms (Jennings and
Ahmad, 1957)., Few moraines are to be found there, possibly
because retreat was gradual rather than spasmodic (Daevies,
1969). The steep walls of the St. Clair trough and the
presence of Lake St. Clair mean that glacial deposits are
accessible only in the tributary wvalleys and bevond the
southern end of the lake. Lithological analyses of sore of
the tills are ©presented in Table 4.1. The principal end
moraine complexes enable several phases in the glaciation to

be identified (Figure 4.13).

(i) Bedlam Wall Moraine:

The steep flanks of the Bedlarm Wall ridge south of Lake St.
Clair have generally precluded the preservation of deposits
but a lateral moraine extends along its foot at 830-£40 =
At the northern end of the ridge it is overlzin bty 1 r of
angular dolerite talus derived from a rock rib. The moraine
can be traced southwards for nearly 2 km at which point it

. : M
turns westwards . against a rock spur and terrinates. AN
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outwash plain extends beyond the moraine and can be traced

upvalley inside the moraine limit,

The Bedlam Wall Moraine marks a phase during which the
Derwent Glacier terminated about 3 km. south of Lake St,
Clair close to the site of the Derwent Bridge settlement.
The moraine is well preserved but the till of which it is
composed is weathered to a depth of at least 1.2 n. Small
till knobs south of Mt Olympus; sandstone erratics at 1040
m. on the western side of the Parthenon; and a talus that
formed in contact with an ice margin at 1260 nm on the
north—eastern. shoulder of Mt. Gould (Ffigure 4.9) all appear
to lie about 150 m above the most recent ice limits and may
relate to this Bedlam Wall phase. The Bedlam Vall deposits
generally lie inside the maximum ice limits suggested by the

erosional topography but outside the succeeding Cynthia Pay

moraines,

(ii) Cynthia Bay Moraines:

An impressive array of at least 25 end moraine ridges and
latero-terminal moraines bounds the southern shoreline of
Lake St., Clair., The southernmost of these moraines lies 1

km. from the lake shore. The moraines in this sequence are

narrow and steep, none are more than 10 m high, and the
spacing between them averages 50 n Some can be traced
almost continuously for 3.6 km. They delineate the

expanding foot of the Derwent piedmont glacier as it ecerged
from the confines of the St. Clair trough. Given the short
duration of the Last Glaciation in Tasmania (chapter two)

and the likelihood that retreat of the ice occurred very
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rapidly, these end moraines and others of similar form that
occur further upvalley appear to represent retreat cycles.

The shortest 1likely «c¢yclic event could be an annual

fluctuation, but slightly longer periods could be involved.

His bathymetric survey of the southern end of the 1lake 1led
Derbyshire (1971a) to argue that surficial deposits 4.6 n
thick occurred on a bench south-east of the main terrinal
basin while deposits 1.8 - 5.4 m thick occurred in the
southernmost basin of the main <trough, His data suggest
that the moraine barrage may be 40 - 45 m thick in the
west, thinning-to 24 m 1in the east. Recessional moraines
occur to a depth of at least 30 m below the lake surface

(Derbyshire 1971a).

The steep distal faces of the moraines suggest that they
were formed by an active ice front. Steep end moraines of
broadly equivalent age occur in some other locations, such
as the northern cirque of IMt. Olympus where a steep moraine
3 -5 m high has obliquely over-ridden an earlier cirgque

moraine 10 - 15 m high.

Basal till is exposed in many places around thec shoreline of
Cynthia Bay. It is generally tough and fissile with a
greenish~ grevy —coloured mnatrix. Individual <clasts are
facetted and striated clasts are compmon., Dolerite generally
forms 70-80% of the clasts larger than scall cobbles, with
quartzite derived from the Permo-Triassic rocks accounting
for the remainder (Table 4.1). Permo-Triassic rocks are

more conron in the pebble and granule grades.
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Figure 4.12 Grain-size analysis of some sediments from the
Lake St. Clair area (after Derbyshire, 1967): (top)
glaciofluvial sediment from near the Rangers Hut moraines in
the lower Narcissus Valley; (middle) washed drift from the
Cynthia Bay moraines; (bottom) glaciofluvial sediment from

adjacent to the Cynthia Bay moraines.
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Mechanical composition of =some of the glacial and

glaciofluvial deposits 1is presented in figure 4.14 (after
Derbyshire, 1968a). Plagioclase feldspar, weathered
dolerite mesostasis and quartz dominate the mediur sand
fraction, while X-ray diffraction of the clay suggests that
it is virtually unweathered (Derbyshire, 1967) and
represents deposits produced primarily by mechanical

fracture during transport by ice.

Ice contact stratified drift has been exposed by quarrying
and road const;uction in the end moraine (Figure 4.15) and
one section has been described in detail by Derbyshire
(1965). Beds of gravel, sand, massive silts and <clay dip
upstream, false bedding is undisturbed and balls of clav and
sand that were probably transported in a frozen conrdition
are also present. Slump structures are localised. These
characteristics led Derbyshire to regard the dcposit as the
result of the slow melting of inert, debris-charged ice. lic
envisaged that extensive slumping and melting of the ice had
been impeded by an insulating cover of drift and effective
subsurface drainage through the adjacent cutwesh plain. The
end moraine represents a steady state terminal position
occupied for some time, the other moraines representing
shorter time periods. The regular spacing of the moraines

supgests consistent retreat of the ice front.

The regular spacing and size of the Cynthia Eay moraines
recalls the form of De Geer nmoraines which f{forr sore

distance behind . an ice front that calves into wvater
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(Stromberg, 1965). However, while meltwater may previouslvy

have been impounded behind the Bedlam Wall Moraine further
downstream a 1large lake would have been neccessary for the
Cynthia Bay Moraines to have formed in this manner and there

is no evidence for more than localised ponding of

meltwater,

The development of the Cynthia Bay Moraines ©probably more
closely parellels that of Thule-Baffin moraines (Embleton
and King, 1975). Thule-Baffin moraines are cross valley
landforms that have been described from the wasting margins
of cold ice ca?s in the Thule area of Greenland (Weertman,
1961) and on DBaffin Island (Andrews, 1963; Andrews and
Smithson, 1966). The general absence of shear planes 1in
sections exposed along the Cynthia Bay road and Derwent
River suggests that the Cynthia Bay lMoraines are not
subglacial forms that have developed from the shearing of
ice over the moraine crest in the general manner which has
been proposed for Rogen moraines (Goldthwait, 1951;

Derbyshire, 1965; Prest, 1968).

Weertman (1961) argues that Thule-Baffin moraines are formed
where debris is brought to the ice surface in regelation ice
that moves along flow lines rather than shear planes. This
is consistent with the limited shearing at Cynthia Bey anc
is essentially the position adopted by Derbyshire (1265).
The Cynthia Bay Moraines 1lack the alluvial fans thet
commonly form on the distal face of Thule-Baffin moraines
(Goldthwait, 1951). The reason for this probably lies in

differences in the thermal regire of the glaciers.
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Thule-Baffin moraines are formed on the edge of cold ice

sheets where there may only be a limited amount of basal
debris entrained. Active temperate ice is likely to entrain
more basal debris than will cold ice and upon reaching the
surface this will form a thicker debris cover and will nore

effectively insulate the ice, thereby retarding melting and

flowage.

Bouldery ablation till with angular dolerite clasts 2-3 n
long in a loose and slightly oxidised matrix caps many of
the moraines. Boulders which protrude through some of the
intermorainal .outwash probably Tepresent supraglacial
ablation deposits or lag boulders that could not be -epoved

by meltwater.

The coarser grades of the outwash are dominated by dolerite,
the finer grades by quartz. The dolerite cobbles arec
moderately well rounded and of moderate to high sphericity,
but angularity increases in the finer grades, presumably due
to water cushioning (Hatch et al., 1971; ©DBlatt et al.,
1972). The larger clasts occur in a loose textured patrix
wvhich is commonly bright vellowish brown (10 YR 7/6) in
colour. Sections cut by the Derwent River reveal foreset
beds, truncated bedding and current bedding indicetive of
seasonally torrential meltwater flow, Interbedded fine
gravel, sand and silt lenses are comron, Glaciolacustrine
deposits consist entirely of massive clays either in the ice
contact stratified drift or within intermorainal swazles. %o

rhythymically bedded clays have been located.



138

The individual <clasts in the moraines are little weathered
and the soil profile can be best characterised as of A Cox
Cu type (Birkeland, 1984). Nowhere do more than 30 cm of
slope deposits overlie the Cynthia Bay till. X-ray
diffraction led Derbyshire (1967) to suggest that sone
kaolinite was present in the till matrix but the peak on his
diffractograms 1is very close to background and has not been
duplicated by analyses during this study. All these

characteristics suggest that the Cynthia Bay till is

considerably younger than the Bedlam Wall till.

(iii) Peninsuia Moraines:

The rock bastion of Fergys Hill that extends westwards into
the southern end of Lake St. Clair is capped by a
latero-terminal moraine that can be traced along the eastern
side of the trough from 740 - 820 m A minor recurved
segment of lateral moraine from 760 - 840 m. on the western
side of the lake may correspond with the Peninsula lioraine,
and, if so, indicates that the surface of the ice sloped
eastwards at 25 - 30 n/km, Such assymetry of the ice
surface would have been promoted by shading and snowfence
effects, but it also suggests that little ice was entering

the trough from the Central Plateau at this time.

The bathymetric chart suggests that the ice retreated
initially to the western margin of the Derwent Basin and
then to the southern margin of the deepest rock basin where

it becare grounded.



139
(iv) Ida Moraines:

Discontinuous lateral moraines descend to Lake St. Clair
from 800 m beneath Mt. Ida. These document the most recent
occasion during which the Ida glaciers descended into the

Lake St. Clair trough. The moraines that were formed on the

southern side of the North Ida Glacier are sharply recurved
southwards whereas lateral moraines of the Derwent Glacier
occuring on its northern side appear to have been
undisturbed by the Ida ice. This suggests that the largest
of the glaciers to descend from the Central Plateau to Lake
St. Clair was deflected southwards by the Derwent ice. This
indicates thaE the valley glacier was not highly dependant

upon the input of ice from the plateau.

Retreat of the main St. Clair glacier from the Ida 1limit
must have occurred at a fairly uniform rate as there is
little evidence of end moraines for 4 kn upstrean, after

which many end moraines occur in two principal groups.

(v) Hamilton Valley moraines

A poorly developed interlobate conplex of low moraines with
an amplitude of less than 5 m occurs at the lower end of
the Hamilton Valley. This «complex indicates that the
Hamilton Glacier was the next major tributary to withdraw
from the main trunk glacier. TN with few
definéte moraine ridges occurs on the floor of the Femilton
Valley. Hummocky drift occurs 1in a few localities and
suggests that the ice flow died. There is no evidence to
indicate continued confluence of the !'larion and Hamilton ice

after the Hamilton and Narcissus glaciers had separatec.
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These moraines have an amplitude of less than 6 m. A fan of

outwash occurs at the northern end of Lake St. Clair.

(vi) Rangers Hut moraines

An interlobate conmplex of low moraines occurs near the huts
at the northern end of Lake St. Clair. A fan of outwash
extends into the lake, and glaciofluvial deposits at least 4
m. thick also occur a short distance upstreanm from the huts.
Small end moraine ridges and a limited areas of hummocky
moraines occur at the mouth of the Narcissus Valley. A
sharp, sinuous ridge in the axis of the valley 2.5 km north
of Lake St. -Clair has the form of a small esker. The
western part of the Rangers Hut complex <contains moraines
that are <concave towards the larion and Cephissus valleys.

Hence, this interlobate complex documents the separation of

the three glaciers.

Withdrawal of the Derwent Glacier to the Rangers liut limit
was at least partly a function of the continued shrinkage of
the Central Plateau ice cap, which led to the decline of the
Mersey Glacier, and the ending of diffluent flow from the
Mersey through Du Cane Gap. A series of at least a cozen
small end moraines was constructed at 1160 - 920 n east of
Du Cane Gap as the Mersey Glacier retreated down the

Campfire Creek Valley.

(vii) Marion Valley Moraines
Hummocky moraines occur in the lower and middle reaches of
the Marion Valley upstream of the Rangers Hut Moraines.

Nine end moraine ridges are present in the upper part of the
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valley, the dinnermost of which contains semi-circular or
irregular shaped depressions on the ice proximal face.

These are interpret ed as kettle holes that were formed
during final decay of the ice. The greater development of
end moraine ridges in the Marion Vallev compared to the
Hamilton Valley indicates that the Marion Glacier remained
more vigorous than the Hailton Glacier during the final
stages of glaciation. It would appear from this that the
Guardians formed a far more effective snowfence and provided
more adequate shading than did the ridges at the head of the

Hamilton Valley,

(viii) Cephissus Valley Moraines

The Cephissus Glacier constructed numerous end moraines on
rock ribs between the mouth of the valley and the Pine
Valley Plains. The innermost of these again contains kettle
holes. The Cephissus ice then died, ©possibly due to the
loss of any significant ice imput from the Labyrinth. Two
intermorainal outwash surfaces are overlain by 2 n of
massive gleyed <clays. These <clavs are due to neltwater
ponding (Jennings, 1959). Intervening hummocky rmoraines
indicate that deposition of the <clays occurred in twvo

stages (Derbyshire, 1963).

(vii) Stoney Creek Moraines

The descent of Stoney Creek from the Traveller Range to the
Narcissus River is deflected southwards within a series of
latero-terminal roraines with crests at 760-7¢80 m. The
Narcissus and Cephissus glaciers were no longer conflvent at

the time these noraines were constructed.
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Retreat of the ice in the Narcissus Valley appears to have
been fundamentally different in character to the pattern in
the tributary valleys. Fluted drift with a mean relief of
2-4 m is abundant in the Narcissus Valley where it has been
attributed to late glacial meltwater streams (Macleod et
al., 1961); to a large glacier moving with vigorous
rotational slip (Derbyshire, 1963); and to the presence of
very thick ice (Peterson, 1969)., Some apparent flutes can
be traced back to small moraines that extend from the 1low
divides between scallopped hollows that are inset into the
main cirque. fhis is consistent with the proposition that
the development of flutes results from a process similar to
that involved in the development of crag and tail landforms.
This view asserts that flute development is related to the
migration of plastic till into cavities in the ice formed in
the lee of obstructions at the glacier sole where low
confining ice ©pressures apply (Galloway, 1956; DBoulton,
1971). At least the largest of the Narcissus flutes have

formed in this manner.

Unequivocal fluted drift occurs along about 4.5 km of the
valley floor from 1040 - 850 m and indicates thet the ice
remained active even during its final retreat. This fluted
dnite contrasts with the moraines which contain kettle
holes and the hummocky roraines which indicate that the ice
flow died in the tributary valleys. The fluting originates
in the head of the Narcissus Valley and does not extend
towards Du Cane Gap. This suggests that the high

Geryon-Acropolis snowfence rather than continued ciffluence
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through Du Cane Gap lies behind the comparative longevity of

the Narcissus Glacier

A further small area of fluted drift forms the southern
shoreline of a 1lake several hundred metres north-east of
Lake Sappho on the Central Plateau. This fluted drift

indicates that the ©plateau 1ce <cap also remained active

during its retreat.

B Non-glacial deposits

(i) Slope deposits

Solifluction Aeposits mantle many of the slopes outside the
Cynthia Bay 1ice limits but are scarce within those limits.
They reach a depth of é m on the upper slopes of the Bedlam
Wall ridge. These deposits consist of fragrents of local
bedrock or clasts up to 2m or more in size that have been
reworked from till and occur in a silty clay matrix. They

have moved over slopes of as little as 8°

Slab toppling has produced extensive block slopes beneath
many of the free faces. Such deposits are best developed on
Mt. Olympus but also occur at Walled ‘liountein and on the
western flank of Mt.Hyperion. They are nrnost extensive
beneath re-entrants in the clifflines. On the northeastern
flank of Mt. Olympus large imbricate and joint-bounded
blocks can be visually matched with one another. Elock
accumulations which appear to be the result of slab teoppling
are moderately common in steep terrain which hes been eroded

by glaciers.
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Toppling is uncommon within the limits of the Bedlan V\all
phase and is virtually absent within the Cynthia Bay ice
limits. However, tongues of very large joint-bounded blocks
extend steeply to the valley floor from broad block
accumulations high on both sides of the upper Cephissus
trough. These blocks are believed to represent topples that
collapsed forward as the ice withdrew, together with sone
talus that was deposited against the ice margin. tnother

talus that was deposited in contact with the ice occurs at

1260 m on Mt. Gould.

Rockfall talué has accumulated in many localities.
Mechanically shattered bedrock forms a mantle up to 1 m
thick on the northern end of the Bedlam Wall ridge and 1is
probably the result of frost wedging during the Cvnthia Bay
phase. Processes of rockfall from high dolerite <clifflines
commonly involve toppling to some extent, but smaller
amounts of material are moved in each event, {ragrments of
columns are widely dispersed and the prismatic form of the
dolerite blocks is seldom preserved. Accumulations of this
kind beneath the cliffs of Mt. Olympus lie at a gradient of
20-30 degrees. There is little freshly broken rock on the
surface of the Mt. Olympus apron. Rockfall talus and sone
joint-bounded blocks dominate the lateral moraine north of
Lake Helen but few rockfall deposits are present within the

ice limit it defines (Figure 4.5).

The toppled blocks on the eastern wall of the Cephissus
trough are overlapped on the eastern side of the trough by

tongues of much . smaller calibre rockfall and avalanche
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talus. Similar deposits also occur beneath the cliffs of
Mt. Geryon in the Narcissus Cirque, A large rockfall
deposit on the south~western slopes of Falling Mountain is
associated with abrupt topple-like failure of a glacially
oversteepened slope within the ice limits of the Cvnthia Bay
phase (Figure 4.3). The base of the collapse rests upon
sediments underlying the dolerite which suggests that

failure of the sediments has brought about cambering (Caine,

1982).
(ii) Alluvial, peat and dune deposits.
Up to 1.5 m of alluvial silt that contains fragrnents of

charcoal has accumulated as overbank and levee deposits on
the Pine Valley plains and forms a small delta where the

Narcissus River discharges into the northern end of Lake St.

