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Summary

Soil provides the basis for our agricultural production, acts as a buffer against environmental pollution, is a repository for wastes, and forms the hydrological interface between rainfall, runoff, recharge, groundwater storage and streamflow. Soil is therefore pivotal in the provision of fundamental ecosystem services. Land use and land management choices rely on this versatility of soil but can also compromise these services if land is inappropriately managed. Protection, maintenance and enhancement of soil quality are the foundations for sound environmental management and necessitate knowledge of soil differences. Land resource assessment, which provides the understanding of the variety of soils and their relationships in the landscape, is an essential tool for any land use activity, from agriculture to waste disposal.

This 1:100 000 scale land resource assessment (LRA) project for the Corangamite Catchment Management Authority (CCMA) region was commissioned to provide consistent land resource information across the region. This information will improve the platform from which policy and strategies (e.g. Corangamite Regional Catchment Strategy, Corangamite Soil Health Strategy) can be developed with a future emphasis on research into sustainable farming systems, target setting and program development at a regional scale.

The primary objectives of the LRA project were:

· To undertake an inventory of soils and landforms to establish a continuous spatial dataset for the CCMA region. As the first consolidated dataset of this type for the region, the information from the soil point data and the spatial mapping will become key datasets for input into catchment and natural resource modelling applications.

· To provide land degradation hazard susceptibility information to identify potential on-site and off-site impacts to underpin decision making regarding current and future land use.

· To provide information that will enable future land capability assessment for the catchment, designed to attract investors to the region and to ensure that investment takes place in areas where there is low economic and environmental risk.

· To increase the efficiency and effectiveness of natural resource utilisation in the region. 

· To provide specialist land resource assessment (LRA) training to Catchment and Agricultural Services (CAS) staff and other stakeholders.

The data and information derived from this project can be used for spatial analysis of future landscapes (possibly for condition, classification or resource definition), as well as identifying land management issues including land hazards, land capability, soil decline, natural assets (e.g. soil and soil ecosystems). This information, in combination with modelling to identify areas of risk, can support priority setting for initiatives, programs or policies to manage land use change. This report provides a consistent soil-landform dataset that will assist future opportunities to develop sustainable primary production (farming systems), processing enterprises and maintain ecosystem services within this region. 

As the use of this information by stakeholders and community is recognised as important, the data has been made available on CD-ROM. This allows easy access to the information via Adobe Acrobat Reader and enables the user to print maps, land unit information and the report text.

In presenting this report, the authors would like to emphasise three points:

· That the report and information products generated by this project be available at regional locations to enable stakeholder and community access.

· That assessment of future land use change should be carried out with respect to hydrological processes such as salinity recharge and discharge, groundwater and surface water availability for irrigation, and surface water quality impacts. Such assessment would utilise the soil-landform mapping as a basis for scenario modelling.

· That stakeholders and the community be directed to the Victorian Resources Online website (www.dpi.vic.gov.au/vro) and Victorian Catchment Indicators Online (www.dpi.vic.gov.au/vcio) for additional information on land and water resources in the CCMA region.

The CCMA region encompasses almost 13 350 km2 of south-western Victoria, including the Central Highlands, the Western Plains, the Otway Ranges and the Bellarine Peninsula, as well as a suite of major rivers that occur throughout the region (Barwon, Moorabool, Yarrowee–Leigh, Gellibrand and Curdies). The region has experienced an increase in agricultural intensification, especially dairy, grazing and cropping systems, and other forms of agricultural enterprise (CCMA 2002). A marked growth in tourism and recreation are factors that also need to be considered in future natural resource allocation decisions.

The nominal scale recommended for use of this spatial dataset and soil-landform inventory is 1:100 000. This is appropriate for broadscale assessment of land capability and regional planning. Local government may find the data strategically useful, but finer resolution mapping, particularly of map unit boundaries, is recommended for reconciliation with local government planning scale (1:40 000). The soil inventory—soil descriptions and associated chemical data—may be used to inform future mapping at finer scale (farm planning for example). This report draws substantially on earlier geology mapping and soil surveys, in particular those of Maher and Martin (1987) and Pitt (1981), as well as site investigations for the dairy industry, Southern Farming Systems, south-west gas pipeline and regional extension activities.

Map units and boundaries published in the earlier surveys have been modified to reflect the new geomorphic framework for Victoria. This framework is hierarchical and is based on a top-down approach to landscape analysis and includes at the highest level the three geomorphic divisions: the Western Uplands, Southern Uplands, and Western Plains. Progressive subdivisions of these units have been made in this study, with the resultant 1:100 000 soil-landform map units forming a fourth tier in the hierarchy.

The region has been divided into over 200 soil-landform units, and, for each of these, the principal land elements have also been described and presented in a series of tables. In spite of the variety and complexity of the plains and uplands, there are many features of the region’s soils that are held in common, regardless of the parent material from which they have been developed (otherwise known as Corangamite Soil Groups).

Interpretation of the regional soil and land qualities that affect susceptibility to different forms of land degradation has been used to generate maps of land degradation hazard. These maps do not represent current land condition or actual land degradation.

