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Fluvial geomorphology of buttongrass moorland landscapes: Summary

Summary
The fluvial geomorphology of western Tasmania has been largely unstudied, with the
exception of a handful of rivers. In this situation, those responsible for managing the
extensive reserves that occupy this are must do so in ignorance of the geomorphic
conservation values of these waterways and their inherent susceptibility to different types of
disturbance. This project is a first step towards redressing this situation. It is an investigation
of the fluvial geomorphology of some rivers and streams in buttongrass moorland landscapes
within the World Heritage Area.
Moorland streams were considered a suitable starting point for several reasons. Firstly, the
vegetation and soil combination presented in these moorlands has the potential to create
distinctive and unusual stream geomorphology. Secondly, both the buttongrass moorlands
and the fluvial systems western Tasmania are considered to have important conservation
values (Sharples, 2003). Thirdly, the geomorphology of these fluvial systems is largely
unknown. Fourthly, there are other projects that have recently or are presently investigating
buttongrass moorland, and this work would be complimented by a study of fluvial
geomorphology.
This report presents the results of field and office investigations into the Upper Crossing
River and the Gordon River and minor tributaries in the Vale of Rasselas. A wide variety of
stream forms were found, including some unusual forms that are tentatively attributed to the
influence of moorland vegetation and associated soils. As well as variable stream form,
stream behaviour varies greatly, from large scale channel incision on Surprise Creek, through
high rates of meander migration on the Upper Crossing, to the Gordon River which appears to
be stable within late Pleistocene age banks. This range of behaviour can be explained by the
environmental context of each stream.
Given the variety of stream forms described in this limited study, it is likely that further
investigation of the streams of moorland landscapes will reveal more geomorphic types.
This report recommends that:
1. Efforts to describe the fluvial geomorphology of south western Tasmania should
continue.
2. Caution should be used when planning management burning for any reason close to the
inherently sensitive stream types identified in this report.
3. A comparison of the sediments of the Gordon River above and below Lake Gordon
should be made.
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Fluvial geomorphology of buttongrass moorland landscapes: Introduction

1 Introduction
This project aimed to characterise the geomorphology of a variety of streams running through
buttongrass moorland landscapes of western Tasmania. Such descriptions of fluvial
geomorphology are relatively common in the agricultural areas of the state. In contrast, the
geomorphology of rivers and streams of western Tasmania, including the World Heritage
Area, remain largely unstudied. The exceptions to this are the middle and lower Gordon
River, where considerable efforts have been made to assess the impacts of flow regulation (eg
Koehnken et al., 2001) and boat wakes (eg Bradbury et al., 1995), and the rivers draining into
Birchs Inlet which were described as part of a state wide fluvial geomorphology project (Jerie
et al., 2003). This project is a first step to redressing this situation.
This report is largely descriptive in nature. It focuses on reporting observations of stream
forms and processes based on site visits and aerial photography interpretation, and extends
into a brief discussion of the environmental controls on the geomorphology. The intention is
that this report can be used in the future as a basis for further developing an understanding of
the fluvial geomorphology of this unique region, and to provide site information to other
workers of any discipline working in the same field locations. It is hoped that eventually, a
large enough body of similar work will develop to allow the formulation of general theories
and understanding of stream forms, controls on those forms and inherent stream sensitivities
in southwestern Tasmania. This would allow more informed decisions to be made regarding
the management of these uniquely Tasmanian landscapes.

1.1 Why buttongrass moorland streams?
Buttongrass moorland is a group of related vegetation communities that are widespread in
western Tasmanian. They are defined by the presence of buttongrass, Gymnoschoenus
sphaerocephalus. They are often seasonally waterlogged, and often occur on organic soils
(Jarman et al., 1988; Harris and Kitchener, 2004). In many areas of the southwest, the
vegetation type forms blanket moorland, also known as blanket bogs, because it growing on
slopes, ridges and plateaus as well as poorly drained areas.
Moorland vegetation is very variable in structure, including low closed sedgelands dominated
by Gymnoschoenus or cord rushes, through heathland and low open scrub to open woodland
(Harris and Kitchener, 2004). Structure and species composition is influenced by soil,
drainage and fire frequency. Typically, moorland dominated by Gymnoschoenus or cord
rushes tends to occur on flat areas. Layered communities with a shrub overstorey tend to
occur on slopes, better drained flats and along drainage lines, or where fire frequency is low
(Harris and Kitchener, 2004). In very well drained areas and fires sufficiently infrequent,
moorland vegetation will be forest dominated by eucalypts or rainforest species. Strips or
copses of forest can occur on well drained patches of hill side, on river flats and in fire
protected gullies.
The streams of buttongrass moorland areas were considered important to study for several
reasons. Firstly, the vegetation and soil combination presented in these moorlands has the
potential to create distinctive and unusual stream geomorphology. Secondly, both the
buttongrass moorlands and the fluvial systems western Tasmania are considered to have
important conservation values (Sharples, 2003). Thirdly, the geomorphology of these fluvial
systems is largely unknown, leading to the situation where managers of the WHA must make
decisions about land management without knowing the geomorphic component of the values
are that they are trying to maintain, or what sensitivities those values might have. Fourthly,
1
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there are other projects that have recently or are presently investigating buttongrass moorland,
including an analysis of the fluvial geomorphology of the rivers south of Birchs Inlet (Jerie et
al., 2003), Bridle et al’s work on peatland hydrology (2003,), and the ongoing study of
peatland fluvial geomorphology and fire at Gelignite Creek (Jerie and Houshold in prep).
This project complements this other work.
Buttongrass moorland and the associated organic soils can potentially influence stream
geomorphology through catchment hydrology, catchment sediment loads, stream bank
resistance to erosion, channel roughness and absence of large woody debris. These influences
have not yet been quantified, but one of the goals of this field work was to search for common
features on rivers and streams that have such soils covering a large proportion of their
catchments.
In the absence of knowledge of stream forms and controls, it is difficult to speculate on the
sensitivity to disturbance of buttongrass moorland streams. This project aimed to identify any
stream types that appear particularly sensitive. In particular, one disturbance to which these
areas are regularly subject is fire (Marsden-Smedley, 1998; Marsden-Smedley and
Kirkpatrick, 2000). In these remote areas, changed fire regimes have been the only large
scale impact on geomorphology of European settlement. Fire can potentially be a huge
impact on stream geomorphology because of the influence on catchment hydrology, sediment
movement on slopes, channel zone roughness and resistance to erosion. It is particularly
important in the context of organic soils, because as well as destroying the vegetation fire can
also burn the soil, which obviously has very long term effects on hydrology and sediment
delivery to the channel. Areas visited during this project have been unburned for a period of
decades, but prior to this had been subject to European fires.

1.2 Methods
Three field sites were visited for this project: the Crossing River south of the Western
Arthurs, the Gordon River and tributaries in the southern Vale of Rasselas and the Broad
River in the Broad Valley below Lake Webster (Figure 1). Observations from this field work
were combined with office based assessment of the available geology and topographic maps
and the aerial photography record. This was used to develop a description of the geomorphic
form, bank materials and nearby landforms of the rivers and tributaries, and where possible to
comment on changes to that form over the period of air photo record. More detailed
investigations of upper Gelignite Creek have been undertaken as part of the parallel peatland
rivers and fire project, and will be presented in that report (Jerie and Houshold, in prep).
The rivers included in this study are quite diverse. The Crossing River is a meandering gravel
bed stream with a medium sized catchment, a narrow relatively steep valley, probably a high
bed load and high stream power. The Gordon River in the southern Vale of Rasselas is a low
sinuosity stream with a large catchment, confining terraces and a relatively low slope,
developed in a karst landscape. Its western tributaries in this area have small to very small
catchments, and undergo considerable alterations in form and behaviour as they move from
the steep slopes to the wide flat valley floor. The Broad River flows through a valley with a
history of glaciation, and is heavily influenced by basal moraine and a series of terminal
moraines. Unfortunately, due to time constraints, the Broad River work has not been written
up and so cannot be included in this report, although field observations have been mapped
and are available as a GIS project. However, observations from this system have contributed
to the development of the ideas presented in this report, and to the conclusions presented
below.
Descriptions of fluvial geomorphology in this report are based on a single site visit to each
location. Streams show a variety of form and behaviour throughout their length, related to
2
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catchment size, local influences such as stream slope, vegetation and the nature of underlying
rocks or sediments, the geomorphic history of the site and the character of up and downstream
reaches. Changes in form can occur continuously or abruptly. To assist the process of
describing and mapping stream character in this report, streams are broken up into zones that
are relatively internally consistent, and different from up and downstream zones. However,
note that stream form and behaviour within a zone is not uniform. There will typically be a
variety of features that do not dominate and so do not figure in the description of the reach,
and some features that are more commonly associated with up or downstream reaches. The
stream zones identified in this report are more of a convenient concept than an absolute guide
to what features can be found in each reach. In some cases, the river character was
sufficiently consistent and the extent of field work was sufficiently limited that only one river
character was described. This is the case with the Crossing River and the Gordon River in the
Vale of Rasselas.

Legend
Vale of Rasselas

WHA boundary
z Site locations
Buttongrass moorland

Broad River

z z
#

#

z
#

Crossing River

Figure 1. Field sites included in this study.

1.3 Format of this report
This report presents the general comments and recommendations based on field and office
work in this introductory chapter. It then presents a detailed description of the
geomorphology of the Upper Crossing River and the Gordon River and minor tributaries in
the Vale of Rasselas as separate chapters.
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1.4 Significant observations
The variable influence of buttongrass moorland on stream
geomorphology
An initial finding of this work was that streams with buttongrass moorland vegetation in their
riparian zone are quite uncommon. More typically, streams flow through belts of tall heath or
forest. This may be because drainage lines are less prone to burning, or because of edaphic
differences between floodplains and the rest of the valley floor. The topography of stream
banks mean that stream side soils can be less prone to water logging than more distant soils.
Also, stream side soils are likely to have a large mineral component because of the deposition
of alluvial sediments. This means that these soils are likely to be better drained and possibly
have higher nutrient levels than the soils of the surrounding plains. As a result, although this
project examined streams in buttongrass landscapes, most of these waterways are not in direct
contact with buttongrass moorland vegetation or the associated soils. They still reflect the
influence of buttongrass on catchment scale processes such as hydrology and sediment
supply. However, they are also strongly influenced by many other aspects of the landscape
including the nature of vegetation and sediments in the riparian zone. This causes
considerable variability in the form and behaviour of streams in buttongrass moorland
landscapes.

