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SUMMARY
The Tasmanian Department of Primary Industries, Parks, Water & Environment (DPIPWE) is
progressively identifying sites that represent significance geodiversiy (geosites) in the Tasmanian
Wilderness World Heritage Area (TWWHA). This report proposes approaches that can be used to
identify sites of fluvial geomorphic significance, and assign levels of significance to those sites. We
make the following recommendations:
1. Values of geomorphic units should be based on discipline specific scientific criteria. This
means that we do not recommend the use of ‘uniqueness’, or ‘intrinsic’ value as criteria. We
also recommend against defining values in relation to other values that are dependent on
fluvial geomorphic character (e.g. pools of a river are valuable because they support a rare
fish community; or, a reach of river with rapids is valuable because it supports rafting).
2. Geomorphic systems should be defined by the following hierarchy, and each element of the
hierarchy should be defined by mappable boundaries: geomorphic features exist within units,
which might aggregate by reach, and by catchments. Multiple elements can be defined as an
assemblage.
3. We recommend that the geoconservation values of geosites can be classified into the
following eight types.
a. Outstanding reference
b. Representative reference
c. Rarity
d. Condition
e. First studied
f. Well studied
g. Controlling function
h. Assemblage
For each type we describe why we consider it a distinct category of value, how it should be
identified, and provide an example of each. These types have been compared with the
existing set of criteria used now in defining values in World Heritage Areas.
4. The level of conservation significance should be ranked on clear defensible geographical
criteria, as global, continental, regional (meaning all of Tasmania), and sub-regional (a
distinct geographically defined part of Tasmania, such as a catchment or specific geology).
We provide clear criteria for specifying the scale of significance.
5. We recommend explicitly stating the level of confidence in assessment of fluvial values and
their level of conservation significance.
We trialled the approach proposed here on a subset of sites already identified in the existing
Tasmanian Geoconservation Database (TGD). We found that although a number of differences
emerged, the new approach would probably not lead to an overall decrease or increase in levels of
significance. However, we believe that the method is more transparent, and more easily applied than
existing approaches. The approach still needs to be trialled and tested on a new dataset generated in a
specific complex area.
We propose that new sites of significance can be identified by (a) using a GIS based geo-prospecting
approach where anomalous sites are identified using spatial analysis tools (b) by increasing the
amount of basic science completed in the TWWHA. Options are proposed that will increase the
number of externally funded scientists who come and do research into fluvial geomorphology in the
TWWHA.
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1.

INTRODUCTION

As managers of the Tasmanian Wilderness World Heritage Area (TWWHA), the Tasmanian
Department of Primary Industries, Parks, Water & Environment (DPIPWE) has an obligation to
document the sites of special value within the TWWHA, and ensure that those values are understood
and protected. DPIPWE has engaged consultants to prepare reports on the specific values of geology,
soils, glacial and peri-glacial features of the TWWHA. This report is concerned with how to identify
geosites in the TWWHA that are recognised particularly for their fluvial geomorphic values, and how
to identify their significance. The rivers of the TWWHA have been identified as having world
heritage value because entire catchments that are undisturbed by humans are globally rare in the
temperate zone. In fact, one of the reasons why the region was listed as a World Heritage Area
(WHA) includes “undisturbed river systems which show particular geomorphological processes”.
However, aside from the middle Gordon River (which has been studied in relation to erosion threats,
dam regulation effects, and plans for the Gordon-below-Franklin scheme), there has been little
systematic study of the fluvial geomorphology of the river and catchment systems of the TWWHA.
This is a scoping study that provides the foundation for work that will identify the fluvial geomorphic
values and significance of the TWWHA.
The study provides:
1. A review of approaches to identify sites (and processes) of fluvial geomorphic significance;
2. A recommended approach to identifying fluvial geomorphic values, and assigning a level of
significance;
3. A test of the approach against the Tasmanian Geoconservation Database (TGD) method
presently used by DPIPWE;
4. Options for improving the identification of fluvial geomorphic geosites in the TWWHA, and
5. A strategy to encourage TWWHA research that will help to deliver that identification of
geosites.
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2.

APPROACHES TO DEFINING GEOSITES

The past two decades has seen a rapid increase of interest in the assessment, recognition, and
management of geoconservation sites (Bruno et al., 2014), and it is becoming an emerging research
area in the geosciences (Pereira et al., in press). Fluvial geomorphic geosites are sites where the key
values are related to erosion and deposition by rivers. These are a subset of geomorphic geosites,
which in turn, are a subset of all geosites. In common with other geosites (such as glacial sites)
fluvial geomorphic sites can be defined in relation to both form and process. Although there is
abundant literature covering geosites, apart from some sections of Sharples (2003), we can find no
literature focusing solely on the assessment and assignment of values to fluvial geomorphic features.
Instead fluvial features (such as waterfalls) are lumped into general classifications. Therefore, we
review the general geosite literature to assess methods we can use to assess and value fluvial systems.
Approaches to geosite definition follow the same four steps:
1. Establishing a pool of potential geosites based on their values.
2. Defining the significance of the sites, usually expressed in terms of scale (local to global
significance).
3. Ranking the sites within a significance classification.
4. Determining threats to the values of the geosite and establishing management.

2.1

Step 1: Establishing a pool of geosites and the values of those geosites

Geosites are identified by reviewing the literature, by mining the knowledge of experts, through field
survey, and (rarely) by a remote sensing review. By definition, geosites must have a boundary that
can be mapped.
Following are four issues to consider when defining the values of geosites.
1. Intrinsic values. Many geosite valuation systems make reference to 'intrinsic' values of a site.
This is often used when the proponents are convinced that the site has value, but they cannot
quite fit the site into established categories. Similarly, the site may have small amounts of
many types of value, and collectively they are considered to have value. We recommend
against the use of intrinsic value as a category. All sites have intrinsic values of some sort,
but this criteria is subjective and lacks rigour in its definition.
2. Dependent values. Geosites might support other values. For example, an unusually deep
pool in a river might be a popular swimming hole. However, these dependent values should
be kept separate from the values of the site that relate to its geological or geomorphological
character.
3. Who defines the value? Values should be defined by people with specialist skills in that area.
Thus, geomorphic values would be defined by a trained geomorphologist. Dependent values
would be defined by somebody with credibility in relation to those values. There has to be
some transparency around who defines values. Values should be backed by independent
information, but this is often not available, in which case the default is expert opinion. In this
case the confidence in the allocation of value depends in one's confidence in who made the
allocation.
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4. Confidence levels. All proposed values should include some assessment of confidence.
White and Wakelin-King (2014) call this 'authenticity', which implies the confidence that the
value is genuine or not disputed.
Sharples (2003) argues that the significance of any site should be assigned in a two stage process.
First, a conceptual list of valuable attributes for the feature needs to be clearly defined (a subjective
judgement), and then the evaluation of the site using available information on site (i.e. grey literature,
expert knowledge, peer-reviewed literature) to determine the number of values that are expressed in
any one specific site. Additionally Sharples (2003) argues that dividing values in to subcategories
provides a space for expert opinion to influence the assignment of values to a feature. The suggested
subcategories in Sharples (2003) are:
1. Scientific Values: These are defined by experts in the field of study. The values are simply
based on how important the feature or group of features is to the scientific and educational
community.
2. Ecological/Biological Values: Values defined by expert ecologists/biologists. Again, simply
based on the importance of the feature to the flora and fauna that interact with the fluvial
feature.
3. Human Values: Direct values to humans. These include aesthetics, recreation/tourism,
cultural significance, and economic value.
Because these subcategories of values are largely based on expert opinion, we recommend that
experts in each field of study define the specific values for each subcategory. This minimises the bias
of the ranking, and ensures that the most up to date knowledge is used in the development of the
evaluating rules. Pereira et al. (in press) argue that only if the values of sites are explicitly defined
with a clear methodology can a geographic significance be assigned to the geosite.
The value of a geomorphic feature must be judged against a determined set of value criteria. These
criteria should be determined by experts in the field of study (Sharples, 2003; White and WakelinKing, 2014; Pereira et al., in press).
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Figure 1: A map of the Tasmanian World Heritage area with 2013 extensions (Source:
UNESCO).
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2.2

Step 2: Assigning a significance to the geosite

Determining the geographic significance of each individual value for any geosite, then allows for the
sites to be ranked in terms of significance. The significance is usually described in terms of
geographical scale.
Sharples (2003) originally introduced levels of significance based on political boundaries, and these
were later modified to correspond to physical boundaries by DPIPWE (2015). DPIPWE (2015)
classify sites into one of six categories of geographical significance.
Global significance: Phenomena that are rare in the world, and/or by the nature of their scale,
state of preservation, or display, are comparable with excellent examples known
internationally. May be illustrative of processes occurring or having effects at an intercontinental or global scale. Equivalent to World Heritage value as defined by the Operational
Guidelines for the Implementation of the World Heritage Convention (UNESCO 1999).
Continental significance: Phenomena that are unusual or unique nationally, and/or by the
nature of their scale, state of preservation or display are comparable with examples known
within the continent. May be illustrative of processes occurring or having effects at a
continental scale.
Regional significance: Phenomena that are important within the context of a region. Regions
may be arbitrarily defined on political or administrative boundaries, or on the grounds of
characteristic geological, landform and/or soil features. May include phenomena that are
amongst the best developed, expressed or preserved examples of the features that characterise
the region.
Sub-regional significance: Phenomena that are important within the context of a large
drainage area, geologic type, or geomorphic process zone.
Local significance: Phenomena that, whilst not unique to a local area, are amongst the best
developed, expressed or preserved examples of their type (class) within a local area defined
on geographic grounds, such as a valley, catchment basin, or the administrative boundary of a
city or town.
Unknown significance: Unknown significance may be assigned where a phenomenon is
insufficiently well known to allow comparison with other examples of its type, or where
insufficient data exists on the distribution and quality of other examples of its type.
We suggest that political boundaries should be avoided. The constraints of having an existing set of
significance levels embedded within DPIPWE mean that it is not practical to have different
significance levels for fluvial geomorphology compared to other geosite types. Our recommendation
would have been to minimise the number of significance levels. This would hopefully increase the
confidence in correctly allocating the level based on expert judgment because fewer decisions would
need to be made by the assessor. Our suggested levels would be:





Global – with the same meaning as Sharples (2003) and DPIPWE (2015)
Continental – all rivers in Australasia
Regional – the island of Tasmania
Sub-regional – a context dependent portion of Tasmania. For example, catchments of a certain
geomorphic setting such as those with a similar geomorphic history of development and geology.
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Note that sites can have more than one value, and a site could be assigned a higher level of
significance because it has multiple values. Table 4 in Section 5 shows that this has been the case in
identifying World Heritage Areas. We do not propose a method for defining significance from
multiple values here, but we make the following observations.
In assigning a significance to the site based on multiple values, we suggest there are three main
options. First a qualitative method which allocates the top geographic significance to the site. If, for
example, a site was assigned three values, two of which were regionally significant and the third was
globally significant, then the site would be ranked as having a global significance. This is the
approach presently used in the TGD. The second method is semi-quantitative. A numerical scale (i.e.
1 to 10) is used to score each of the values attributed to the site. Then, the score of each site is
summed, resulting in an overall rank for the site. For example, if a site had scored a regionally
significant rank on all values, the summation of the values could likely result in the site being
classified as a globally significant site. Thus, the value of the site as a whole would be the sum of its
parts. The third option is simply to assign significance to each of the different values. We suggest
that this multiple values issue should be further investigated.