The inventory has enabled a production of inherent land degradation susceptibility maps for the project that include:

· mass movement

· gully and tunnel erosion

· sheet and rill erosion

· wind erosion

· soil structure decline

· waterlogging.

The land degradation analysis has indicated that there are substantial areas at risk from land and water degradation in the CCMA region. The following table provides a breakdown of the area (given in hectares and as a percentage) into different risk categories for the above land and water degradation themes.

	Hazard
	High and Very High 
	Moderate 
	Low and Very Low 

	
	(ha)
	(%)
	(ha)
	(%)
	(ha)
	(%)

	Sheet and rill erosion
	366 000
	27.4
	609 600
	45.7
	300 800
	22.5

	Gully and tunnel erosion
	425 000
	31.8
	403 200
	30.2
	448 200
	33.6

	Mass movement (landslides)
	353 300
	26.5
	87 900
	6.6
	835 200
	62.6

	Wind erosion
	163 900
	12.3
	576 300
	43.1
	536 100
	40.2

	Waterlogging
	697 300
	52.2
	431 600
	32.3
	147 400
	11.0

	Soil structure decline
	798 600
	59.8
	407 100
	30.5
	70 700
	5.3


In the CCMA region, it is apparent that particular soil-landform units are naturally prone to land and water degradation and the following generalisations can be made.  The Otway Range and Heytesbury areas are particularly susceptible to mass movement. Granites at Lismore and Mount Kinross, and dissected ranges in the Otways are especially vulnerable to gully and tunnel erosion. Swamps, drainage floors and lowlands of the Western Plains, and slopes of the Heytesbury area suffer from waterlogging. Coastal dunes and sedimentary plains are susceptible to wind erosion. The Western Highlands and Otway Range are potentially highly susceptible to sheet and rill erosion; while the sedimentary Western Plains, Heytesbury and dissected low hills of the Otway Range are particularly susceptible to a decline in soil structure.
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Preface

The purpose of this study has been to provide essential soil and land information that can be used to guide land management and related policies across the CCMA region of Victoria. Continuous improvement and application of improved farming systems provide the key drivers for land use change and sustainable land management, and this process requires better soil information. The 1:100 000 scale soil-landform survey for this region complements a similar study for the neighbouring Glenelg-Hopkins CMA (Baxter & Robinson 2001) and completes the work at this scale for south-west Victoria.

Although a number of historical land resource surveys have been undertaken within this region, they cover smaller areas, or are at coarser scales with less detail. The Corangamite Land Resource Assessment (CLRA) project undertaken by Primary Industries Research Victoria now provides a comprehensive, consistent soil-landform survey for this region. 

The data gathered during this project has been used to develop land hazard degradation susceptibility maps. However, the availability of soil-landform data and soil point data allows for more specific and detailed applications in future including catchment modelling, scenario modelling and possibly future redesign of landscapes for sustainability. It will enable a clear understanding of the potential to develop land for agriculture and identify limitations linked to the natural resource base. The ability to access detailed soil point information and soil-landform units will benefit many modelling applications currently used to assess land resource management and water quality aspects such as Land Use Impact Model (LUIM), Soil and Water Assessment Tool (SWAT) and the Catchment Assessment Tool (CAT). Soil point information is stored in the Victorian Statewide Soil Site Database (VSSD) which allows access to soil point information for incorporation in spatial models.

At the map scale of this project (1:100 000), soil-landform units are not homogeneous. Often a co-dominant and minor soil type have been described as part of this process.  Importantly it should be noted that, at this mapping scale, soil attributes (for example soil depth, soil structure, size and abundance of coarse fragments, sodicity, pH) are expected to vary within map units.

As the variability of soil attributes within a map unit is difficult to predict, it is important to note that representative soils should be used as a guide only.  Site specific mapping and soil analysis is essential prior to establishment of any new development or enterprise.

Map unit and detailed soil profile information can be accessed in either Internet Explorer of Netscape Navigator from Adobe Acrobat files included on this CD-ROM via the index htm file.
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A land resource assessment of the Corangamite region

Nathan Robinson, David Rees, Keith Reynard, Richard MacEwan, Peter Dahlhaus, Mark Imhof, Grant Boyle and Nathalie Baxter

1 Introduction

Soil provides the basis for our agricultural production, acts as a buffer against environmental pollution, is a repository for wastes, and forms the hydrological interface between rainfall, runoff, recharge, groundwater storage and streamflow. Soil is therefore pivotal in the provision of fundamental ecosystem services. Land use and land management choices rely on this versatility of soil but can also compromise these services if land management is applied inappropriately. Protection, maintenance and enhancement of soil quality are the foundation for sound environmental management and necessitate knowledge of soil differences. Land resource assessment, which provides the understanding of the variety of soils and their relationships in the landscape, is an essential tool for any land use activity, from agriculture to waste disposal.