The stability of buttongrass moorland streams
This project found considerable variety in the stability of streams in moorland landscapes.
Given that buttongrass moorland occurs over a wide range of environments in terms of valley
and channel slope, sediment supply and geomorphic history, and that the riparian vegetation
can vary widely between streams, it is not surprising that a range of stream form, behaviour
and sensitivity to disturbance occurs.
Some buttongrass moorland streams appear to be very stable. These are the highly
contrasting very large rivers (such as the Gordon) that are stabilised by old river deposits, and
very small streams that have low stream power, low slopes and have a sinuous anabranching
planform. The Gordon River appears to be very stable within late Pleistocene banks, with
Holocene erosion and deposition limited to small volumes of material within those banks.
Smaller streams on lower slopes have the appearance of great stability although this is
generally very difficult to assess because on such small channels overhanging vegetation
makes analysis of channel change from the aerial photo record impossible. Ongoing stability
in these systems is perhaps most dependent on the maintenance of natural sediment loads, and
thus depends on the condition of the catchment, in particular upstream reaches and tributaries.
Other rivers appear to be more prone to instability because of their location or geomorphic
history. These include the Crossing River, which has migration rates comparable with an
international data set based mainly on rivers in modified landscapes. Given the natural
condition of the Crossing it is surprising that erosion rates are comparable with disturbed
rivers. Also, there is evidence of significant channel incision on several of the Gordon River
tributaries that drain the Denison Range. These are all relatively high energy streams, with
small steep catchments and large sediment loads. From research completed so far, it is not
possible to comment on the degree to which this instability is either natural or a product of
landuse since European settlement. Certainly, such systems can be expected to be inherently
unstable, and changes in their stability over the last 200 years are likely to be in the frequency
and magnitude of channel change, rather than the type of event.
In most of these situations, vegetation is very important in maintaining channel stability. On
a catchment scale, it is an important influence on stream hydrology. In the riparian zone, it
4
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acts as a roughness element within the channel and on the floodplain, reducing velocity and
thus decreasing stream power. Large woody debris produced by trees can be particularly
important in protecting stream banks from high velocity flows and encouraging local
deposition of sediment within the channel. Thus, vegetation can influence many aspects of
stream stability including sediment flux, channel incision, and the potential for avulsion.
The management of inherently unstable landscapes can be challenging, especially in the
largely natural landscapes of south west Tasmania. In this context, the only active
management likely to occur on a large scale is fire management. Wherever possible, care
should be taken to avoid burning riparian vegetation, particularly on streams that are likely to
be inherently unstable because of their catchment context.

Distinctive features of buttongrass moorland streams
This field work, in combination with other investigations, has identified a variety of
distinctive fluvial features that occur in buttongrass moorland catchments. Some of these can
be tentatively attributed to the erosion resistant banks formed by the combination of cohesive
organic soils, dense root mat and the large vegetation contribution to channel roughness that
is typical of small moorland streams. Some distinctive stream forms found are not
attributable to the organic soils, but are instead a result of other influences of the southwest
Tasmanian landscape.
• Distinctive features related to moorland:
— Small streams with very low width to depth ratios. These narrow deep streams are the
classic shin breaker channels, narrow enough that they are often almost covered with a
thatch of buttongrass leaves, yet often greater than 30 cm deep.
— Very high sinuosity channels in low gradient valleys. These channels are typically highly
sinuous and may appear tortuous, with channel length probably over twice the down
valley distance. This, however, is difficult to quantify because the small streams do not
show up well on aerial photography.
— Sinuous channels in moderate gradient valleys. In some cases, a meandering planform is
maintained on valley slopes that would usually prohibit this. The Crossing River is an
example of a steep sinuous stream in a steep valley. However, this form is best developed
in the streams south of Birchs Inlet, where meandering channels were observed on valley
slopes of up to 4° (or 0.07 m per m) (Jerie et al., 2003). In this area, the steep meandering
streams are also associated with a variety of unusual bedforms (see \Jerie, 2003 #783, for
detailed descriptions).
— Anabranching channel systems over 10’s to 100’s of metres.
— Channels with very low capacity, so that bankfull flows occur many times each year.
— Frequent short tunnels or tunnel networks that accept part or all of base flow. These
occur only on smaller streams. The capacity of the tunnels is usually exceeded during
higher flow events, but in some cases all signs of surface flow will be absent from the
valley floor for up to 10 m. Three forms of tunnel have been observed, and these are
described briefly below, along with the present hypothesis as to their formation.
1. A network of small (< 5 cm) pipes, that may originate as yabbie holes. These are
particularly frequent on very small headwater streams.
2. Larger tunnels that are often at the contact between the organic soil and underlying
gravel. These tunnels are typically wide (10’s of centimetres) and shallow (around 10
cm). It seems likely that these are formed from through-flow concentrated at the
gravel peat interface.
3. Larger diameter tunnels that are more like a channel with a roof. These are typically
short, under a metre in length. These appear to be ‘constructed’ tunnels, formed by
the deposition of a ceiling rather than erosion of a pipe. It is thought that leaf litter
bridging the channel traps organic and mineral sediment, which forms a substrate for
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mosses and higher plants which eventually stabilise the material and the tunnel
becomes effectively permanent.
These features are particularly prevalent on smaller streams, which as discussed above are
generally more heavily influenced by moorland vegetation. However, they do also occur on
larger systems. An example is the highly sinuous Serpentine River (now drowned by Lake
Pedder). Often the features occur in combination. For example, the narrow deep channels
described above are often very sinuous, with frequent tunnels and small channel capacity. In
particular, there is often a spatial correlation between the development of some of these
features and development of an anabranching planform. Channels that have large enough
flow to maintain a more normal stream form can be seen to develop the some of features
described above once flows are split between multiple channels. For example, compare the
dimensions of Surprise Creek in Figure 15 and Figure 18 A.
• Distinctive features not related to moorland:
— Large fans of slope deposits are found on the flanks of the two major valleys described in
this report. These features appear to be largely constructed of colluvium, and probably
date to the last glacial maximum when periglacial activity mobilised slope material.
However, they also include some features created by fluvial activity, probably during the
fan formation and also in the Holocene since these slopes have stabilised. These features
include numerous relict channels, evident particularly on the Crossing Valley fans where
the peat is shallow, and typically one active channel that has incised a small way into the
fan surface.
— Tunnels through coarse colluvium. These occur on steep slopes where small streams flow
across coarse slope deposits. They are not restricted to peatland settings, and appear to be
similar to subsurface drainage lines observed on dolerite geology (eg see McIntosh,
2001).
— Cohesive banks on rivers flowing through glacial outwash deposits. These deposits
commonly take the form of clast supported gravel in a fine matrix. They appear very
erosion resistant, and frequently support vertical banks of considerable height. Examples
can be seen on the Gordon River in the Vale of Rasselas, the middle Gordon River, and
the Crossing River.
— Broad River basal till and terrestrialising wetlands. Unfortunately time constraints
prevent detailed presentation of the Broad River fieldwork. However, there were several
very unusual features that are worthy of mention.
1. A considerable length of the Broad River flows on a flat sheet of basal till. This
sediment has been compressed by the valley glacier and further reinforced by light
ironpan development. It is tough enough that it acts almost like a bedrock sill,
controlling the long profile of the river. However, unlike most bedrock controls, the
till is flat and graded to the valley slope. As a result, for over 3 km the till is
frequently exposed in the river bed. The result is a wide shallow channel, with only
very low amplitude pools and riffles, and a very flat cross section. Where pools have
been scoured into the till, on sharp bends, these can be over 2 m deep.
2. Five hundred metres downstream of Lake Webster, the Broad runs through a semi
terrestrialised lake. Around the margins there is ‘dry ground’, which is actually very
soft sediment deeper than the 1.3 m sediment probe, stabilised by a tough surface
layer of pineapple grass. Away from the margins there is shallow standing water.
The river in this area has multiple channels that are clearly visible on aerial
photography. However, rather than conventional channels with firm definable
boundaries, these channels have very soft beds and banks that appear to be largely
constructed of particulate organic matter stabilised by vegetation. This length of river
is in a short lived phase between a true lake and dry land
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1.5 Recommendations
High Priority
•

•

Efforts to describe the fluvial geomorphology of south western Tasmania should
continue. This is needed to document the variety of geomorphic forms present, identify
where these may be distinctive enough to form part of the suite of values that contribute
to the World Heritage Status of the area. It is needed to inform managers of the inherent
sensitivities of different parts of the landscape. It will also provide an baseline
description of geomorphic form and where possible rates of change in an essentially
natural environment that will be of interest to the field of fluvial geomorphology
generally. This work should continue in buttongrass moorland landscapes, but eventually
enlarge to include other environments where the fluvial geomorphology is presently
unknown.
Caution should be used when planning management burning for any reason close to the
inherently sensitive stream types identified in this report. These are mainly steep
moorland streams with small to medium catchment sizes that are likely to have high
sediment loads. In particular, care is needed where stream slopes decrease on the margins
of valley floors.

Medium Priority
•

A comparison of the sediments of the Gordon River above and below Lake Gordon
should be made. Based on the field observations in both areas, there are striking
similarities in these sediments. Limited dating of sedimentary units has already occurred
in the Middle Gordon, and further work could correlate these with deposits in the upper
Gordon. This would yield more information on the development of this major river
system during and after the last glaciation. This reflects on the world heritage value
glacial and glacio-fluvial landforms (Sharples, 2003). It could also provide valuable
context for assessing the intensity of the ongoing damage done to the middle Gordon
River by the operation of the Gordon Power Station.
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2 The Gordon River and minor
tributaries in the Vale of Rasselas
2.1 The Study Site
The Vale of Rasselas is a broad flat valley to the east and upstream of the Lake Gordon
impoundment. It is covered by a mosaic of buttongrass moorland and eucalypt forest,
through which runs the Gordon River. The Gordon is one of the largest river systems in the
state, but only four percent of its catchment lies upstream of the Gordon Gorge. This is still a
large catchment in the context of Tasmania.
The Gordon River and its tributaries are of interest to this study because, although the riparian
zone is almost universally forested, it is one of the largest rivers in the state to run through a
buttongrass moorland dominated landscape. Also, to a large extent the river is alluvial (that is
not influenced by bedrock) and is readily accessible. Furthermore, tributary streams with
significant catchment areas are also present, allowing the assessment of a variety of stream
forms in buttongrass moorland.
This report is based on fieldwork by Kathryn Jerie and Ian Houshold of DPIWE during
February and March 2006, and interpretation of aerial photography from 1946 and 2002.
Fieldwork focused on several sections of the Gordon River, and two of its western tributaries.

2.1.1 Environmental Context
Topography
At the southern end of the Vale of Rasselas, The Gordon River has a considerable catchment
of just under 180km2 and a trunk stream length of over 60 km. This catchment covers a
diverse landscape. The headwaters of the Gordon rise on the eastern slopes of the King
William Range. This is a glacial landscape that includes very steep upper slopes, lakes filling
hollows either scoured in bedrock by ice or dammed by moraines, and a broad glacial valley
with terminal moraines. Below the glacial headwaters, river slopes decrease and the river
runs through a steep to undulating landscape with pockets of alluvium. Approximately 20 km
by river from the headwaters the Gordon gradually emerges onto the extensive valley that
further south is known as the Vale of Rasselas. This valley, dissolved from the underlying
Ordovician limestone, is some 30 km long, and typically 2.5 km wide. On entering the
valley, the slope of the Gordon rapidly decreases and remains gentle until the river enters the
Gordon Gorge 30 km further south .
At the upper end of this valley is the confluence with the Gell River, the only significant
tributary of the upper Gordon. Like the Gordon, the Gell River drains a very steep landscape,
and is a steep confined stream for much of its length. At the confluence, both the Gordon and
the Gell are large rivers (catchment area of 137 and 84 km2 respectively).
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Figure 2 The catchment of the Gordon River in the Vale of Rasselas.
The Vale of Rasselas is a broad feature with very gentle down valley slopes. However, the
valley margins are steep and high, particularly to the west. The eastern flank of the valley is
formed by the Gordon and Tiger Ranges. These strike ridges generally reaching between 700
and 800 m asl. In contrast, the western valley wall consists of Mt Wright and the Denison
Range. These are both over 1000 m asl, with the Great Dome on the Denison Range over
1200m high. This extra elevation means that the western side of the valley shows signs of
more intense periglacial and in the case of the Denisons glacial geomorphic processes than
the eastern flank. The valley sides are drained by short high energy streams that deliver water
and some sediment to the valley floor and the Gordon River. These catchments are mostly
quite small, with the exception of Reeds Creek (15 km2), which drains the basin between Mt
Wright and Stepped Hills further to the west.
Seen in cross section, the valley floor of the Vale is not flat. Its margins are formed from a
series of slope deposits and river terraces, stepping increasingly gently down from the valley
margin to river level. These confine the Gordon River to its wandering path across the floor
of the valley. The river follows the valley alignment to the south east until Gordon Bend
where it turns abruptly to the south west. Shortly thereafter it enters the Gordon Gorge, and
then the impoundment Lake Gordon.
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Lithostructure
Geologically the Upper Gordon River has quite a diverse catchment (see Figure 3). Its
headwaters rise in Davies’ fault structure province (Davies, 1965), dominated by dolerite and
the flat lying sand and mudstones of the Parmeener Supergroup. The geology of this
headwater area has only been mapped at very small scales. The glaciated King William
Range is formed in dolerite, and the complex undulating hills between the King Williams and
the Vale of Rasselas are formed on Parmeener Supergroup rocks. There are also considerable
areas of Quaternary sediments in this area, including glacial, periglacial, colluvial and fluvial
origin. These have not been mapped in detail (Kiernan, 1995), but are sufficiently distant
from the study reach (less than 30 km by river) to have had little influence on the system,
other than as a potential sediment source.
Roughly 20 river kilometres from the headwaters, the river crosses into Davies fold structure
province, where the structures of folded basement rocks show in the landscape as strike ridges
and valleys. The Vale of Rasselas and the surrounding ridges are a classic example of this
type of landscape. This area has been mapped at 1:50,000 scale. The broad straight valley is
primarily a solutional feature, formed by the gradual chemical erosion of the underlying
soluble Gordon Limestone. Outcrops of limestone can be seen at regular intervals on the
Gordon River. On either side of the valley are strike ridges formed on more erosion resistant
rocks. To the east, the Gordon and Tiger Ranges are formed in Silurian orthoquartzite,
sandstone, siltstone and mudstone. Soils developed on these rocks appear relatively fertile,
and this range and the fans of slope deposits derived from these eastern ranges tend to support
wet eucalypt forest and rainforest. To the west, Mt Wright and the Denison Range are of
more erosion resistant sandstone and conglomerates, which could explain their greater
elevation. Soils on these slopes are less fertile, and the slopes and derived sediments tend to
support buttongrass moorland vegetation.
The Quaternary deposits of the Vale are complex. They include slope deposits and river
sediments of a variety of forms and ages. To the north are the moraines produced by the
glaciers on the Denison Range, however these were probably not a direct influence on the
Gordon River or tributaries in the study area. These deposits are described in more detail in
the Geomorphology section below.