2.3

Step 3: Ranking the geosites within geographical significance classes

Once a geographic significance is assigned for each feature, a method is needed which allows for a
cross comparison of sites within each class (Bruschi and Cendrero, 2009; Bruschi et al., 2011). One
of the largest issues in the definition and evaluation of geosites is the inability to cross compare sites
(Bruno et al., 2014; Pereira et al., in press). This issue largely arises from the variability of site types
that are submitted and assessed as sites of geologic/geomorphic significance. One method of site
classification was developed by Bruno et al. (2014). They illustrate, through a review of geosite
classification literature, that most sites exhibit a broad range of features (both spatially and
temporally) and are difficult to cross compare, unless features are classed into a system of subtypes or
units – only then can cross-comparisons be made. A good example of such a method is that of White
and Wakelin-King (2014). Their work focuses on developing a matrix to semi-quantitatively assess
sites by ranking each site by assigning numerical values (from 1-5) for a set of predetermined values
(Table 1). These are then compared against other geosites of similar types (i.e. units). The matrix
allows for a comparison of sites across different spatial scales, and has the scope to incorporate
knowledge across scientific disciplines.
The qualitative or semi quantitative ranking of individual sites is a helpful aid in management, but is
not necessary to determine the values of individual sites.
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Table 1: The Earth Sciences Comparative Matrix, arranged to assess geomorphology against National Heritage List criteria of outstanding value to the
nation. White and Wakelin-King (2014, p. 173)

Y = yes, C = compromised, N = no, CHC = Channel Country, FIN = Finke, GAW = Gawler, IBRA = Interim Biogeographical Regionalisation for Australia, NHL = National Heritage List, NUL =
Nullarbor.
1
Gemorphic themes are not, in themselves, the main theme of a particular place, but which contribute value to places listed under themes.
2
Scores for mud-aggregate floodplain and waterholes are added to the score of Cooper Creek (Windorah to Nappa Merrie Waterhole).
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2.4

Step 4: Management of geosites

Once a site is recognized as potentially being important, the majority of geosite literature focuses on
the management of public access to these sites (Petrović et al., 2013; Prosser, 2013; Štrba et al., 2014;
White and Wakelin-King, 2014). This can be achieved using a Geosite Assessment Model (GAM)
(Fassoulas et al., 2012; Tomić and Božić, 2014). A useful approach is a risk based approach in which
sites are ranked by the level of threat to sites of most significance.
The steps in defining a geosite are summarised in Figure 2.

Figure 2: An approach for the evaluation of a proposed geosite.

In the following sections we cover only Steps 1 and 2 of this approach. Also, we do not propose a
method to assign significance based on multiple values.
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3.

GEOSITE METHODS ALREADY USED IN TASMANIA

DPIPWE has in place a system for identifying, valuing and allocating significance to geosites. The
data is stored in the Tasmanian Geoconservation Database (TGD), which is part of the Natural Values
Atlas (www.naturalvaluesatlas.tas.gov.au).
Users (once registered with the system) can nominate locations and features as geosites (DPIPWE,
2015). During the nomination process users are asked to describe the value of the site selected and
determine the site’s significance (relative to geographical scale). DIPIPWE currently recognizes the
following geographical scales; Global, Continental, Regional, Sub-regional, Local, and Unknown.
Once nominated as a potential geosite the site is reviewed by the Tasmanian Geoconservation
Database Reference Group (TGDRG) to provide expert scientific review of the values and
significance of the proposed sites. Sites accepted by the Reference Group for listing must then be
approved by the General Manager of the Natural and Cultural Values Division of DPIPWE, and are
then included in the TGD. Additionally, sites can also be edited or removed from the database
altogether if information becomes available showing the significance of the site to be different than
originally thought.
During the nomination process, the users are provided with documents to guide them through the
process. However, these are mainly procedural, providing instructions on how to use the website. A
strict methodology is not available on what values should be included in the TGD, and how to
transparently classify the geographic significance of the proposed geosite. A shortcoming of the
current TGD is the lack of guidance and a transparent methodology for: 1) what values were used to
evaluate the geosites; and, 2) how geosites were classified into different significance categories. The
panel review process of the TGD will add consistency if the panel remains the same; however, it may
be possible to reduce the workload of the panel by streamlining the process. To improve the current
system we suggest a transparent methodology that explicitly explains what values are considered
important for different types of geosites. Once these values are described, a clear and repeatable
method is needed to attribute a geographic significance level to the geosite.
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4.

A
PROPOSED
APPROACH
GEOMORPHOLOGIC GEOSITES

TO

IDENTIFYING

FLUVIAL

Following the above review of approaches to defining geosites, this section applies that work to
defining fluvial geomorphologic geosites.
Fluvial features in the landscape can be produced by ancient processes that have left a mark on the
surface of the earth (e.g. terraces, megafloods), to slow processes that are occurring over millennia
(e.g. rejuvenation of a catchment by knickpoint migration, channel avulsions, planform development),
to processes that occur on much shorter time frame of years to centuries, but are still contributing to
the formation, maintenance, and destruction of other fluvial features (e.g. floodplains, gravel bars,
deltas). The problem with treating fluvial features as static sites (i.e. geosites) is that the process
which formed the features may still be acting on that feature today. For example, a point bar can be a
transitory feature that consistently changes shape and location dependent on the timing of flows and
differing sources of sediment (Smith, 1974). If fluvial geomorphic geosites are to be given a value for
conservation, then not only should the site/feature be given a value, but the processes that continue to
form and maintain the feature should also be given a value (Sharples, 2003).
Earlier we suggested that dependent values and intrinsic values not be used as criteria. Instead we
suggest that fluvial geomorphic values be defined in terms of values to science, as defined by
scientists specialised in geomorphology. When we say 'science' the goal is not to exclude other
interests, however science provides a process to classify and organise the chaos of features that we see
in the landscape, and professionals in this area are experienced in that process.

4.1

Allocating values to defined fluvial system units

First, some nomenclature. A synonym for a fluvial geomorphological geosite is a 'unit'. A unit can
contain fluvial features. For example, a series of antidunes in a river represent a transient fluvial
feature that might be recognized to have value. These features are incorporated within a river reach
(which is the unit), and the reach is defined by the banks, and the up and downstream ends of the
reach.
Various approaches have been used to articulate a typology (or units within) fluvial geomorphology
(Rosgen, 1994; Brierley and Fryirs, 2013) but no system has been adopted globally. This lack of a
global system means that it is more difficult to systematically articulate what a fluvial system is, or
where a specific part of the system begins or ends. Many forms and processes are well understood
and described in the literature, such as a knickpoint, meander, planform, or drainage network. So we
can identify them, but the diversity of forms means that a defined list may exclude valuable features.
As suggested in (Sharples, 2003), if a set of rules are devised (or units defined) an inventory can be
made of the units and the fluvial features within the units. Our criteria for defining units of a fluvial
system are:
1.
2.
3.
4.

The unit must be spatially defined (i.e. mappable) (Table 2).
The unit must be produced by fluvial processes.
The unit must be recognizable by experts in the field of study.
The unit may be: stable and actively maintained by ongoing processes, relict and no longer
forming, or transitory on the landscape.

The unit must be defined in relation to fluvial geomorphology, not in relation to another value that is
dependent on that fluvial unit (e.g. a swimming hole is not a geomorphic unit).
11

Note that the boundaries of some fluvial units will be easy to identify. This is especially the case with
catchments. However, most units will have well defined upstream and downstream limits, but less
well defined lateral limits. Sometimes the unit will be defined by the top of the banks of the stream,
or it could include the entire floodplain. Groundwater dependent systems are an example of a system
where the boundaries will be hard to define. The extent of the unit should be defined to incorporate
the major processes that maintain the values of the feature.
Fluvial systems are integrated (i.e. there is a cascading effect from the upstream unit to a downstream
unit), so the dependencies of a site need to be evaluated to determine its spatial extent and the spatial
extent of process drivers. Units or features of the fluvial system can be mapped at a range of scales
(Table 2). The mapping of transitory features may need to be at a scale that encompasses their likely
occurrence at different points in time. For example a river bench may be eroded and reformed in
slightly different positions in a reach, so that the geosite (i.e. the reach) would include the spatial area
over which the bench forming processes are active.
Dependent values
We do not recommend including 'dependent' values as geomorphic values. This is an important point
of difference with other classifications (e.g. Sharples, 2013). Geomorphic sites might be considered
beautiful, or awe-inspiring. They will support abundant spiritual values. And various biota might be
dependent on any number of geomorphic features or processes. These are perfectly legitimate values.
But these dependent values should be classified under different types of value, such as tourism,
aesthetics, cultural, or biological values. In part this is a pragmatic decision. It is better to let experts
in each field assess these values, rather than introduce all sorts of subjectivity. Thus, geomorphic
features, and geomorphic processes, will often be identified as a critical foundation for other values.
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Table 2: Examples of different scales over which geosites may be recognized and mapped.
Spatial
scale

Description

How to define

Examples of
features at
this scale

References

Catchment

The spatial extent of
rainfall capture that drains
into the river.

Topographic catchment
boundaries are relatively
easy to delineate from
topographic maps or digital
elevation models (DEMs)

Drainage pattern,
Drainage density
Local relief

(Schumm, 1956;
Montgomery and
Dietrich, 1989; Martz
and Garbrecht, 1992;
McGuire et al., 2005)

Sediment
process
zones (i.e.
presence or
absence and
the spatial
extent of
the
floodplain)

Zones of erosion, transport
and deposition of sediment.
The presence or absence of
a floodplain is often
indicative of the erosional
or depositional processes
occurring in the river.
Areas with no floodplain
would be considered an
area dominated by erosion
or transport of sediments,
whereas an area with a
floodplain would indicate a
balance between erosion
and deposition.

These areas often have a
diffuse boundary. The
process zones are usually
defined by the features they
contain, but also may now
be derived from LiDAR
image differencing.

The sequencing of
these zones in the
downstream
direction may
provide a feature.
The upstream
incision of a
headcut may
cause one process
zone to partially
alter. Examples
of these types of
features would be
confined reaches
of river
(transport) that
then transition
into floodplains
(deposition).

(Montgomery and
Dietrich, 1989;
Montgomery et al.,
1995; Montgomery,
1999; Knighton,
2014)

Channel
pattern

The morphology of a river
is formed by the movement
of flow and sediments.
Channel pattern reflects the
stability of the channel and
influences the sediment
load and sediment size.

Channel patterns are
generally regarded as a
continuum from single
channels to multithread
channels. These are then
subdivided based on the
sinuosity of the channel.
The unit may include the
full width of the floodplain,
or just the river channel
itself to the top of the bank.

Straight,
meandering,
wandering,
braided,
anastomosing

(Brierley and Fryirs,
2013; Knighton,
2014)

Reach

A length of channel
between two arbitrary
cross-sections. The reach
is used to sub-divide a
catchment into zones of
similar processes or form.

Selection of a reach of river
that has a constant
discharge and channel
geometry. Reaches are
often defined by tributary
junctions, or changes of
planform. The lateral
extent could be the
floodplain or the channel
itself.

Reaches are often
defined between
tributary
junctions. Or 20
times bankfull
width is often a
measure used to
split rivers into
reaches.

(Lane and Richards,
1997)

Feature

A distinctive feature of the
landscape that can be
identified

Based on the criteria in
section4.1 a feature will be
either a Unit itself (such as
a waterfall) or it will be
bound within a unit.

Waterfall,
antidunes, point
bars, fluvial
terraces, a delta

(Kennedy, 1969;
Lane and Richards,
1997; Knighton,
2014)

Can cover any group of
units at any scale (e.g.
collection of catchments, or
of features)

The Three
Parallel Rivers
region of Yunnan
province in China
(these are a group
of river reaches)

Assemblage A collection of units or

features that together
constitute more than the
sum of their parts.
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4.2

Recommended approach to assigning fluvial geomorphic values

We define the following eight types of fluvial geomorphologic values that can be associated with
geosites.
1.
2.
3.
4.
5.
6.
7.
8.

Outstanding reference
Representative reference
Rarity
Condition
First studied
Well studied
Controlling function
Assemblage

We will also explain why we do not recommend using the commonly used value of uniqueness.
The following sections expand on each of these types of conservation value (Sections 4.2.1 to 4.2.8
and Table 3).
The intent of the descriptions is to provide guidance to an expert on how they should approach
assigning values. This is not intended to be a definitive methodology. It is expected that there will
always be cases that do not fit clearly into these criteria and some degree of judgement is, therefore,
needed. The descriptions aim to make it clear why that aspect of a geosite is of value. There should
also be enough information that the assessor is guided in the right direction, and suggests where other
supporting data might come from.