Clair. The silts reflect a change from an environnment in
which vigorous meltwater streams carried rmechanically
weathered materials from an unstable landscape to an

environment in which vegetation was present and the products
of predominantly chemical weathering were transported by a
less vigorous streamflow (Tricart and Cailleux, 1972).
Organic-rich silt up to 1.8 m thick occurs in severzl rock
basins in the Labyrinth, west of the lakes in the llelen and
Enone cirques on t. Olympus. A core from the smaller of
the tarns at 1070 m  on the Gould Plateau revealed 85 cr of
organic-~rich silt that overlying rinerogenic sile.

Fragments of Athrotaxis selaginoides at the base of the

organic-rich silt indicate that the ice had withdrawn and
the landscape had stabilised sufficient for vegetation to

develop prior to its deposition.
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Minor paludal deposits have accumulated with fibrous peats
on the button-grass plains. Glacial sands have been worked
into beaches around parts of the shoreline of Lake St.
Clair, most notably at the Frankland Beaches at the southern
end of the 1lake. Dunes up to 4 m high have been
constructed by aeclian action behind the southern beaches in

response to northwesterly winds down the length of the lake

during the Holocene.

DATING AKD DISCUSSION
Radiocarbon asgay of charcoal fragments obtained fror 20 cm,
above the base of 1.3 m  of deltaic silt that overlies
glaciofluvial sediments near the mouth of the &tarcissus
River indicates that the silt began to accumulate prior to

7650 +- 250 BP (SUA 2079). The fragments of Athrotaxis

selapginoides at the ©base of the organic silt in the Gould

™

Plateau tarn have been radiocarbon assayed to 7920 +- 250 bP
(SUA 2080). Evidence from elsewhere in the state suggests
that deglaciation was complete well prior to this time

(Macphail and Peterson 1979).

The rockfall deposits at Falling Mountain lie within the ice
limits of the Cynthia Bay phase and in some areas the ground
is freshly disturbed. This indicates that the site renains
unstable. Otherwise, apart from small fragments which have
accumulated due to minor rock and snow avalanche activity
around Mt. Geryon there is 1little evidence of sigificant
rockfall today. Rockfall deposits are scarce within the

Cynthia Bay ice limits, however a considerable amou-t of
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rockfall material has been reworked into moraines on Mt.

Olympus. This suggests that the main phase of rockfall

activity predates deglaciation.

The postdepositional data suggests that the glacial deposits
as far downstream as the Cynthia Bay moraines do not differ
significantly in age. All have highly immature A Cox Cu
soil profiles (Birkeland, 1984). The average thickness of
dolerite weathering rinds 1is less than 2 mm (table 4.2),
The solifluction deposits occur almost exclusively outside
the Cynthia Bay ice limits and are weathered to a comparable
degree. This- suggests that they are approxinmately

equivalent in age.

Moraines that abut talus 1 km. south of Lake St. Clair and
in the Lake Helen cirque delineate the maximum extent of ice
during this glaciation. The Derwent Glacier extended 27 kn
from its headwall in the Du Cane Range. Fresh rock
300m. abeve the valley Heov
crevasses and ice abraded surfacespa on the Gould Plateau
indicate that the ice was 300 m. thick west of this point.
Diffluent dice from the Derwent Glacier passed through two
cols north-west of Mt, Olympus into the head of the Cuvier
Valley wuntil the end of the Peninsula phase. This ice
surplus existed partly because the Derwent Glacier was
supplemented by a difffluent 1lobe of the Mersey Glacier

which flowed through Du Cane Gap at the head of the

Narcissus Valley.

The regular spacing and 1limited evidence for shearing

suggests that the moraines upstream of the Cynthia Pay
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terminal moraine are retreat features. However, insuffient

sections are available to confirm this impression. The ice
surface gradient declined eastwards near the southern end of
the St. Clair trough which suggests that the glaciers that
descended 1into the trough around MNt. Ida were of lesser
significance as sources of ice than were the valley-head
cirques. Indeed, only a comparatively small part of the ice
cap is ever likely to have drained inte the Derwent (cf.
Derbyshire 1963). Ice retreat to the Rangers Hut limit wvas
brought about largely through the decline of the Central

Plateav ice <cap which resulted in a halt to the passage of

jce from the Mersey Valley into the Derwent.

Some slab topple deposits occur locally within the Cynthia
Bay ice limits, In these cases toppling appears to have
been a response to withdraval of the supporting ice rargin.,
However, most of the slab topple deposits at the foot of
Walled Mountain and Mt. Hyperion lie outside the ice lirits
of the Cynthia Bay phase, during which time toppled blocks
were reworked into moraines on Mt. Olvmpus. This indicates
that the main phase of toppling predates the Cynthia DBay

phase.

The clay-rich B horizon of the soil developed on the Bedlanm
Wall till is consistently at least three times thicker than
in any of the subsequent tills. This indicates that the
Bedlam Wall Hit\ & considerably older. On the otner
hand the dolerite weathering rinds are little thicker than
in the subsequent tills (Table 4.,2). During the Bedlar vell

phase ice extended well south of Lake St. Clair, A talus
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that accumulated in contact with the ice on the

north-eastern shoulder of Mt. Gould at this time indicates

that the Cephissus Glacier was at least 400 m. thick =zt this

point.

Equivocal erosional evidence suggests that during a very
intense ©phase of glaciation the sumnit of W%Walled Mountain

(1410m) and many of the summits of the Du Cane Range were

over-ridden by ice. Some summits appear to have been
nunataks, including The Acropolis' eastern ridge and Nt.
Gould. The glacial deposits generally appear to occur

within previously ice-eroded landforms rather than to define

the limits of the ice which was responsible for the erosion.

The development of moraines of Thule-Baffin type at Lake St.
Clair reflects the slightly <continental <character of
glaciation in this area. These moraines <contrast starkly
wvith the broader and more massive moraines that occur
further down the Derwent Valley. No moraines of
Thule-Baffin type have been recorded in the nore raritire
areas nearer the west coast. An extensive tract of fluted
moraine in the wupper Narcissus Valley indicates that the
Narcissus Glacier remained active even during its final
rTetreat. In contrast to this, the other tributaries valleys
contain small end moraines and hummocky drift which suggests
that the ice there became inactive and decayed in situ.
This indicates that the high Geryon-Acropolis snowfence and
the shading from the afternoon sun that it offerred were
critical factors during the Stoney Creek phase. Erosional

scallopping of .this part of the Du Cane Range snowiernce
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confirms its importance in this regard.
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chapter five:
THE CUVIER AND HUGEL VALLEYS.
" In the Cuvier Valley I was struck.... by the similarity to
the terminal moraine of a glacier presented by an enormous
accumulation of boulders which chokes the lower end of the
valley."

- Charles Gould, 1860 Government Geologist

The Cuvier River rises from Lake Petrarch, a shallow moraine
dammed lake 1.5 km 1long that lies on the St. Clair Surface
(Figure 5.1). Evidence from the Lake St. Clair areca
indicates that ice spialed into the head of the Cuvier
Valley through two cols north of Lake Petrarch and that some
of the Cuvier ice passed back into the Lake St. Clair trough
through a «c¢col on Mt. Olympus (chapter five). The steeper
Hugel Valley originates in cirques on the slopes of Mt Hugel
(1397 m) and Mt, Rufus (1416 m). The Cuvier and Hugel
rivers are confluent at Watersmeet near the southwestern
extremity of Lake St., Clair. For convenience, the evidence

from a small valley which adjoins the southern margin of the

Hugel Valley is also presented here (Figure 5.2).

EROSIONAL LANDFORMS
A. Glacial erosion:
The two largest cirques occur at the heads of the Cuvier and
Hugel wvalleys. They are incised into Permo-Triassic

sediments but possess steep upper headwalls forned of
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Figure 5.3 The glacier-scalloped eastern slopes of Mt,
Rufus (left) and Mt. Hugel, viewed from the southern end of

Lake St. Clair. The prominent cirque is Sunrise Hollow.

Figure 5.4 Sunrise Hollow, an immature cirque that is inset

into the valley-head cirque at the head of the Hugel River.
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Diffluence cols occur at the head of the Cuvier Valley
between Mt., Cuvier and Mt. Byron (Cuvier Gap, 1010 m ) and
between Mt. Byron and Mt, Olympus (Byron Gap, 1010 nm ).
Both of these appear to have exploited faults while stoss
and lee features indicate that both conducted ice into the
Cuvier valley from the north, West of Lake Petrarch lie the
Alma (850 m) and Franklin (1030 m) cols through which ice
flowed out of the Cuvier Valley. A further «col 1.5 km

south-east of Mt. Olympus also exploits a fault and is
incised through the dolerite into the Triassic rocks (Figure
5.5). Ice smoothed bedrock on the walls of this col
indicates that up to 100 m of ice flowed out of the Cuvier

Valley into the Lake St. Clair trough.

The crest of the Little Hugel ridge is intensely shattered,
probably by frost action. This suggests that it remained as

a nunatak during at least the most recent phases of

glaciation.

B. Glaciofluvial erosion:

Glacial meltwater channels have been formed 1in both drift
and bedrock. Several ©bedrock meltwater channels occur in
the Hugel Cirque, notably in the area below the Rufus-Hugel
col. The Hugel River flows through a steep and rocky gorge

below an end moraine at 930m.

Near the head of the Cuvier Valley a thalweg meltwater
channel up to 4 m deep and probably of subglacial origin

occurs below Byron Gap. A series of Triassic sandstorne



159
benches on the north-western shoulder of Mt, Olympus have
probably been exposed by meltwater erosion. These trend
obliquely down towards the Cuvier, the largest of them
probably exploiting a fault for part of its course. Many
channels have been cut into drift south-east of Mt. Olympus.
Others plunge downslope from the crest of the Mt. Olvmpus
ridge towards the mouth of the Cuvier Valley. Large
semi-circular depressions up to 50 m in diameter occur at
the head of the largest of these. The meltwater responsible
appears to have been generated from the Lake St.Clair side
of the ridge. This indicates a glacial hydrological
gradient from the Lake St. Clair trough to tht?%uvier Valley
and therefore indicates thicker ice and a higher ice surface

in the Lake St. Clair trough at this point.

C. Non-glacial erosion.

Bold free faces are conspicuous features of the Cuvier-Hugel
area. Many of these have been initiated by glacial action
but have .been maintained and sometimes enlarged by
non-glacial processes, the most significant of which has
been slab-toppling. \Rock crevasses‘and dilation trenches up
to 50 m wide parallel the margins of the Hugel Cirque and
are also present at Mt. Olympus. These delineate large
slabs that have not vyvet become totally detached fron the
hillside. The absence of freshly broken rock and disturbed
ground indicates that these features are presently stzble.
Only incipient joint dilation is apparent above Sunrise

Hollow which suggests that the main phase of toppling

predates deglaciation of this cirque.
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Figure 5.5 Ice flowed out of the Cuvier Valley into the
i from
Lake St, Clair trough via the Olympus col, viewed here
i hich
Little Hugel. The glacial tind beyond is Mt. Ida, whi

i . Clair.
rises above the eastern shoreline of Lake St :

overleaf .

Figure 5.6 Principal ice limits in the Cuvier and Hugel

Valleys.
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Abundant erosion by rockfall has taken place in the Hugel
cirques and beneath the clifflines on Mt. Olympus. Little
freshly broken rock is present which suggests that 1little

rockfall activity is occurring today.

A few small nivation hollows are ©present on some upper
leeward slopes. One of the largest of these 1lies 150 m
north of the summit of Mt.Rufus. This is an elongate hollow
which extends for 30 m across the slope and has a headwall
8m high. The ©process of nivation appears to still be

moderately active.

Postglacial streams have commonly inherited channels which
were originally cut by meltwater. Since deglaciation a
trench barely 2 m deep has been incised through the moraine
wvhich bounds the East Rufus Cirque. Postglacial fluvial
erosion has brought about only limited modification of the
former 1landscape. A series of 5 m high sandstone tors
known as the Sphinx Stones have been formed by weathering on

the northern shoulder of Mt. Rufus,

DEPOSITIONAL LANDFORMS AND SEDIMENTS
Several ©phases of successively diminished ice extent can be
distinguished in the Cuvier-Hugel area (Ffigure 5.6). The
record is best preserved in the gently sloping terrain of
the Cuvier Valley and is discernible to a lesser degree 1in

the steeper and more heavily vegetated Hugel catchment.
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(i) Olympus and East Rufus Moraines.

The steep walls of the Cuvier Valley have generally
precluded the preservation of lateral moraines subsequent to
the withdrawal of the supporting ice margin. This has
resulted in extensive block-strewn slopes on the
south-western flank of Mt. Olympus below 1100 m. These were
referred to as the "lower talus unit" by Derbyshire (1973)
who suggested that the boulders may represent rock glaciers
which descended from Mt, Olympus. Derbyshire was prevented
by the heavy vegetation from examining the deposits in
detail but a severe wildfire has since occurred at this
site. The position of this talus which accumulated in
contact with the ice implies an ice thickness of about 160
m over Byron Gap, 260 m at Lake Petrarch and in excess of
100 m near the valley mouth, This would have been
insufficient to have.permitted the ice movement through the
Olympus Col which must have ©occurred during an earlier
phase. However, it was sufficient to maintain the flow of
ice out of.the Cuvier Valley through the Alma and Franklin

cols.

The outermost and highest 1lateral moraine in the Hugel
Valley is perched upon the ice-smoothed southern rim of the
East Rufus Cirque. Originating at about 1370 =n anad
standing over 100 r above the floor of the «cirque this
moraine can be traced eastwards for over 3 km. Although
dominated by dolerite clasts the till ~contains a large
proportion of hornfels derived from the sedimentary Tocks at

the base of the dolerite sill.
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Fragments of a dense grey basal till are a particularly

noteworthy component of this moraine. These occur as
discrete clasts within the body of the moraine. The till
consists of dolerite fragments of low to moderate sphericity
and moderate angularity together with some quartz granules
in a tough matrix which varies in colour from light grey
(2.5 Y 6/1) to 1light yellow (2.5 Y 7/3). The highly
lithified condition of this material must have been achieved
prior to its incorporation as clasts in the moraine. This
implies an earlier phase of glaciation and is consistent

with the stratigraphic position of the Nive Till, a very

similar deposit that is described in chapter ten.

The East Rufus Moraine implies the existance of a large
glacier over 4 km wide and nearly 300 m thick which filled
the entire Rufus-Hugel amphitheatre, with Little Hugel
standing as a nunatak amid the confluent ice of the Hugel

and Cuvier glaciers.

(ii) Watersmeet Moraines

A major complex of latero-terminal moraines of Thule-Baffin
type (Embleton and King, 1975) was constructed by the
expanding lobe of the St. Clair Glacier as it emerged from
the glacial trough east of Mt. Olympus. Expansion of this
lobe into the mouths of the Cuvier and Hugel valleys means
that the alignment of the end moraines from those valleys
parallels that of the moraines deposited by the St. Clair

Glacier.

While it is difficult to discern any well defined moraines
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low down in the Hugel Valley a small series can be
recognised in the Cuvier. An important feature here 1is a
large moraine 38 m high with an irregular crest about
200 m broad. This probably originated in a medial position
between the St Clair and Cuvier ice. Subsequent end
moraines of the Cuvier Glacier are stacked against it. The
descent of a meltwater <channel from on top of the Mt,
Olympus ridge to the foot of the most upstream of the Cuvier
moraines 1implies that the ice in the St. Clair trough still
stood at least 110 m higher than the floor of the Cuvier
Valley subsequent to the withdrawal of the Cuvier ice from

Watersmeet. A moraine which was subsequently constructed by

the St, Clair Glacier now blocks the mouth of this channel.

The greater energy of the St. Clair Glacier at this point is
reflected in the higher proportion of local sandstone clasts
(26%) in the till deposited by the St. Clair Glacier
compared to the tills deposited by the Cuvier ice despite
the identical bedrock environments at Watersmeet (Table
5.1). About 95%Z of the <clasts in the Cuvier till are
dolerite which haw been derived from further upvalley.
Comminution of the Triassic rocks appears to be fairly
rapid. While some slabs of sandstone have moved downslope
and been carried upon the ice surface large sandstone clasts
appear fote rare within the body of the moraines. This suggests
that the lateral moraines are formed of material that was
involved in a relatively large degree of lateral moverent of

comminuted englacial debris.
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(iii) Moraines in the Hugel Valley

(a) Hugel Track Moraines

A prominant lateral moraine at 800-920 m to the south-east
of Little Hugel was deposited wupon a rock ridge which
increasingly divided the Cuvier and Hugel glaciers as
lowering of the ice surface proceeded. On the southern side
of the valley a moraine can be traced from about 840 - 940
m. It remains undissected by stream erosion. Some of the
ice in the East Rufus Cirque was ©probably deflected by a
bedrock knob into the Hugel Glacier, which covered around 12

square kilometres at this time.

(b) Hut Moraines

A sharply defined lateral moraine extends downslope from the
East Rufus Cirque at about 1140 m, At the time this moraine
was constructed the East Rufus Glacier was independant of
the main Hugel ice. The main part of the East Rufus Glacier
was at least 1.5 km long and up to 80 m thick. That the
ice in the main Hugel headwaters was much diminished is
shown by end moraines at 920 m above a valley step along
the MHugel River and also by a series of moraines which
border the most easterly cirque in this series. Hurmmocky
drift was subsequently deposited within the confines of
these moraines, together with some silt deposits about 3 km

east of Mt.Hugel.

(c) Shadow Lake Moraines
Shadow Lake, a small tarn on the lithological bench that
floors the main Hugel amphitheatre, is impounded behinc

small end moraines that lie to its east and south, and also
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by hummocky moraine. Immediately to the east Forgotten
Lake, a partial rock basin, lies behind a moraine capped
rock ridge that had emerged to divide the ice body below
Little Hugel from the Hugel Glacier. The most recent
lateral moraine can be traced back to Sunrise Hollow.
Abundant very angular blocks indicate that this moraine has

a significant protalus component further upslope.