Climate
The following description of climate is based on statistics provided by the Bureau of
Meteorology in 2001 for a state wide river regionalisation project reported in Jerie et al
(2003).
The headwaters of the upper Gordon catchment are moderately but reliably wet in the context
of western Tasmania. The wettest areas of the catchment are the King William Range and the
headwaters of the Gell River, which on average receive around 2.3 m of rain each year.
However, rainfall decreases from west to east, and the catchment on average receives just
under 2 m of rain annually. Evaporation rates are relatively low, and the effective
precipitation (rainfall minus losses to evaporation) is around 1.3 m per year. The climate of
this area is very reliable. Seasonality is low, with effective rainfall likely to occur at any time
of year. Rather than short intense events, rain is likely to fall with low to medium intensity
over a considerable time, with the average maximum rainfall in one day varying between 50
and 60 mm across the catchment. The amount of rain falling in the wettest day of the year is
also consistent over time. Because of the elevation of much of the catchment, it receives
regular snowfalls over winter. This has the potential to influence the hydrology of the system
depending on the timing of snow melt events. Low intensity freeze thaw processes will also
occur at higher elevations, with implications for sediment production and movement.
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Figure 3 Geology of the catchment of the Vale of Rasselas.

11

0

5

10

Fluvial geomorphology of buttongrass moorland landscapes: Vale of Rasselas
• Geomorphology
The Vale of Rasselas and its surrounding mountains reflect the influence of a variety of
geomorphic processes. These include karst, glacial, periglacial, colluvial and fluvial
processes. The intensity of these processes has varied over time, shaping the Vale at the
broad landscape level, and leaving deposits of material within the valley. The three basic
features are the steep colluvial fans on the lower slopes of the ranges, the low angle colluvial
deposits on the valley floor, and the fluvial terraces close to the present channel belt, and the
modern floodplain and in-channel sediments.
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Figure 4 Sketch of Quaternary features in the southern part of the Vale of Rasselas.
Note that boundaries are approximate only, based on limited field work and aerial
photo interpretation. In particular, tributary stream deposits also occur on Richea
Creek and Reeds Creek but are not mapped here.
• Karst features
Karst refers to the processes of dissolving soluble rock such as the limestone that underlies
the Vale, and to the features produced by that solution. Along with fluvial processes, karst
processes are probably the oldest and most pervasive of those that have shaped the Vale of
Rasselas. Karst influences the Gordon River in the Vale of Rasselas at two scales. On very
large temporal and spatial scales, karst processes are largely responsible for creating the broad
strike valley of the Vale of Rasselas by dissolving the underlying Gordon limestone. At a
more local scale, there is potential for subsurface drainage through the karst and development
of associated features such as alkaline pans, springs, stream sinks and dolines.
Karst drainage has obvious implications for surface streams, as water and also sediment may
be lost to or delivered from underground conduits. However, there was relatively few signs
of karst processes operating in the Vale today. Karst features observed during field work
include several spring fed streams at Gordonvale and on the margins of the active floodplain
of the Gordon River above Richea Creek (see Figure 4). An alkaline pan was found near the
confluence of Surprise Creek and the Gordon River. There are also widespread subsidence
dolines on some of the lower fluvial terraces on the Gordon River, and a collapse doline on
the fan of Richea Creek. These indicate that subsurface drainage accompanied by solution of
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rock or mechanical transport of sediment is occurring in these areas. On the largest scale, it is
possible that water is lost from the Gordon catchment to the Florentine, by draining through
the limestone beneath or to the south of the Tiger Range. The morphology of the Gordon did
not suggest that a large quantity of water is lost from the catchment in this way, but the
possibility of some losses has not been investigated. This possibility was recognised by Nye
in 1929 and was a reason that the Vale of Rasselas was not considered by the Hydro to be a
potential dam site.
Karst processes are driven by acid water, which is produced in quantity by peat soils. The
large quantity of peaty soils on the flats of the Vale and surrounding slopes therefore has the
potential to have caused extensive karst development of the limestone, but there is relatively
little sign of this. Possibly, this is because the Vale it a large etch plain, without any more
visible karst features. However, it is also possible that features such as dolines are common
but are hidden by a the peat. Alternatively, the rate of development of karst features might
actually be reduced because low hydraulic conductivity of the organic soils reduces the flow
of water to the underlying limestone. This could be exacerbated by potentially quite thick
layers of gravel overlying the limestone. These questions are beyond the scope of the present
study, but the conundrum of acidic soils in an alkaline landscape is worthy of further
investigation at some stage.
• Glacial features
Glacial processes would have operated in the upper Gordon catchment repeatedly during the
last 2.5 million years. The King William Range at the headwaters of the Gordon, The Spires
and Mt Curly at the headwaters of the Gell River and the Denison Range have all been
affected by ice over the last 2 million years. However, the focus of this study is on the
Gordon River and its tributaries in the southern Vale of Rasselas. It is very unlikely that this
area has been directly influenced by the more recent glaciations, and there is no known
evidence that ice extended this far even in the most extensive glaciation although this cannot
be discounted without further investigation. Instead the impacts of glaciation on the rivers of
the southern Vale of Rasselas have been indirect, limited to features created by rivers fed by
glacial meltwater and outwash sediments. It is likely that the higher fluvial terraces described
below were developed under these conditions. The present day influence of these processes
on the rivers of the Vale is limited to the role such terraces play in controlling stream
planform and long profile, and to the sediment supplied by the limited reworking of those
deposits.
• Slope deposits including periglacial deposits
As expected in a landscape with this topography, elevation and geology, there are significant
fans of slope deposits on the ranges to the east and west of the Vale. These were probably
developed from material transported by periglacial processes during glaciations. The largest
fans are on the slopes of Mt Wright and the Denison Range. Similar features are present on
the Gordon Range to the east, although these are smaller, probably because of the lower
elevation of the range, and the different lithological structures of rocks on the two sides of the
Vale. Slope deposit fans generally have their apex in small valleys, and extend onto the
valley floor, gradually decreasing in slope as they go. Near the valley floor, the lateral spread
of these deposits is generally such that they merge with neighbouring fans and eventually into
the valley fill. At this point fans can be of considerable thickness. Where Surprise Creek
emerges from its confined valley onto the Vale of Rasselas, it cuts to bedrock through more
than 20 m of slope deposits (Figure 5).
Despite their typical association with tributary valleys, on their upper slopes the fans are
easily identifiable as slope deposits because of the large boulders that can be seen on their
surfaces. However, lower down the slope clast size decreases, individual rocks are not visible
and the origin of the material more ambiguous. The lower slope deposits often have a stepped
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surface that on the ground is suggestive of flights of fluvial terraces left by an incising
Gordon River. However, more careful inspection and examination of aerial photography
reveals that these steps are generally not laterally continuous. Rather, they are small features
more likely formed as lobes of periglacial solifluction material, and in some cases slightly
reworked by the small tributary streams draining over them. In some cases they may have
been trimmed by fluvial erosion at the toe of the lobe, increasing their similarity to a terrace
formed in fluvial deposits.
• Fluvial terraces
Without exposures or excavation to expose material, it is difficult to be certain which terrace
like features are of fluvial origin. However, in the vicinity of the present course of the
Gordon River there are a series of two or three terraces that can be identified as fluvial
features. These generally have flatter surfaces that may slope slightly away from the river,
are backed by a distinct scarp, in some cases with pools or a back channel at the toe, and are
more laterally continuous than terraces formed from slope deposits. In places, features that
are potentially palaeochannels can be discerned from aerial photography. It is interesting that
even these terraces close to the present river level are not unambiguously of fluvial origin. It
may be that their form has been altered by a combination of organic soil development, which
tends to smooth out features, and by the karst processes described above. On the few
exposures encountered, the fluvial terraces consist of river rounded cobbles that are very
similar to the modern bed material. The age of these features is unknown. It is likely that
they relate to higher sediment loads during glacial climates.
Fluvial terraces are also found on the larger tributaries such as Reeds Creek and Surprise
Creek (Figure 4). These streams have deposited significant alluvial fans of their own on
entering the valley. In places these fans have been eroded to form small sets of terraces that
are at right angles to the larger features formed by the Gordon River.
• Organic soils
During this fieldtrip there was very limited investigation of soil character, and this was mainly
focussed on the forested lower terraces of the Gordon River. Therefore, the following
observations on the nature of organic soils in the Vale of Rasselas are based largely on the
Land Systems mapping of Pemberton (1989).
Organic soils are associated chiefly with the buttongrass moorland communities of the upper
terraces and slopes of the western slopes. In these areas, there is typically a peat A horizons
varying in depth from 10 – 35 cm, overlying mineral horizons that vary in texture, depth and
organic content. The organic horizons described in Pemberton (1989) are generally not deep
enough to be defined as peat soils on the valley floor.
Pemberton (1989) reported that soils in forested areas of the Vale are not peaty. They can
have very shallow fibrous peat A horizons, but these overlie deeper mineral soils. This fits
with observations from this field trip. With the exception of some back swamp deposits, the
soil pits on the lower terraces of the Gordon River revealed soils that were not organic rich
below the shallow A horizon.
The organic soils of the buttongrass moorland are associated with distinctive small pools.
These may be associated with karst features in the underlying limestone, but when tested the
acid pH and low conductivity of these pools did not suggest any interaction with carbonate.
In places, the pools appear to be remnant channels left by a migrating Gordon River.
However, the location and shape of other pools, which occur in clusters on higher terraces,
suggests a different genesis. The origin of these features is beyond the scope of this project,
but is a question worthy of further investigation at some stage.
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Fire history
Details of the pre-European fire history of this area are not known, but it is likely that the area
was subject to Aboriginal burning (Marsden-Smedley, 1998). Since European settlement,
fires have been lit in the Vale of Rasselas for a variety of reasons, including exploration,
mineral exploration and attempts to convert the buttongrass moorland to pasture (MarsdenSmedley, 1998). Areas in the Vale were burnt in the 1850’s, 1980’s 1930’s and 1950’s
(Marsden-Smedley, 1998). Gordonvale was occupied between 1933 and 1950 (Gee and
Fenton, 1978). No particular effort has been made to track down the fire history during this
period, but some recent fire scars appear on the 1952 aerial photographs. Most recently were
hazard reduction burns in the valley in 1982. These were mainly to the east of the Gordon
River, and were presumably intended to form a fire break to prevent wildfires from entering
the Florentine Forestry areas. This escaped, however, and burnt some 1764 ha from the
plains west of the Gordon River almost to the crest of the Denison Range.
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2.2 Fluvial geomorphology of the Vale of Rasselas
The fieldwork in this area focussed on two very different types of system, in an attempt to
characterise a range of channel form and behaviour in the buttongrass moorland environment.
Two and a half days were spent examining the nature of several of the small streams that
drain the western slopes of the Vale. These streams change form rapidly as they move from
the influences of the steep bedrock dominated catchment to the flat, organic and alluvial
deposits of the valley floor. The final two days were spent examining the Gordon River itself.
Interpretation of field observations was aided by examination of 1946, 1952 and 2001 aerial
photography.
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Figure 5 Field sites in the Vale of Rasselas.