4.2.1 Outstanding reference
Why is it of value?
These sites allow others to be compared against them to confirm type, or provide clarity of
understanding, and so provide a clear reference to compare against. Of all the available sites, the one
considered to be an outstanding reference should be within the ‘normal’ range rather than being an
outlier of the population. An outlier would show the processes in an extreme or odd situation and so
is unlikely to be an unambiguous reference for other sites. A site acts as a reference when it provides
an outstanding example of morphology and/or processes. Form and processes need to be clearly
observable as if they are a textbook example. This does not mean that all sites need to be easily
accessible, but in some cases this may be very useful. It also does not need to be an unimpacted site
in perfect condition so long as the partly degraded site illustrates the process that formed the feature.
How to value?
The processes that are operating are unambiguously showing a text-book example and/or the forms
are clear in their depiction of the processes that have formed them. Sites should have appropriate
accessibility, to allow the study of the valuable features without promoting degradation of those
features. In the case of fluvial geomorphology the range of scales may mean that some features only
need to be clear on remotely sensed imagery, such as channel planform in a meander, or an avulsive
system.
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Confidence
An assessor can have medium to high confidence in their ability to determine if a site is of
outstanding value. The better the understanding of form or process the more likely a reference type
can be justified.
Example
A two kilometre reach of the River Exe in Devon, UK, provides a textbook example of a meandering
river channel that is constructing a floodplain via the processes of lateral erosion and lateral and
vertical accretion. It has been included as part of a Site of Special Scientific interest as it provides a
text-book illustration of the destruction/construction of a floodplain by a meandering river. (See
http://www.devon.gov.uk/geo-brampford-speke.pdf).

4.2.2 Representative reference
Why is it of value?
Whilst an outstanding site provides clear reference of form or process it may not provide an adequate
reference for other comparisons such as condition assessment. To use an analogy - an outstanding
reference is the catwalk model of fluvial geomorphology, showing clothes in the best possible way
but not really showing how those clothes would look on the woman or man on the street. A
representative reference site provides information on how the form or process manifests most
commonly, and so is the mode of the population. This may also be useful when the most outstanding
site is not in the region and a more local reference is needed. It may be needed when the majority of
the population is degraded, such as sites that are in areas of great agricultural or mining potential.
How to value?
For the scale of significance (sub-regional, regional, continental or global) the population of the
geomorphic units within that area needs to be assessed. There may be many potential representative
reference sites. Site selection should be based on: 1) representativeness, with selected sites being
typical of the features or process in that region; 2) condition, with sites selected being in good rather
than degraded condition; 3) security of condition, with sites on secure tenure selected over those
without security, and 4) appropriate accessibility (note that highly sensitive sites are better off not
being accessible if you want them to remain in good condition). To reduce the proliferation of sites
being attributed this value, it is recommended that only one site of each type per region be assigned.
Confidence
It is expected that there should be a high confidence in assigning this value as it is, in most cases,
seeking to determine the most common of what is available. It is likely that this value will be used on
well-known features or processes and this will also mean a high confidence.
Example
Levees are commonly found on streams, and a perfect example that clearly shows the form and
process would be classified as an outstanding site. A large example or odd form outside of the normal
range, such as a much coarser grainsize than usual, could be classified as a rare site. The
representative site would be an example of how levees commonly manifest in the region of interest.
This would allow other sites to be put in context due to their referential ability of being typical.
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4.2.3 Rarity
Why is it of value?
Rare things are valuable because when they are damaged, a significant proportion of an entire class of
feature or process is lost, and that loss of diversity from our planet or region is perceived as a negative
outcome. It can also be that there are no longer enough sites to effectively describe the variability of
that process or form. The loss may be of the outliers from a population that are the extreme examples
of processes operating in odd combinations or situations.
How to value?
When considering rarity, the following issues should be taken into account:







The class of feature or process must be clearly defined, and sufficiently well understood to
describe the normal geographic distribution, and the range of form or process. For very
uncommon features, this should include knowledge of where the feature is absent from (i.e.
searched for and not found), as well as the characteristics of the feature where it is found.
The criteria should be applied at the specified geographic level of significance.
A threshold value at which a feature or process crosses from rare to not rare cannot be specified as
a blanket rule. This is because it depends on the scale of feature relative to the geographic
significance under consideration. Instead the natural variability of the feature should be used to
guide when a population or feature is rare.
Although unlikely to occur using these rules, where there are several similar sites, the one that
most significantly alters the understanding of the population should be selected for inclusion in
the TGD.

We propose three main variants of rarity (examples are provided below). We suggest that
geomorphic units are defined as being 'rare' but with one of these sub-classes defined (thus, “this
wetland complex is classified as rare (sub-class Natural Variability)”).

Natural variability: A class of feature (or process) may be considered rare because in
removing/destroying the site we lose the ability to effectively describe the natural variability within
the feature (or process) class. This may be because the feature comes from a population that is
naturally small, or be due to the natural variation of the population having been lost as some sites are
degraded. Once a population reaches this tipping point all the remaining sites may be classed as rare.
This concept may also aid in the prioritisation of site preservation.
Developmental outliers: When there is a large population of sites within a given class of features, the
outliers of that population may be rare. System constrains, such as geology or previous geomorphic
processes, may mean that processes manifest in a different way and can produce forms that are
markedly different from the majority of the population. Losing these sites will alter the known
population and so its peculiarities, or exceptions from the rule, could no longer be described from the
remaining population. Unlike rarity due to loss of natural variability, the main population is not
included in the attribution of rarity, only the outliers. As opposed to sites that are outstanding because
they clearly show referentially how a form or process manifests, rare outlier sites are not suitable
reference sites as they show the form or process in a particularly odd combination of circumstances.
This may lead to descriptors like the largest or deepest feature of that population. These would need
to be outside the normal range.
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Spatial outliers: A site may be spatially rare when most of the population is contained in one area but
there is a disparate population found in another area. While the number of features across the whole
population is enough that the class is not considered rare, if the two populations are considered
separately the smaller population may be considered rare. The spatial outlier form of rarity cannot
occur for a globally distributed class of feature such as waterfalls, but can occur wherever a class of
feature is clustered into a handful of areas. In this case, the geoconservation value of the smaller
population should be assessed in the same way as natural variability. That is, the members of the
outlying population are rare if in losing one site we lose either the entire population, or the ability to
describe the natural variability in the population. For a spatial outlier population, the loss of ability to
characterise variability means that meaningful comparisons with the main population can no longer be
made, and the assessor is unable to determine if the outlier population is an oddity, or within the
normal range of the main population.
Confidence
Low. To judge a feature as rare with any confidence requires a knowledge of the size, variability and
geographic distribution of the population of that feature class. Such comprehensive knowledge of a
class of features is uncommon, particularly in the case of small, transient features and those of limited
commercial value. Ironically, the transient features are more likely to become endangered as they are
more susceptible to changes in the processes that form or maintain them, but because their
populations are more difficult to understand less confidence can be associated with any judgement of
rarity.
Example
Loss of natural variability: The Wombat Plain fluvial and floodplain features have been incorporated
into the TGD because it is rare to find un-impacted examples of these types of features on alluvial
plains. So at a given significance level the loss of these features would alter the ability to describe the
population of these features.
Developmental Outlier: The Grand Canyon is an example of a feature where the population is
reasonably well understood as gorges are clearly identifiable and persistent in the landscape whilst
being broadly distributed geographically. This means it is possible to class the Grand Canyon as an
outlier from the population based on its spatial extent and degree of incision. In the same way the
Gordon River Gorge above Cataract Creek would not be of global significance because it is well
within the ‘normal’ population of gorges at that spatial scale. The Macquarie Graben fluvial
geomorphic system is another example found in the TGD, with the terraces having been produced in a
manner that is not within the expected or normal range of the terrace population. This has created the
conditions for a developmental outlier in the fluvial system as well.
Spatial Outlier: the clusters of enigmatic peat mounds found in South West Tasmania have been listed
as rare in the TGD as they are only found in one other site in the world. Considering these as two
sub-regional populations on different continents, when combined the population may be relatively
abundant. When considered separately, if one of the populations had peat mounds removed that
reduced the ability to describe natural variability, or compare the populations, then it would be
considered rare.
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4.2.4 Condition
Why is it of value?
The concept of valuing the condition of a feature or process (e.g. waterfall, or a relic fluvial terrace) is
based around levels of anthropogenic disturbance. Sites in un-impacted condition are valued because
they may provide a reference for impacted sites, or they are rare because other sites have been altered
or destroyed. The frequent use of 'undisturbed condition' in describing value shows that is
conceptually easy to understand and communicate, this combined with the degree of mapping that has
already been undertaken, suggests that this should be kept as a separate criteria. In terms of
management, this could be a secondary value used to distinguish a site that should be prioritised for
investment. A site that is both well-studied and in good condition may be selected over one that is not
in an undisturbed state.
How to value?
In most circumstances expert judgment will be needed as it is unlikely that the entire population is
catalogued and a uniform method for assigning condition has been allocated. Although finding a
catchment that is totally free of anthropogenic disturbance is unlikely, the fact that one is less
disturbed than others makes the less disturbed catchment more valuable.
Confidence
There is likely to be medium confidence in selecting sites because of their condition. All catchments
have had some level of human impact, either directly or indirectly. However, sites with less
disturbance are considered more valuable than sites with more, and this is relatively easy to establish.
There may be a low confidence in being able to prove that no disturbance has historically occurred in
the catchment.
Example
The TWWHA has, in part, been protected because of its undisturbed condition. The lack of
disturbance means that it can be used to understand the relationship between natural drivers, processes
and channel form, which is not possible in other large areas of south eastern Australia due to
anthropogenic disturbance.

4.2.5 First Studied
Why is it of value?
The use of first studied as a value allows others to use these areas/sites as a reference for the
development of an idea or measurement of a process. Knowing where and how a theory was
established means that the site can be revisited to provide a better understanding of a process or form.
It also allows the sites to re-evaluated in light of new techniques or theories. The number of
publications or data on a feature allows better confidence in the type and is usually related to the
length of study and the amount of detail that went into the study of the site. First studied can be a
combination of a new theory being produced alongside evidence of that theory.
How to value?
The value comes from the first time a process or form is described in the literature based on
observations at a specified location. So there must be a defined location with associated data, there
should be a publication, and it should be deemed by expert opinion that a theoretical milestone has
been achieved.
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Confidence
As there should be a combination of publication, data and expert opinion, the confidence in this value
is high.
Example
Brandywine Creek, U.S.A was studied by Wolman (1959) and provides the first published site where
erosion pins were used to document both the rates and processes of riverbank erosion. This study
allowed the discrimination of factors controlling bank erosion in a cohesive river channel.

4.2.6 Well Studied
Why is it of value?
When a site, area or process has been well studied it has value as a reference tool for comparison with
other sites. The documentation of theories and data that can be used by others means that such sites
can provide a clear type reference. These may be the same as first studied, but the differentiation of
the two is based on the fact that there is enough data collected that allows a much clearer
understanding of the form or process than at other undocumented sites. Often places where there are
continual records of measurement fit into this category with researchers taking advantage of local
stage, discharge or meteorological data to complement their own observations. Equally a historic
photo or map combined with a subsequent revisit, can elucidate how processes are operating and may
allow this value to be attributed.
How to value?
The value may come from the data that has been collected at the site, in which case this must be
available for others use. Equally the value may come from publications based on the data, with those
publications that are peer-reviewed having more significance.
Confidence
As long as the rules set around this value are well laid out, this should have a high confidence.
Examples
The Howgill Fells in the UK have been studied by scientists for decades, collecting information on
sediment budgets and channel change. The prolonged extent of the study has allowed an
unprecedented understanding of the processes that result in the delivery of sediment to the river
channels.

4.2.7 Controlling Function
Why is it a value?
Because the fluvial system works as a continuum, a site or reach may alter the way that the entire
catchment operates by controlling the hydrology or sedimentology in the catchment. Such features
have a controlling function within the catchment. Rather than the normal downstream changes in a
catchment, this distinct area or site alters the way the system is operating. The feature that exerts that
control is valued because of the distinct character that has developed as a consequence of that control.