Proglacial gravels, sands and silts appear to have been laid
down wupon the ©bench beneath Sunrise Hollow at this tinme,
The continued existence of Shadow and Forgotten 1lakes
implies that no major phase of erosion that generated
sediment took place on the headwalls after the lakes had
been exposed by the retreating ice. The greater persistance
of ice in this tributary position probably resulted from
more adequate shading and a rather more favourable

accumulation area on the snowfence than existed at Sunrise

Hollow.

(iv) Moraines in the Cuvier Valley

Ground moraine covers the floor of the Cuvier Valley for
about 5 km wupstream from the Watersmeet moraines. Much of
this terrain is thinly veneered by glaciofluvial deposits.
East of the river lie poorly developed hummocky woraines
with some kame and kettle features. Shallow sections that
have been incised by creeks in this area, reveal waterlaid
deposits among the till. A lack of distinct moraine ridges

suggests that the glacier was retreating at a fairly uniforn

rate when these deposits were laid down.
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(a) Middle Cuvier Moraines.

A major end moraine complex occurs about 2 km. downstream
from Lake Petrarch., This rises about 100 nm above the
valley floor and extends to within about 500 m of the lake.
It stretches across almost the entire valley except where it
has been incised by meltwater channels (figure 5.7). The
considerable bulk and general form of this moraine conmplex
suggest that it was deposited over a considerable period of
time when the ice front approximately maintained this
position. Retreat to this point may have occurred in
response to the severing of diffluent idice flow from the
Cuvier and Byron cols. With the decline of the ice surface,
diffluence of the Cuvier ice through the Franklin and Alma

cols would have also ceased.

Dolerite is the dominant lithology in this till (Table 5.1).
Outwash sand and gravel from this ice front has inundated
swales and produced a veneer on the more downstream
moraines. -Occasional lag boulders occur on the plains.
Dolerite dominates in all grades larger than granules. Beds
and lenses of fine sand and gravel occur in the southern

part of the valley.

(b) Lake Petrarch Moraines

b series of small moraines are stacked against the “iddle
Cuvier complex «close to the southeastern end of Lake
Petrarch, Outwash gravels occur along channels through the
earlier moraines. The amplitudes of the moraine ridges are
generally 1less than 15 m. Their surface forc is fairly

sharp with well ‘preserved meltwater channels and a few
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Permian & others

Vicinity No. 7 13 16 18

%
dolerite 93.0 96.0 50.0 100.0
quartz 4.2 2.0 10.0 -
Triassic sandstone 2.8 2.0 29.0 -
- - 11.0 -

Table 5.1 Lithology of glacial deposits in the Cuvier

and

Hugel valleys. Site locations are indicated on Figure 5.1.
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probable kettle holes present. Shallow sections along the
Cuvier River reveal ablation till with numerous angular

boulders of dolerite and some sandstone underlain in places

by basal till, as at the western end of the Lake Petrarch

beach.

Upstream from Lake Petrarch the end moraines rapidly give
way to ground moraine and hummocky moraine. The hummocky
moraine often consists of sharply conical mounds up to 6 m.
high and numerous kettle holes. Derbyshire (1963, 1967) has
noted that the steepest slope angles are attained where the
boulder content is high, and argued that this morphology 1is
the product of slow, 1in situ decomposition of thin and
inactive ice. IMany of the clasts are angular to subangular
and the mounds represent the inversion of deposits that were

formed in former holes in and beneath the ice.

Upstream of a poorly defined end moraine about 1.2 km
north-west. of Lake Petrarch the hummocky moraine resumes
with abundant waterlaid gravels, minor fault structures and
some slumping in the melt-out till which is exposed along
the banks of a creek south-west of Mt.Byron. Massive silty
clay deposits more than 2m thick occur near the head of the

Cuvier Valley.

B. Non-glacial deposits.

(i) Slope deposits

Solifluction deposits are widespread on slopes that were not
swept clear by ice during the most recent glacial phases.

This material has moved down slopes of as little as 59 but
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is presently inactive. Small solifluction terraces up to 3
m. wide with risers of 50 e¢m occur at about 1220 © on the
East Rufus Moraine. These appear to be inactive despite the
removal of much of the vegetation by a wildfire during the
last decade. The till mantled slopes to the south have been

smoothed, probably by solifluction and slopewash.

Periglacial nets up to 110 cn in diameter occur further
east along this ridge and also appear inactive (Figure 5.8).
However small nets about 20 c¢cm in diameter within the East
Rufus Cirque and small solifluction lobes up to one metre
wide with risers of up to 15 cms on the northern slopes of

Mt. Rufus both appear to be actively forming.

Lobes of ©blocks that extend down the eastern flank of HMt.
Olympus (Figure 5.7) were recognised as rock glaciers by
Derbyshire (1967, 1972). They are generally broader than
they are long, and are equivalent to the lobate rock
glaciers of Wahrhaftig and Cox (1959). The apparent absence
of any remnant matrix in morphologically contiguous deposits
supports Derbyshire's suggestion that interstitial ice
rather than a saturated earthy matrix facilitated their
flow. Derbyshire considered these to be ice-cemented rock
glaciers in view of the general absence of any evidence of
ice accumulation which might have nourished an ice core. In

most cases their lateral transition into normal block slopes

(White, 1981) and their position beneath a free face
supports this interpretation. However, one of the rock
glaciers has developed beneath a «cirque. Herce, the

possibility of an initial ice core must be kept open in this
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case. White (1971) ©provides evidence that as an ice core
decays movement may be maintained by interstitial ice wuntil

the characteristics of an ice cemented form (Potter, 1972)

are assumed.

Slab toppling is the predominant mechanism of slope retreat
in the high dolerite terrain and has produced extensive
block slopes around the Mt, Olympus plateau. Toppling has

also been involved in the accumulation of the talus beneath

Little Hugel.

Rockfall talug occurs on the southwestern side of the Little
Hugel ridge. Some large prismatic blocks are present but
the deposit is dominated by smaller frégments. Only rarely
can portions of columns that previously adjoined one another
be identified. The position of this deposit suggests that
it represents a major episode of rockfall that took place as
the ice retreated and ceased to support the steep cirque

headwall.

The protalus that forms a major component of the uppermost
moraines at Sunrise Hollow is less well developed 1in the
East Rufus Cirque where the backwall is less pronounced and
less shattered. Little of this material appears to postdate

deglaciation,

(ii) Alluvial, peat, dune and archaeological deposits.
Alluvial silts have accumulated to a depth of 1 m 1in
depressions on the floor of the Cuvier Valley and on the

benches in the  Hugel Valley. Up to 1 m of organic-rich
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silt overlies minerogenic silt beneath Sunrise Hollow.
Postglacial fluvial sedimentation is also represented by
alluvial fans that extend from Mt, Olympus onto the floor of
the Cuvier Valley near Lake Petrarch and by gravels reworked

from pre-existing glaciofluvial deposits to form shingle

bars along streams.

Fibrous peat has accumulated beneath the buttongrass plains
that cover most of the Cuvier Valley floor and also occurs

on the benches in the Hugel Valley.

The bed of the shallow Lake Petrarch consists of reworked
outwash sand (Figure 5.9). An embankment of sand at the
southeastern end of the lake has been blown onto the eroding

margin of a small cutwash plain (Figure 5.10).

A large prehistoric quarry site exists at an altitude of
nearly 1400 m on the East Rufus JDMoraine. Clasts of
calc-silicate hornfels have been gathered from the till and
used in the manufacture of stone tools by Tasmanian
aborigines. Thousands of tools and waste flakes are
scattered across the surface of the moraine and adjacent
rock ridge. Stone tools have also been found at lower
elevations in the East Rufus Cirque, which may have served
as a reasonably sheltered campsite for groups that visited
the area to quarry the East Rufus Moraine. Isolated flakes

have also been found lower down the Hugel Valley.

DATING AND DISCUSSION.

fs in the Lake St. Clair basin the accumulation of peat upon
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organic-rich silts must postdate the retreat of the ice and

the stabllisation of the landscape as a vegetation cover

became established.

The protalus that forms the uppermost moraines at Sunrise
Hollow and the rockfall and topple talus at Little Hugel
both accumulated during the dying stages of glaciation., The
greater shade offerred by the Little Hugel ridge would have
permitted dice to linger there longer than was the case at
Sunrise Hollow. The Little Hugel talus is not significantly
attenuated along the former ice margin which 5ugge§ts that

the failure of this slope postdated the presence of oany

active 1ice,

Precise correlation of the phases in the Cuvier and Hugel
valleys is difficult due to differences in topography and
complications resulting from the diffluence of Lake St.Clair
ice into the Cuvier. Jllummocky moraines at the head of the
Cuvier Valley indicate that the ice was stagnant. A more
elevated and effective snowfence and better shade was
available at the Hugel lakes than at the head of the Cuvier.
Here small end moraines were <constructed by active 1ice
shortly prior to deglaciation. Hummocky moraine on the
outermost part of the bench east of GShadow Lake suggests
that debris-rich ice had earlier decayed in situ following a

significant deficit in the glacier budget.

The massive Middle Cuvier end moraine complex TrTepresents a
major phase during which the snout of the Cuvier Glacier

approximately maintained its position for a lengthy period.
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This complex probably reflects the re-adjustment of the
Cuvier Glacier to its own accumulation resources after

upstream supplementation from the St. Clair trough had

ceased.

Downstream of the middle Cuvier Moraine 1lies an extensive
tract of ground moraine that was laid down during a 5 km
retreat., The failure to isolate a rTetreat of similar
magnitude 1in the Hugel Valley may simply reflect individual
glacier dynamics and in particular the much diminished
supply of dice in the Cuvier Valley once diffluent flow

through the Byron and Cuvier cols had ceased.

The Watersmeet Moraines form part of the extensive array of
end moraines south of Lake St., Clair. Various lines of
evidence that were presented in chapter four indicate that
these end moraines represent the most recent glaciation of
the St. Clair trough. Given that the VWatersmeet Dloraines
form a benchmark at the mouth of the Cuvier Valley the other
deposits further upstream on the valley floor must be of
lesser age. Confluence of the Cuvier and Hugel ice during
the Watersmeet phase has not been proven, However, any
increase in the size of the Hugel Glacier is likely to have
been matched by a higher ice limit on the edge of the St.

Clair Glacier, leading to confluence of all three glaciers.

There is no evidence of large scale slab toppling within the
ice limits of the Watersmeet phase which indicates that the

main episode of toppling must have predated it.



180

Evidence of earlier glaciation is provided by the East Rufus
and Olympus moraines. Most of the landscape must have been
inundated by confluent ice masses at the time the Fast Rufus
Moraine was constructed on the previously over-ridden arm of
its «cirque. No deposits can be definately attributed to
this phase in the Cuvier Valley, although it is ©possible
that the major talus on the flank of Mt. Rufus was deposited
in contact with this ice. The glacier margin defined by
this talus would have been insufficient to permit the
passage of ice through the Olympus col at which time the
Cuvier Glacier must have been 320 n thick. The rock
glaciers extend below this highest ice limit and must
therefore postdate this phase of glaciation, The
incorporation in the rock glaciers of dolerite blocks that

were derived by toppling indicates that a major phase of

slab toppling followed retreat of this early glacier.

The use of post-depositional criteria (Table 5.2) as an aid
to dating the earliest of the moraines is complicated by the
reworking and collapse of the Olympus moraine and the

uncertainty of its correlation with the East Rufus Moraine.

The moraines on the valley floors all possess A Cox Cu soil
profiles. However, thicker dolerite weathering rinds occur
in the Middle Cuvier complex than at either end of the
valley. As this site appears no better drained than many
others the only apparent site difference which might account
for this is the presence of Nothofagus forest on the Middle

Cuvier Moraine.
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Only the Olympus and East Rufus moraines can be of greater

age, both lying high on the valley walls. The consistently

thicker rinds at these two sites sugpgests that a

considerable age difference is involved. In addition, the
chemically weathered sandstone tors known as the Sphinx
Stones that lie on the northern shoulder of Mt. Rufus are
located within the probable ice limits of the East Rufus
phase and may not have survived nor had time to redevelop

had the site been eroded by a glacier during the late Last

Glaciation.

The presence of strongly lithified grey basal till as clasts

within the Last Rufus Moraine points towards a still earlier

phase of glaciation.

Moraines of Thule-Baffin type are confined to the Watersmeet
complex, which is consistent with their deposition by the
St. Clair Glacier and by diffluent ice that flowed down the
Cuvier Valley from the same ice source. The Cuvier Glacier
retreated dramatically once the flow of ice into the valley
head through the Cuvier and Byron gaps was severed. It
subsequently constructed a massive end moraine and later
deposited hummocky drift as the ice stagnated. 'ell formed
end moraines indicate that the ice remained active high on
Mt.Hugel where =shading appears to have been icportant,

Final deglaciation must have been rapid as the Fugel lekes

vere not filled by proglacial sediment.
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chapter six

THE TRAVELLERS REST VALLEY

" Unfortunately we were wunable to traverse the Traveller

Plateau, but from its configuration as observed from Olympus
I feel <confident that signs of glaciation do not exist
there.....it is evident that the glacial theorvy is of no use

here.,"

- Officer (1894%)

The Travellerg Rest River rises {rom the south-vestern
corner of the Central Plateau horst (Banks, 1973b) and
descends steeply from the Lower ['lateau Suriace (known
locally as the Traveller Plateau) to the St. Clair Surface

where it joins the Derwent River (Figure 0.1).

Although some early workers argued that the Travellers Rest
area had not been glaciated (eg. Officer, 1894) a number of
workers have since shown the opposite to be the case.
Erosional landforms, and in particular numerous rock basins
on the Central Plateau east of Lake St, Clair, indicate that
some of the plateau ice moved southwards into the present
catchment of the Travellers Rest River (Clezes, 19.5;
Jennings and Ahmad, 1957). Clemes considered that twvo
glaciers had moved westwards down the Travellers rest
Valley, one of these having originated on the plcteac, the
other having passed through a low col on the St. Clair
Surface from the Clarence Valley to the east. Uerbyshire

(1967) argued instead that the glacial deposits on the St.
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Clair Surface were deposited by a 1lobe of the Derwent
Glacier which had expanded into the mouth of the Travellers
Rest Valley. These issues are reassessed here on the basis

of geomorphological mapping (Figure 6.2).

EROSTONAL LANDFORMS
A Glacial erosion
Jennings and Ahmad (1957) recognised that the erosional
landforms which dominate the western part of the Central
Plateau give way in the south-west to a zone dominated by
depositional landforms. The Travellers Rest River flows
across this -transition with the erosional zone occupying

about 20% in the northern part of the catchnment.

However the exhumation of abraded rock surfaces indicates
that the depositional zone had also previously been subject
to glacial erosion. Backwearing of the fault-line scarp on
the southern margin of the Central Platcau has been assisted
by the passage of ice down the Traveller Valley. Ice
smoothed bedrock also occurs at many points along the
Travellers Rest - Lake St. Clair divide overlooking Lake St.
Clair and indicates that ice previously flowed directly over
the scarp into Lake St. Clair. Erosional rounding and
smoothing of the escarpment slopes south of the plateau and
smoothing of the flanks of the lit. Charles ridge further
south suggests that almost the entire Travellers Frest

catchment may have been affected by glacial erosion.

This area lacks any elevated ridges that could have been

deeply eroded by cirque glaciers. The few <cirque-like
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hollows that exist have all been over-ridden, The
outstanding topographic feature is the Central Plateau
itself which has a subdued surface with a local relief
generally less that 100 m. This low relative relief has
kept the erosional energy of the plateau glaciers low and
ensured that the low snowfences were overwhelmed. The
result is that it forms part of an outstanding example of

wvhat Linton (1963) termed a "knock and lochan" landscape.

The predominant erosicnal landforms are roches
mountonges,ice—smoothed ridges and rock basins. Plucking of
the well jointéd dolerite has occurred on the lee slopes and
often also the side slopes of ridges (Jennings and Ahmnad
1957). It indicates that most of the ice flowed southwards.
At least forty lakes of varying size are present on this
part of the plateau, most of them being rock basins. They
are commonly rectilinear in form and are the result of
erosion by dice which has Dbeen focussed along structural
wveaknesses. One or more of the =shorelines are commonly
ice-smeoothed while the northern shorelines are almost
invariably precipitous., The largest lake is Travellers Rest,
which occupies a small glacial trough., It is 4 krm long and
its northern end is rock girt for 2 km, “oraines that are
initially inset within the trough border the southern half

of the lake and impound its southern end.

An exhumed area of both ice-smoothed and plucked bedrock in
a col at 780 m on the Traveller-Clarence divide indicates
that ice moved eastwards into the catchment of the Xive

River (chapter 10), This 1is confirmed by four sets of



188

striae (87, 90, 106 and 117 °) and supports the contention

of Derbyshire (1971) that glacial deposits in this area were

laid down by eastward moving ice which he considered to be 3
distributary 1lobe of the Derwent Glacier. However, this
site lies 1 km beyond the maximum limits he proposed for

that 1lobe and contradicts his deduction that the ice was

contained by the divide.

B Glaciofluvial erosion.

Many linear meltwater channels have been cut along joints in
the dolerite of the plateauv. The low energy of the largely
underfit presgnt day streams on the plateau demands that
these channels must have ©been cut by large volumes of
meltwater under hydrostatic pressure due to an ice cover.
Some very small ponds and lagoons, generally less than 10 m
long, occupy shallow linear basins that were probably eroded
by meltwater, These basins show little evidence of internal
plucking and are incised below the level of adjacent icc
abraded pavements. Almost all the meltwater channels of the
plateau are cut in rock and were probably dinitiated as

subglacial conduits (Sissons, 1960, 1961; Price, 1973).

The Travellers Rest River flows in a2 V-shaped proglacial
meltwater channel that is cut into the floor of a2 shallow
and verv broad valley that descends from the plateau to the
St. Clair Surface. An earlier marginal meltwater channel
parallels the river from 880 - 800 m. Closer to the St.
Clair Surface a marginal channel occurs between a
latero-terminal moraine on the valley floor and the flany of

the scarp. Other proglacial channels in this area have been
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cut through moraines, with each having a small outwash plain
at its outlet. Broken Leg Creek. flows northwards via a
poorly developed «col gully (Sissons, 1961) through which
meltwater previously passed southwards into the Nive
catchment (chapter 10). The construction of Tibbs Plain
provided a catchment at a sufficiently high elevation to

reverse the direction of flow through the channel once the

ice had receeded.