2.2.1 Tributary streams
The alluvial reaches of two of the western tributaries of the Gordon River were examined in
the field (Figure 5). These are not formally named on the 1:25000 scale topographic map.
For convenience, the northern stream will be referred to as Surprise Creek, because it drains
Surprise Lake. The southern stream is called Camp Creek because it drains to the Gordon
near the camp site.
These streams change form and behaviour rapidly as they move from the influences of the
steep, bedrock dominated catchment, through the deep colluvial sediments that flank ranges,
to the flat, organic and alluvial deposits of the valley floor. These changes to a large extent
follow a general pattern of sediment deposition and reduced channel capacity as the streams
respond to decreases in slope and valley confinement. However, there are particular features
that are due to the moorland landscape in which the streams are found. Variations between
the two streams are due largely to different catchment size.
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Camp Creek
Camp Creek is a very small stream draining the flank of Mt Wright (Figure 6). Its catchment
area is only 0.9 km2. The stream was followed from the apex of the alluvial fan down onto
the upper flats of the valley floor. Three zones of distinct stream characters were observed.

Camp Creek

Figure 6 Camp Creek and its catchment on Mt Wright. Arrows show roughly the area
viewed during fieldwork.
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• Zone 1 Very steep substrate controlled stream
In this upper reach, Camp Creek flows through a valley incised not into bedrock but into the
large fan of colluvium that can be seen in Figure 6. Bedrock outcrops in the stream bed in
only one location. In this reach, the stream slope is still very high (around 0.2 m/m), however
because of the tiny catchment, flows are small and the stream power is low. The stream flows
on boulders that are likely to be part of the colluvium (Figure 9A). Particle size transported
by the modern stream is more likely to be limited to sands and gravels. Base flow, and in
some cases all signs of channelised flow is frequently underground, through tunnels in the
colluvium (Figure 9B). The planform is more or less straight down valley, and is influenced
chiefly by larger clasts in the colluvium. Small lobate pockets of stream deposits cover the
floor of the small valley.
In this zone the channel dimensions are extremely variable. This depends partly on the
degree to which the flow is beneath the surface. Where the channel is at the surface, it is
typically trench like in cross section, with maximum dimensions around 0.6 m wide and 1.0
m deep.

Figure 9 A (left) Boulders in bed of upper Camp Creek. B (right) A tunnel section of
upper Camp Creek.
• Zone 2 Modern alluvial fan
This is a depositional zone defined by decreasing stream slope, which is reduced to 0.16 m/m
at the start of the reach, and is further reduced to 0.08 m/m by the end of the reach. Sufficient
sand and gravel is deposited and stabilised by moss to drive the formation of multiple shallow
channels. Both floodplains and the stream bed appear to consist of material of a calibre that
can be transported by modern flows. In the upper part of the zone, this channel type
alternates with deep trenches running on boulder colluvium, as seen in Zone 1. Towards the
downstream part of the zone, the stream once again develops a tendency towards subsurface
flow. However, these tunnels appear different in character to those of the upper zone where
the stream drains through coarse colluvium. Here tunnels appear to be roofed by a
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combination of vegetation and modern sediment. It seems likely that they are constructed by
rapid sedimentation over a mat of dense riparian vegetation that covers the small channel.
This sediment, stabilised by mosses and other vegetation, forms the roof of a new tunnel.
This results in subterranean sections of channel several metres long (eg see Figure 10).
Throughout the zone there are small knickpoints in the stream bed, which are associated with
increased channel depth. Channel planform is irregular, occasionally influenced by individual
large boulders and vegetation.
Channel dimensions in this zone vary depending on their local context. In depositional areas
the channel is wide and shallow (eg 1.0 m wide and 0.25 m deep) with sand and gravel
deposited in the bed and draped overbank. In local erosion zones the channel is deep and
trench-like (0.8 m wide and 1.10 m deep) flowing on colluvial boulders.

Figure 10 A small window in a tunnel section of channel in the modern alluvial fan zone
of Camp Creek.
• Zone 3 Alluvial meandering reaches
In this zone the channel has emerged from the valley incised in the colluvium, and instead
runs through a floodplain of its own sediments inset into the larger Gordon River terraces.
The floodplain is typically covered by dense tall heath. The channel slope reduces to
0.03 m/m, and the channel begins develop a meandering planform. The channel is small with
bed material a mixture of sand, gravel and cobbles. Multiple secondary channels are
sometimes present. It was not clear from the limited field work whether these are actively
developing or relict channels. The sinuosity and number of channels increase downstream,
but due to time limitations this stream character was not examined in detail.

19

Fluvial geomorphology of buttongrass moorland landscapes: Vale of Rasselas

Surprise Creek
Surprise Creek is has a significant catchment of some 6.25 km2. It drains a rugged and steep
catchment on the Denison Range, including two cirques in the headwaters. It flows through a
deep bedrock gorge immediately before emerging onto the Vale of Rasselas. Like Camp
Creek, Surprise Creek has incised a valley into the sediments that cover the Vale. This valley
is deep close to the Denison Range, and becomes progressively wider and shallower with
decreasing stream and valley side slopes as the creek approaches the Gordon River (Figure
12). As this occurs, the stream forms a system of distributary channels that spread water
across the valley. The feature is basically a large and mostly relict alluvial fan inset into the
colluvial and fluvial sediments of the Vale. It is likely that this fan was actively forming
during the last glacial stage when the Surprise Creek would have carried much higher
sediment loads than present. Sediment deposition is presently much more localised,
presumably because of the Throughout the Holocene, incision of glacial stage outwash
deposits has occurred. Under the present climatic regime, sediment deposition is much more
localised.

Figure 11 The catchment of Surprise Creek from the top of the gorge.
1000

Zone 2a

800

Surpris e Ck s lope

0.4

Zone 3

700

0.5

Zone 2b

Zone 4

slope

elevation (m asl)

900

0.6

Surpris e Ck

Zone 1

Zone 5

0.3

600

0.2

500

0.1

400

Bedrock outcrop

300
0.000

0
1.000

2.000
3.000
4.000
distance from source (km)

5.000

6.000

Figure 12 The long profile of Surprise Creek to the confluence with the Gordon.
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Field work consisted of walking the stream from immediately downstream of the gorge to the
middle of the Gordon terraces. From here to the confluence with the Gordon, stream
character was assessed at irregular intervals. Based on this field work and interpretation of
aerial photography, four different stream characters were identified. These are mapped in
Figure 13 and described below.
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Figure 13 Stream character zones identified on Surprise Ck.
• Zone 1 Modern alluvial fan
The modern alluvial fan is a short section of the creek at the upstream most extent of
fieldwork. Here Surprise Creek has just emerged from a very narrow bedrock gorge into a
wider valley. This decreased valley confinement is coupled with a slight decrease in stream
slope (now 0.06 m/m), and the result is a drop in stream power. This leads to deposition of
considerable quantities of bedload, from granule to boulder size, within the active channel.
This forces the stream to avulse (jump to an alternative channel that could be relict or freshly
eroded). In other words, this section of the creek is behaving as an active although confined
alluvial fan, with multiple channels dispersing water and sediment, and sediment deposition
in the channels and floodplains.
The channel dimensions in this zone are inconsistent, because of the variable locations of
gravel deposition. The channel can be distinct with deep pools (eg Figure 14 a), or almost
filled with imbricated gravel (eg Figure 14 b). The location of gravel lobes is in part
influenced by the living and dead woody debris. The vegetation surrounding this zone is well
established rainforest, which produces sufficient woody debris to frequently block all or part
of the channel, causing both deposition and scour. Secondary channels are typically present,
often running on the margin of the valley or against the terrace. Floodplain areas that appear
to be inundated at high flow also occur, but the bulk of the valley floor is occupied by a
fluvial terrace roughly 1.5 m higher than the floodplain.
Channel dimensions vary depending on the number of channels present, and on areas of
recent deposition. Typical channel dimensions are 7 m wide and 0.5 m deep. Secondary
channels are typically in the order of half the width but of similar depth. The largest recently
mobile clasts deposited in this zone are in the range of 30 – 50 cm.
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Figure 14 Surprise Creek in the modern alluvial fan zone. A (top) channel almost full
of deposited cobbles and boulders. B (bottom) pools scoured under woody debris.
• Zone 2 a and b Incised channel
This stream character has a deep, straight, trench like channel incised into the middle and
upper sections of the relict alluvial fan. It occurs in two sections, separated by the bedrock
influenced Zone 3. It seems likely that these incised reaches are caused by the combination of
high stream power and low modern sediment loads. Under a glacial climate, this section of
the creek would have been supplied with large quantities of coarse sediment, sourced from the
glaciers in the headwaters and from periglacial activity on the slopes. Part of this sediment
would have been deposited at this point in its catchment, to form the alluvial fan that is visible
beside the stream. However, under the modern interglacial climate, relatively little sediment
is produced in the catchment, so less sediment is entering this zone. The stream has become
sediment starved and is more able to erode its bed and banks. Once erosion has occurred,
there is little new sediment available for deposition within the channel, so recovery of preincision channel form is likely to be slow. The result that, rather than a shallow wide channel
that is prone to periodic filling by sediment as would be expected in an alluvial fan, there is a
straight deep channel that is able to transport the moderate quantity of sediment entering from
upstream (Figure 15).
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Figure 15 Surprise creek in zone 2a (top) and zone 2b (bottom).
This stream character occurs where there is the correct combination of high stream power and
low sediment supply. It requires a relatively steep channel slope to create sufficient stream
power to erode and transport the boulders that make up the bed and bank. These conditions
occur immediately downstream of the modern alluvial fan section. The stream character
occurs as two reaches, separated by a short bedrock controlled reach and its associated
depositional features (Zone 3). Zone 2a has a slope of around 0.063 m/m, and Zone 2b
around 0.039 m/m.
It is likely that vegetation also plays a role in determining where this stream character occurs.
Riparian vegetation can influence channel stability, through the roots that stabilise the upper
bank, the contribution of woody debris to the channel that protects banks from erosion, and
the contribution of living and dead plant material to channel and floodplain roughness. Zone
2a flows through old rainforest, while Zone 2b flows through vegetation dominated by
buttongrass moorland and tall heath. The higher disturbance frequency and lack of woody
debris produced by moorland and heath may explain why this stream character occurs in Zone
2b, despite the lower stream slope. This theory is supported by the downstream boundary of
2b, which is coincident with the stream entering forest. Rather than an abrupt change in style,
there is an increasing tendency for sediment to be deposited within the channel, resulting in a
gradual change in channel dimensions. This is related partly to sediment supply from incision
up stream, and decreasing stream power as the channel slope decreases. However, the slope
decrease is gradual and minor. It appears likely that the change to forest vegetation has a
major influence on channel form. In particular, woody debris reinforces stream banks and
encourages gravel deposition within the channel.
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The incised nature of Zone 2a appears slightly older and the channel dimensions are more
consistent than in Zone 2b. Dating this incision would require considerable further work –
the dense rainforest vegetation means that this section of the creek is not visible on the air
photos. Also, the incision potentially predates the air photo record by thousands of years. In
Zone 2b, the creek runs through buttongrass moorland and tall heath. In this zone the incision
appears more recent. Recent slump blocks and scour indicate that some bank erosion is
occurring, probably in response to bed lowering. Some of the incision in this zone is evident
in the 1946 aerial photography. This had increased to almost the whole zone by the 1952
photographs. Some changes in channel planform are evident between the 1952 and 2002
aerial photographs, indicating ongoing bank adjustment and possibly further incision. Given
the recent nature of much of this incision, it is not clear to what degree this stream character is
a natural response to changed sediment regimes, and to what degree it is a response to landuse
changes during the period when Gordonvale was occupied. In particular, changed fire
regimes have the potential to spark incision by reducing roughness and weakening stream
banks.
Channel dimensions are influenced by local vegetation and short term rates of sediment
deposition. Typical dimensions in zone 2a are 6 m wide and 2.3 m deep, boulders and
cobbles dominating in the bed and lower banks. Upper banks are generally finer, with sand
and gravel dominating, and are stabilised by root mats from the rainforest riparian vegetation.
The largest mobile clasts have 40 to 50 cm b axis. In Zone 2b, channel dimensions are more
influenced by planform and the deposition of small lobes of bedload within the channel. As a
result, bank height is more variable. Typical channel dimensions are 8 m wide and 1.5 m
deep. The largest mobile clasts have b axis between 30 and 45 cm. However, there is a
general trend for sediment size to decrease downstream. By the end of zone 2b, the largest
clasts are between 15 and 35 cm b axis.
• Zone 3 Bedrock control and associated depositional zones
This is a relatively short zone that occurs between the sections of two incised channel. For a
short distance, limestone outcrops control the stream bed and occasionally the lower banks
(Figure 16). This bedrock control appears to cause a ‘flat spot’ on the long profile of the
creek, which has caused the development of a small depositional area immediately upstream
of the bedrock bar. In this area there are multiple channels, with the largest in the order of 5
m wide and 0.5 m deep. Bed material remains dominated by cobbles and boulders.