19

How to value?
The conservation value of a controlling function is directly related to the value of the distinctive
features that it creates. An assessment must be made of the type of value associated with the
consequent features (such as outstanding or representative reference site, rarity etc.), and the
geographic scale of their significance. That scale of significance can then be applied to the
controlling feature. In some cases, where a single large feature exerts a controlling function across
many catchments, it may be possible that it has a higher level of significance than the individual
features that it has created.
Confidence
The functioning of the system must be understood for these values to be attributed. Therefore our
confidence is high when the system is well studied.
Example
Dights Falls in Melbourne, Australia controls the extent of sea water intrusion into the Yarra River.
The natural rock bar, that existed before an artificial weir was built, altered the flow of both water and
associated sediment in both directions, seaward and landward. This would be classed as subregional
in significance based on the area that is now freshwater rather than seawater.

4.2.8 Assemblage
Why is it of value?
There may be a combination of features, or processes, that individually are not of high value but in
combination they provide information on how the system is currently operating or did operate, if the
system is itself of significant value. More frequently this value would come from the ability to use a
number of different features to describe how a system functioned in previous climatic conditions, or
how the landscape has evolved. This is the only value that may be attributed across a number of
catchments. Equally, there may be features or units that are more valuable because they are close
together. An example is the Three Parallel Rivers of Yunnan province in China.
How to value?
There must be enough information provided by a number of features that the functioning of the
system can be elucidated. For example a cirque, rock striations and an arête may be used in
combination to delineate the spatial extent or elevation of a previous glaciation. Expert opinion will
be used in the valuing of this category.
Confidence
This is expected to be medium to high, as the combination of evidence from a number of sites is likely
to be robust.
Example
The Bonneville megaflood in the U.S.A. can be reconstructed due to a number of geomorphic
features. The original lake extent can be delineated based on paleo shorelines. The flood outlet can
be seen at the Red Rock Pass, a gap in the mountain chain, further downstream massive boulder bars
and fluvially eroded bed rock cliffs can be seen on the Snake River. It is the combination of these
features that leads to the megaflood assemblage, enabling a reconstruction of significant fluvial
geomorphic events.

20

4.2.9 Uniqueness
Why is it of value?
This value arises from the geomorphic feature having a population of one within the area specified.
The result of being the only one of its kind in the world is the main reason that many of the WHA
natural sites are created. From a scientific point of view the environmental conditions that have led to
what is essentially an anomaly can test and/or confirm theories of process interactions. Because it is
such a common value used in the UNESCO literature we are compelled to include a description of
this value. The practicalities of defining a unique site mean that we highly recommend that this not be
used as a value and that rarity be used instead.
How to value
To class a feature as being unique it must be highly unlikely that the particular form or process is
going to occur elsewhere locally, regionally or globally. It is easy to consider everything to be
unique, such as the arrangement of two rocks next to each other (Sharples 2003). In the case of two
rocks the processes that result in their position may well be common. The uniqueness of their
arrangement may come from the transport by glaciation and then subsequent fluvial modification
leading to say a pedestal arrangement that bifurcates the channel. In this situation the feature is
indicative of a process that is unusual in that region and the resultant form could be considered
unique.
Confidence
The ability for something to be classed as unique is extremely low. Because of this it is considered
better to use rarity or unknown significance.
Example
Glen Feshie is the only actively braided river system on the mainland UK and as such it has been
assigned the status of a Site of Special Scientific Interest. It also provides a modern analogue for
palaoechannels in the region that were braided and are now single thread.
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4.3

Assigning a significance to the fluvial geosites that have been defined

In Section 2.2 we proposed the following four significance levels: sub-regional, regional, continental and global. Criteria for assigning geosites to these
significance levels using the values described in Section 4.2 are proposed in Table 3.
Table 3: List of suggested values to assess the geographical significance of fluvial geosites

Value

Confidence

Outstanding
Reference

Medium-high
with higher
confidence
coming from
better
understanding
of the form or
process.

Representative
Reference

High

How to value

Sub-regional

Regional

Continental

This site is an unambiguous
example of the feature or process.
It allows for other sites to be
compared against it due to the
clear nature of its portrayal of the
feature. It is expected to be
within the normal range of the
population and not an outlier.
There would need to be a strong
justification to allow more than
one outstanding reference at each
spatial scale.
1) The site is an example of the
typical expression of the features
or process in that region;
2) sites in good condition be
selected over those in degraded
condition;
3) sites where tenure provides
some security of future condition
selected over those without
security;
4) the site is appropriately
accessible;
5) only one site should be selected
in each region.

Of all the sites in this
sub-region this is one
that has the easiest
access to the most
unambiguous
example of the
feature or process.

Of all the sites in this
region this is one that
has the easiest access
to the most
unambiguous
example of the
feature or process.

Of all the sites in this
continent this is one
that has the easiest
access to the most
unambiguous
example of the
feature or process.

Of all the sites
globally this is one
that has the easiest
access to the most
unambiguous
example of the
feature or process.

Of the sites in this
sub-region, this one is
a clear example of the
typical expression of
the feature or process.

Of the sites in this
region this one is a
clear example of the
typical expression of
the feature or process.

Of all the sites in this
continent this one is a
clear example of the
typical expression of
the feature or process.

Of all the sites
globally this one is a
clear example of the
typical expression of
the feature or process.
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Global

Table 3: List of suggested values to assess the geographical significance of fluvial geosites

Value

Confidence

Rarity

Low

Condition

Medium.
Difficult to be
certain there has
been no historic
disturbance

First studied

High

How to value

Sub-regional

Regional

Continental

Global

Assess the effect of the removal
of a site or feature on the:
 Natural variability of the
population;
 Developmental outliers of the
population; and/or the
 Spatial outliers.
If the natural variability would be
impacted by this loss then the
whole remaining population is
considered rare. If the
developmental outliers can be
determined then these should be
classed as rare, but not necessarily
the rest of the population. If the
spatial outlying population would
be impacted then this subpopulation can be considered rare,
but not necessarily the main
population.
The degree of anthropogenic
disturbance for the population of
sites needs to be assessed for the
spatial area of the significance
level. Of all the sites those that
appear the least disturbed may be
attributed this value.
Clear documentation of a site,
reach or catchment where a theory
was developed, or a process was
first observed that allowed for
other research to be placed in
context.

If a site were to be
removed from the
sub-regional
population then:
 the natural
variability of the
sub-regional
population would
be affected, or
 a developmental
outlier would be
lost, or
 it would impact
the natural
variability of a
sub-regionally
important
outlying
population.

If a site were to be
removed from the
regional population
then
 the natural
variability of the
regional
population would
be affected, or
 a developmental
outlier would be
lost,
 it would impact
the natural
variability of a
regionally
important
outlying
population.

If a site were to be
removed from the
continental
population then
 the natural
variability of the
continental
population would
be affected, or

a developmental
outlier would be
lost, or
 it would impact
the natural
variability of a
continentally
important
outlying
population.

If a site were to be
removed from the
global population
then
 the natural
variability of the
global population
would be
affected, or

a developmental
outlier would be
lost, or
 it would impact
the natural
variability of a
globally
important
outlying
population.

The site is considered
one of the least
disturbed in the subregion.

The site is considered
one of the least
disturbed in the
region.

The site is considered
one of the least
disturbed on the
continent.

The site is considered
one of the least
disturbed globally.

A theoretical
development that has
sub- regional
implications.

A theoretical
development that has
regional implications.

A theoretical
development that has
continental
implications.

Major theoretical
break through that
has global
implications.
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Table 3: List of suggested values to assess the geographical significance of fluvial geosites

Value

Confidence

Sub-regional

Regional

Well studied

Med-High
Grey literature
may be difficult
to find but
otherwise books
and journals
should be
relatively easy
to assess.

A combination of data and
interpretation that allows for an
understanding of the form or
process.

How to value

The information
provided by the site
has application to
other sites in the subregion, or is only
available as data and
is not published.

The information
provided by the site
has application only
to sites in the region,
or is only available as
grey literature and
data.

The information
provided by the site
has application only
to sites in the
continent, or is
available in peer
reviewed literature
and as data.

Controlling
function

High

The controlling
function creates
consequent features
that are valued at subregional scale.

The controlling
function creates
consequent features
that are valued at
regional scale.

The controlling
function creates
consequent features
that are valued at
continental scale.

Assemblage

Medium - High

A feature may locally control the
processes of landscape evolution
within a catchment. The
hydrology and sedimentology of
the system may be altered such
that the feature changes the
downstream processes and forms
usually observed.
A number of sites, reaches or
catchments when used in
combination provide evidence of
functioning in past climates, or of
landscape evolution.
The assemblage might not be
contiguous, and may include
multiple themes, (e.g. glaciofluvio
karst).

The information
provided by the site
has application to
other sites across the
globe, or is available
in several peer
reviewed journals and
as a large dataset of
intense measurements
over a short period or
measurements over a
long time.
The controlling
function creates
consequent features
that are valued at
global scale.

Contains features that
help interpret
processes or
paleoclimate
conditions important
at a sub-regional
level.

Contains features that
help interpret
processes or
paleoclimate
conditions important
at a regional level.

Contains features that
help interpret
processes or
paleoclimate
conditions important
at a continental level.

Contains features that
help interpret
processes or
paleoclimate
conditions important
at a global level.
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Continental

Global

5.

COMPARISON OF PROPOSED APPROACH TO WORLD HERITAGE
AREAS APPROACH

The current World Heritage Areas (WHA) are specifically listed as areas of outstanding universal
value, so we have extracted from the descriptions of these sites and compared them against the fluvial
values we defined in Section 3. Worldwide, there are 1007 WHA listed for their cultural or natural
values. Of these 1007 sites, 197 are listed for Natural Values, and of these 197 only 91 specifically
mention a river or fluvial system in part of the area description. Table 4, lists the WHA listing criteria
for Natural Value, and compares them with our suggested value types for fluvial geomorphologic
geosites.

Table 4: Comparison of WHA listing criterion versus the intrinsic values for fluvial
geomorphology listed above in Section 2.2.
World Heritage Area listing Criteria (UNESCO,
2013)
(vii) to contain superlative natural phenomena or
areas of exceptional natural beauty and aesthetic
importance
(viii) to be outstanding examples representing
major stages of earth’s history, including the record
of life, significant on-going geological process in
the development of landforms, or significant
geomorphic or physiographic features
(ix) to be outstanding examples representing
significant on-going ecological and biological
process in the evolution and development of
terrestrial, fresh water, coastal and marine
ecosystems and communities of plants and animals
(i) to represent a masterpiece of human creative
genius
(x) to contain the most important and significant
natural habitats for in-situ conservation of
biological diversity, including those containing
threatened species of outstanding universal value
from the point of view of science or conservation

Fluvial geomorphic values
Rarity and uniqueness, assemblage
Controlling function, well studied, first
studied, best example, rarity and uniqueness

Controlling function, well studied, condition,
best example, representativeness, and rarity

First studied (e.g. proof of a concept or idea)
Controlling function, well studied, condition

As there is no explicit or systematic method for assigning values to the WHA it was difficult to assess
why exactly an area had been listed. Wording such as ‘largest’ or ‘amazing’ was often used in the
listing. All our values can be associated with the listing criteria in some way or other, however, the
mix of different values between listing criteria makes it difficult to be definitive about why a WHA
was established.
Table 5 gives examples of four well known sites that were specifically listed for their fluvial
geomorphology. Using the listing documentation, key words were searched to determine why the site
had been listed. The concept of uniqueness or rarity is often used. Had UNESCO used a systematic
approach to assigning values to each of the WHAs, we could compare the approaches to determine
how important the fluvial geomorphic values had been in gaining a status of outstanding universal
value. Our proposition is that the criteria that we have proposed would have led to listing of each of
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these sites, but that our citeria would have been more defensible and objective. The example
illustrates that truly outstanding sites will have multiple values, and that an understanding of these
different values makes it clearer to others why a site has been listed.

Table 5: List of WHA listed specifically for, or in part for, fluvial features. Each WHA provides
the listing criteria (from Table 4).
Site Name

Keywords used

Okavango Delta

Listing Criteria
(from Table 4)
(vii)(ix)(x)

Iguazu National Park

(vii)(x)

Most spectacular,
mighty river, largest

Grand Canyon
National Park

(vii)(viii)(ix)(x)

Largest canyon,
spectacular river,
scientific evidence

Three Parallel Rivers
of Yunnan Protected
Areas

(vii)(viii)(ix)(x)

Largest, most amazing
river, biodiversity

Third largest,
controlling factor,
scientific benchmark
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Our corresponding
attributes
Well studied, rarity,
controlling function
Condition, best
example, rarity,
controlling function
Rarity, controlling
function, well studied,
first studied, best
example
Rarity, best example,
controlling function,
assemblage

6.