C Non-glacial erosion.

The dominant &erosional landform of the area is the
escarpment bekween the Lower Plateau Surface and the St.
Clair Surface. This is probably a faultline scarp that was
worn back 1in preglacial times by fluvial erosion and mass
movement processes., The broad and shallow indentation 1in
the plateau rim down which the Travellers Rest River flows
delineates the area most severely eroded by ice and suggocests
that glacial crosion <can have accounted for only a small
proportion of the +total erosion which has taken place

(chapter thirteen).

A contrast exists between <closed joints 1in ice-abraded
dolerite bedrock on the present shoreline of Travellers Rest
Lake and joints which have been etched open to widths of
over 15 mm. on abraded surfaces outside the Cynthia Bay
limits. As the edges are seldom fragmented the majority of
this etching is probably the result of cherical weathering

which would require a considerable period of tire.

Small free faces produced by glacial plucking are widespread



190

on the plateau but there are few free faces elsewhere,
There 1is evidence for only very limited toppling on the
plateau margin east of Travellers Rest Lagoon and 1little

evidence of 1landslides. The modern surface therefore

appears to be stable.

Human activities such as the construction of roads and
excavation of small gravel ©pits have provided erosional
landforms in their own right, while logging and burning on
the escarpment slopes has promoted sheet erosion of the thin
soils, Minor periglacial disturbance of exposed regolith
has followved 'in the wake of some human activities and has
prevented the re-establishment of a binding vegetation cover
in some cases. Small polygonal nets are present at the
southern end of Travellers Rest Lake (Jennings, 1956) and
pipkrake forms each winter in road cuttings on the St. Clair

Surface.

DEPOSITIONAL LANDFORMS AND SEDIMEKNTS

A Glacial deposits

Marked contrasts exist between the small mnoraines of the
Travellers Rest Plateau and more massive moraines on the St.
Clair Surface. The scarp slopes are mantled by bouldery
ablation till which has cormnonly been reworked by slope
processes. The tills may readily be differentiated on the
basis of lithology 1into those that have emanated fron the
plateav and are composed entirely of dolerite, and those
from Lake St. Clair which contain a variety of quartzitic
erratics derived from the Permo-Triassic rocks (Table 6.1).

Several phases of glaciation may be recognised (figure
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Vicinity No. 4 6 10 13
%

dolerite 82.0 67.0 100.0 100.0

quartz 16.0 8.0 - -~

Triassic sandstone - - - -

Permian & other 2.0 25.0 - -

Table 6.1 Lithology of glacial deposits in the Travellers

Rest Valley. Site locations are indicated on Figure 6.1,
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Figure 6.3 Principal ice 1limits in the Travellers Rest

Valley.
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6.3).

(i) Nive Till

A small outcrop of basal till has been exposed during the
construction of a logging track at 820 m about 2.5 km

north-west of the Clarence col (395 383). The till 1is
exposed on the eastern flank of a probable bedrock knob. It
is a dense grey basal till similar to the basal till clasts
that occur in the East Rufus Moraine in the Hugel Valley
(chapter 5). This deposit is best exposed in the Nive
Valley (chapter 10) and is referred to in this thesis as the
Nive Till. The larger clasts within it are generally well
rounded and moderately spherical, but elongate and more
angluar clasts are also present, Smaller angular ©pebbles
occur 1in a sandy-clay matrix. Iron staining has seldom
penetrated more than five centimetres into the surface of
this very compact deposit, and the clasts are generally

unweathered,

This till can only be fragmented by repeated hammer blows
and borders on description as a tillite. It consists
entirely of dolerite clasts which show that it cannot be
part of the Permian tillite and strongly suggests a
provenance on the Central Plateau. No moraines are
associated with this deposit which is believed to be the

oldest glaciial sediment in the area.

(ii) Clarence Col Moraines
Erratics of white quartzite occur in slope deposits at 780

m in the Clarence col and must have been derived from
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pre-existing till deposits. These erratics confire the

erosional evidence that ice passed through this col and that

it was of westerly provenance,

Weathered till forms a lateral moraine immediately west of
the «col. The till extends to an elevation of at least E&0O
m on the northern side of the Mt. Charles ridge at which
point it is overlain by slope deposits. Isolated zones of
red basal till which has a blocky subangular pedal structure
occur within this moraine. The less advanced lithification
of this basal till suggests that it is much younger than the
Nive Till. -During this phase of glaciation abundant

meltwater probably discharged eastwards wvia the Clarecnce

River and southwards via the meltwater channel at Broken Leg

Ck.

(iii) Broken Leg Moraines

A large latero-terminal moraine complex occurs 1.2 knm vest
of the Clarence Col adjacent to Broken Leg Ck. Rock ridges
that extend towards the valley floor at this point suggest
that the complex may be rock cored. The moraine conplex is
convex towards the east, contains numerous quartzite clasts
and appears to mark a major ice limit. The till is well
weathered but cobbles and pebbles of sandstone and rnudstone
remain recognisable 1in some exposures. lleltwater was
discharged eastwards and was impounded between the distal
face of the moraine complex and the Clarence Col (figure
6.4). Dolerite predominates in the coarser fractions of the
outwash. Excavation in the plain east of the moraire crest

revealed over a metre of massive clays overlying outwash
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Figure 6.4 Cumulative curve of moderately well sorted
glaciofluvial <Sediment from adjacent to the Broken Leg

Moraine (after Derbyshire, 1967).

Figure 6.5 Cobbles on the southern beaches of Travellers
Rest Lake have been reworked from glaciofluvial deposits and
attest wave action due to northwesterly winds that have
blown down the 1lake during the Holocene. The Traveller

Range is visible in the background.



197
gravels.

A section close to the moraine face reveals 2 m. of current
bedded sand and silt. Doulders become increasingly
numerous towards the top of this section and some of the
boulders disturb the bedding of the sands. This suggests

deposition in an 1ice «contact situation (Derbyshire,

1968a).

A section in the proximal face of the moraine at 770 m
close to the Broken Leg meltwater channel reveals 1.5 m of
basal till o;erlain by 2 m of rhythymically beddcd
glaciolacustrine sediments capped by 1 m of angular slope
deposits. The glaciolacustrine sediments grade upwards fron
sandy beds at the base to clay. The fine "winter" laver is
dominated by quartz while the <coarser layer <consists of
plagioclase, pyroxene and quartzite, and if these sediments
are true varves they would imply deposition over about 300
years (Derbyshire 1968a). The presence of <cdropstones
indicates that the ice front must have Temained fairly

stable during this period.

(iv) North Charles Moraine

A low but broad end moraine extends across the plairs north
of Mt, Charles, 1.5 km. west of the Eroker Leg complex. Its
crest lies at about 750 m. and once again it rmay be rock
cored. A probable extension of this moraine can be traced
up the escarpment east of the Travellers Rest River to about
840 m. and appears to document the most recent occasion

during which the Travellers Test Glacier was conflucnt with
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the Derwent Glacier. A small outwash plain occurs between
the North Charles and Broken Leg moraines. The till is
moderately well weathered and some small coarse grained

dolerite clasts have been decomposed into QT US .,

(v) Bedlam Wall Moraine

The eastern extension of +the Bedlam Wall Moraine lies a
short distance to the west of the Travellers Rest River and
extends into the Derwent Bridge settlement. It can be
traced discontinuously westward to the main Bedlam Wall
Moraine in the St. Clair area. This moraine marks the limit
of the Derweﬁt Glacier following the retreat of the
Travellers Rest ice from the St., Clair Surface to the
plateau. The till is well weathered with the B horizon at
least 150 cm thick and some argillitic <clasts almost

totally decomposed.

Remnants of a lateral moraine at 840 - 900 m on the scarp
probably indicate the limit of the Travellers Rest Glacier
at this time. Glaciofluvial sands and gravels were
discharged down the Travellers Rest River onto the edge of
the plain between the North Charles and DBedlar Wall

moraines.

(vi) Cynthia Bay Moraines

The outermost of the Cynthia Bay Moraines can be traced
eastwards from the Lake St. Clair area to the edge of the
Travellers Rest catchment. This moraine ridge is narrow,
less than 10 n high and topographically sharp. It forms

part of the array of Thule-Baffin mnoraines that was
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described in chapter four. The till is 1little weathered.
No ice from the Derwent entered the Travellers Rest area

following construction of this moraine.

The corresponding moraine on the Traveller Plateau 1lies a
few hundred metres south of Travellers Rest Lagoon. This
correlation is based on the topographic <freshness of the
moraine and the limited weathering of the till. At least
fourteen end moraines occur on the plateau. Basal till
exposed just south of the lagoon is a dense, fissile, clayey
sediment that <contains moderately well rounded and
unweathered Holerite clasts. Indurated ice contact
glaciofluvial gravels occur on the edge of the plateav a

short distance south of Travellers Rest Lagoon.

(vii) Park Moraine

The Park Moraine documents the withdrawal of the Travellers
Rest Glacier to the southern end of Travellers Rest Lake.
The main Travellers Rest ice separated from tributary ice
that originated in a shallow valley head to the east. Low
relief moraines downstream of Travellers Rest Lake vere
inundated by outwash during this phase, and Travellers Rest
Lagoon was nearly filled by proglacial sediment.

(viii) Mid-lake lMoraine

A low end moraine extends into the Travellers Rest Lake
about half-way along its length. Echo-sounding has revealed
the southern part of the lake to be generzlly less than 10
m deep. Upstream of the mid-lake moraine lies a deeper
basin. The paucity of moraines further upstrean sugpests

that the ice retreated from this position et 3 uniforrlvy
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rapid rate. Glacial deposits are scarce north of this
point.
B Non-glacial deposits

(i) Slope deposits
Almost the &entire Travellers Rest catchment has been
glaciated, with the exception only of the sunrit of Mt,

Charles, Deposits of a non-glacial origin are therefore

limited to those that have accumulated since the retreat of

the ice.

Solifluction déposits are the most widespread nonglacial
sediments. The angular dolerite «clasts in these mantles
have been derived from exposed bedrock on the southern scarp
of the plateau and on the Mt. Charles ridge., In some cases
tills that were deposited on the steep slopes have also
provided a source of debris and it is commonly difficult to
distinguish between reworked till and the periglacial
deposits 1in these areas if erratic clasts are not present.
Solifluction mantles do not occur within the ice limits of
the Cynthia Bay phase but 1 - 3 m of slope deposits

conmonly overlie the older glacial deposits.

Present day periglacial activity is restricted to minor
sorting of small <calibre detritus in patches of bare
regolith on the plateau (Jennings, 1956) and frost heaving

by pipkrake development at lower elevations.

Rockfall talus has accumulated above 850 © beneath the

dolerite clifflines on the crest of the Mt. Charles Ridge.
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(ii) Alluvial, peat and beach deposits

Fluvial deposits 1include coarse gravels that have been
reworked from outwash by the Travellers Rest River.
Alluvial silts have been deposited to a maximum depth of 50
cm by Broken Leg Ck. and other streams that cross the
outwash plains west of the Clarence Col. A wvariable
thickness of minerogenic clay occurs beneath some of these
silts and may be fluvial or niveofluvial rather than

glaciofluvial. Up to 1 m of fibrous peat has accurulated

on the surface of the buttongrass plains.

Beach pravels at the southern end of Travellers Rest Lake
(Figure 6.5) have been reworked from the glacial sediments
by wave action brought about by northwesterly winds that

have blown down the length of the lake during the Holocene.

DATING AND DISCUSSION
The outstanding erosional 1legacy of glaciation in the
Travellers Rest catchment is the wupland of the TIraveller
Plateau with its many rock basins. The Midlake and Park
Moraines that occur on the southwestern edge of this 1ice
abraded ©plain are not represented on the St. Clair Surface
within the Travellers Rest catchment. The surface gradient
of the Traveller Glacier was low at this time and it is
probable that little erosion was achieved. The possible
extension of the glacial trough that contains Travellers

Rest Lake was filled by glacial and glaciofluvial deposits.

The morphological relationships suggest that the outermost
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moraines on the Traveller Plateau were constructed at the
same time as the Cynthia Bay moraines on the St. Clair

Surface

The Bedlam Wall, North Charles, Broken Leg and Clarence Col

moraines mark stages in the retreat of the Traveller lobe of
the Dervent Glacier. The Clarence Col moraines and
associated erratics indicate that initially the ice passed

eastwards through the Clarence Col into the Clarence Fiver

area {(chapter ten).

The Nive Till gccurs beneath the till of the DBroken Leg
phase and must therefore predate it, Although it occurs
within the limits of a distributary 1lobe of the Derwvent
Glacier that extended eastwards through the Clarcnce Col the
Nive Till contains only dolerite clasts. This suggests that
it was deposited by ice which originated on the Traveller
Plateau. This indicates that either the Traveller Glacier
was deflected eastwards on the northeastern margin of the
Derwent lobe, or that it was locally more vigorous than the

Derwent Glacier at the time,

The erosional morphology of the area hints at the occurrence
of an early phase of glaciation during which ice covered
almost all the Traveller Plateau, scarp slopes and St. Clair
Surface, and may have overtopped much of the [lit. Charles
ridge. No depositional evidence has been obtained which
supports this proposition. Glacial erosion seems likely to
have accounted for only a relatively small proportion of the

total retreat of .the scarp which is essentially a preglacial
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landform.

Postdepositional data are presented in Table 6.2. The
Midlake, Park and Cynthia Bay deposits are similar and

represent the most recent glaciation of the area. VWeathered

clasts are found to a depth of no more than 50 c¢n in the
Cynthia Bay moraines where A Cox Cu soil profiles (Birkeland
1984) are the norm. The average thickness of dolerite

weathering rinds din the Cynthia Bay Till is less than 1.8

mm .,

Slope deposits-that occur outside the Cynthia Bay limits and
overlie the earlier tills are comparably weathered to the
Cynthia Bay Till., This suggests that the slope deposits are
of approximately the same age as the Cynthia Bay Till and

that they are periglacial in origin.

Dolerite weathering rinds in the Bedlam Wall, KNorth Charles,
Broken Leg and Clarence Col moraines are twice the thickness
of those in the later tills. The totally decomposed pebbles
of coarse grained dolerite and argillitic clasts that can be
found in these moraines contrast with minimal weathering 1in
the Cynthia Bay Till. There is little difference in the
degree to which the Clarence Col, Broken Leg, North Charles
and Bedlam Wall deposits have been nodified by
postdepositional processes. They are believed to Trepresent

successively diminishing phases of the came glaciatlon.

The dense grey basal Nive Till, exposed on the logging track

2.5 km north-west of the Clarence Col, is a highly
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distinctive sediment and is so well lithified as to suggest
that it is considerably older than the red basal till that

overlies it.

The Cynthia Bay Moraines on the St. Clair Surface are of
Thule-Baffin type and mark shortlived, perhaps annual
positions of an ice front that was wundergoing steady
retreat. The more massive end moraines that occur outside
the ice limits of the Cynthfa Bay phase document long-lived
positions of the ice margin, Rhythymically bedded clavs in
the Broken Leg IMoraine suggest that the margin of the
Derwent Glaciér may have been maintained in the sare
position for <centuries. lHowever, this need not imply that
the glacier was in a steady state throughout this time,.
Muller (1958) has recorded that the Khumbu Glacier on lt.
Everest thinned by 70 m between 1930 and 1956 but that its
snout did not retreat during this period. Hence, a placier
may lose mass without retreating. The greater bulk of the
glacial deposits outside the Cythia Bay ice limits corpared
to the deposits upstream of Cynthia Bay 1is therefore
probably due to the older glacial events having been of

greater duration.
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chapter seven

THE NAVARRE VALLEY

The Cynthia Bay Moraines that form the southern shoreline of
Lake St. Clair (chapter 4) stand on the north-eastern margin
of the Navarre basin at the upstream end of a broad glacial
trough (figure 7.1). The Derwent Trough, which extends
further to the south, is a broad extension of the St, Clair
gplacial trough. At the southern end of the Derwent Trough
lies a subdued moraine and outwash tract where four ice
tongues previgusly coalesced on the St. Clair Surface

between Mt. Rufus and the King William Range (Figure 7.2).

EROSIONAL LANDFORHMS
A Glacial erosion:
The highest cirque in the area lies at 1220 m and contains
the Gingerbread Hut, south-east of lt. Rufus. This cirque
is shallow and broad and is overlooked to the north bv the

East Rufus Moraine (chapter five). Over-ridden cirques and

valley steps occur at 1020 -1040 m in the same valley,
while another over-ridden cirque lies 3 km east of the
summit,

The principal cirque in this part of the king Villiarn Xange
is located on the eastern slopes of Mt. Pitt. It hes a

headwall 180 m. high but no well defined threshhold.

The most striking erosional landform is the Derwert Trough

between Mt. Rufus and Bedlam Vall. The esstern wall of this
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trough is considerably steeper than that to the west because
it served to deflect the St. Clair piedmont glacier
westwards onto the Navarre Plains and hence was subjected to
severe truncation. In addition, the strength of the
dolerite at Bedlam Wall permits the maintenance of a steep
free face which contrasts with the gentler slopes formed on
the weaker Permo-Triassic rocks which form the western wall
of the trough. The western wall was also over-ridden by ice
generated on Mt. Rufus. A smaller glacial trough is present

beneath Mt. Pitt in the King William Range

King William Séddle is a shallow diffluence col on the edge
of the St. Clair Surface. Derbyshire (1967) considered that
ice from the Derwent Glacier escaped westwards through this
saddle into the Franklin River system via the Surprise
Valley. However, the pattern of moraines south of Lake
Dixon in the Franklin Valley indicates that the ice that
flowed through King William Saddle came from the Franlin and

not the Derwent.