Figure 16 The bedrock bar on Surprise Creek in Zone 3.
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• Zone 4 Anabranching gravel bed
This zone is the transition between up and downstream characters, and is characterised by
decreasing channel dimensions, the presence of distributary channels that disperse flow and to
a lesser extent sediment, decreasing grain size, considerable in-channel deposition and the
beginning of a meandering planform. These changes appear to be driven by the stream once
again lacking the competence to move the available sediment load. Once this process begins,
it is self-reinforcing. Deposition within the channel decreases channel capacity, and means
that flood flows are deep enough to access the network of distributary channels that occur
across the relict alluvial fan. Loss of water from the main channel further decreases stream
power, and encourages more sediment deposition. This will also encourage lateral erosion
and the formation of the meandering planform on the main channel.

Figure 17 The main channel of Surprise Creek in Zone 4. Note the decrease in channel
dimensions, the riparian vegetation and the influence of woody debris.
The initial cause of these changes to the stream character is difficult to determine from the
limited field work completed. It may be that the loss of stream power can be attributed to a
decrease in channel slope. However, the change in slope between this and upstream reaches
evident from the 1:25,000 topographic map is very small (Figure 12), although this may be an
artefact of the difficulty of accurately mapping the planform of small streams. It is possible
that the change in stream character is caused by a change in riparian vegetation. Zone 2b,
upstream, is dominated by buttongrass moorland vegetation and tall heath, while zone 4 runs
through forest. In combination with lower stream slope, this vegetation may be sufficient to
cause the change in stream character, because of the role that it plays in increasing bank
stability and producing woody debris that adds roughness to the channel and so encourages
sediment deposition.
Channel dimensions vary systematically through this zone, as the channel and the size of
mobile sediment decrease. In approximately the middle of the reach, channel width is 3 m
and depth is 0.8 m. The largest mobile clasts are between 15 – 20 cm b axis.
• Zone 5 Anabranching peatland stream
This zone is characterised by wide floodplains and multiple sinuous channels with very small
channel capacity. The streams run through buttongrass moorland, and the organic soils with
its dense root system appears to be a control on stream character. This stream character is
common for small streams running through gently sloping buttongrass moorland.
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Anabranching occurs at several scales. At the larger scale, channels diverge on a scale of
10’s of metres and flow separately for 100’s of metres. The largest of these appear in Figure
13. Many of these channels are inherited from anabranches that develop in Zone 4. It is
likely that these channels are relicts from the stage when Surprise Creek was actively
depositing sediment over the alluvial fan. The multiple channels come together before
returning to the main stream just above the confluence with the Gordon. The convergence of
the anabranches occurs because of a topographic control, in the form of a terrace remnant to
west of the Gordon River. At this point bedrock outcrops in the bed of Surprise Creek
(Figure 18B).
Anabranching also occurs at the small scale. Each main channel is typically associated with
one or more secondary channels that often do not appear to take flow at base flow but appear
to be maintained by floodwaters. Often is it not clear how these smaller channels connect to
the main channel. This may occur through subsurface conduits, which can be common in
organic soils.
Features of these channels include very low width to depth ratios, a very sinuous planform, a
tendency to deep undercut banks, and low stream power because of low channel slopes and
the large contribution to roughness from the dense riparian vegetation and the channel form.
These attributes become towards the downstream end of the system. Typical channel
dimensions for a main channel are 0.6 m wide and 0.7 m deep, with undercut banks (Figure
18A). Overbank flooding is likely to occur frequently, as the tiny channel capacity is easily
exceeded. Sand drapes are common overbank deposits. Cobbles are present on the stream
bed, but these appear to be a lag. The mobile fraction of the bed is typically sand and pebble
sized. The lack of mobile coarse sediment in these downstream reaches suggests that these
tributaries do not supply bedload to the Gordon River.

Figure 18 A (left) The author standing in the main channel of Surprise Creek in the
peatland anabranching zone. B (right) The limestone bar on Surprise Creek near the
confluence with the Gordon River. At this point, the anabranches have combined to
form a single channel.
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2.2.2 General comments on the behaviour of western
tributary streams in the Vale of Rasselas
Consideration of the similarities and differences between Camp Creek and Surprise Creek
reveals some interesting patterns. The streams have some similar patters because they are
subjected to the same range of environmental controls. Differences in reaction to these
patterns can be mostly attributed to the very different catchment areas.
In both streams channel size and the grain size the channel is competent to move generally
decrease downstream. Also, both streams develop into classic low slope buttongrass
moorland streams. These are highly sinuous, with multiple channels, and have very low
width to depth ratios (the classic narrow and deep ‘shin breaker’ that all those who have
wondered across buttongrass plains have experienced). The huge roughness of these channels
means that stream power is generally low, and so they are very inefficient at transporting
water and sediment. Bankfull and overbank flows are likely to occur multiple times each
year. Sand is most likely the dominant particle size moved.
Differences between the two streams relate mostly to catchment size. The greater stream
power of Surprise Creek means it has been better able to modify its long profile, while Camp
Creek is more controlled by the underlying morphology of the colluvial and fluvial terraces
on the valley floor. Also, while Camp Creek has a penchant for subterranean flow, this does
not occur on Surprise Creek. It seems likely that channel width is the critical factor
controlling this. The channel of Surprise Creek is too wide for a roof to be supported. This
suggests a critical channel width above which tunnels do not occur.
Most notable is the tendency of Surprise Creek to erode its bed and banks in the middle
reaches. As described above, this is possibly the result of an inherent instability in the stream
at this point, caused by decreases in sediment supply since deglaciation. The theory that these
streams are inherently prone to erosion is supported by the 2001 aerial photographs which
show four other streams draining the Denison Range that appear to be similarly incised. This
incision is not found on the smaller streams such as Camp Creek. Such erosion cannot occur
unless there is there is sufficient stream power available to move the often very large clasts
that form the upper terraces and floodplains. Of the eroded streams, only one has a catchment
area of under 4 km2. It may also be that a trigger is needed to start this erosion even on the
larger streams, and this could be fire.
Vegetation can play a very large role in maintaining the stability of the channel. This is
evident on Surprise Creek, where the downstream extent of the incised channel corresponds
with the stream entering a copse of forest that provides woody debris and root reinforcement
of banks. If fire occurs with sufficient heat or frequency to kill the riparian vegetation this
could be sufficient to initiate erosion. The present incised channels may be a result of
European fire regimes, associated with fires during the period when Gordonvale was farmed,
between 1933 and 1950 (Gee and Fenton, 1978), or with hazard reduction burns since that
time (Marsden-Smedley, 1998).
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2.2.3 Gordon River
The Gordon River varies little through the 5.5 km reach that was covered by this field trip.
As such, there is only one river character to describe. The descriptive statistics for this reach
are in Table 1 below.
Catchment size (at Gordon Bend) (km2)
Elevation range in catchment (m asl)
Average valley slope (m/m)
Average channel slope (m/m)
Sinuosity
Valley fill width (m)
Meander belt width (m)
Typical channel width (m)
Range of channel depth (m)
Bed material grain size D50(mm)

437
1360-450
0.00125
0.001
1.25
4000
400
40
1.5 – 4
50

Table 1 Descriptive statistics for the 8 km of the Gordon River above Gordon Bend
The Gordon River in the southern Vale of Rasselas is a large, low sinuosity gravel bed river.
It is typically some 40 m wide, with banks up to 4 m high. In the study reach the river has a
slope of 0.001 m/m (Figure 19). The river bed has a long wavelength pool riffle sequence.
Most of the drop in the bed occurs over riffles. Although bedrock crops out in the lower
bank, it does not form a bed control in the study reach.
The Gordon flows through a largely alluvial setting, with broad floodplains and terrace
systems some hundreds of metres wide. However, bedrock crops out in the stream banks
reliably on each sharp bend in the river (eg Figure 20), and so appears to be playing an
important role in determining the general planform of the river. Floodplains and lower
terraces are generally well vegetated with tall eucalypt forest. The understorey varies from
open grassy areas, through to tall sparse Banksia, dense Melaleuca or very dense Bauera. A
considerable quantity of very large woody debris is present in the stream.
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Figure 19 The long profile of the Gordon River from its headwaters to the Gordon
Gorge.
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Figure 20 Limestone on the right bank of the Gordon River.