COMPARISON OF THE PROPOSED APPROACH AGAINST THE PRESENT
TASMANIAN APPROACH

The section above describes a set of defined values that can be used to identify geosites that are
primarily recognised for their fluvial geomorphic values. We then describe how these geosites can be
assigned a significance status. This section compares the levels of significance that would be
identified by this method against the levels of significance allocated by the present TGD method. The
goal is to assign a geographic significance level and write a brief statement of significance that can be
recreated by other experts in the field. The results of this comparison are summarised in Table 6 and
outlined in full in Appendix 1.

6.1






6.2

Approach
We identified the 22 geosites within the TWWHA listed in the TGD that were defined in relation
to some fluvial feature or process.
Documents and evidence linked to each of these sites in the database (as well as in Google search
engine, and Google Scholar) were searched to determine the information available for each
geosite.
Each site was assigned to the relevant types of geoconservation value, a conficence level and a
geographic significance level (according to guidelines presented in Table 3).
Using expert opinion, information obtained from literature searches, and the description of the
geosites, we wrote a new statement of significance for the site (recorded in Appendix 1).

Assessment

The aim of the assessment in Appendix 1 is not to test the legitimacy of the sites described in the
TGD database, but rather to use those examples to explore a more defensible process for assigning
significance.
Out of 22 sites assessed, in five the new method ended-up identifying the same significance level as
the TGD approach; nine were reclassified to have a lower significance, and seven were reclassified to
have a higher significance. One was classified as 'unknown'. Where the significance was different, in
12 of the 16 cases the change was only of one category (e.g. from regional significance to subregional). Thus, the new approach would probably lead to a different set of significance classes, but
probably not to an overall increase or decrease in the levels of significance. We believe that the new
descriptions are more transparent and defensible.
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Regional

2170

Braddon River
Floodplain and
Terraces

Sub-Region

Region

○

∆

2352

Middle Franklin
River Crossstrike Drainage

Continent

Sub-region

∆

2360

Horseshoe
Bend Incised
Meander and
Alluvium

Region

Sub-region

∆

○

2365

Lower Tuan
Gabby Reach
Bedforms

Local

Unknown

2495

Middle Huon
Valley Fluvial or
Glacio-fluvial
Terraces

Sub-Region

Sub-region

○

∆

2501

Liffey Falls and
Surrounds

Sub-Region

Sub-region

∆

2525

Bradleys Hill
Badlands

Region

Regional

○
○

2528

Sprent River
Fan Delta

Region

Sub-region

∆

○

2532

Macquarie
Graben Fluvial
Geomorphic
Systems

Continent

Global

○

∆

2562

New River
Undisturbed
Fluvial and
Karst systems

Global

Continental

∆

○

2681

Fish River
Alluvial Fan

Region

Sub-region

∆

○

○

∆
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Global

Significance
level as
proposed
by the new
approach

Continental

Existing
Significance
level in the
TGD

Local

Geosite
Name

Unknown

Geosite
ID

Subregional

Table 6: Comparison of the significance level identified in the TGD with the significance
allocated by the proposed method (the blue circle is the existing significance defined in the
TGD, and the red triangle is the new significance level proposed by this method). See
Appendix one for more information.

∆

○

Continent

Sub-region

2803

D'Aguilar Range
Alluvial Fans

Region

Regional

2805

Gordon River
Gorge above
Cataract Creek

Local

Continental

2808

Lake Fidler and
Sulphide Pool
Meromictic
Lakes

Global

Continental

2813

Rocky Sprent
Falls

Local

Sub-region

2940

Knyvet Falls
Basalt Flow

Local

Sub-region

3036

National Park
Escarpments
and Falls

Region

Sub-region

∆

○

3041

Tyenna River
Geomorphology
and Soils

Sub-Region

Sub-region

○

∆

3045

Weld River
Basin Karst and
Fluvial Systems

Continent

Regional

∆

○

3077

Myrtle Creek
River Capture

Regional

Continen

○

∆

3239

Snag Point
Levee with
Remnant
Depositional
Form

Continent

Sub-region

Global

Middle Gordon
River Crossstrike Drainage

Continental

2799

Regional

Significance
level as
proposed
by the new
approach

Subregional

Existing
Significance
level in the
TGD

Local

Geosite
Name

Unknown

Geosite
ID

○

∆

○
∆

○

∆

○
∆

○
○

∆
∆

∆
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○

7.

OPTIONS FOR IMPROVING THE IDENTIFICATION
GEOMORPHIC GEOSITES IN THE TWWHA

OF

FLUVIAL

This section describes options that DPIPWE can consider to improve the identification and
management of fluvial geomorphic values in the TWWHA. The goals are to:
1. Identify remaining sites of fluvial geomorphic significance in the TWWHA.
2. Strengthen the levels of confidence in the existing classification of values and significance (such
that claims of significance can be substantiated when DPIPWE seeks support to recognise and
protect these features).
3. Identify actions required to protect and enhance the highest value sites that are at most risk.
4. Achieve these goals as economically as possible (given the historic lack of funding for such
work).
Identifying remaining sites of fluvial geomorphic significance and list on the TGD
The most important immediate task is to identify the highest priority (i.e. highest value, highest risk)
assets rather than to assign a 'value' to every stream link, reach or feature in the TWWHA. In order to
achieve this, we suggest two steps. First, test and if necessary improve, the approach proposed in this
document for identifying and assigning significance to sites of fluvial geomorphic significance.
Second, go ‘geosite-prospecting’ to identify new sites. New sites should be listed on the TGD.
Trial the proposed approach to identifying sites of fluvial significance on some complex areas of the
TWWHA.
This will allow the method proposed in Section 4 to be tested and improved. We recommend a trial in
an area with known complex fluvial systems. The TGD database could be used to select areas with
rich fluvial systems. Important in this trial will be developing an approach to assigning geographical
significance levels to sites with multiple values.
Geosite prospecting.
DPIPWE must increase knowledge about the values of the entire TWWHA. Geosite prospecting can
have two goals: understanding existing sites better, and finding new sites. We propose prospecting
could involve a GIS based analysis of the full region (based on aerial and satellite photography and
DEMs) searching for anomalous fluvial sites. These can be identified in two ways: by a systematic
scan of aerial photographs of the TWWHA region by experts, and second, by using a 'machinelearning' approach to look for anomalies. Identified sites would then require field validation.
1. Approach 1 – Have fluvial geomorphologists scan high-resolution aerial photographs of the
TWWHA looking for anomalous sites. The review would produce a map of prospective sites for
field investigation.
2. Approach 2: The region would be mapped according to several metrics (e.g. drainage density,
slope, stream pattern, river planform). These data would then be analysed to look for unusual
patterns, and for differences, or anomalies (e.g. unusually steep sections of stream, anomalous
channel patterns). The foundation for this type of database already exists with the Conservation
of Freshwater Ecosystem Values (CFEV) database developed by the Tasmanian government.
For example, fruitful correlation would come from exploring relationships between geomorphic
metrics and the remarkable meta-data available in the CFEV database (see Jerie et al 2003).
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Prospecting for new geosites is most likely to be rewarding if you concentrate on values with the
highest confidence. We propose the following order of investigation.
a. Condition should be the easiest characteristic to value. We propose establishing areas of best
condition first. The CFEV layer and past work on 'Wild Rivers' would be good starting points for
this work.
b. First studied – if there is something identified that is really unusual but not well studied, then that
site could become the first studied, or even a reference site.
c. Well – studied – This could develop from existing well studied areas such as the Gordon River.
d. Reference sites- Representative and outstanding sites would be the easiest type to look for. One
option would be to identify the rivers that are most impacted in the rest of Tasmania and see if
there is a reference available in TWWHA. This might require developing some river typologies.
We expect that larger river floodplains and woody debris would be good starting points as
reference sites.
e. Rarity. The best confidence will be in those units that have a well-known population which will
make it easier to demonstrate that they are unusual. In this case, starting with planform metrics is
probably the most efficient. It could be possible to set up a series of conceptual models for
different sub-catchments, based on pre-existing data to pin point areas of high interest. For
example, the Orange River (a tributary of the Gordon roughly 10 km west of the dam) has
tributary junctions that are at right angles to the main stream and co-incident on both sides of the
river. This trellis stream pattern could be rare, but needs to be put into context with other
examples, and any associated features examined, especially at tributary junctions.
f. Controlling function- Some of the most interesting fluvial systems in the TWWHA are those that
are produced by controlling factors. Good examples are glacial, peat and karst landscapes, and
the influence of landslides.
g. Assemblage – This value could be an extension of the controlling function investigation. Many
landscapes in the TWWHA are poly-thematic involving glacial, periglacial (historic and active)
and karst processes. Identifying these landscapes should emerge from a process understanding of
the region.
Increase knowledge of fluvial sites listed on the TGD
There are two reasons why increasing our knowledge of listed sites will be rewarding. First it will
increase levels of confidence in judgements of significance of fluvial values in the TWWHA, which
will lend weight to arguments to recognize and protect these features (goal 2 above). Second, an
increased knowledge of the features, and the geomorphic processes that created and maintain them,
will improve the ability of land managers to maintain the condition of those features (goal 3).
The wild nature of the Tasmanian Wilderness means that there is little impact from many of the
threats common elsewhere in Australia, such as river regulation, urbanisation, mining, agriculture and
even to an extent tourism. However, the threats that remain are real, and for the most part difficult to
mitigate – climate change, inappropriate fire regimes, feral animals. For threatened sites where no
practical management intervention exists, documentation of the natural value before the feature or
process is lost becomes a priority.
Prioritising sites for further research should be based on site significance and the degree to which
values at the site are vulnerable to anthropogenic changes that will degrade the values present. A
procedure to achieve this has not yet been developed. It should be acknowledged that in some cases it
will not be clear how threatened individual features might be without further research. It is also worth
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recognizing that opportunistic research with partners outside DPIPWE may yield valuable results for
relatively little cost to DPIPWE.
Economical research – how to achieve the tasks above without increased funding
While there is some potential for such work to occur within DPIPWE, it may also be productive for
the Geoconservation Section to play a coordinating role, encouraging and directing the work done by
external researchers. If successful, this would increase the knowledge of fluvial geodiversity in the
TWWHA far more economically (from DPIPWE’s point of view) than internal research alone (goal 4
above).
Any resources that DPIPWE have should always be used to leverage more resources. The wilderness
reputation of the TWWHA could be used to entice researchers to not only to come and research the
area, but to cover their own costs. Following are some suggestions for encouraging geomorphic
researchers to come to Tasmania. These strategies have long and short pay-off times.


Develop a fluvial geomorphology research prospectus. This prospectus would summarise what is
known about the fluvial geomorphology of the TWWHA, and summarise the known research
gaps. This would whet the appetite of prospective researchers and provide the material that they
need to seek funding and to motivate students. Academics are often looking for new research
options, and background information can make the process easier.



University academics supported by research students. The goal is to entice academics to focus
their research in the TWWHA. There is no doubt that having a clutch of academics focussing
many decades of work in a region is usually the foundation of understanding these areas. There
are examples of this long-term research in Tasmania in glacial geomorphology, in karst, in forest
science, and aquatic ecology - but not in fluvial geomorphology. The absence of fluvial work is
simply an historical accident in a small research community. As part of a long-term strategy, we
suggest supporting PhD student researchers who will either become the long-term researcher, or
will encourage their supervisor to do so. Appendix 1 summarises the types of collaborative
research that can be supported through Universities. In general, providing some field-work and
conference cash to a series of PhD students, who have already won their own scholarships, is the
most cost effective way to encourage research. However, the pay-off can take several years, and
can be high-risk. Also, a PhD project has to relate to basic science, so it not often appropriate for
inventory, or descriptive, styles of research. High-order taxonomy and classification can be
suitable.
More effective than a single PhD student is a dedicated research program led by an academic.
This can be achieved by lobbying universities to appoint geomorphologists (if that is what you
need). Another way is by identifying academics who might be working in allied areas, and
providing strategic support that steers them into your area of interest. Remember, the goal is to
eventually have the academic subsidising the work you need by winning money from numerous
sources that are not available to the managers of the TWWHA.
Please see a summary of the range of options for collaborative research in Appendix 2.