Ice~abraded rock surfaces indicate that the arms of the
shallow valleys on Mt. Rufus and also those of the trough
below the Mt. Pitt cirque have been over-ridden. Bedrock at
950 m on the eastern slopes of MNt. Rufus has also been
smoothed and plucked by ice that flowed southeastwards. If
this smoothing was caused by the Derwent Glacier rather than
ice from Mt. Rufus it would imply that the Derwent Glacier
was at least 200 m thick at this point. The northern slopes
of the King William Range give an impression of having been

i 5
ice smoothed below about 880 m while a spur that d%cends
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north-eastwards from the range appears to have been smoothed

below 900 m. The summit of the Bedlam Wall ridge (880 rn) is

also broadly rounded, although shattered tors up to S m

high occur at the highest point. These tors indicate that

the summit was not over-ridden by glaciers during the last

glaciation.

B Glaciofluvial erosion:

Meltwater channels are incised in bedrock downstreanm fron
the high cirques, but the most striking examples of
glaciofluvial erosion occur on the low terrain between the
King William 'Range and Mt. Rufus. As the Derwent Glacier
retreated upvalley this meltwater drainage slipped
progressively down the nose of the King William I ridge and
cut through a moraine belt at the foot of the ridge,. The
Navarre River now flows through this channel. Further east
the Little Navarre River flows southwards close to the foot

of Bedlam VWall and the likely position of a former basal

meltwater conduit. Streams such as Coates Ck. meander
through moraine belts via former proglacial meltwvater
routes.

C Non glacial erosion

Only limited slab toppling is evident in the havarre Dbasin
due to the relatively low relief and low altitude of the
dolerite hills., The low relief has meant that the dolerite
has generally been over-ridden and smoothed rather than
steepened, and the low altitude has meant that even those
areas which were steepened have not been subject to nmajor

periglacial activity subsequently. Free faces formed on
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Permo-Triassic rocks on Mt. Rufus are the result of initial
glacial steepening followed by spring sapping. Minor
solutional sculpturing of sandstone pavements in the form of
pans and runnels is abundant on the slopes of Mt. Rufus and

to a lesser extent Mt. King William I (Figure 7.3).

A few small longitudinal nivation hollows (French, 1976) up

to 15 m wide and several tens of metres long are present

high on Mt. Rufus,

Fluvial erosion has largely been limited to some deepening
of pre—existiﬂg channels formed in unconsolidated sediments
and the stripping of &exposed soil surfaces. It has been
greatly aided by human activities where the regolith beneath
the surface peat has been exposed by bull-dozing, a striking
example of this being the track to the former {ire-spotting
tower on Mt. King William I. Two canals have been cxcavated
for hydro-electric purposes. Both of these have wusecd the
courses of former meltwater channels that discharged from

the margin of the Franklin Glacier into the lkavarre basin.

DEPOSITIONAL !NORPHOLOGY AND SEDIMNENTS

A Glacial deposits

The depositional morphology of the havarre basin is
dominated by an extensive array of end moraines on the lower
terrain, These have been deposited by the Derwent Glacier
which entered the area from the north-east, and by the
Franklin Glacier which breached the present Franklin -
Navarre divide from the north-west. The Gingerbread Glacier

which descended the Navarre Valley from Mt. Rufus and the
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Pitt Glacier from the King William Range also descended to

low altitudes.

The Derwent Trough has been infilled by till and outwash,
the thickness of which is unknown. Early estimates of 120 -
150 m. (Clemes, 1925) and 220 m (Lewis, 1938) seem
excessive in the context of surrounding bedrock morphology ;
a more recent estimate of 45 m (Derbyshire, 1971la) cannot
be confirmed without geophysical investigations which were

not feasible during the present study.

Resolution of.the former ice flow directions 1is sometimes
difficult: the morphology of some of the downvalley moraines
has been modified by meltwater erosion; some low moraines
have been inundated by later outwash; sediments suitable for
fabric analysis are poorly exposed; and the similar bedrock
terrain over which ©both the Derwent and Franklin glaciers
passed means that provenance of the till deposits is
difficult to determine on the basis of lithological evidence
(Table 7.1). Several major ice limits have been 1identified

(Figure 7.4)

(i) Guelph moraines:

The Guelph moraines occur on the northern and north-eastern
slopes of the King William Range and extend southwards 1into
the Guelph Dbasin. These poorly defined and degraded
moraines occur at a higher elevation on the north-eastern
side of the range than they do further west (900 m. vs 860
m) due to the massive discharge of ice from Lake St. Clair.

They extend onto a ridge of Permian sandstone and dolerite
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Figure 7.3 Solution pans formed in Triassic sandstone on

the southern flanks of Mt. Rufus.

overleaf

Figure 7.4 Principal ice limits in the Navarre Valley.
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rocks west of Lake King William. Ground moraine and
hummocky moraine occur north-east of King William Saddle and
on the Guelph-Navarre divide. The moraine morphology
implies that the Derwent and Franklin glaciers were
confluent at this time. It is unlikely that ice from the
Derwent would have penetrated into the Guelph Valley as
local ice that accumulated east of Mt., King William I would
have deflected the Derwent Glacier around the eastern side

of Sawmill Ridge.

. Erratics of Owen Conglomerate occur on the surface of the
Guelph moraiﬂes south of King William Saddle. This is
problematic because no outcrops of this rock are known
further upstream in either the Derwent or Franklin valleys.
Their deposition from the west would imply the eastward
movement across the grain of the landscape for at least 14
km. of a2 massive ice sheet at 1least 500 nm thick. This
would be <contrary to all the other geomorphic evidence
(chapter twelve), The most probable explanation 1is that
these erratics are pre Cainozoic in age, Tillite and
striated bedrock indicate that Permian ice moved eastwards
across the northern slopes of the King William Range (Ahmad,
1957)., The conglomerate erratics on the Guelph moraines are
probably bedouin boulders that were carried eastwards by
Permian ice, reworked from the Permian glacial deposits and
later carried a short distance westwards again by late
Cainozoic glaciers. Permian tillite crops out just east of

the saddle, and Owen Conglomerate occurs as erratics within

it (Ahmad, 1957).
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The provenance of a series of quartzitic erratics at 950 o
on the eastern slopes of Mt. Rufus is uncertain, but if thev

were deposited by the Derwent Glacier an ice thickness of at

least 200 m is implied,.

(ii) Sawmill Ridge moraines:

This moraine «complex is wrapped around the rock ridge west
of Lake King William.These moraines extend discontinuously
around the northern slopes of the King William Range towards
King William Saddle. As the ice receded and the Derwent and
Franklin glaciers ceased to be confluent a broad interlobate
moraine comple? vas laid down across the plains between !t
Rufus and HMt. King William I. It would appear from this
that little if any ice from the Derwent Vallev <could ever
have escaped westwards through King William Saddle (cf.
Derbyshire, 1963). Instead, the Derwvent Glacier was forced
to flow southwards along the eastern side of Sawmill Ridge
by the Franklin and Guelph glaciers. The tills of the
interlobate complex are locally enriched in Permo-Triassic
rocks which suggests that it 1s constructed wupon a TrTock

ridge (Table 7.1)

The end moraines on the southern shore of the havarre &arm of
Lake King William contain meltout tills and some bedded
gravels. These occasionally dip wupstream with the ice
proximal surface of the moraine plastered by red basel till
that has a blocky subangular pedal structure. This suzgests
that the i1ce margin was active and advanced locally over ice

marginal sediments that had already been deposited.
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Meltwater was later impounded between the snout of the

Franklin Glacier and the north-eastern spur of Mt. King
William I. An exposure at 810 n to the east of King
William Creek reveals rhythymites that have been

glacio-tectonically deformed. They are stiffly pliable to

brittle, lightly oxidised, and fragment into small cubes

vhen dried out (Figure 7.5).

A sharp crested lateral moraine bounds the eastern margin of
the Mt., Pitt trough from 1050 - 830 m, This has been

constructed upon ice - smoothed bedrock by the glacier that

flowed down the Pitt Valley.

(iii) Coates Creek - King William Creek moraines:

A low moraine loop extends across the Derwent Trough 4 km

upstream from the Sawmill limit, This moraine forms part of
the interlobate complex south-east of Mt. Rufus. A further
moraine ridge that was deposited by the Fran]in Glacier on
the western side of the interlobate complex north of King
William Creek is probably of -equivalent age. Once the
Derwent Glacier had withdrawn to the Coates Ck. 1limit,
meltwater from the south-eastern margin of the Franklin
Glacier discharged via the channel now occupied by the lower
reaches of the Navarre River. This also carried meltwater
from the Gingerbread Glacier on Mt. Rufus, and from the Pitt
Glacier which may have briefly extended onto the plains

after the Franklin ice withdrew.

These moraines consist largely of meltovt and ablation

tills, and 1in .some cases are constructed upon bedrock
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Figure 7.5 Weathered rhythmites in the Sawmill Ridge

moraine complex east of King William Creek.

Figure 7.6 Large glacial boulder of Triassic sandstone 1in
the Slacker Cirque, Mt. Rufus. Note broad s¢lution runnels
that have developed down its flanks. Solution pans up to 50

cm, wide occur on top of the boulder, which probably dates

from the Cynthia Bay phase.



220




221

ridges., Red basal till occurs in the moraines near Coates

Ck. Angular to sub-angular clasts in much of the ground
moraine suggest that it is primarily of supraglacial origin,
Angular slabs of Triassic sandstone from Mt. Rufus that are
up to 2 - 5 m long occur on the surface of the interlobate
complex. HRummocky moraine occurs north-west of the Navarre
arm of Lake King William on gently sloping terrain that
appears to 1lie on the downvalley side of a bedrock ridge.
This suggests slow in situ melting of stagnant ice which nay
have become detached from the glacier front as it

retreated.

(iii) Little Navarre moraines:

A discontinuous and gullied end moraine extends across the
valley floor between Bedlam Wall and lit. Rufus about 2.5 km
upstream from the Coates Ck. limit. Few sections are
available through the =slopes below the Bedlam Wall ridge.
However, angular surface boulders suggest that local slopc
deposits that were deposited against the ice margin forn a
significant component of these moraines. A broad outwacsh
plain occurs downvalley of the Little havarre loraines,
Protruding large erratics suggest that the glaciofluvial
gravels only thinly veneer the ground moraine in places.
Meltwater escaped via at least three channels through the

Coates Ck. moraines (Figure 7.2).

The Franklin Glacier appears to have retreated steadily
after it withdrew from the XKing William Creek lirmit, but the
considerable bulk of some of the moraines suggests that the

ice front remained active. The moraine remnants on Eurns
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Plains are generally broader than they are wide due to their
having been dissected by meltwater. The Gingerbread Glacier
probably still extended to below 800 m. (Figure 7.6). The
less favourably situated northeastward facing Pitt Glacier
had retreated well into its trough, but continuved to

discharge some fluvioglacial sediment onto the south-eastern

corner of Burns Plains.

(iv) Bedlam Wall moraine:

A subdued end moraine ridge extends most of the way across
the Derwent Trough west of Bedlam Wall. Its crest 1lies at
about 760 m. A small outwash plain is impounded between it
and the Little Navarre moraines. Meltwater from this limit

discharged via Coates Ck. and the Little Navarre River.

(v) Cynthia Bay moraines:

The sequence of end moraines that forms the southern
shoreline of Lake St. Clair extends into the mouth of the
Derwent Trough. These moraines have an amplitude of around
10 m. and successive crests tend to occur 50 - 70 m. eapert,
The highest crests are at 760 m, The outermost Cynthia Bay
moraines document the most recent occasion on which
meltwater from the Lake St. Clair trough discharged into the
present Navarre basin. The principal wmeltwater drainage

route at this time was via the Little Navarre River,

The till is only slightly weathered and at the northern end
of the Bedlam Wall Ridge is overlain by less than 50 cr of
slope deposits derived from the earlier tills that flank the

ridge.
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The Gingerbread Glacier extended no lower than about 900 m

while there is little evidence for any active ice remaining

in the Pitt Cirque at this time.

(vi) Slacker Moraines:

Small lateral moraines and associated hummocky drift occur
in the over-ridden Slacker Cirque (grid ref. (8013)266 345)
on the south-eastern slopes of Mt. Rufus, and a slightly
weathered lateral moraine occurs on the southern arm of the
higher Gingerbread Cirque (263 355). The lower cirque 1is
the more shadéd of the two and the fairly abundant moraines
here contrast with the soliflucted northern slopes of the
Gingerbread Cirgque. This suggests that ice in the Slacker
Cirque remained active longer than that in the more open
Gingerbread Cirque. The cirque 3 km east of the summit
that had previously been over-ridden by ice from the

Gingerbread Cirque was by now ice free.

B Non - glacial deposits:

(i) Slope deposits

Solifluction deposits are the most widespread non-glacial
sediments in the Navarre basin. DBoulders 3-4 m in length
occur in these deposits which have moved over slopes of as
little as 50in a silty-clay matrix. Many of these deposits
include spheroidally weathered boulders that have been
derived from bedrock weathering profiles. Up to 2 = of

solifluction deposit overlies the 1lateral moraine of the

Bedlam Wall phase along the foot of the Bedlam Wall ridge.
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The summit block of Mt. Rufus consists of a severely

shattered remnant of Jurassic dolerite fror which block

slopes extend a short distance downslope. These terminate 1in
ice-smoothed rock ridges. The summit rubble is probably the
combined resuvlt of glacial sapping, dilation and intense
frost action upon a nunatak, However, such ©block
accumulations are likely to have a complex history and may
be the result of freeze-thew action upon bedrock that was

deeply weathered during the Tertiary (Caine, 1966). Linmited

protalus occurs in the Gingerbread Cirgque.

Rockfall talus is present on Mt. King William I where fresh
angular fragments overlie much larger cambered blocks that

have surface weathering rinds of 1.4 - 2.0 mm,

(ii) AlJuvial, peat and archaeological deposits

Alluvial deposits are limited to accumulations of silt in
overbank situations and local topographic depressions.
These seldom exceed 1.5 m in depth on the Navarre Plains
and are generally less than 1 m thick in the swales between
the Cynthia Bay Moraines and in the Gingerbread Cirque.
Fibrous peats have accumulated beneath the Dbuttongrass

plains.

Thousands of aboriginal stone flakes are scattered on the
Fast Rufus moraine (figure 7.7). The clasts from which they
have been struck were quarried from the till. Other
archaeological sites have been found adjacent to the lower
Navarre River (Figure 13.14). Because aborigines obviously

ranged widely over this area the possibility exists that
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Figure 7.7 Aboriginal stone tools have been struck from
clasts of calc-silicate hornfels in the East Rufus Moraine.
This prehistoric quarry is the largest archaeological site
that has been recorded in the study area, It lies on an
exposed and often windy ridge at an elevation of nearly 1400

m.



226

human <carriage of «clasts for the purpose of stone tool

manufacture might be misinterpreted as a reflection of ice

flow patterns. In an attempt to minimise this risk several
factors have been taken into account before clasts have been

accepted as glacial rather than manuports. Clasts have only
been interpreted as glacial where there was no evidence of
human modification such as wmultiple fracturing, bulbs of
percussion or retouch. However, large clasts have generally
been accepted as glacial erratics even 1if working or
associated waste flakes are present, in the belicf that the

aborigines are wunlikely to have <carried them far when

suitable materials are generally wvidespread.

3. DATING ARD DISCUSSION

The deposition of organic-rich silt and the accumulation of
peat postdates climatic amelioration and stabilisation of
the landscape. In the Gingerbread Cirque such silt overlies
soliflucted till at the foot of the Last Rufus liorainc. The
solifluction terraces on this moraine do not appear to be
forming at present despite the limited vegetation cover,
This indicates that these terraces did not form under the
present «climate. The archaeological deposits on the Fast
Pufus Moraine overlap the solifluction terraces but no stone
flakes are exposed in sections that have been cut through
the terraces by running water. This suggests that guarryving
of the moraine by prehistoric aborigines nostdates forration

of the terraces.

The Slacker !loraines indicate that the ice 1in tthe Slacher

Cirque remained . active during deglaciation. Solifluction
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mantles over 1 m. thick occur in the middle reaches of the

Navarre Valley. These suggest that the Navarre Glacier

probably extended no lower than 900 m during the Cynthia

Bay phase. A succession of small moraine ridges forned

south of Lake St. Clair at this time.

The Bedlam Wall lMoraine is the innermost of the style of
massive and broad moraines that occur downstream of Lake St.
Clair in the Derwent Trough. The Bedlam Wall, Little
Navarre and Coates Creek-King William Creek moraines all
mark significant retreats of the Derwent Glacier, but the

mass of material deposited supggests that the ice nass

remained active,.

Morphological criteria suggest that two major lobes of ice
were confluent din the middle of the present Navarre basin.
One of these was the Derwent Glacier which entered the area
from the north-east. The other was the Franklin Glacier
which entered from the north-west, The Franklin lobe
prevented the Derwent Glacier from extending westwards
through King William Saddle and was itself forced 1in that

direction by Derwent ice.

The Derwent and Franklin piedmont lobes remained confluent
until the latter part of the Sawmill Ridge phase, during
wvhich time the ice front had been active. They subsequently
retreated broadly in phase with one another due to the fact
that diffluence through the col at the head of the Franklin
meant that they were both effectively draining the same 1ice

source. An interlobate moraine complex was constructed as



228

they retreated. The Pitt Glacier had been dammed by the

Franklin Glacier during the Sawmill phase but with the

withdrawal of the Franklin ice may have briefly spilled out

onto the margin of Burns Plains.

Erosional evidence suggests that at its maximum the Derwent
Glacier was at least 200 m. thick east of Mt. Rufus, and may
have over-ridden the Bedlam Vall ridge during an early phase
of glaciation. Rounding of the slopes on the King William
Range, if of glacial origin, suggests that at least 50 m. of
ice passed westwards through King William Saddle and that

the dice north-east of Mt. King William I may have been 1060

m., thick.,

The morphological evidence for the Bedlam Wall ridge having
been over-ridden by dice is not supported by depositional
evidence. llowever, despite the apparent absence of ecrratics
the massive extent of the Derwent Glacier at its maxirmum
(see chapters 9 and 12) makes it almost inevitable that
over-riding by ice did take place. Probably this occurred
most recently during the Guelph phase when the ice reached
equivalent elevations on the HKing Villiam Range 7 km

further downstream in a much broader part of the valleyv.