Features and sediments of the near Gordon River environment
The river is flanked by a set of low terraces. The precise morphology is difficult to ascertain,
because the relief is generally quite low, distances are in the order of hundreds of metres, and
at least close to the river, the vegetation is generally quite dense. Furthest from the river there
is typically a rise to a higher terrace vegetated with buttongrass moorland which has
developed the typical organic soils. At the toe of this terrace there are often small karst
streams. Inside this zone, there is a more complex set of features that are forested. There are
four broad sedimentary units that appear relatively consistently. Note that field investigations
were limited to the use of a short shovel, and although speculations about age of sediments
were made based on colour and texture of the material, no attempt was made obtain dates.
• Unit 1. Holocene benches and islands
The youngest sediments are found within the channel. Forming the bank of the river channel,
there are frequently benches of brown silty sand (Figure 21A). These benches can be over 10
m wide, but are more often in the order of 5 m. They typically extend down river in the order
of tens to hundreds of metres. They are usually well vegetated, but with comparatively young
vegetation dominated by Leptospermum or Melaleuca. Eucalypts are sometime present, but
they have not reached the same huge dimensions as those on higher surfaces. There is often a
slight levee form present, with the bench sloping down away from the river. At the back of
the bench there is usually a very distinct rise to what appears to be the original Pleistocene
river bank, intact even to the levee and line of riparian trees, and very similar in form to banks
where the bench is absent. In other places, similar deposits form long thin islands that run
parallel to the river bank. These islands are constructed from cobbles and similar brown silty
sands as the benches. They are mostly well vegetated, with mature vegetation. Both benches
and islands appear to be below flood level. These deposits have been interpreted as mainly
Holocene channel contraction within banks of late Pleistocene age. Similar deposits may
have been present within the Pleistocene channel, but regular reworking means that sediments
of that age are unlikely to have survived to the present.
• Unit 2. Yellow-brown sand over gravel
In the absence of Holocene benches, the river bank typically consists of a near vertical
exposure of fine pale yellow brown sands overlying gravel and cobbles similar in size to those
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found today on the river bed (Figure 21 B). At the river bank there is typically a low levee.
Bank exposures were usually between 2.5 and 4 m high. The depth of the transition from
sand to cobble was variable, with the bank sometimes being dominated by cobble, and in
other cases entirely sand. However it is most common for cobbles to extend roughly half way
up the bank.
The development of iron staining in the sands, and the degree of lithification that allows the
vertical bank exposure both suggest that these sediments are not modern but are probably of
late Pleistocene or early Holocene age.
This unit occurs both above and below the modern flood level. Lower lying areas show signs
of overland flow in the development of debris racks on the upstream side of vegetation.
Insets of modern organic rich silt occur along some of these floodways. However, extensive
areas of the unit are above flood level, which suggests either a change in flood depth or
incision of the modern channel since the unit was deposited. These higher areas are generally
well vegetated, in some cases with very large Eucalypts almost 2 m in diameter at chest
height and over 60 m tall.
• Unit 3 Shallow leached sand over cobbles
Unit 3 is commonly found on higher areas fluvial surfaces. It generally occurs as low rises,
and consists of shallow sandy soils with a fibrous organic rich A horizon above highly
leached grey sand. This sand is typically less than 20 cm deep, and is underlain by sand and
cobbles that again are well leached. In these areas, cobbles are often found at the soil surface.
Given the limitations of time and digging implements, there is no feeling for how this unit
may change with depth, or how it relates to the yellow-brown sands of Unit 2. These areas
are typically vegetated with large eucalypts with a Banksia understorey. Dense stands of
Bauera also occur in these areas. This sedimentary unit occurs above modern flood levels.
• Unit 4 Deep yellow sands
The fourth sedimentary unit is deep yellow-orange sands, sometimes with mottling and
concretions (Figure 21C). No gravel or cobbles were found in the limited excavations made.
These areas appear to be above the modern flood level. They are well vegetated with large
eucalypts (up to 90 cm diameter), generally with an open understorey of scattered banksia and
teatree. The unit appears to be restricted to the eastern side of the channel, which raises the
possibility that these are not a fluvial deposit, but rather are of aeolian origin, and form a sand
sheet extending to the lee side of the river.
An interesting feature of this unit is that is shows some of the best developed karst features
identified during the entire field trip. At approximately 449317, 5279164 AGD are a number
of dolines, up to 1.7 m deep and 7 m across. This is not the only spot where dolines were
observed, but they were more frequent on this unit than elsewhere.
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Figure 21 A (top left) The Holocene bench, covered in ferns, with an older bank lined by
mature eucalypts visible to the left. The present channel is just to the right of the photo.
B (right) Bank exposure of unit 2. In this case the total bank height is approximately
2.5 m. C (bottom left) Yellow orange sands from unit 4.

Channel stability
The Gordon River in the Southern Vale of Rasselas appears to be remarkably stable. Through
the 3 km of river bank that were observed during fieldwork, very little bank erosion was seen.
Areas of recent bank erosion were identified by the fresh colour of the exposed sediment, the
presence of roots sticking out of the soil, or newly fallen vegetation. Only very occasional
erosion of the yellow sand and cobble banks was seen. Erosion of the most common bank
type, the yellow sand overlying gravel, was usually limited to very localised (less than 2 m
long) scour or shallow slumping. In general, the bank top supports mature vegetation that
suggests great stability (eg Figure 22 A). Field impressions are backed up by comparison of
the aerial photograph record. Between 1946 and 2002 there has been so little change in the
position of the channel that, with the exception of one or two sites, it cannot be differentiated
from changes in riparian vegetation density or orthorectification errors.
Given the size of the Gordon River, the meandering planform and the alluvial nature of the
Vale of Rasselas, the great stability of the river is at first surprising. There are however
several reasons for this. Firstly, the channel is controlled partly by a number of bedrock
outcrops, which occur on the outside of almost every high energy bend (eg Figure 4 and
Figure 20). Secondly, the banks themselves appear very resistant to erosion. In particular,
the banks appear to be very erosion resistant. This is particularly the case with unit 2
sediments, which are partly indurated sands, often with cobbles in the lower part of the bank.
These may in fact represent the early Holocene channel banks, and little has occurred in the
following thousands of years to alter the position of the channel. Thirdly, in some areas the
cobbles of the lower banks and bed are cemented by an unidentified brown substance (Figure
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22B). This tends to occur downstream of bedrock outcrops. It appears possible that it is the
result of an interaction between the organic acids dissolved in the material, and contact with
the carbonate bedrock. Similar cemented bars have been observed on the Gordon below Lake
Gordon.

Figure 22 A (left) Ian Houshold under a mature Smithton peppermint on the bank of
the Gordon at 448400 5281950 AGD. B (right) cemented cobbles at the bank toe just
downstream of a bedrock outcrop at 448500 5282000 AGD.
Within the confines of the larger channel there are features that are less stable. The benches
and islands of brown sand and silt (unit 2 above) do show some limited changes over the 50
years of the air photo record. In particular, a bench 150 m long developed between 1952 and
2002 at 448400 5281800. Immediately downstream a smaller feature present in 1952 was
eroded before the 2002 photography. This site is still identifiable on the ground as recently
degraded by the remnant vegetation clinging to the scoured gravel. The generally young age
of the vegetation on the benches, as compared to higher surfaces, suggests that the features
are subject to periodic reworking.
The stability of the Gordon River contrasts with the Crossing River which was found in this
study to be actively meandering. There are many possible explanations for this difference.
The Gordon River has a much lower gradient that the Crossing (0.001 as compared to 0.006).
It also is likely to have a much lower sediment load in proportion to the runoff, because of the
greater distance from steep sediment source reaches on the trunk stream, and the wide floor of
the Vale that prevents course sediment from tributaries from reaching the Gordon. Finally,
the bedrock outcrops and tough erosion resistant banks on the Gordon were absent from the
Crossing, which had far more erodible banks.
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Sediment flux
There is no objective measure of the quantity of sediment transported by the upper Gordon
River. Through the types of features present in the river, and the rates of change evident on
aerial photographs, we can hypothesise what those rates might be.
As described above, there are relatively young depositional features within the channel, in the
form of islands and benches. These consist largely of sand and silt, and form this it can be
assumed that there is some suspended sediment load carried by the river during floods to
construct these in channel features. Where overbank deposition occurs on a significant scale,
recent sand or silt deposits can be seen draped across the soil surface and vegetation. These
features usually persist for some time after the flood, particularly on woody surfaces. Such
evidence of recent deposition was only seen in very restricted areas in flood channels and
depressions. Distinct levees are typically present along the river, indicating that overbank
deposition has occurred in the past. However, there was no sign of modern deposition in
these areas, suggesting that levee formation has either ceased or proceeds very slowly. This
would suggest that either suspended sediment loads are very small, or that floods very seldom
flow over bank full depth.
There are far more obvious signs of bed load transport. Some areas of the river bed appear
stable. These area areas of gravel that is either armoured, cemented or well imbricated and
infilled with finer material. However, more common is loosely packed gravel indicative of
recent transport. Evidence of transport also comes from deposits on and near woody debris
(Figure 23). A Wolman pebble count across the bed of the river at 448865 5279820 AGD
found the median b axis to be 50 mm (Figure 24).

Figure 23 Recently transported gravel on woody debris in a secondary channel divided
from the main channel by an island.
The active transport of this quantity of bed material raises the interesting question of sediment
sources, which in turn has implications for channel stability and sensitivity to disturbance.
Possible sediment sources are reworked bank sediments, input from tributaries, input from the
Gell River, or transport from the headwaters of the Gordon. The nature of the gravel gives
some clues as to which of these is the dominant source. In particular cobble geology gives
clues as to the sediment source, because different areas of the catchment have distinctly
different geology (Figure 3). Although rock type is difficult to determine given the
characteristic brown varnish that covers the river cobbles, examination of the bed material
showed that it was dominated by quartzite and sandstone. Very little conglomerate was
found, and nothing that could be identified as of dolerite or Parmeener origin.
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Figure 24 Particle size analysis for the whole bed of the Gordon at 448865 5279820
AGD.
The geology of the river cobbles suggests that much of the mobile bed material is originally
sourced from the Gell River, which is dominated by Precambrian quartzites and
metamorphosed mudstones, and possibly from the Gorgon and Tiger Ranges to the east of the
Vale, which are dominated by sandstones and siltstones. The lack of dolerite and Parmeener
rocks in the river suggests that little of the sediment from the headwaters of the Gordon reach
the lower Vale of Rasselas. It is perhaps not surprising that the Parmeener rocks do not
survive the 40 km journey from the headwaters. The much tougher dolerite underlies only
4% of the catchment, and so may simply to too small a proportion of the bedload to be
noticed. More interesting is the lack of conglomerate, which suggests that very little of the
sediment sourced from the Denison Range and Mt Wright makes its way across the floor of
the Vale to the Gordon. This sediment appears to be trapped by the low gradients and small
sinuous channels in the lower reaches to the tributaries. Should the incision found in the
middle reaches of these tributaries ever extend to the Gordon River, this would represent a
major change in the sediment supply to the river, and could alter the present balance between
sediment transport and supply. Finally, it is possible that material from the river banks is the
source of bed load. Although it is common for the banks of the Gordon to contain gravel that
is very similar to the modern bed material, field work and aerial photo interpretation suggest
that the river banks are very stable, and so are unlikely to contribute much material.
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3 Upper Crossing River
3.1 The Study Site
The Crossing River drains the southern flank of the western Arthur Range, then flows
southwest then northwest until its confluence with the Davey River. This study examines the
geomorphology of a section of river in the upper part of the catchment, near the western most
part of the Arthur Range (see Figure 26). At this point, the Crossing is a meandering gravel
bed river with a catchment area of just under 17 km2.
This section of river is of interest to this study because its is alluvial (not influenced by
bedrock), has a meandering planform, and much of the catchment is covered by buttongrass
moorland vegetation, although the river itself is generally flanked by scrub and low eucalypt
forest. The alluvial nature of the river means that the channel is potentially sensitive to
natural or human induced disturbances. The dominance of buttongrass moorland and the
likelihood that this is associated with large areas of organic soils means that fire management
in particular may be an issue. This issue prompted the present work, which fits within larger
collection of projects focussing on the impact of fire management on the environmental
values of south west Tasmania.
This report is based on interpretation of aerial photography of the area, from 1961, 1988 and
2002, and a short field trip to the site. Field work was conducted by Kathryn Jerie and Tim
Cohen on the 17th March 2005. Field time was very limited, as access was gained using a
helicopter in the area for other reasons and only available for one day. In this time we walked
a short length of the Crossing River, and briefly examined a tributary fan on the Arthur Range
side of the valley. The river stage appeared to be slightly above summer base flow, despite
some rain during and preceding the trip.