Academics on sabbatical leave. International academics (or interstate researchers) can equally be
tempted to do research in Tasmania. A good way to do that is by collaborating with Tasmanian
Universities to attract prominent researchers on sabbatical leave. Academics are always looking
for exotic locations to do their sabbaticals, and the TWWHA could be popular. Good universities
are combined with outstanding research opportunities. This way you can get top researchers to
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work directly in the region for six months, and pay their own way. You could do this by working
through Australian academics with international contacts. With the assistance of the Australian
academics you establish what you call a 'Fellowship Program', and you invite academics to
become 'Fellows'. You pay their airfare, and provide some field support. The goal is to
encourage the academic to continue to do research in the region, for which they raise their own
funds, and attract their own PhD students. It would be surprisingly easy to attract academics to
such a program, especially if DPIPWE researchers are already connected to the academic
community through Task 2 above. The cost of such a sabbatical program would be modest in
comparison to other options. As an example of the potential of such a program, consider the
remarkable work done by Professor David Knighton on sand-slugs in the Ringarooma system on
his sabbatical leave in Tasmania in the 1980s. He produced a series of classical papers that are
still widely cited.


International expeditions. The wilderness values of the TWWHA lend themselves to focussed,
expedition style research programs that are usually fully funded by the sponsoring agency or
country. Examples are:
a. The 1988 Royal Geographical Society joint British-Australian Expedition to the
Kimberley Region of WA. See this site
http://www.rgs.org/OurWork/Fieldwork+and+Expeditions/Resources/Past+Field+Progra
mmes/Australia/Kimberley+Research+Project+1988.htm
b. Keck Geology Consortium Expeditions. These are student expeditions funded by the US
National Science Foundation.
Establishing this sort of project would take considerable organisation, but it can focus
considerable resources into the one area, and initiate future research.



Crowd sourcing geosites. All rankings of significance are relative, and often the most difficult
aspect of assigning significance to a geosite is knowing how that site compares with others locally
to globally. What we want to know is whether there is a better example of the feature or system
that has been identified. 'Better' can relate to most of the values described in Section 4. If a better
example cannot be found after a legitimate search process, then there are grounds for making
claims about appropriate levels of significance (such as continental or global). If there are
abundant better examples, then we must move down the geographical levels of significance. The
literature provides some information to identify 'better examples', but it is usually not sufficient to
give high confidence. Once the literature is exhausted we need a legitimate way to tap-into the
experience and observations of geomorphologists and other professionals at a global scale. We
suggest a 'crowd-sourcing' approach where we let others provide the population data required.
There is a large earth-science community with interests in geoconservation, particularly in
Europe. A particular focus of this type of work is carried out under the auspices of the
International Association of Geomorphologists (IAG), that has an active working group on
geomorphosites (http://www.geomorph.org/wg/wggs.html). One option is to set-up an online
geomorphosite web-page (possibly under the auspices of the IAG) where people can claim the
best example of a geomorphic feature unless somebody else can demonstrate that they have a
better one. Setting up such a system on-line could be relatively inexpensive (especially if it is
done through Google Earth or a similar system), but there would have to be rigorous criteria for
submission, and an independent review process. We suspect that the system could generate
enthusiastic competition from many countries, specialists, and enthusiasts, who jealously guard
the exceptionalism of their sites, and regions. For example, the Chinese regularly claim that their
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geo-sites are exceptional, unique or otherwise remarkable. The system would not have to be
complicated or onerous to upload examples.
Funding for such a system could be provided from many sources, including international sources
such as UNESCO, the IAG, and potentially mining companies. Even Google could be
approached for funding.
If such a system were successful, it could also give international exposure to the many values of
the TWWHA. By DPIPWE taking a leadership role in classifying geosites (whether fluvial or
otherwise) they would foster contacts that would lead to more research being done in the
TWWHA by international researchers.
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9.

APPENDIX ONE

Introduction
Appendix 1 is an example of applying the concepts and methods presented in this report. In Table
A1.2, we demonstrate the concept by applying Steps 1 and 2 of the process described above in order
to assign a geographic significance level for geosites from the Tasmanian Geoconservation Database
(TGD). In addition we provide a brief statement of significance. The intention is to provide a clear
example of how the geographic significance level can be assigned, and so allow other experts in the
field to follow the same process.
A caveat is that the level of significance can be highly influenced by the amount of information that is
available. The amount and quality of easily accessible literature and information on similar types of
features, across the globe, may influence the overall geographic significance. This is to say, that if an
assessor had access to a different body of literature or expert/local knowledge of the features that they
may assign a different significance level. As a result, the assessment and assignment of significance
levels provided in Table A1.2 should not be viewed as a final result, but rather as a suggestion based
on the available information at the time of assessment. It is acknowledged that in part, differences in
available information may explain differences between judgements of significance level in this
document and those in the TGD.

Methods
To find geosites that were suitable to be assessed for fluvial geomorphic values, we searched the TGD
for sites that were specifically listed for fluvial features or processes. This search was not exhaustive
but resulted in a list of 21 geosites with a range of geographic significance levels (Local to
Continental significance levels).
Using the predefined fluvial units discussed in the report above, each geosite was assigned a fluvial
unit ID (see Table A1.1). We conducted a Google Scholar literature search for site specific
information and information regarding similar fluvial units across the international literature. In
addition to the Google Scholar search, we searched documents provided by DPIPWE, again to assess
individual sites and cross compare similar features. We then identified the relevant types of
geoconservation value (Table A1.1) based on our experience in fluvial geomorphology and based on
the information provided in the TGD, and recorded the resulting values, confidence level, and
geographic significance level in Table A1.2. After a geographic significance was assigned, using
expert opinion, the available literature, and the TGD, we wrote a new statement of significance for
each site. Comments were made to explain any ambiguity that may have arisen from a change in
significance levels.
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Table A1.1: Definitions of codes used in Table A1.2. See Table 2, Table 3 and Section 4.2 for
definitions of terms.
Fluvial
Unit

Fluvial
Unit ID

Values

Values
ID

Confidence

Confidence
ID

Geographic
Significance

Geographic
Significance
ID

Catchment

1

Condition

A

High

1

Subregional

S

Sediment
Process
Zone

2

Reference
(outstanding,
representative)

B

Medium

2

Regional

R

Channel
Pattern

3

Rarity

C

Low

3

Continental

C

Reach

4

First Studied

D

Global

G

Feature

5

Well Studied

E

Unknown

U

Controlling
Function

F

Assemblage

G
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Table A1.2: Reassessment of the significance level of fluvial geomorphic Geosites from the TGD showing original descriptions with proposed significance score and significance statement
TGD
GEOSITE
SIGNIF.
Continent

ID

GEOSITE
NAME

GEOSITE DESCRIPTION

GEOSITE DEFINITION

TGD
STATEMENT OF
SIGNIFICANCE
Notable and
spectacular
example of type.

FLUVIAL
UNIT

ASSIGNED
VALUES

CONFIDENCE
IN VALUES

4

B

H

PROPOSED
GEOGRAPHIC
SIGNIFICANCE
R

2352

Middle
Franklin
River Crossstrike
Drainage

Cross-strike (superimposed?) drainage with spectacular
gorges.

Cross-strike gorges and
chasms of the Franklin River
from Collingwood confluence
to Engineer Range, some 25
km.

Region

2360

Horseshoe
Bend
Incised
Meander
and
Alluvium

Local

2365

Lower Tuan
Gabby
Reach
Bedforms

SubRegion

2495

Middle
Huon Valley
Fluvial or
Glaciofluvial
Terraces

Over-tightened incised meander, some structural control
apparent but possibly incised from Tertiary peneplain
(Henty Surface). A palaeosol buried at a depth of 3.4 m
has been radiocarbon dated at 2640 yr BP. This date
allows calculation of a long term vertical bank accretion
rate of 1.4 mm/yr prior to the recent onset of
anthropogenic erosion.
Bedforms observed with echo sounder in winter 1993
are interpreted as tractional dunes indicating dominantly
downstream (therefore fluvial or ebb-tidal) currents.
Amplitude approx. 2 m, wavelength approx 50 m.
Subsequent passes and attempts at relocation have
failed. Further study warranted to elucidate active
fluvial processes. N.B. conservative estimate of
significance level.
Three well developed terraces cut into possible glaciofluvial sediments, probably representing different glacial
retreat stages. It is a common feature in Tasmania, but
this is the best developed example known in the Huon
Forest District, and is of significance to future studies of,
as yet poorly understood, glaciation in southern
Tasmania.

SubRegion

2501

Liffey Falls
and
Surrounds

Region

2525

Bradleys Hill
Badlands

Region

2528

Sprent River
Fan Delta

Landform and Holocene
alluvium of lower Gordon
River reaches known as
Horseshoe Bend.

Notable example
of type.

5

B, E

M

S

DRAFT * Bedforms identified
by echo-sounder.

Data not yet
completed

5

D

L

U

Huon River terraces
immediately upstream of the
Picton/Huon confluence.

Notable example
of type, the best
developed
example known in
the Huon region.

4

A,B

M, M

A variety of rock types and landforms in a relatively small
area, including spectacular waterfall and cascades;
strong orthogonal jointing giving rise to a tesselated
pavement type feature; fossiliferous, dropstone bearing
Permian strata; sandstone cliffs. Well exposed
fossiliferous sedimentary beds in the Liffey River.
Representative of waterfalls developed on older Permian
units in northern Tasmania.
Youthful, deeply dissected badlands terrain. Very close
spaced gullies with V-shaped valleys to 50 m + depth in
poorly consolidated Tertiary sediments.

Landforms and sedimentary
rocks in gorge, about 500 m
upstream and downstream of
Liffey Falls.

Representative of
lower Permian
geology and
waterfalls
developed on
such rock units.

5

B,F,G

Badlands terrain west of
Bradleys Hill.

2

Large (up to approx. 0.4 sq. km) alluvial fan/tributary
delta constricting Gordon Channel against Angel Cliffs.
Boulders to about 1m diameter inactive, boulders
approx. 0.4m diameter appear mobile in Sprent channel.
The fan provides a partial natural barrier to motorised
access upstream.

Fan delta deposit at Sprent Gordon Rivers confluence.

Notable example
of type, most
pronounced
development
known in
Tasmania.
Notable example
of type.

5

39

PROPOSED STATEMENT OF
SIGNIFICANCE

COMMENTS

The drainage pattern of the site is an
outstanding example of regional
significance, as it is one of the best
developed examples of cross strike
drainages within the fold structure
region of Tasmania.
The horseshoe bend is of sub-regional
significance as it allows for local
investigation of the impact of
anthropogenic disturbance on fluvial
incision of meander bends and provides
information on natural rates of bank
accretion.
Bedforms first described at site are of
unknown significance as they are
transient features in the river channel –
likely produced from specific flow
conditions

There is potential to split this site into a geosite
for channel pattern and individual sites for the
gorges

S

The Huon River terraces are of subregional significance due to their good
condition and because these are the
best example for the sub-region

Was unsure what "best developed example"
meant in the description
This site shows the relationship between form
and process for the Huon region. If these
terraces were able to be linked to a much larger
pattern of glaciation and glacial retreat across
Tasmania, then they could be listed as regional
or even continental significance.

M,H,H

S

The waterfalls in the area are
outstanding examples of lithological
controls on fluvial processes and as an
assemblage are sub-regionally
important regarding the development
of knickpoints in the longitudinal profile

B

H

R

The gullies found in the badland terrain
are regionally significant as they are the
best example of developing badland
terrain in Tasmania

B,F

L,L

R

The alluvial fan is a regionally significant
control on the longitudinal profile of the
Gordon and Sprent Rivers

Site does not give much information as a single
feature. If other features in the area were found
to follow a similar pattern of rates due to
anthropogenic disturbance then this may move
up from being sub regional to regional.