This morphological evidence is confirmed by the pattern of
post-depositional modification of the glacial deposits
(Table 7.2). Soils that have developed on the Ctlacker and
Cynthia Bay moraines have shallow % Cox Cu type profiles.
In contrast, textural B horizons over 1 m. thick occur on

the Dedlam Vall 1loraine, This indicates that the Cynthia
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Post-depositional

modification
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deposits,

Site locations are indicated on Figure 7.1,
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Bay and Bedlam Wall moraines differ considerably in age.,

Because sections through the moraines are generally shallow
it has not been possible to compare the thickness of the
soil profile that has developed on the Bedlam Vall Moraine

with the profiles that have developed on the earlier

moraines.

There 1is a general systematic increase in the thickness of
the dolerite weathering rinds. ‘laximum rind thickness 1in
the Cynthia Bay ‘ltoraines is 6.0 mm but rinds up to 16.9
mm thick are present in the Guelph Moraines. llowever, rind
thickness ingreases in @a progressive rather than stepwise
fashion. The significant age di{ference between the Cynthia
Bay and Bedlam Wall moraines that is suggested by the
comparative degrees of soil development is not reflected by
the weathering rinds. VWeathering rinds in the Sawmill and
Guelph moraines are generally thicker than any that were

recorded 1in the Travellers Rest basin, This suggests that

the Sawmil] and Guelph moraines are older.

Solifluction deposits 1less than 50 cm thick have
accumulated within the Cynthia Bay ice limits. In contrast,
up to 2 m of solifluction deposit overlies the Bedlam lVall

and earlier moraines,

Solution pans formed on sandstone benches on !lit. Rufus also
suggest that the Cynthia Bay and Bedlar Fall phases diffier
significantly in age. The western arr of the Slacker Cirque
was probably ice-smoothed during the Cynthie Eay phase and

solution pans up to 30 cm deep have developed subsequently
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(Figure 7.5). Because pans may deepen only slowly once an
insulating floor of insoluble residue accunulates, pan width
may be a more wuseful measure of age. Pans within the

Cynthia Bay 1limits are seldom more than 30 em wide while

those on the slopes above commonly reach 150 c¢m in width.

Further evidence of the age difference between the Bedlan
Wall and Cynthis Bay tills is available at the Slacker
Cirque on lt. Rufus. Here sandstone tors up to 2m high
occur in an area that undoubtedly was over-ridden by ice
during the Coates Ck. phase but which probably escaped
active erosion by ice during the Cynthia Bay phase. The
presence of large tors on top of the Dedlam W¥all ridge
suggests that a considerable period of time has elapsed
since the crest was over-ridden during the Guelph phase.
The Guelph phase is therefore likely to be of considerable
age. The absence of erratics may be due to the wmidstream
location of Dedlam VWalls with respect to medial moraines on
the Derwent Claciér, or the occurrence of multiple =episodes
of periglacial slope instability since ice last over-rode

the ridge.

In summary, post-depositional characteristics suggest that
the Coates Ck./ King VWilliam Ck. till represents a phase of
glaciation that was separated from the Cynthia Bay phase by
a period of prolonged chemical weathering. The Eedlan Vall
moraines bear greater similarity to the Coates Ck. ceposits

than to the Cynthia Bay tills.

The massive form of the oldest end moraines suggests that
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they document positions of the 1ice margin that were

maintained for lengthy periods. Bedded till in the Sawnill
moraines dips upstream and red basal till has been plastered
upon it. Rhythymically bedded clays east of King Villian
Creek have been glaciotectonically deformed. These
characteristics indicate that the ice margin was active. 1In
contrast, the Cynthia Bay Moraines are narrow ridges that
extend across the valley and document shortlived positions
of the ice margin. liummocky moraines in the Gingerbread
Cirque indicate that the ice in this shallow and open circue

became inactive and decayed in situ.



chapter eight

THE GUELPH VALLEY

The Guelph River drains eastwards from the northern part of
the King William Range (Figure 8.1). It originally joined
the Derwent River immediately upstream of Butlers Gorge, but
its lower reaches and the glacial deposits on the valley
floor have been inundated following the construction of the
Clark Dam and the filling of Lake RKing William. A
bathymetric chart of Lake King William (Peterson and Missen,
1979) enables some interpretation of the topography on the
lake bed (Figure 8.2). Ice from the eastern margin of the
Derwent Glacier coalesced in the Guelph Valley with glaciers
which arose on the slopes of the Xing William Renge. The

glacial geomorphology of the area is presented in Ffigure

8.3.

EROSTIONAL LANDFORMS

A Glacial Erosion

The summit of the King William I massif is an ice abradcd
dolerite plateau. FElevated crests on the plateau have been
little modified by glacial erosion which suggests that only
a thin <carapace of ice was present. Stoss and lee
orientations on bedrock indicate a predominantly eastward
movement of the plateau ice towards the Guelph Valley, but
there are also local indications of novement westward into

the Surprise Valley (chapter twelve).

The leeward eastern slopes of the King William Range have
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—<«— possible moraine

Figure 8.2 Bathymetric chart of the Guelph Basin of Lake
King Willjiam (after Peterson and Missen, 1979). Possible

moraines on the floor of the lake have been indicated.
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been markedly steepened by intense glacial erosion and in

particular by the excavation of numerous cirques. The rmean

orientation of these «cirques is 89° , and this prircarily

reflects the north-south orientation of the range. fost of

the cirques 1lie at valley-heads and are cut in Permian

sediments at the foot of columnar dolerite <clifflines. A

low threshold is common, A number of rock basin lakes

occur, often bounded by a single end moraine as exemplified
at Lake Eva. This contrasts with the general absence of end

moraines at other «c¢irques 1in the study area where no

threshold is present.

Three glacial troughs are present. The northernmost of
these occurs at the head of the Guelph River and contains
Lake George (Figure 8.4). Lake George is a rock basin that
has been extended by the deposition of a moraine barrage at
its eastern end. Bathymetric surveying by Derbyshire (1967)
reveals that the deepest part of Lake George 1is oriented
about 30 degrees more northerly than the main basin (Figure
8.5). This reflects some deflection of the erosion by 3

structural lineament.

The Top End Valley is a further trough that extends from the
head of the Surprise River (chapter twelve) into the Guelph
Valley (Figure 8.6). This narrow defile is over 300 ~ deep
and separates the Mt. King William I massif from the rest of
the King William Range to the south. Shallow valleys that
extend downslope of cirques on both walls of the Top End Gap
have been deflected eastwards as a result of an 1ce strean

which flowed eastwards through the Gap. It is clear {rom
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Figure 8.3 Glacial geomorphology of the Guelph River

Valley. See Ffigure B2 for key.
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Figure 8.4 Lake George (foreground) and Lake King William
from the summit of Mt, King William I. Note the pronounced

lateral moraine on the northern (left) side of Lake George.

Figure 8.5 Bathymetriec chart of Lake George. Interval
between the solid isobaths is 50ft. (15 m.); broken isobaths

are intermediate (25 ft.) (after Derbyshire, 1967).
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this that a considerable quantity of ice that accurulated in
the lee of the Loddon Range at the head of the Surprise

Valley passed through the Top End Gap and supplerented the

glaciers that arose in the King William Range. Some of this

ice also flowed WKW down the Surprise Valley.,

Lake Rufus 1lies in a well developed glacial trough 2 k=
long and up to 1 km wide. The plateauy margin at its head
is severely ice abraded and glacial erosion has left a snall

"Half Dome" hill (Derbyshire, 1¢67). The lake lies in a
rock basin and has been extended by the construction o1 =&
moraine barrag?. It is about 80 m deep (Figure &.7)
(Derbyshire, 1967) and the trough walls rice 200 rn on
either side of it. Lxcavation of this trough has involved
the removal of over 60 million cubic metres of rock. in
some ways the Lake Rufus trough is the most striking pglacial
landform in the study area. Ice smoothed bedrock on rtle

arms of the trough near its head indicates that up to 500 r

of ice accumulated here.

In each case the troughs terminate abruptly al the level of

the St. Clair Surface where piednont ice lobes developed.

The Top End Gap is a diffluence col by rneans of which idce
flowed eastwards from the head of the Surprise Vallev inte
the Guelph Dbasin. A smaller diffluerce col occurs
south-west of Lake Rufus and a nurber of valley sters ui LO
80 m. high are present on the eastern slofes of the Yirng

William Range.
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Ice abraded bedrock is present at the foot of the range.

Derbyshire (1967) reported strise near the south-western

shoreline of Lake King William that indicated ice movement

o )
at 80 907 from the Lake Rufus area towards Butlers Gorge.

Ice abraded bedrock near the crest of Sawnill Ridge has been

frost shattered and has a less fresh appearance than the

abraded rocks that occur on the King VWilliam Range. The
direction of ice movement over Sawmill TRidge 1is uncertain
from the erosional evidence. The bathyrmetric chart of Lake
King William reveals a series of ridges that are aslipned
north-south on the lake floor upstream of the lower Guelph
Gorge, and a steep knoll at the gorge outlet. Abraded rock
ridges that are aligned parallel to these drowned ridges
occur above lake level. This svggests that many of the

ridges beneath the lake that have this alignment are bedrock

rather than moraines (Figure 8.2).

D Glaciofluvial erosion

"eltwater channels have been cut in rock along structural
lineaments in the dolerite of the King William I Flateau,
Other meltwater channels plunge steeply downslope into the
valley heads. The lower Guelph Gorge between !it, “obhouse
and Sawmill Ridge has been deepened by glaciofluvial

erosion.

The outermost moraines on the King Williem Plains have been
heavily dissected by meltwater to an extent that cften
complicates the interpretation of their original rorphology.
Shallow channels that plunge downslope fror the

Guelph-Navarre divide between Mt. King Williac T and Sawvwrill
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Figure 8.6 The
massif from the

Lake Sally Jane

Top End Gap separates the Mt. King William I

southern part of the King William Range.

lies on its northern margin and is impounded

by a moraine.. The view is from the Mt. King William I
plateau.

Figure 8.7 Bathymetric chart of Lake Rufus. Interval
between the solid isobaths is 50 ft. (15 m ); broken
isobaths are intermediate (25 ft.). (after Derbyshire,
1967).

overleaf

Figure 8.8 Principal 1ice 1limits in the Guelph River

Valley,
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Ridge were cut in drift by meltwater from the retreating

Derwent Glacier (Figure 8.3).

C Non-glacial erosion

The broad topography of the Guelph Valley is the result of
fluvial erosion that has been controlled by structural
lineaments. The floor of the valley has been eroded into
Permian and Triassic sediments west of a fault that trends
north-south along the edge of the resistant dolerite spine
of Sawmill Ridge (Gulline et al., 1963, Permian and
Triassic sediments crop out to over 1000 m altitude north
of Lake George but ice smoothed dolerite is present on the
south-western shoreline. This suggests that the valley

which previously existed here may have exploited a fault,

The Top End Gap is developed along a structural Jineanert
which extends east-west through the King William Range and
can be traced eastwards to the lower Guelph Gorge. This
lineament . is of uncertain origin but 1its orientation
parallels that of other troughs and ridges on the eastern
flank of the King William Renge which suggests that it is a
major joint or fault in the dolerite. It opreviously
conducted the main branch of the Guelph River eastward
through the range until headward erosion by the «cirques of
the Loddon Range led to the capture of its headwaters by the

Surprise (Figure 15.8a).

A partly detached mass of dolerite at the head of the Lake
George trough demonstrates the cambering of slab topples on

oversteepened dolerite slopes (Figure 15.13). The margin of



246

the King William I Plateau 1is
i

crevasses and dilation trenches for a

characterised by ' rock

distance of =several
hundred metres south of this point. Some of these trenches
are up to 100 m wide and contain small

serci-pernmanent

ponds.

Rockfall has been a comparatively minor agent of scarp

retreat at the head of some of the troughs, most npotably
above Lake Rufus (Derbyshire, 1967) and on the eastern
slopes of Mt. King William I. Very limited rockfall has

also occurred from some of the steeper residusls on the kLing

William Plateaux and from some partly detached slab

topples.

Nivation hollows are well developed on the King William
plateaux. The largest are seldom more than 20 m wide with
a backwall height of about 8 m. Some of these hollowvs have
developed on solifluction deposits that accumulated above
the level of the plateau ice carapace. Therefore, they must

postdate the solifluction deposits.

DEPOSITIONAL LAWDFORMS AND SEDIMENTS

A Glacial Deposits

(i) Hobhouse Erratics

Quartzite erratics that occur among dolerite slope deposits
indicate that 1ice reached 850 n on the northern slopes of
Mt. Hobhouse (Figure 8.8). In view of the large volure of
ice that was generated on the King Williarx Yange 1t 1s
reasonable to interpret these erratics as deposits of the

Guelph Glacier rather than the Derwent Glacier, deposited at
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a time when the two glaciers were confluent and the Derwent

ice would have extended far downstream of Butlers Gorge

(chapter nine). Part of this Guelph ice would have flowed
eastwards from the Lake Montgomery Cirque (315 160) which
now lies in the Gordon catchment (chapters eleven and

thirteen). The lithology of the clasts in the till exhibits

considerable local variation (Table 8.1).

(ii) Guelph HMHoraines

Degraded moraine remnants occur from lake level to 800 m on
the southern end of Sawmill Ridge and to a similar elevation
on the foot of the ridge that extends towards Sawmill Ridge
from Mt. Hobhouse. These moraines represent part of a
moraine complex that occurs in the Derwent Valley
immediately north of Butlers Gorge. This documents an event
during which the Guelph and Derwent glaciers ceased to be
confluent and retreated 1into their respective valleys
(chapter nine). Till deposits within the area described in
this chapter imply that ice may also have passed eastwards
into the Derwent via two minor cols on the northern end of

the Hobhouse Range.

Quartzite erratics at 790 m on the Guelph-Gordon divide
west of Mt. Hobhouse probably date from this period.‘ They
indicate that diffluent ice from the Guelph would have been
able to over-run the divide and spill into the upper Gordon

Valley via the Gordon Gap (chapter eleven).

(iii) Gorge Moraines

Till that 1is plastered against the western side of the
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Sawmill - Mt. Hobhouse ridge appears to mark a distinct
phase during which the Guelph Glacier was trapped behind the
rock bar at the Guelph Gorge. A small outwash plain was
constructed against the inner margin of the earlier moraine
at the gorge outlet. The steep flanks of the ridge have

militated against the ©preservation of deposits, but some

highly degraded moraines occur on more gentle terrain to the

south of Lake King William.

Degraded moraines also extend onto the Guelph-Gordon divide
and it is probable that a thin lobe of ice about 1 km wide
passed southwérds through the Gordon Gap. A till mantle
below about 800 m indicates that the northern end of
Sawmill Ridge was overridden. Hummocky drift occurs in the

far north west of the Guelph area within this ice limit.

(iv) Long Bay Moraines

The bathymetric chart indicates that a probable major end
moraine extends northwards across the bed of Lake king
William from a degraded moraine on the eastern shoreline of
Long Bay (Figure 8.2). The moraines north of Lake King
William have been severely dissected by meltwater, but
probable continuations of the Long Bay Moraines can be
traced eastwards to the Guelph River and northwards along

the western flank of Sawmill Ridge.

The moraines along the middle reaches of the Guelph River
are arcuate to the north and were deposited by the Lake
George Glacier. The 3ice was most extensive to the south

where the Sally Jane, Top End and Rufus glaciers rerained
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confluent, but ice no longer passed southwards through the

Gordon Gap into the upper Gordon River Valley.

(v) Top End - Middle River Complex

ioraines deposited during this phase imply that the Rufus

Glacier barely reached the present shoreline of Lake King

William and was discrete from the broad confluent lobes that
lay to the north. This phase was also noteworthy for the
construction of a major end moraine over 20 m high and 400
m broad at Lake Montgormery. This now forms part of the
Guelph-Gordon divide and no ice entered the Guelph \Vallev

from this source {ollowing its construction.

The most extensive ice body at this time remained the Top
End Glacier which still extended 5 km eastwards of the
Guelph-Surprise divide, This was the last occasion during
which ice accumulated in the shallow cirque north of Lake
George. Hummocky drift well inside this ice limit sugpgests
that retreat may have been rapid and left stranded masses of
debris-rich ice to decompose 1in situ in a number of

localities.

(vi) Rufus River lMoraines

A complex of topographically fresh and 1little dissected
moraines commences about 1 km downstream of Lake Rufus and
extends westwards towards the lake shoreline. Tresh lateral
moraines occur 2 km east of the Top End Gap and other fresh
moraines occur around Lake Eva and to the north and east of
Lake George. The 1lateral moraine on the northern side of

Lake George has been constructed within the lirmits of 8
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degraded outer moraine which now has little topographic

expression,

Many of the lateral moraines lie within the ice-abraded arns

of the glacial troughs and «cirques, while the terminal
moraines indicate that the ice did not extend any
significant distance beyond the break of slope at the foot
of the range. The glaciers responsible for the construction
of these moraines were generally very short and steep. The
northern lateral moraine of the George Glacier suggests an
ice surface gradient of as much as 160 m/km. Small outwesh

plains were constructed amid the older degraded moraines on

the King William Plains,.

The topographic freshness and limited dissection of these
moraines suggests that they are equivalent in age ‘to the
Cynthia Bay Moraines in the Lake St. Clair area (chapter

four).

(vii) Sally Jane Complex

Latero-terminal moraines just east of the Top End Gap on the
slopes of the King William Range impound a number of small
lakes, most notably Lake Sally Jane (Figure 8.6). These
moraines appear disproportionately large given the limited
extent of the ice,. Older lateral moraine materials
deposited by the Top End Glacier have probably been partly
reworked but it is nonetheless clear from the size of the
moraine that the Sally Jane Glacier was Very active.
Protalus has also contibuted to the moraines at Lake Sally

Jane, quite angular blocks being present just inside the
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crest,

The Sally Jane Complex is represented elsewhere by the

innermost of the cirque moraines that bound the rock basins.
The Top End Glacier had by this time declined from being the
largest glacier in the area to virtually the smallest. The
cause of this decline lay in the continued retreat of the
Surprise Glacier which no longer had a sufficient surplus to
direct ice eastwards through the Top End Gap. Little
sediment has accumulated in the lakes upstream of the Sally

Jane Complex which suggests that deglaciation was oprobably

fairly rapid,.