Figure 25 The Crossing River in the field reach.
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Figure 26 The catchment of the Upper Crossing River.

3.1.1 Environmental Context
Topography
The upper Crossing River has a modest catchment of some 17 km2. The valley is confined
between the large quartzite ridge of the Western Arthur Range to the northeast, and a lower
unnamed parallel ridge to the southwest (see Figure 26). Despite its small size, the catchment
covers a huge altitudinal range. The Western Arthurs rise to 1150m asl, and the ridge is
frequently 800 m higher than the valley floor. To the south the topography is far more muted,
with the catchment boundary defined by a ridge only 200 m higher than the river. The
catchment is long and thin, with steep flanks and a broad flat valley floor. The Crossing
River is the only stream with a significant catchment area in this part of its catchment.
Tributaries are typically short and steep, draining the valley sides roughly at right angles to
the trunk stream. Many of the northern tributaries are sourced from drain glacial lakes on the
upper slopes of the Arthur Range.

Geology
Geological mapping of this area as been at a very coarse scale (see Figure 27). Both the
Arthur Range and the ridge forming the southern watershed of the catchment are strike ridges
in what is mapped as Precambrian quartzite sequences. A small area of pelitic rocks (clay
rich metamorphosed sediments) occur on the ridge in the southwestern part of the catchment.
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Mapping of Quaternary sediments is limited to two distinctive moraines on the flanks of the
Arthur Range and undifferentiated sediments on the valley floor. However, it is apparent
from field work that Quaternary deposits are far more prevalent and complex than this would
suggest. These deposits are discussed in more detail in the Geomorphology section below.

Figure 27 Geology of the upper Crossing River catchment.

Climate
Climatically, this area is distinctive for its wetness. Western Tasmania is generally a very wet
place, and because of their elevation and northwest – southeast alignment the Western
Arthurs are perfectly designed to catch frontal rain from the south and west. According to
Bureau of Meteorology modelling, the area receives on average around 2.5 m of rain
annually. The effective precipitation (rainfall minus losses to evapotranspiration) is on
average around 1.75 m per year. The area is prone to regular low to medium intensity rainfall
rather than short intense events, with the average maximum rainfall in one day less than 70
mm. This part of the state also had a fairly seasonal distribution of effective precipitation,
driven by higher winter rainfall and low evaporation. Because of their elevation, the Western
Arthurs are prone to snowfall, frost heave and potentially small scale periglacial (freeze–
thaw) activity.

Geomorphology
The present day geomorphology of the upper Crossing catchment reflects the influence of
past glacial, fluvioglacial and periglacial processes, as well as modern processes of organic
soil formation and slope instability. All of these produce erosional and depositional features
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that can influence the modern behaviour of the river and its tributaries. These features are
roughly sketched in Figure 28 and Figure 29.

A

B
BR
BR
FT1?

FP

FT1

CT1

Figure 28 A schematic diagram of the Quaternary sediments in the Crossing River
Valley. The approximate location is marked on Figure 29. Numerous bedrock outcrops
occur on the upper and middle slopes of the Arthur Range, exposed by glacial and
periglacial activity as well as modern slope processes (BR). The lower slopes of the
range in part covered by fans of material ranging in size from gravel to boulders that
are most likely of periglacial origin. These fans grade out onto the margins of the valley
floor, and have in many places been trimmed by river erosion, forming a terrace of
colluvium (CT1). Set within this are fluvial (river) deposits on at least two levels, a
higher terrace (FT1) and a narrow modern floodplain (FP). On all these surfaces there
is some degree of organic soil development, but this is particularly deep in the
backswamp area of FT1 (vertical shading).
Significant glaciation has occurred in the Western Arthur Range during the Quaternary (the
last 2 million years). Very little work has been published on this area, but it is apparent that
there have been multiple phases of glaciation, with the most extensive activity early in the
Quaternary, and the most recent glacial period (peaking around 18,000 years ago) relatively
short and localised.
The erosional and depositional features produced by glaciers at higher elevations have a very
direct effect on the tributaries and headwaters of the catchment, forming lakes, and
determining valley form and stream long profiles. However, on the trunk of the Crossing
River the influence of the most recent glaciation was probably restricted to increased
sediment loads from glacial and periglacial erosion and a flashy hydrology driven by seasonal
meltwater flooding. Large quantities of sediment would have led to increased floodplain
development in the floor of the valley. An anastomosing system of abandoned channels can
bee seen on the floodplain in the 1961 aerial photograph. These would be a result of high
sediment loads in the river at the time the floodplain was formed. In contrast, the modern
river is restricted for much of its length to a single channel, has meandering planform and a
far narrower active floodplain.
Although glacially carved lakes are found on both slopes of the Western Arthurs, there is a
pattern of large clearly formed moraines on the northern side and large fans of slope material
on the southern side of the range. This suggests that during the last glacial maximum, cirque
activity was greatest on the northern side of the range. On the southern slopes that drain into
the Crossing River significant glaciers failed to develop, allowing periglacial (freeze-thaw)
processes to dominate. This could be because the Arthurs act as a snow fence, with more ice
accumulating on the northern lee side and feeding the glaciers. The southwestern face of the
range would then be subjected to more periglacial and fluvial processes, which may well have
reworked moraines deposited during earlier more intense glaciations.
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Figure 29 Plan form of Quaternary sediments in the vicinity of the field site. The same
area is shown in Figure 30.

Figure 30 1961 aerial photograph of part of the upper Crossing River valley. The flank
of the Western Arthurs is visible on the upper right of the photo, with a large fan on the
lower slopes. The same area is shown in Figure 29.
Large fans of coarse material are found along much of the northern margin of the Crossing
River floodplain (see Figure 28). These deposits start on the steep mid slopes of the range,
and extend out onto the valley floor. They are composed of a mixture of grain sizes from
sand and gravel up, but consist in part of large boulders up to several metres long (Figure 31).
This suggests they must be slope deposits, as it is not conceivable that a river with sufficient
power to move these stones could have formed with such small catchments. However, on the
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surface of the fans are a network of shallow channel like features, which are remarkably
reminiscent of features found on steep alluvial fans formed by rivers (visible on Figure 30).
This implies some influence of flowing water during the formation of the fans. These
channels are relict features that are partly filled with fine sediments and organic soils. They
are up to several meters higher than the single channel that is incised into the fan through
which all drainage occurs today. Based on this very limited fieldwork, it seems likely that the
fans were formed during the last and potentially also the previous glacial maxima, from
material transported by intense preglacial processes operating throughout the elevation range
of the Arthurs, but with surface forms developed by floodwaters during seasonal melts.

Figure 31 View up a fan on the northern flank of the Crossing Valley. Note the
boulders near the shovel in the foreground.
The southern flank of the valley is a much lower ridge than the Arthurs. This side of the
valley floor was not visited during fieldwork, but examination of aerial photography had
identified two major differences, relating to the nature of sediment fans and to the frequency
of mass movement. Like the Arthurs to the north, this range is also flanked by coalescing
fans of sediment (see Figure 28 and Figure 30). However, compared to the periglacial fans on
the Western Arthurs, these features are much smaller, have lower slopes and have been more
extensively reworked by modern drainage lines. This suggests that these fans are largely of
fluvial origin, rather than being constructed of periglacial slope deposits.
The second distinctive feature visible on the aerial photography is recent mass movement.
Nine small landslides or debris flows are visible within the catchment on the 1961
photographs. These features are small, and do not extend the trunk stream. However, they
are likely to increase the amount of smaller calibre sediment delivered to the Crossing River
by its southern tributaries. The density of mass movement features in 1961 may be a result of
recent fires destabilising slopes by destroying vegetation. No new features are evident on the
1988 photos, and only one on the 2001 photos.
A final influence on the geomorphology of the Crossing River is the presence of organic soils.
These soils influence river form and processes in a variety of ways. Direct effects come from
the mechanical properties of peat in river banks and floodplains influencing the channel cross
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section (usually deep and narrow), planform (often highly sinuous) and potentially migration
rates (unknown, thought to be slow). Indirect effects come from the effect of peat on
catchment hydrology, and on sediment supply from the catchment, both of which can
influence channel form and process. This is mostly hypothesis, as very little work has been
completed to study the effect of peat on fluvial geomorphology, although the Earth Science
Section is presently running a project attempting to do this.
In the catchment of the upper Crossing River, most soils have a significant organic
component. Along the river, organic content of soils is often lower because sediment
deposited in floods contributes to soil formation. This and the local topography (steep river
banks and possibly natural levees) mean that soils are better drained so that organic material
decomposes completely rather than becoming humified and adding to the soil. The most
organic rich soils are found in areas that are poorly drained that have low inputs of mineral
sediments. This is mostly the case on the floodplain areas distant from the present stream
channel. This may be exaggerated by the formation of levees along the river channel, which
prevent the floodplain from draining and create a backswamp. A boggy area probably of this
nature can be seen as a dark patch in the centre of Figure 30.

Fire history
Fire history is relevant to stream geomorphology because, through its effects on vegetation
and soil properties, fire will change stream hydrology, sediment inputs, and the resistance to
erosion of all unconsolidated sediments including river banks and floodplains. As discussed
above, it is possible that fire was a contributing factor in the large number of landslides
visible in the 1961 photos. In catchments with organic soils, the effects of fire can also
include burning the soil itself, which has very long term implications for vegetation recovery
and many aspects of the movement of water from catchment to stream, including infiltration
rates, soil storage of water, and sediment availability. Unfortunately, the fire history of this
area is largely unknown. It appears from the low vegetation cover and very sharp boundaries
on the 1961 aerial photography that there had been a recent fire when these photos were
taken. However, the timing and intensity of the fire are unknown. Nor is it known if the fire
was a single event or part of an extended series of burns.

Hydrology
There is no gauge station on the Crossing River. It is potentially possible to estimate
hydrological patterns from rainfall data available from weather stations through the south
west, however this has not been attempted for this study. However, some general comments
can be made based on state wide climate data. The high rates of rainfall and effective
precipitation mean that total discharge is likely to be quite high for the catchment size. The
area has pronounced seasonality in its effective precipitation, so summer base flow is likely to
be distinctly lower than winter. Finally, the area is prone to regular low to moderate rainfall
events, rather than short intense storms such as occur in the north east of the state. This
means that large floods would occur relatively infrequently.
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3.2 Fluvial geomorphology of the upper Crossing
River
The section of the river examined in the field has a catchment area of around 16km2. It is
some 18 km by channel from the headwaters of the river, and is around 200 m elevation. At
this point, the channel is falling roughly 8 m per kilometre at this point. This is a zone of
decreasing slope. The channel is moderately sinuous (the channel is 1.4 time as long as the
meander belt it runs through). The valley is generally between 350 and 500 m wide, but the
active meander belt is set within this, and is typically between 30 and 100 m across.
Table 2 Characteristics of the upper Crossing River field site
Catchment size (km2)
Elevation range in catchment (m asl)
Average valley slope (m/m)
Average channel slope (m/m)
Sinuosity
Valley fill width (m)
Meander belt width (m)
Range of channel width (m)
Range of channel depth (m)
Bed material grain size (mm)

16.7
200 - 1150
0.008
0.006
1.4
350-500
30-100
15-20
1-1.5
D50 = 53.5

1000

100
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900

Channel slope
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1
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Figure 32 Long profile of the upper Crossing River.