Need information on extent of the feature

Control on motorized movement upstream is
not applicable to fluvial values

TGD
GEOSITE
SIGNIF.
Continent

ID

2532

GEOSITE
NAME

GEOSITE DESCRIPTION

GEOSITE DEFINITION

Macquarie
Graben
Fluvial
Geomorphic
Systems

An outstanding and unusual suite of tectonicallyinfluenced peat-land fluvial landforms, including
probably the most extensive and well-preserved flights
of fluvial terraces in Australia, have developed on
Tertiary sediments of the Macquarie Graben. These
landforms have been described by Bradbury (1996) and
Jerie et al. (2003). Three factors have interacted to
produce the unusual fluvial landforms of the Macquarie
Graben, namely:
- Significant Late Cainozoic tectonic uplift, possibly partly
related to local faulting but probably largely due to
ongoing regional uplift related to northwards movement
of the Australian plate, has strongly influenced river
development in the Macquarie Graben, resulting in
repeated stream incision and terrace formation;
- The existence of very thick (500m +) deposits of highly
erodible Tertiary Quartz gravels in the Macquarie
Graben has allowed sensitive fluvial landform responses
to tectonic uplift to occur with little control by lithified
bedrock structures. This has resulted in the
development of extensive unusually well-developed
terrace sequences sensitively recording tectonic
movements in the graben; and
- Extensive cohesive peat soils have allowed an
otherwise unlikely degree of preservation of terrace
landforms in the highly erodible Tertiary gravel
substrate, and has produced unusually steep
meandering river systems.

Large area comprising fluvial
landform systems developed
on Tertiary sediments of the
Macquarie Graben (western
Tasmania), from the Braddon
River in the north to the
Wanderer River in the south,
and including the catchment
basins of these rivers. The
main river systems
encompassed by the site
include the Braddon, Sorell,
Pocacker, Spero and
Wanderer Rivers and their
catchments.

TGD
STATEMENT OF
SIGNIFICANCE
Probably the
most extensive
and wellpreserved flights
of fluvial terraces
in Australia.

FLUVIAL
UNIT

ASSIGNED
VALUES

CONFIDENCE
IN VALUES

1

A,B,E,G

M,H,H,H

PROPOSED
GEOGRAPHIC
SIGNIFICANCE
G

The fluvial and
karst geomorphic
systems of the
New River Basin
constitute
benchmark
geomorphic
systems of
outstanding
universal
scientific and
intrinsic value in
virtue of their
extent and
undisturbed
geomorphic
processes, and

1

A,C

M,L

C

PROPOSED STATEMENT OF
SIGNIFICANCE

COMMENTS

The fluvial terraces and surrounding
catchment are in very good condition
and hold continental importance for the
well preserved flights of terraces. This
coupled with the well-studied geology
of the area and surrounding catchments
makes these flights of terraces a
globally important assemblage that
contains information regarding the Late
Cainozoic tectonic movement of the
Australian plate.

On the basis that the interaction between these three
factors is probably unique in Australia, and has produced
the most sensitive fluvial landscape record available of
the Late Cainozoic tectonic movement of the Australian
plate, Sharples (2003, p. 103-107) argued that this fluvial
landform assemblage is of global significance. The
significance of the site is further enhanced by tectonic
features such as the D'Aguilar Range Fault Scarp and
marine terraces preserved at several sites around
Macquarie Harbour, which are probably genetically
related features.

Global

2562

New River
Undisturbed
Fluvial and
Karst
systems

Bradbury (1996) previously recommended that the
entire Macquarie Graben fluvial systems be assigned
significance at a World level. His recommendation is
supported by the World Heritage significance
assessment provided by Sharples (2003, p. 103-107).
The New River basin (including all tributaries and
catchment) is the largest complete source-to-sea fluvial
geomorphic system in Tasmania that is entirely mantled
by old growth forest, is undisturbed by contemporary
human activities including land clearance, roads or
walking tracks, and shows no evidence for late Holocene
disturbance to fluvial processes due to former Aboriginal
activity (Sharples 2003, p. 100-103). The basin also
contains extensive high-relief Precambrian dolomites
and Ordovician limestones (Dixon & Sharples 1986) that
are mostly unexplored but are both known to contain
extensive undisturbed karst landform systems (Dixon &
Sharples 1986, Eberhard et al. 1991, Kiernan 1995,
Sharples 2003, p. 128). These include extensive caves
below Precipitous Bluff and at Salisbury River
(limestone), Tasmania's largest stream sink (Vanishing
Falls), and a large unexplored karst depression and

Entire New River drainage
basin from Federation Peak
(source) to Prion Beach (river
mouth), including tributary
Salisbury River catchment
basin, situated roughly
halfway along the south coast
of Tasmania and entirely
contained within the
Southwest National Park and
Tasmanian Wilderness World
Heritage Area.

40

The fluvial catchment of the New River
System is one of the few relatively
pristine catchments in the temperate
climate which is often very rare. The
catchment provides an analogue of
continental importance as many of the
fluvial processes have been undisturbed
in the catchment.

The significance has been reduced to
continental because a search of Google Earth
reveals many similar size or larger catchments in
areas such Alaska, Russia, and Canada that
show little modern development.
The karst topography may be of global
significance, but this needs to be assessed by an
expert in karstic landforms

TGD
GEOSITE
SIGNIF.

ID

GEOSITE
NAME

GEOSITE DESCRIPTION

stream sink at Forest Hills (dolomite). The New River
fluvial system is of outstanding significance as the largest
undisturbed complete source-to-sea, temperate
maritime climate, fluvial geomorphic system in Australia,
and as such is probably comparable to the best examples
globally. The presence within the undisturbed catchment
of extensive undisturbed karst landform systems is an
additional geomorphic value of outstanding significance
at a global level.
Alluvial fan built into the glacial Mersey valley at the
terminus of the hanging Fish River valley. Although
partly inundated by Lake Rowallan, the bifurcating
distributary pattern and braid bars may still be
recognised.
Cross-strike (superimposed?) drainage; resultant
spectacular gorges; probable past river capture (Gordon
Bend area).

GEOSITE DEFINITION

TGD
STATEMENT OF
SIGNIFICANCE
were assessed to
be of outstanding
universal value
(World Heritage
significance) in
their own right by
Sharples (2003).

FLUVIAL
UNIT

ASSIGNED
VALUES

CONFIDENCE
IN VALUES

PROPOSED
GEOGRAPHIC
SIGNIFICANCE

PROPOSED STATEMENT OF
SIGNIFICANCE

Alluvial fan at confluence of
Fish and Mersey rivers.

Notable example
of type.

3

B

L

S

The channel patterns and forms in the
alluvial fan are outstanding examples of
an anastomosing distributary system of
sub-regional importance

Not sure if the alluvial fan was being assessed,
or the drainage patterns present on the fan

Gordon River valley from
Gordon Bend to Olga
confluence, some 30km
excluding section submerged
by Gordon impoundment.

Notable example
of type.

3

B

L

R

The drainage pattern of the site is an
outstanding example of regional
significance as it is a best example of a
cross strike drainage and the types of
fluvial features found in the planform
(spectacular gorges, waterfalls, bedrock
controlled reaches)
The exposed structure of the alluvial
fans provide an outstanding regionally
significant example of alluvial fan
development
The well documented (studied) gorge
provides a continentally outstanding
example of the controlling aspect of
faulting on fluvial incision

There is potential to split this site into a geosite
for channel pattern and individual sites for the
gorges. There is a chance that there is more
literature or information I missed that may
move this site from regional to continental
significance.

This site was difficult as limnology does fall
outside the realm of fluvial geomorphology.
However as these are fluvial features they
should be classified as such. If is the coupling of
different fields of study that makes these
backwater swamps globally significant

Region

2681

Fish River
Alluvial Fan

Continent

2799

Middle
Gordon
River Crossstrike
Drainage

Region

2803

D'Aguilar
Range
Alluvial Fans

Abundant well preserved Pleistocene (inactive) alluvial
fans, both individual and coalesced, are very well
displayed due to the sparseness of vegetation.

Alluvial fans on the slopes to
west and northwest of Innes
Peak

Notable examples
of type.

3

B

M

R

Local

2805

Gordon
River Gorge
above
Cataract
Creek

Gorge between Cataract
Creek and a point about 1 km
downstream of Franklin River
confluence.

Notable example
of type.

5

B,E,G

H

C

Global

2808

Lake Fidler
and
Sulphide
Pool
Meromictic
Lakes

Two small backswamp lakes
and associated levee banks.
lower Gordon River.

Habitat, fossil and
Holocene
palaeoenvironme
ntal record of
outstanding
universal
significance.

5

B,C,D,E

H,M,H,H

G

These backwater swamps hold a
paleoenvironmental record of global
importance. These meromictic lakes are
rare as the ratio of meromictic lakes to
mictic lakes are roughly 1:1000. When
coupled with other indicators of
glaciation and fluvial evolution of the
catchment they provide a globaly
significant record of climate change

Local

2813

Rocky
Sprent Falls

Falls on Sprent River at west
end of King Billy Range.

Notable example
of type.

5

B,F

M

S

Local

2940

Knyvet Falls
Basalt Flow

Gorge more than 200 m deep. Downcutting ceased in
the lower reaches with Holocene transgression and
aggradation of bed commenced. Orientation suggests
structural control by faults associated with Macquarie
Harbour Graben. Natural section through the hinge of a
doubly plunging Devonian anticline in Ordovician rocks.
Site of abandoned dam project and intensive
palaeoenvironmental and geotechnical investigation.
Backswamp lakes formed by the cutting off of inner
bend inlets during levee formation. Meromictic state is
maintained by occasional incursion of water derived
from the estuarine salt wedge and provides a stratified
range of habitats for more than 200 taxa of microorganinsms. The Lake Fidler sediments contain
distinctive flocculated clay laminae and an 8000 year
palaeoenvironmental record of outstanding resolution.
However the uppermost sediments may have been
bioturbated during a recent episode of holomixis. See
also OLG07.
Impressive waterfall with total drop of 30 to 40 m.
Strong joint control in gently dipping Denison Group
sediments has produced an extremely narrow lower
section. Fossil locality approximately 300 m upstream.
Waterfall over the erosional limit of Tertiary basalt lava
flow; prominent cooling joints in basalt.

Waterfall over basalt
approximately 1 km east of
Pencil Pine Lodge.

Notable example
of type.

5

B, F

L

S

The waterfalls are a sub-regionally
representative example of geologic
controls on the evolution of a
longitudinal profile of a river
The waterfalls are a sub-regionally
representative example of geologic
controls on the evolution of a
longitudinal profile of a river

Region

3036

Notable example
of type.

5

B,F

M

S

3041

A series of escarpments developed by differential
erosion of sub horizontal Parmeener Supergroup strata
has produced a benched topography that allows several
waterfalls, including Russell Falls.
Meandering river and associated floodplain has been
relatively undisturbed (compared to many similar
examples) although some drainage and infilling of
backswamps has occurred. Associated alluvial soils,
where undisturbed, are of high conservation value due

Benched landscape and falls
in south east corner of Mt
Field National Park.

SubRegion

National
Park
Escarpment
s and Falls
Tyenna
River
Geomorpho
logy and
Soils

Landforms of Tyenna River
and associated alluvial plains
near National Park.

Notable example
of type.

3

A,B,G

L,H,M

S

41

The waterfalls are a sub-regionally
representative example of geologic
controls on the evolution of a
longitudinal profile of a river
The relative good condition of the
floodplain and river provide a subregionally outstanding example of
meander migration. As a whole, the
entire assemblage of meander bends

COMMENTS

Due to the well-studied nature of the site I
would classify this as continentally significant
rather than local

Potential to add regionally important example
of relief inversion if it can be corroborated in
the literature or by expert opinion. There may
be additional geological value in the jointed
basalt, which is not assessed here.

TGD
GEOSITE
SIGNIF.