B Non-glacial deposits
(1) Slope deposits
Solifluction mantles are once again the rmost widespread

non-glacial deposits. These mantles are up to 3 m. thick on

the northern flank of Mt. llobhouse where they overlie
weathered .till and incorporate occasional quartzite
erratics. Argillite-rich mantles over 1 m thick cloak the

upper western flank of Sawmill Ridge.

Few fully detached topples occur on the King William Range,

where most of the plateau margin above the cirques has been

over-ridden by ice during the most recent phases of
glaciation. Small solifluction terraces are developed on
the partly detached topple above Lake George. Bare treads
about 2 m wide are separated by risers 30 - 50 cr high

which support small shrubs. Some primary frost sorting has

occurred on the treads. Small polygonal nets up to 30 cr
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in diameter occur at about 1100 @ elevation north-east of

Mt. King William I on a surface devegetated during the last

decade. Subnival pavements of closely fitted stones (Vhite,
1972) floor some of the nivation cirques on the King William
I plateau. They have probably resulted from block rovement

due to the weight and creep of the snow-pack and frost

heaving (Troll, 1958; White, 1972).

Rockfall talus has accumulated beneath dolerite clifflines
at high elevations on the Xing William Range and Mt.
Hobhouse. A considerable thickness of rockfall talus has
accumulated beneath the summit cliffs of Mt. King William I.
Most of this lies above 1100 m. which suggests that the
upper surface of the George Glacier lay below this level at
the time the talus accumulated. A small protalus rampart is

present in this locality.

(ii) Alluvial, peat and archacological deposits

Swales between moraines on the King William Plains have been
filled by up to 1 m of alluvial sand and silt. Organic silt
has accumulated to depths of 30 cm in ponds that have
formed in dilation trenches on the margin on the King
William I plateau. The silt reaches 60 cn in thickness in
the lagoon at the eastern end of Lake George. Fibrous peat
up to 80 cm. thick has accumulated beneath the buttongrass

plains.

Several archaeological sites (Figure 15.12) record the
presence of prehistoric aborigines who have modified the

form of some surface clasts in the process of ranufacturing
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stone tools,

3 DATING AND DISCUSSION

The youngest deposits are organic-rich silts that have

accumulated inside the ice limits of the Sally Jane

phase at
the head of Lake George and in dilation trenches on the edge
of the King William I plateau. Less than 30 cn of silt has

accumulated on the floors of nivation hollows on the King
William Range. Silt has also been deposited in swales
between moraines on the King William Plains. Archaeological
deposits have been found on the surface of the silt on the
King William Plains. They have also been found on moraines

from which the peat has been stripped.

Small solifluction terraces have developed inside the ice
limits of the Rufus River phase on the partly detached slab
topple that overlooks Lake George. Thick solifluction
mantles only occur outside the ice limits of the Rufus River

phase and must therefore predate the close of that phase.

A small ridge of protalus was constructed beneath the cliffs
of Mt., King William I on an earlier talus thet probably
accumulated in contact with the ice margin during Tufus
River time and locally slipped downslope as the lce
retreated. The protalus must postdate the Rufus River
phase. Protalus also forms a significent part of the cirque

moraine at Lake Sally Jane.

The crest of the partly detached topple zbove Laxe GCeorge

has been smoothed by glacial erosion. This erosion could
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not have been accomplished without collapsing the topple if

it had already been partly detached. Therefore, the

toppling must postdate the Rufus River phase and probably

occurred in response to the retreat of the supporting ice

margin.

During the Rufus River phase the glaciers were short and
steep. The Rufus River Moraines occur inside the ice lirits
of the Top End-Middle River phase. The glaciers forred
separate piedmont lobes on the King William Plains.
Outwash sand and gravel extends from the ice 1limits of the
Rufus River phase along meltwater channels that were erodcd

through the Top End-Middle River and earlier Long Bay

moraine sequences.

The Long Bay Moraines define a major ice limit at a tire
when the King William Range glaciers formed a confluent
piedmont apron. During the Gorge phase the Guelph Glacier
was lodged -behind the rock bar at the Guelph Gorge. The
Derwent and Guelph 1ice was still confluent at this tame

around the northern end of Sawmill Ridge.

The glacial sediments that were deposited during the Guelph
phase 1lie outside the ice limits of the Gorge phacse. They
indicate a more extensive ice cover that inundated much of
Sawmill Ridge. Diffluent ice from the Guelph Valley also
spilled through the Gordon Gap into the upper Gordon

Valley.

At its maximum the Guelph Glacier probably over-rode Sawnill
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Ridge and reached an altitude of 850 n on the northern

slopes of Mt. Hobhouse. A tongue of ice at least 50 r

thick flowed southward into the head of the Gordon PRiver

Valley.

Postdepositional characteristics of the landforms and

deposits is presented in Table 8.2. The Sally Jane and

Rufus River moraines are topographically fresh. The Ton
End-Middle River, Long Bay and Gorge moraines are rounded in
form and have been extensively dissected by stream erosion
and give an impression of greater age. Erratics high on the

slopes of Mt. Hobhouse are the sole remaining depositional

legacy of the Hobhouse phase.

Shallow A Cox Cu type soil profiles have developed on the

Sally Jane and Rufus River nroraines. llowever, the Cox
horizon reaches a depth of at least 1.5 m in the Top
End-Middle River moraines. The soil profiles on the carlier

moraines are characterised by thick textural B horizons.

The mean thickness of weathering rinds formed on dolerite
clasts in the Rufus River moraines is less than 2 mm  and
maximum rind thickness is less than 5 mm. This is half the
thickness of the weathering rinds in the morzines of the

Guelph phase.

These characteristics suggest that the Rufus River wmoraines
are of equivalent age to the Cynthia Bay rmoraines 3t Lake
St. Clair, and that the earlier deposits are considerably

older. The lobhouse erratics suggest a phase of glaciation
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that is of still greater age.
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chapter nine

DERWERT BRIDGE TO WAYATINAY

After the Derwvent Glacier emecrged from its glacial trough at

Lake St. Clair it spread ouvt upon the St. Clzir Surface acs a

piednont lobe. Glacial deposits floor the Dervent Valiev

almost continuously for 2C km. bevend Lalke St. Clair to tie

A
‘

headvaters of tlossy Marsh Creek, which was

recarded  bv
Derbyshire (1963, 1967) as the dowvnstrear limit reached by
the glacier. HNear Mossy IMarsh Creek the Dervent River
descends from-the St. Clair Surface via 2 steep-sidcd norac
that offers few prospects for the preservation of «lacial

deposits (Ficurc 9.1).

This chapter documents further exposurcs of probaihle alacial
drift that have been located well dounstrear of iiossy iiarsh
Creek near the Jlower end of the Derwent Goree (l'iernan,
1983a) (Figure 9.2). It also re-cxanines the dcposits
vpstream of liossy liarsh where outuash plains are insct Into
the moraines on the valley floor. The artificial Lnke Ling
'illiam, created for hydro-electric purposes, has [lcoded

more than 40 km2

of the vallev floor in an zrea thet voald
othervise appear wmost promising for obtaining evidence an
the age of the glacial deposits. Inforpnation on thisg
criticeal part of the study area 1is tterefore lirited to the
exposures above the lake shore end a geologicel report
prepared prior to filling of the lake which hricily toucncs

N 3 . : TG L ;
upon the leistocene depcsits. (Prider, 1640,

’ 1479 s
bathvmetric chart (Peterson and .iisser, 1C¢7G) alse prov.

n
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Figure 9.1 Locality map, Derwent RBridge to Wayatinah.
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some morphological evidence (Ffigure 9.3),

The distribution of the erosional landforms and sedirments

is
presented in Figure 9.4,
EROSTONAL LAKRDFORYS
A Glacial Erosion
The only potential snowfence in this area is the llobhouse
Range. Shadowed by the more clevated Xing Villiam FRanre
wvhich lies immediately wuvpvind, the llobhouse Range was

regarded as unglaciated by Derbyshire (1967) and as the site

only of nivation by Peterson (1969). Lquivocal erosional

evidence suggests thaot the Jlobhouse MRange may have been
lightly touched by glacial erosion above 960 m wvhere sorc
rock surfaces appear to have been abraded by glaciers. oL

least four «cirque~like hollows occur at the heac of small
streams vhich drain into the Derwvent River. Hovever, no
glacial deposits have been recoanised on the upper slopes of

the range and glaciation cannot be proven.

A diffluence col, the Laughing Jacl col, occurs to the cast
of Lake King Villian between !t. Charles and the Uentvorth
lills. Ice from the Derwent Vaelley passcd eastwards throuch

this col into the XNive River catchnent.

Mfany small knolls on the floor of the Derwent Velley have
beer abraded by ice that flowed generally south-eastiarts.
Spurs that project westwards from the Ventvort) Uille Iaove
been shorn off by the Derwent Glacier. 2 broben

fault-bounded ridge of dolerite that is oriented nortli-south
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Lake King William

Isoboths at 10f. intervals.(F.S.L 2362')

$0ised on datailed contour mops lrom the Hpdio-Elecric Comminsion. Towmonio

Figure 9.3 Bathymetric chart of Lake King Willias (after

Peterson and Missen, 1979),
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and that rises 130 m above the southeastern shoreline of

Lake King William has been over-ridden. In part this

probably occurred due to the deflection of the

¢ Derwvent

Glacier eastwards by the Guelph Glacier. This ice then

descended to erode a broad valley in Triassic sandstore that
crops out to the east of the fault. The crest of Sawvrill
Ridge which forms the western shoreline of Llzke Hing Williar-

also appears to be ice smoothed.

At least 5 m of saprolite formed fror dolerite is overlecin
by the Cascade loraine 5.6 kn south-east of Lake King
William. The upper part of the sajyprolite hes been disturbed
during the construction of this moraine, This sugcests that
it  was not frozen when the rnoraine vas constructed (cf.
Hale, 1958). The site occurs close to the entrance to the
Dervent Gorge vhere active ¢lacial erosion may have been
anticipated if the ice had gJassed through the coroc.
liowever, the saprolite has not becn reroved despite the fact
that probable glacial deposits suggcst the Dervernt Glacier

previously extended 16 km. beyond this point.

B Glaciofluvial erosion

A short porge 15 m deep has been cut by the Derwent Liver
south of the Derwent Bridge settlement. This was protably
initiated as a subplacial meltwater channel, the location of
which was governed by low ccnfining dice pressures on tne

eastern margin of the Derwent Glacier (Derbvstire, 1%71e).

2 - ] 2 b t
Marginal meltwater chanpnels are cut in rock and ¢rifr zbout

- > - k estern
290 -~ above the level of Lake Fing Villiar on the wester
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slopes of the Wentworth Hills. Exanination of the

bathymetric chart of Lake King Williar reveal many probable
proglacial channels that have been cut in drift on the lale
bed (figures 9.3 and 9.4), Small «col gullevs «cross the

dolerite ridge on the south eastern shoreline.

Putlers Gorge, site of the 67 nm high Clark Dars which
impounds Lake Xirng William, has been deepened as a
subglacial and later a proglacial meltvater route. The
Derwent River was forced to the eastern side of its valley
immediately upstream of Butlers Gorge by high ice pressures
that were associated with the entry of a major tributary
glacier from the Guelph Valley. Tollowing the retrecat of
the ice the river was rmaintainec¢ in this position by the end
moraine that was deposited during the Guelph phase (chepter

eight).

Other meltvater channcls south-cast of Dutlerse Gorce still
conduct <mall streams around tle distal faces of terrinal
moraines. Small cascades in the bed of the Derwvernt Hiver a
short distance downstrean of the Cascade lioraire rrovet 1y
owe their eyistence to increased hydrostatic fprecesure of
meltwater bencath a clacier. This suggests trat the JeTtwoat
Glacier extended downstrean of the Cascace Merzine.
Meltvater has probably corntrihuted sigrificertly ta

deepening the Derwent Gorge upstrean of Wayatinah.

C Non-glacial Erosion
Some small free faces that overlook the Derwent Gorge enpear

. : rli-o 1 alcs
to be the result of slab toppling, vhile toprii-g 15 &.80
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responsible for the development of some small faces near tho

crest of the VWentworth Hills. Smaller scale rockfall has

contributed significantly to the creation of free faces on

Mt. Hobhouse but there are few fresh scars. In rany cases a

lichen cover extends between partly detached blocks and the

faces from which they were derived, which indicates that

little rockfall is occurring under present day concitions.

A nurber of shallow hollows that are bounded by srall rochk
scarps occur on the llobhouce Fange and are probably nivation
cirques (Peterson, 1969). Frost processes are probebly
responsible for the shattering of previously ice smoothed
surfaces on the llobhouse Range and on the floor of the

Derwent Valley. These outcrops have also becn subject to

some etching of joints by chemical weathering.

Present day erosion by f{rost processes is restricted to the
development of pipkrake in locctions vhere the recolith has
previously heen bared. At about (80 m on the southern end
of the Ventwvorth Hills small gaps up to 1 cm wice have been
observed to form around clests in slope deposits ecach
winter. Ice pushes the fiper matrix away from the clast due
to differences in the therral corductivity of the two

materials (Washburn, 1979).

Lake King William occupies a small graben (Gulline et al.,
1963) and hence the orientation of this portion of the river
is the result of fluvial erosion that has beer broacly

controlled by faulting Downstrear of Putlers Corge the

S e

. B . : \ - 1 ]
river appears to follow joint orientations 171 the dolerite
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and faults that trend KKW - SSE (Jennings, 1955),

Present day fluvial erosion appears limited to the stripping

of exposed regolith and the reworking of unconsolidatec

deposits from channel banks.

Human activity has impinged significantly wunon geonorphic

processes through the construction of dans, pipelines and

roads which have changed the face of the landscape and
altered stream regimes. The Dervent River is now virtually
dry between Butlers Gorge and Wayatinah. The failure of a
canal bank 5.8 km. gsouth-east of Tutlers Gorge in the carly
1670s caused a larpe landslip with a vertical range of alovut
60 m. Slippage occurred along a plane which has a rear
slope of 30°-40° and the slide was 50 - 70 n vide. Tts

broad spoon-shaped headwall is forrned in at least 10 r of

saprolite,.

DEPOSITIONAL LALDFORNS AWD SEDINENTS

A Glacial Deposits

(1) Wayatinah Moraine.

Sections exposed along the banks of the Nive River near its
confluence with the Derwent, and for a short distance zlonp
the Derwent either side of the <confluence reveal several
metres of massive washed boulders up to 5 © long (Fipure
9.5). The size and rounded forr of these boulcders strongly
suggests glacial transport to this site (Kiernan, 1%&Za).
The boulders overlie up to 1 m of angular dolerite slope
deposits that in turn overlie weathered becdrock but vhich

- . - (4 vy
include few prevweathered clasts. 3Bedced gravels of fluvial
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Figure 9.5 Massive boulder deposits beneath fluvial sands
and gravels at the confluence of the Nive and Derwent rivers
are prohably of glacial origin. These deposits lie nearly
70 km. from the headwall of the Derwent Glacier in the Dy

Cane Range. The wall of the section is 10-15m. high.

Figure 9.6 Partly flooded deposit 200m north of the
section illustrated in Figure 9.5. Rotted dolerite cobbles

and very large boulders occur in a sandy clay or silty clay

matrix.

overleaf

Figure 9.7 Principal ice 1limits in the Derwent Valley

downstream of Derwent Bridge.
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origin overlie the boulder deposit and are in turn overlain

by solifluction deposits. Solifluction <deposits 1 kr

further south contain clasts of sandstone, mudstone,

quartzite, dolerite and basalt. Some of these clasts rav be

reworked erratics.

Investigation of the glacial deposits in this area is
greatly «complicated by the VWayatinah Lagoon and Lake
Catagunya hydro-electric storages but further fieldwork
during the present study has revealed the presence of
probable glacial deposits. Probable till that is compact
but weathered occurs along the shorecline of Vavatinah lLagoon
immediately adjacent to the boulder deposit (Figure 9.0).
This sediment appears to consist entirely of dolerite
althouzh it is not possible to confirm the identity of somne
totally rotted clasts. The clasts range from sub-rounded
boulders up to 2m in length to cobhles that are rounded or
occasionally platey in form and ray be quite angular. Tlhesc
occur in a2 sandy clay or silty clay matrix that is sparsely
distributed in some sections. Some o0f the boulders heve
weathering rinds up to 70.0 mm thick. Tt is hignly likely
that this is glocial deposit although ite origin rmay frove

to be contentious.

Prior to the filling of the Lake Catagunya storage Jenrnings
(1955) mapped an extensive accunulation of colerite boulders
in a weathered dolerite matrix downstrean of the confluence
of the Derwent and Florentine rivers. He believed that
these deposits were river gravels and thought that they verc

. s
Tertiary in age, presumably due to their cegree 0:
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weathering. His map extends northwards to the nive Kiver

where the boulder deposit described earlier is rapped as

part of the sapme unit. It is possible that the now flooded
downstream gravels are also of glacial origin but it has not

been possible to confirm this.

This site lies 16 Im downstream of the maxinum limit of the

Derwent Glacier that was recognised by Derbyshire (1963,
1967), and lies 27 km. downstream of the nearest glacial
deposits in the liive Valley, The dintervening terrair in
both valleys is mantled by thick slope deposits. As the
Derwvent Glacier is likely to have always been nuch larner
than the Nive Glacier it seems the more likely of the tvo
glaciers to have reached Wayatinah., If glaciers transported
the large boulders down either valley then sone larae

houlders should also occur in the 1lower parts of the

valleys. Similar large boulders are present in the Dervert
Gorge, but they are absent from the lowver cnd ol the liive
Gorge.