3.2.1 Field observations
This section of the Crossing is a meandering gravel bed river . The meandering planform is
irregular, due in part to the influence of confining terraces that are slightly more erosion
resistant than the modern floodplain. Bed material is dominated by rounded to sub rounded
quartzite gravel and cobbles, with a median b axis of 53 mm. Figure 33 shows the result of a
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Wolman pebble count on the exposed portion of the bar at cross section 18 (see Figure 36 for
location). Gravel bars are generally armoured (Figure 34). Banks are generally very steep or
vertical, and are mostly composite, with imbricated and occasionally indurated cobbles
underlying sand (Figure 35a). In some areas, the cobbles are overlain by organic soil rather
than sand. Erosion of these banks appears to proceed by the retreat of the near vertical cobble
bank, leaving the cohesive and root bound peat horizon to hang like a curtain over the bank
face until it fails under its own weight or is torn off by flood waters (Figure 35c). Where the
channel is in contact with a terrace, banks are deep sand (Figure 35b).
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Figure 33 Results of Wolman pebble count on the upstream half of the exposed cobble
bar at cross section 18.

Figure 34 Armouring on gravel bar of the Crossing River.
The channel is typically 15 to 20 m wide, and 1 to 1.5 m deep. It displays the forms expected
in a meandering gravel bed river – point bars opposite pools and cut banks on bends, and runs
with planar bed where the channel is straight. Where point bars are broad, they typically have
a cut off channel running between the crest of the bar and the channel bank. Very little
woody debris was seen in the channel, probably because the small size of most riparian
vegetation means that any debris entering the channel can be easily transported downstream.
One small debris jam was seen, spanning a narrow section of channel.
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There is a variety of evidence suggesting that the Crossing River at this point is moving a
considerable quantity of bed material. Sufficient gravel was trapped behind the channel
spanning debris jam to raise the stream bed almost half a metre. Also, the character of gravel
bars suggests a significant part of the bed is regularly moved during floods. Most bars appear
at least in part to be constructed of recently transported material, with cobbles loosely packed
and little infilling of interstitial spaces.
There is also field evidence of bank erosion and channel migration. This was indicated by
vegetation and soils on outside banks. Trees on outside banks are frequently seen to lean over
the channel, with trunks curving upwards in a way that suggests repeated episodes of
undermining cumulatively increasing the angle at which they lean over the water. This can be
seen in Figure 25. In other places, undercutting has left the organic horizon and associated
vegetation hanging as a curtain over the bank (eg Figure 35c). Some very recent mass failure
of banks was observed (eg Figure 35b). There were also blocks of organic soil deposited on
bars (eg Figure 35d). This suggests relatively recent erosion of banks, as these soft blocks are
unlikely to survive long in the stream (Evans and Warburton, 2001). Finally, some over
widened bends are being colonised by vegetation in a way suggesting either channel
narrowing or channel migration. The bends at cross sections 17 and 18 are examples of this
(Figure 36).
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Figure 35 Bank types of the Upper Crossing River A (top left) composite sand and
cobble banks. B (top right) deep sandy banks along terrace, note that blocks at bank toe
are recently slumped sand not cobbles. C) (bottom left) vertical gravel banks overlain by
peat. D (bottom right) A block of peat that has been fluvially transported and deposited
on a cobble bar.

3.2.2 Aerial Photography Analysis
Aerial photography of this section of the Crossing River is available from 1961, 1988 and
2002. Photographs were scanned and orthorectified to allow direct comparison in a GIS. To
allow comparison of channel planform and width, stream banks were traced over a 3.6 km
reach at a scale of 1:5000. Cross sections were marked on 22 consecutive stream bends, and
the distance banks had moved measured along these lines. These cross sections were located
on the most active part of each bend in order to measure maximum rates of channel change.
These rates will be typical of bends in this reach, but they should not be extrapolated as
average rates of channel movement throughout the system. The changes in planform and
locations of cross sections are shown in Figure 36.
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Figure 36. A comparison of channel position in 1961, 1988 and 2002. Derived from orthorectified aerial photography.

N

7

Channel migration cross sections
2002 Crossing River banks

Legend

6

Fluvial geomorphology of buttongrass moorland landscapes: Upper Crossing River

23
24

25

26

Fluvial geomorphology of buttongrass moorland landscapes: Upper Crossing River

Table 3. Channel dimensions from aerial photography analysis. Positive numbers refer
to bank movement in the direction of net channel movement, negative numbers refer to
bank movement in the opposite direction. All distances are in metres.
Cross
section
6
7
8
9
0
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
average

Channel width
‘61
‘88
‘02
width width width
16.3
24.2
21.9
13.1
17.9
19.2
20.1
21.2
30.3
11
17.9
17.5
17.5
18.8
21.7
14.6
30.4
29.1
22.6
26.1
17.1
19.2
20.4

11.6
34.2
17.4
15.3
27.5
15.4
18.6
22.9
32.5
10.2
18.6
37.2
28.4
37.3
15.1
13
16.4
23.8
14.4
14.7
14.2
8.1
20.3

12.87
28.8
22.2
18.4
18.6
14.4
10.9
16.5
33.1
11.4
16.8
34.4
31.3
30.5
6.7
13
13.6
17.5
12.6
14.3
16.9
8.8
18.3

Movement of left bank Movement of right bank
‘61-‘88 ‘88-‘02 ‘61-‘02 ‘61-‘88 ‘88-‘02 ‘61-‘02
-0.3
-4.9
5.1
16.2
-6.9
14
10.6
0.6
15.9
-6.3
16
-1.8
14
0
2.3
5
-3.3
7.3
6
-4.1
1.6
-3.6
3.8

7.2
10.7
-2.3
-1.8
17.1
-6.1
-15.8
14.7
0.6
6.3
-3.3
7.3
6.6
9.7
0.7
2.8
-2.4
-2.1
8.4
7.7
4.4
6
3.5

6.9
5.8
2.8
14.4
10.2
7.9
-5.2
15.3
16.5
0
12.7
5.5
20.6
9.7
3
7.8
-5.7
5.2
14.4
3.6
6
2.4
7.3

4.5
5.1
9.6
13.8
2.7
17.8
12.1
2.3
13.7
-7.5
15.3
17.9
3.1
18.5
8.9
6.6
-10.7
12.6
-2.2
7.3
-1.3
11.1
7.3

5.9
5.3
-7.1
-4.9
8.2
-5.1
-8.1
8.3
0
7.9
-1.5
4.5
3.7
2.9
9.1
2.6
-0.5
4.2
6.6
8.1
7.1
5.2
2.8

10.4
10.4
2.5
8.9
10.9
12.7
4
10.6
13.7
0.4
13.8
22.4
6.8
21.4
18
9.2
-11.2
16.8
4.4
15.4
5.8
16.3
10.2

Table 4. Average channel migration rates.
Average total bank movement
Median total bank movement
Average bank movement per year
Median bank movement per year
Average bank movement as percent of 1961
channel width
Median bank movement as percent of 1961
channel width

‘61-‘88
5.56 m
5.60 m
0.21 m
0.21 m
1.05 %

‘88-‘02
3.15 m
5.15 m
0.23 m
0.37 m
1.23 %

‘61-‘02
8.71 m
9.50 m
0.21 m
0.23 m
1.11 %

1.05 %

2.08 %

1.19 %

Several interesting trends can be seen from the aerial photography analysis. Firstly, the
channel width is variable spatially and temporally. Secondly meandering sections of the
channel have been migrating across the floodplain.

Channel width
On average, between 1961 and 1988 channel dimensions were stable, and between 1988 and
2002 the channel became 2 m narrower. This change could potentially be an artefact of the
aerial photo analysis, a real trend or simply a chance effect of multiple areas of channel
expansion and contraction.
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Rather than real changes to channel width, the observed change may reflect increasing size
and density of riparian vegetation since the pre-1961 fire. Aerial photography does not really
identify the channel banks, but rather the visible portion of the channel. Where trees
overhang the bank this can cause the channel to appear much narrower than is actually the
case. For example, bankfull width at cross section 19 was measured during field work as 17
m, and wetted channel width was 9.4 m. However, on the 2002 air photograph the visible
channel is less than 7 m wide. Even where the vegetation size is relatively stable, local
changes can potentially introduce noise into the analysis that one should be aware of when
interpreting results. If the photographs span a period when vegetation is generally increasing
in size, it could introduce a systematic bias, and this could be the case here.
Alternatively, the observed changes in channel dimension could be real, caused by channel
enlargement resulting from either a high magnitude flood or sequence of floods, the pre 1961
fire, or a combination of the two. The narrowing evident between 1988 and 2001 would
represent a true reduction in channel size as the river recovered from this disturbance. This
hypothesis could be further investigated by gathering and analysing rainfall records from
southwest Tasmania to identify any potential large floods. However, the stability in average
channel dimensions between 1961 and 1988 would still need explaining. It is possible that
there is some lag response in the channel as sediment sources gradually stabilised post
disturbance, so that channel narrowing only begins years later.
The most interesting facet of changes to the Crossing River channel over time comes not from
average data but from individual cross sections. Comparison of channel width at individual
sites reveals that large local changes in channel width are common and are often reversed
over time. For example, at cross section 7 the channel expanded 10 m between 1961 and
1988, only to contract 5 metres by 2002. This suggests a highly dynamic channel, where
small scale local changes are typical. Such behaviour could be driven by local deposition of
small ‘slugs’ sediment within the channel. This would then encourage channel widening at
this point, thus producing more sediment to continue the pattern of deposition and widening
downstream. This pattern of deposition and instability could be a consistent feature of this
reach, which is in a zone of decreasing channel slope. Alternatively, it could be driven by
sediment produced by flood damage, or by sediment sourced from the landslides evident in
the 1961 aerial photography.

Meander migration
As well as net changes in channel dimensions, there are systematic changes in channel
position evident from the aerial photography. This fits with field observations of eroding
banks and transported blocks of organic soil horizons. Meander migration rates for individual
bends are as high as 2% of the 1961 channel width per year averaged over the 41 years of
record. The median rate of channel movement is over the whole study reach is 0.23 m per
year or 1.2% of the 1961 channel width (Table 4). These rates are calculated from all
measured cross sections, including those where for part or all of the period of record the
channel expansion or contraction led to net channel straightening rather than bend migration
(such as cross section 21). Such cross sections have negative migration rates.
An international data set of migration rates compiled by Walker and Rutherfurd (1999)
reported a median migration rate of 1.6% of channel width per year, slightly higher than
found in this study. However, it is worth noting that most rivers in this data set are those that
appear interesting to geomorphologists – that is generally large rivers with rapidly eroding
bends in areas disturbed by human activity (Walker and Rutherfurd, 1999). The migration
rates of these rivers, and so the reported median migration rate, are likely to be faster than
natural. The rate found on the Crossing River is slightly under the reported median, which is
higher than would be expected for a natural river system.
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3.2.3 General comments the behaviour of the Crossing River
Given the undisturbed condition of the river and catchment, the structure of the banks (the
critical lower bank is almost always erosion resistant cobbles) it is surprising that the
Crossing is so active, in terms of both channel width and meander migration rates. Previously
it has been hypothesised that rivers in the buttongrass moorland areas of western Tasmania
are likely to be relatively stable (Jerie et al., 2003), because of the influence of organic soils
on catchment hydrology and on the mechanical strength of banks. It appears that in the upper
Crossing this is not the case. This may be because the organic horizon in most river banks is
too shallow to offer protection against erosion in the most critical area, the bank toe. The peat
can therefore be easily undercut, and so does not play a role in stabilising banks.
Alternatively, the high channel migration rates could be explained by the relatively high
stream and valley slope. It may be that the resulting high stream power is responsible for the
high erosion rates.
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