ID

GEOSITE
NAME

GEOSITE DESCRIPTION

GEOSITE DEFINITION

TGD
STATEMENT OF
SIGNIFICANCE

FLUVIAL
UNIT

ASSIGNED
VALUES

CONFIDENCE
IN VALUES

PROPOSED
GEOGRAPHIC
SIGNIFICANCE

to the ubiquitous disturbance of similar soils elsewhere.
Some bank erosion due to trampling.
Continent

3045

Weld River
Basin Karst
and Fluvial
Systems

The upper - middle Weld River fluvial catchment basin,
from the downstream limit of Precambrian dolomite
bedrock below Mt Weld upstream to the catchment
headwaters, is mantled by extensive old growth forest
with patches of other native vegetation communities
and contains only minor disturbances resulting from
contemporary human activities, namely a short stretch
of the Scotts Peak Road, the restricted-access Mueller
Road through the headwaters of the basin, and several
rough walking tracks. Whilst there is evidence of
Pleistocene and possibly Holocene Aboriginal occupation
and activities (eg, at Bone Cave occupation site and
patchwork vegetation patterns in some areas possibly
reflecting anthropogenic Holocene firing), there is no
evidence of substantial currently effective fluvial or karst
process disturbance. A large area (140 square km) of
Precambrian dolomite of the Weld River Group is
contained within the 322 square km undisturbed uppermiddle Weld River catchment and exhibits over 700
metres of relief. The dolomite contains areas of known
extensive karst development including Annakananda on
the NE Ridge of Mt Anne (Australia's currently thirddeepest known cave at 373m), Weld Arch, and caves
including Arrakis (236m deep) below Mt Weld (Kiernan
1995). The Weld Valley dolomite karst also hosts the
most extensive and largest scale of crystalline
silicification in dolomites known in Tasmania, which is
thought to be of post-Carboniferous hydrothermal origin
and includes "crystal caves" (Kiernan 1995, Calver et al.
2003). The Weld Valley karst includes Australia's best
example of present-day alpine karst at Mt Anne NE
Ridge, which is also the most extensively developed
example of a Pleistocene glacio-karst landform system in
Australia (Kiernan 1990a, b). The dolomite karst
throughout the upper-middle Weld River catchment is
mostly undisturbed by contemporary human activities
except for minor evidence of recreational caving in a
few caves, and small-scale quartz crystal damage in one
cave.
The karst system of the middle-upper Weld River
catchment basin, together with its fluvial catchment, are
a karst and associated fluvial geomorphic process system
of outstanding significance on the grounds of being the
largest minimally disturbed, well-developed, high-relief,
high-rainfall, temperate-climate dolomite karst within
an minimally disturbed fluvial catchment basin in
Australia, and probably comparable to the best
equivalent examples globally (Sharples 2003, p. 126128). The outstanding significance of the large
undisturbed karst area is enhanced by associated
outstanding glacio-karst landforms and crystalline
silicification. The dolomite karst and associated fluvial
system of the upper-middle Weld River valley constitute
benchmark geomorphic systems of outstanding
universal scientific and intrinsic value by virtue of their
extent and diversity of minimally-disturbed karst
phenomena and were assessed to be of outstanding
universal value (World Heritage significance) in their
own right by Sharples (2003).

Fluvial, karst and glaciokarst
landforms of the entire 3222
km2 fluvial catchment of
Precambrian dolomite
bedrock (Weld River Group)
in the middle - upper Weld
River basin of central southern Tasmania. Site
boundary is the upper middle Weld catchment
boundary. The site is entirely
contained within the
Southwest National Park and
Tasmanian Wilderness World
Heritage Area.

The dolomite
karst landform
and process
system of the
middle-upper
Weld River
catchment basin,
together with its
fluvial catchment,
is a karst and
associated fluvial
geomorphic
process system of
outstanding
significance on
the grounds of
being the largest
region of
minimallydisturbed welldeveloped, highrelief, highrainfall,
temperateclimate dolomite
karst within a
minimallydisturbed fluvial
catchment basin
in Australia, and
probably
comparable to
the best
equivalent
examples
globally. The
outstanding
significance of the
large karst area is
enhanced by
associated
outstanding
glacio-karst
landforms and
crystalline
silicification.

1

42

A, C

H

C

PROPOSED STATEMENT OF
SIGNIFICANCE
and associated floodplain provides a
sub-regionally significant view of
meander migration rates
The fluvial catchment is continentally
important as a relatively pristine
catchment where karst and glacio-karst
landforms are occurring

COMMENTS

Even though I classified this as continental
significance, if it was demonstrated that the
processes occurring here had global importance
then It should be classified as globally
significant

TGD
GEOSITE
SIGNIF.
Regional

Continent

ID

GEOSITE
NAME

GEOSITE DESCRIPTION

GEOSITE DEFINITION

3077

Myrtle
Creek River
Capture

Rivers and streams within
about 20 sq km in vicinity of
Gordon - Derwent catchment
divide.

3239

Snag Point
Levee with
Remnant
Depositional Form

Excellent example of river capture, used as teaching
example. The Florentine River, once part of Gordon
catchment and flowing in opposite direction to present,
has been captured by the Derwent River. Further
capture of the upper Gordon by the Florentine is
geologically imminent as a Florentine tributary, Myrtle
Creek, is draining to a lower base level than the Gordon
River above the Gordon Gorge, and is about to capture
Huntley Rivulet which is a Gordon Tributary. The divide
between Myrtle Creek and Huntley Rivulet is only a
metre or two high, and water from Huntley Rivulet may
already be draining to Myrtle Creek via karst conduits.
Sandy levees occur between Limekiln Reach and the Sir
John Falls area of the Gordon River ria estuary. The
levees consist almost exclusively of several metres
thickness of poorly sorted, massive, loosely compacted,
cohesionless fine sand with low to moderate angles of
internal friction (Mathews et al. 1994). Levees are
underlain by sandy silt similar to that of the alluvial
banks or, less commonly, fluvio-glacial gravels and
cobble-boulder beds. Radiocarbon ages from the base
of levees indicate that they commenced to form in the
Sir John Falls area approximately 2400 years before
present (von Krusenstierna 1990) and that levee
formation had migrated downstream to the vicinity of
Lake Fidler by 1160 ± 130 years before present
(Bradbury et al. 1995, Hodgson 1996).

Levee adjacent to the Snag
Point bar, unscarped and
bearing original riparian
vegetation.

TGD
STATEMENT OF
SIGNIFICANCE
Notable example
of type.

FLUVIAL
UNIT

ASSIGNED
VALUES

CONFIDENCE
IN VALUES

2

C,D,E,F,G

M,M,M,M

PROPOSED
GEOGRAPHIC
SIGNIFICANCE
C

Most of the
levees of the
lower Gordon
have been
scarped by wave
wake erosion.
Protected by an
extensive low
point bar this is
the only example
retaining its
original
depositional
form.

4

A,B, E

L,M

R

Stability of the levee landform since deposition is
indicated by the size of rainforest trees, notably the slow
growing Lagarostrobos franklinii. However most riparian
specimens now constitute large woody debris lying subperpendicular to a bank dissected by an erosion scarp
cut to about average water level. In some areas scarp
retreat has breached the crest of the levee, thus
reducing the overall elevation of the landform. This
recent erosion was caused by the wave wake of
commercial vessels that have now mostly been excluded
from the leveed reaches. Rare, undisturbed levee
examples display a classic profile, with a steep river bank
cresting 2 - 4 m above low water level and a gentle back
slope, with an overall width of some 25 m. The principle
example of an intact levee is that at Snag Point, where
the extensive low point bar provided shoal protection
against the wave wake events of the 1980s.

43

PROPOSED STATEMENT OF
SIGNIFICANCE

COMMENTS

Excellent examples of river capture are
exceedingly rare. Due to the nature of
the site it is classified as continentally
significant as it appears to be well
studied and provides an assemblage of
information regarding the evolution of
surrounding catchments

Difficult to assess this site. Some information
was available, but I was unable to confidently
determine if any of the values assigned were
globally significant

The levees of the Lower Gordon provide
a regionally significant representative
example of levees in good condition.
Additionally the levees have been
relatively well studied and can serve a
benchmark for future studies.

There are refereed papers and grey literature
regarding this site. However, the presence of
these levees has little influence and importance
as fluvial features of continental or global
significance. There are much better examples
and more studied examples of levees
throughout Australia and the international
community.

10.

APPENDIX TWO

An example of Research Collaboration Opportunities with a University
(Based on the example of the University of Melbourne)
There are multiple ways to structure collaborative research between government agencies and the
University of Melbourne. Collaboration will always be organised through an academic, who takes
some responsibility for a project, but many projects can be undertaken by students (both
undergraduate and postgraduate). The way that a project is structured depends on:
1. The type of problem that is being addressed (e.g. expert opinion, basic science)
2. How fast an answer is required
3. How confident you need to be in the answer (e.g. projects with high political, social or
engineering risk)
4. Amount of money available
5. Secondary goals (e.g. developing a pool of educated students).
The following table summarises the types of collaboration, moving from long-term to short term.

Table A2.1: Research collaboration opportunities with Universities (based on the example of the
University of Melbourne)
Goal

Project type

Cost

Explore large,
uncertain research
questions with
substantial
uncertainty.

Australian Research
Council Linkage
Grants
(Gets >10% of the
time of senior
academic +
dedicated research
staff + a couple of
PhD students)
Linkage Grants tend
to have about 40%
success rate.
(Risk: can be a lot of
work if does not get
funded).
Research contract
This is like a
consultancy but not
as expensive as the
intellectual property
is shared.
Low risk.

Partner
organisations
have to provide a
staff member
>10% time for
real
collaboration.
Plus total partner
contribution is
usually around
40% of total
budget
(minimum of
around $100k for
full project).
These are full
cost recovery
projects, but are
usually about 1/3
the price of
consultancies.

Specific problem
requiring the
immediate
expertise of an
academic.
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Delivery
Period
3-5 year
project.
Results should
begin to appear
after 12 – 18
months.

Dates &
process
The next
Linkage round
is October
2016. You
should starting
thinking about
these in June
2016. At least
6 months lead
up required.

Requires a few
months admin
time. Project
can be
completed
within months.

Anytime.

Goal

Project type

Cost

A problem that
will benefit from 3
years of dedicated
attention from a
student. The
problem must have
theoretical as well
as practical
dimensions.

PhD project
(Risk: a PhD project
is an acedmic
exercise, not a
consultancy. The
student might not
end up answering
exactly the question
that you want. They
have to pursue the
interesting avenues
that emerge. The
student might not
complete. About
20% do not
complete).
(There are also 2
year Masters by
research projects.
These can be less
theoretical than a
PhD, but attract less
funding support from
the university).
Honours Project.
Nine months of
work. High chance
of completion, but no
guarantee of the
quality of the result.

Varies between
$40k per year
and minimum
$10k per year.
Full cost =
stipend
scholarship $26k
Top up
scholarship $7k
Operating
(varies –
typically $10k)

Tight problem that
has theoretical
elements.

Usually just
some field
support (a few
thousand dollars,
but varies with
complexity).
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Delivery
Period
The project
lasts an
average of 3.5
years. Will
start delivering
results after 1
year

Dates &
process
Ideally 1 year
lead up to get a
good student
(the longer the
lead up the less
the client has to
pay – as more
likely to find a
student that will
get a full
scholarship).
Science faculty
has a scheme
where
supervisors can
pay 25% of the
student's
stipend (about
$8k per year) –
easier to get
these students.

There will be a
thesis after 1
year. Perhaps
a paper from it.
You can
specify that the
student does
something if
you fund them
(e.g. presents a
seminar).

Need to
consider field
work timing
(summer?)
Need to have
the student
identified in the
last ¼ of the
year before the
project starts
(they need to
commit to a
project).

Goal

Project type

Cost

Small problem
based projects.

Masters by
coursework
students (e.g.
Masters of
Environment) can
complete 12.5, 25,
and 50 point research
projects (one year of
study is 100 points).
This can be done as
part of an industry
project (i.e.
supported by a
partner).
No guarantee of the
success of the
project, but students
are usually of high
calibre, from diverse
backgrounds.

May not require
any direct
funding, but it
will require a
contact person
that will dedicate
some time to the
project and the
student. Some
cash for field
work can tempt
the best students
to do your
projects.
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Delivery
Period
There will be a
thesis after 3
months to 1
year (although
project can go
over 2 years
max). Perhaps
a paper from it.
You can
specify that the
student does
something if
you fund them
(e.g. presents a
seminar).

Dates &
process
Projects are in
mid May for a
second
semester start,
or in September
for a 1st
semester start.
Students are
always looking
for projects,
and these can
be registered
with the
University.