There are no other 1likely sourcec for —the boulders at
Wayatinah. Cirques and rock basins indicate that pglaciers
developed on the elevated Wylds Craic - nLt. Shakespeare
massif but Wayatinah lies 20 km from these cirgues alormg the
shortest practicable route via the Florentine Yalley, and
the arrival of the till from this direction seers ‘hignly
improbable. Some ice may have accunulated on the north-eacst
slopes of lit. Shakespeare only 4 kn frorm V'avatinah but tre
potential snowvfence lies at only 00 m Cirque-iike hollows

occur at 700 n  at the head of the Counsel River on the
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southern part of the on the

Hobhouse Range and at 800 n

northeastern slopes of lMt. Shakespeare. XNeither of these is

likely to have been the source of extensive glaciers that

could have reached Vayatinah.

It is therefore argued that at Adits maxinun extent the

Derwent Glacier probably reached at least 70 kr from its

headwall in the Du Cane Range, and descended from the St.

Clair Surface to an elevation of as low as 210 nm

(Figure
9.7). Little evidence is available regarding the thickness
of the ice, but quartzite erratics exposed anmong the roots
of windthrown treesc at €60 m on the northern slopes of lit.

llobhouce and the erosional morphologv at a similer altitude
on the eastern slopes of the llobhouse Range suvpgest at least

180 m of ice filled the Derwent Valley at that point.

Time has not permitted exploration for glacial deposits
downstrcan of Yayatinah where the search 1is increcasinely
comlicated not only by &« near continuous string of
artificial lakes but also the possible entry into the
Derwvent Valley of glacial deposits from eastvard flowvinrg

tributaries.

(ii) ‘'lossy Marsh Moraines

A low moraine with its crest at 680 - 710 =~ is plastered
against a rock bar 9 km south-east of butlers Gorge in the
headwaters of !lossy Marsh Creek. A small outwash plain lies
downstream of the moraine. An exposure of reltout till at
the eastern end of the moraine reveals that 211 Jithologies

except quartz are deeply rotted (Figure 9.8, tables 9.1 ard
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Figure 9.8 Weathered till in the headwaters of Mossy Marsh

Creek.

Figure 9.9 The Cascade Moraine has been ‘constructed upon

deeply weathered dolerite bedrock downstream from Butlers

Gorge.
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9.2). A fabric diagrem by Derbyshire (1967) indicates that

this till was deposited by dice that flowed in a

south-easterly direction and this is compatible with the

morphological evidence. The wmaximum thickness of the

dolerite weathering rinds in the till is 14.2 mm. The till

is overlain by solifluction deposits in which the raxirun

weathering rind thickness is 3.6 nn.

The overlying slope deposits make it difficult to icentify

the limits of the till on the valley walls but the presence

of erratics at 790 m south-west of Butlers Gorge, and at
850 m in the Laughing Jack Col supgests a nminirum ice
surface gradient of 14 - 16 n /kr. This eorodient inmplies

that the Pedlam Valls ridpe south of Lake St. Clair must
have been over-ridden, despite the apparent absence of
erratics and the thick slope deposits that occur on 1its

crest (chapter six).

(iii) Cascade roraine

An end moraine complex with irs most dovnstrean crest at
about 670 - 690 m occurs 5.6 km south-cast of tutlers
Gorge and marks the dowrstrean limit of continuous drift in
the Derwent VYalley. 4 cnall cascece &nd neltvater corge
occur in the bed of the Derwent adjacert to the downstrean
crest. Part of this moraine cormplex has been constructed

upon deep saprolite (Figure 9.9).

The till on the eastern side of the vallev cocntains & hioher
proportion of Triassic sandstone than occurs to the west

where the till consists alcost entirely of dolerite (Table
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9.1). A fragment of highly lithified grey basal till (Nive
Till: chapter 12) was found among recent landslice debris

that extends from the distal face of the Cascade roraine

into the Derwent River., As has previously been arguecd in

chapter four, this degree of lithification must have been

achieved prior to the incorporation of the <clasts 1into

subsequent moraines, The presence of Jurassic dolerite in

this basal till clast proves that it is not & fragment of

Permian tillite. This indicates that the lJerwent Vzlley was

glaciated well prior to thec construction of the Cascade

Moraines.

The Cascade loraines mark a phase during which the Derwvent
Glacier was initially impounded behind a rock ridecc thaot
extends southwestwards across the valley, and that the
glacier then commenced a slow retreat. Undulating ¢round
moraine and fluvioglacial sediments occur upstrear of this

point.

(iv) Dutlers Gorge lioraine

A partly drowned latero-terminal nroraine 1is plastered
against the rock ridges that forrm the southern shorcline of
Lake King William. It can be traced upstrcagnm tovards the
Ventworth Hills. A thin outwash plain lies at &GO ¢ with
its apex 1 km downstrean from the Clark Dam. This =coraine
marks a phase during which the Dervert Glacier wveas loched
behind the Tock bars and w&s probably still confluent with
ice that flowed eastwards throuch the Guelph Gorge frorm the
ling William Range (chapter eight). The <glacial dercsits

are rather thin and it is probable that the phase vas
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short-lived.

(v) Guelph loraines
During the Guelph phase the Derwent Clacier stood a short

distance wupstrean of the Guelph - Derwent confluence. &

pronounced ridge on the lake floor that is indicated on the

bathymetric chart corresponds with the position of a large

moraine reported by Prider (1948). TIts crest 1lies =at 687
-690 m and a probable small outwash plain lies innediately
downstream. The ridge is continued above the lake where a
moraine «can Dbe traced westwards onto Sawmill Ridge (Tasmap
8113: 368 220). The morphological evidence indicates that
this 1is an end moraine which was constructed by the Guelph
Glacier following its separation from the Derwent Glacier.
The northern limb of the moraine is slishtly concave to the
north-cast which supgests that part of it was deposited Dy
the Derwent Glacier. This interlobate moraine thercfore
seems to indicate the separation of the tvo glacicers. A
small outwash plain was later constructed by meltwater from

the Guelph Glacier on the upstrean sice of this moraine.

The moraine ridge that was constructed by the vervent
Glacier defines an ice linit that wvould have been sufficient
to enable the Derwvent Glacier to overtog the northern end of
Sawmill Ridge and extend into the uvpper Guelph Valley. It
is therefore equivalent to the Guelph phase in the Navarre
Valley (chapter ceven) and in the Guelph Valley (chapter
eight). Lateral moraines to the east indicate that 1ce nrav
no longer have continued to flow out of the Derwent Vvalley

through the Laughing Jack Col.
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Few sections are available through that part of the complex
which remains above 1lake level, but Prider (1948) records
the presence of 2 m boulders of Precambrian quartz schist

on the wvalley floor 800 m north of Butlers Gorge. Prider

argued that these 1implied movement of ice from the

north-west, Quartz schist bedrock is certainly exposed in

the upper Franklin Valley (chapter twelve) but the extension
of the Franklin ice south-eastwards to Butlers Gorce 1is
contrary to the mnorphological evidence in the liovarre
Valley. This indicates that during a later phase the
Derwent Clacier prevented ice from the Franklin Glacier
passing eastwards of the King VWilliam Rance (chaopter scven),
a situation which is likely to have also applied during

earlier phases of mutually greater ice extent.

The quartz schist erratics at Butlers Gorge could have been
reworked from Permian glacial deposits in the sane manrner os
the bedouiQ boulders at King William Saddle (chapter seven).
Quartz schist forms a significant proportion of the «clasts
in the Lake Rufus end moraine complex vhere they have been
derived from the Permian sediments that were dcposited
immediately to the east of a large arca of quartz schist
terrain (chapter eight). It wvould have becen a simple matter
for erratics to have been carried tovards Butlers Gorge fror
this source. Alterratively, these quartz schist erratics
may have been <carried from source rocks west of the rning
"illiam Range by the Top End Glacier which ves a tributary

of the Guelph Glacier (chapter eight).
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The survival of =2 schist-rich moraine on the floor of the

Derwent Valley confirms that the Derwent Glacier had

retreated upstream of this locality, enabling the Guelph

Glacier to extend through the Guelph Gorge.

(vi) Sawmill Ridge Moraines

A conmplex of low end moraines that «can be traced upslope

from the shores of Lake King William continue the trend of

prominent ridges on the lake floor. Thece moraines forn the

Sawmill l{idge complex in the Javarre arca, and at Lake King
William can be readily differentiated into two phases on

morphological 'grounds, both of which are represented by an

end moraine and outwash plain,

During the Sawmill I phase the Derwent Glacier constructed a
major latero-terminal moraine Dbetween the mouth of the
Laughing Jack Col in the east and Sawmill Ridge in the west.
A probable outwash plain occurs on the lake bed at 696 - (699
m. With the —continued decline of the Derwent Glacier,
diffluent flow throuvgh Laughins Jack col had ceased by this
time. Bedlam Wall would have wemerged through the icec

surface to thereafter divide the Derwent Glacier into its

western (Navarre) and eastern (Traveller) lobes.

During the Sawmill II phase a massive end moraine over 200
m. broad was constructed immediately south of lavarre Arn.
Shallow sections on the southern side of the arm reveal red
basal till plastered against the moraine face, which
supgests that the ice front was active. 4 probable outvash

plain occurs on the lake floor at 705 - 708 n. After this



283

phase confluence of the two lobes of the Derwvent Clacier

south of the Bedlam VWall ridge ceased. A medial Toraine was

deposited south of Bedlam \Wall, As the najority of the
Derwent Glacier passed to the vest of Bedlam Vall the ice at

the head of the present Lake King Villiam diminished rapidly

after this time.

(vii) Mt. Charles HMoraine

A snmall terminal moraine descends fron 735 m on the Fedlan
Wall ridge into the northern end of Lake Ping Yillian. It
was constructed by a thin body of ice which nassed through

the gap between Bedlam Wall and 'ft. Charles from the castern

lobe of the Derwvent Glacier. Low 1ake levels in Lhe surmner

of 1983 - B4 revealed an cxtensive outvash rlain irezediatcely
downstream of this wmoraine at 708 - 711 nm. & typical
section in the riverbank revealed 1 - 1.5 m of rounded

dolerite cobbles up to 20 cn 1long. ‘lhesc are overlain by
poorly corted coarse cobbles with sore clasts up to 50 cu
in size 1in a sparse natrix of sand. Current beided sands
and steeply foreset cobble beds suagest torrential flow.
They contrast with the imbricate structure of the present
day point bar deposits that have been deposited by less
torrential flows. Thie section suerrests that some readvance

nay have occurred.

Upstream from this moraine lies a further plein forrmec of
outwash gravel arnd¢ <cand. ‘iascive clay incicates thet &
small meltwater lake occurred at this =site (Derbyshire,
1971a). Two smaller moraines (!lt.Charles I1 and III) vere

constructed between the !'t. Charles licraine =2anc Derwvent
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Bridge as the ice retreated,

(viii) Bedlam Wall Moraine

The northernmost noraine in the area encompassed by this

chapter can be traced discontinuously eastwards into the

Travellers Rest Valley and also northwards into the Lale St,

Clair area. It has been described in chapters four and

five. A later small outwach plain hes partly inundated the

Bedlam Wall lioraine around Derwvent Bridee and can be traced

northwards to the Cynthia Pay noraines (chapter four).

B Non-placial deposits

(i) Slope deposits

Solifluction deposits mantle the slopes of the Wentworth
lills and the northern end of the Hobhouse Range. Slope
deposits up to 1.5 m thicl have been located within all Lho
ice limits described in this chapter, Dbut have not Dbeen
found to overlie the Cynthia Bay outwash at the northern end
of Lake King William. At least 1 m of veathered slope
deposits overlie the till in the headwaters of ifossy March

Ck.

These solifluction deposits can wuvsually be differertiated
from bouldery till because the till stones tend to be rore
rounded. In other cases corestones that have been derived
from deeply weathered dolerite are incorporated into the
slope mantles, The progressive incorporation of corestores
into slope deposits is well seen in a section on the eastern
bank of the Derwvent 300 n downstrear. of the Cascace

Yioraine. Such deposits can soretires be differentiated fror
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reworked glacial clasts because the latter are generallv

less spherical and the till usually contains erratics.

Mantles of mechanically shattered clasts occur on the flanks

of the VWentworth Hills, Yt. Hobhouse and the Bedlam W%all

ridge. 'fost of these mantles occur beneath free faces and

have accurulated as rockfall talus. Block <slopes on the

upper levels of the VUentworth liills a few hundred retres

northwest of Darcys L1luff have been revorked into €nall
block streams. Jdinor accunmulations of spalled dolerite
shells occur in sore locations, notably west of the wveir

downstream of Butlers Gorge. These are probably the result

of repcated wildfires.

(ii) AlJuvial, peat znd archacecolocical deposits.
Up to 2 m of yellowish —colouvred <cand and silt wvith

occasional small pebbles overlies the outwash gravel at the

northern end of Lale l'ing Villiam and has accurulated o= an
overbank deposit. Tributary streans from the Ventvorth
11ills and itt. Hobhouse have generally decposited only sand

and silt wupon the Pleistocene gravel. The sand i1s locally
overlain bv peat sovth of Derwent Bridge. The hec¢ deposits
of the Derwvent River consist of reworled outvash.

Up to 6 m of debris which ranges in calibre fror~ fine clay
to boulders 3 m in diarceter has accurulated on the semi-<Ty
bed of the Dervent River 6 krm souvth-east of hutlers Gorge,
following a landslide caused Dby the failvre of a
hydro-clectric diversion canal. The aburndant wvaoter

associated with deposition of this material is reflected 1in
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small bodies of waterlaid gravel and cobbles torether

with

cross-bedded sand and fine clay. The bulk of this naterial

was derived from deeply weathered dolerite and slope

deposits ' ' '
posits, but one or two clasts of grey basal till (Nive

Till) have also been located arong the debris 20 = above

river level.

Prehistoric archazeological deposits have been found close to

the Cascade =moraine and west of the Lauchirg Jack col.

Prehistoric human activity has probably resulted in sone
redistribution of rock materials suited to the manufacture
of stone tools, This trend has continued on a far laoreer

scale with the advent of roadbuilding and hydro-clectric

construction activities.

DATING 4D DISCUSSION
Shallow organic-rich silt that overlies overbank sand south
of Dervent Bridoe and occurs in depressions on  the
buttongrass plains is the vouncest scediment in  this arca.
The earlier sand has been rewvorked from outwvash deposits.
The deposition of similar sand at Laughing Jeck Lagoon 1in
the adjacent Wive River basin ceased shortly after 1540 +-

60 BP (SUA 1958) (chapter ten).

Solifluction deposits occur throuchout the area and overlap

all the till deposits, which thev nmust therefore pestcate.

The Bedlam Yall toraine 1lies upstream of the !'t. Charlces
Yforaine. The outwash deposits that extend downstrcar fror~

the !t. Charles lloraine partly inundate the eerlier rlacial

i
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deposits that occur further downstream. The !lit. Charles,

Sawmill Ridge, Guelph and Butlers Gorge end moraines and

their associated outwash plains record earlier and Trmore

extensive 1dice limits. Apart from the steep rock slopes

immediately downstream of the Clark Danm, glacial deposits

extend continuously between Butlers Gorge and the Cascade

Moraines. The presence of clasts of Kive Till in the

Cascade lMoraines indicates that an early glaciestion took

place in the Derwent Valley Dbut lFive Till has not becen found

in situ elsewhere in the area.

Weathered solifluction deposits occur between the Cascade

and Mossy Marsh moraines. Little moraine morphology recmains
apparent at the lossy ‘llarsh ice limit. Mo noraines have
been identified on the St. Clair Surface downstrecn of lossy
Marsh Creek but probable g¢lacial deposits arc exposecd a

further 16 km downstream at an altitude of 210m.

The presence of deeply weathered bedrock between the llossy
Marsh and Cascade moraines, and beneath the slope deposits
and glaciofluvial gravels at Wayatinah points to a
protracted period of warm humic clirmate prior to the initial

glaciation of the Derwvent Valley.

The maximum limits of the Derwent Glacier remain uncertain.
The deposits that occur downstream of the Florentine-Derwent
confluence have largely bLeen inundatec in the filling of the
Lake Catagunya hydro-electric storage. Other storages occur
at close intervals further downstream and have flooded the

most 1likely sites for the preservation of any glacial
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deposits., Unfortunately the associated excavations are

largely confined to steep damsites where deposits are

unlikely to have been preserved.

Postdepositional characteristics of the landforms end

deposits are presented in Table 9.7.

Deep soil profiles occur on all the glacial deposits. The
slope deposits that overlie noraines at the foot of the
Ventworth Hills generally have shallower profiles in wvhich
weathered «clasts are confined to the top metre.
Solifluction deposits in excess of 1 m thick overlie the
lossy liarsh lioraine. Solifluction deposits up to 4 = thick
occur between Mossy Marsh and Vayatinah. This sug

cecte that

15

the till at Wayatinah nay be ancient.

The difference in the mean thickness of the weatherin~ rince
in the g¢lacial deposits betwecen the Sawnill yidae rornincs
and Vayatinah is not significantly differcnt at one standard
deviation. This sugpests that they do not differ
significantly in age. However, the maximur weatherirg rinds
of 5.2 mm that occur in the !it. Charles and Ledlar ‘all
moraines contrast with rinds as thick as 14.2 =mn in the
glacial deposits at liossy larsh Creek. The weathering rinds
in the possible drift at Vayatirzh are wup to 70.0 rnm

thick.

While the wmoraines are well preserved wupstreer of the
Cascade 'oraine, the Hossy !larsh deposits are decreded. 10

moraines occur between liossy l!larsh and lavatinah vhich
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Table 9.2 Post-depositiopal modification of deposits
between Derwent Bridge and Wayatinah, Site locations are

indicated on Figure 8.1.
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suggests that the glacial sediments in this area rmay have

been rewvorked during a phase or phases of periglacial

activity that did not affect the moraines further  upstrean,

Veathering rinds on dolerite <clasts in the solifluction

deposit that overlie till and slaciofluvial sediment
upstrean of Mossy l!larsh reach a thickness of 3.6 mrn. Those
that occur in the slope deposits that overlie the ¢till at
Wayatinah reach 6.1 mm. This suggests that the solifluction
deposits at Vayatinah may be significantly older than those

at Mossy IMarsh Creek. This suggests in turn that the till

beneath the deposits at Wayatinab may be older than that

near lossy larsh.
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