The Corangamite Catchment Management Authority (CCMA) region encompasses almost 13 350 km2 of south-western Victoria. This includes the Central Highlands, the Western Plains, the Otway Ranges, the Bellarine Peninsula as well as a suite of major rivers that occur throughout the region (Barwon, Moorabool, Yarrowee–Leigh, Gellibrand and Curdies). The region is a traditional agricultural region that has been experiencing increases in agricultural intensification, especially dairy (CCMA 2002), grazing and cropping systems, and other forms of agricultural enterprise (CCMA 2002). While intensification in agriculture is expected, a marked growth in tourism and recreation is a force to be considered in future natural resource allocation, consumption and sustainability.  Public land is mainly confined to the Otway Ranges and Central Highlands where nature conservation and recreation are the main land uses, whilst the freehold land on the plains and Heytesbury is used predominantly for sheep, beef and dairy enterprises.

In 2000 work commenced on an inventory of soils and landscapes across public and freehold land within the region. This program undertaken by Primary Industries Research Victoria (PIRVic) has included a major land resource assessment (LRA) project in the CCMA region to provide detailed information to underpin any future land capability assessment.

The work program has allowed for the development of a 1:100 000 scale land resource dataset. The land resource data in this project is a soil-landform unit dataset and is based upon an integration of landform, geological and soil information in identification of unique land units. Land degradation susceptibility mapping has also been developed using expert and regional knowledge to assess soil-landform units for their inherent vulnerability to degradation processes.  

The data and information derived from this work program can be used for spatial analysis of future landscapes (possibly for condition, classification or resource definition), as well as identifying land management issues including land hazards, land capability, soil decline, natural assets (e.g. soil and soil ecosystems). This information, in combination with modelling to identify areas of risk, can support priority setting for initiatives, programs or policies to manage land use change. 

This report provides a consistent soil-landform dataset that will assist future opportunities to develop sustainable primary production (farming systems), processing enterprises and maintain ecosystem services within this region.

Data collected and generated as a result of this project enables all stakeholders to access key land resource information, and will help to discriminate areas suitable for various land uses and land management practices. The ability to access detailed soil point information, as well as soil and land unit spatial data will benefit many modelling applications that are currently used to assess land resource management and water quality aspects. The project will ultimately be useful to encourage the development of a common and coordinated approach to the selection of sustainable land use options and land management practices into the future from an integrated policy and improved farming systems perspective.  This inventory provides base soil and land information by which identification of threats and opportunities can be made (Figure 1).  These interpreted products along with future research, are key ingredients to support policy and planning requirements of government and stakeholders.
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Figure 1 Relationship between CLRA, and future research, policy and planning requirements

1.1 Objectives

The primary objectives of the project were:

· To undertake an inventory of soils and landforms to establish a continuous spatial dataset for the CCMA region. As the first consolidated dataset of this type for the region, the information from the soil point data and the spatial mapping will become key datasets for input into catchment and natural resource modelling applications.

· To provide land degradation hazard susceptibility information to identify potential on-site and off-site impacts to underpin decision making regarding current and future land use.

· To provide information that will enable future land capability assessment for the catchment, designed to attract investors to the region and to ensure that investment takes place in areas where there is low economic and environmental risk.

· To increase the efficiency and effectiveness of natural resource utilisation in the region. 

· To provide specialist land resource assessment (LRA) training to DPI Catchment and Agricultural Services (CAS) staff and other stakeholders.

1.2 Location of the study area

The CCMA region covers over 1 335 000 ha or 6% of the State of Victoria.  The region is bound by the Victorian coastline to the south-west, the central highlands (Midlands) to the north, stony rises to the west and sedimentary/volcanic plains to the east (e.g. Werribee plains).  Included in the region are major river catchments, the Moorabool, Yarrowee–Leigh, Curdies, Woody Yaloak, Gellibrand and Barwon (Figure 2).

1.3 Links to other projects

This project is linked to a number of key projects including Regional Data Net, Victorian Catchment Indicators (http://www.dpi.vic.gov.au/vcio), and Victorian Resources Online (http://www.dpi.vic.gov.au/vro).

1.4 Background

This study has concentrated on a comprehensive revision of soil-landform mapping and associated site descriptions. It is acknowledged that there are a number of associated datasets that contribute towards a framework for the study, such as the geomorphology, geology and climate, or complement the study at a similar scale, such as vegetation and land use. 

Climatic and geological data have been sourced from geospatial datasets, many of which can be accessed electronically via Victorian Resources Online (VRO) or from relevant sources (DPI Minerals and Petroleum, Bureau of Meteorology).  The information on the geomorphology provided in this report constitutes a new approach to soil-landform mapping in Victoria. This approach provides context for analysis of landscapes at a range of scales and degrees of complexity. The geomorphology provides the main framework in this study for the soil-landform units (approximates to detailed land systems without some of the ecological connotations).  This enables the description at the soil-landform level (1:100 000 scale) to be relatively scale free as many of the contextual issues are dealt with by the geomorphology at a number of smaller (broader) scales (or tiers). Links between the geomorphology and soil-landform are further discussed in the Geomorphology section of this report.

Vegetation and land use information used in this report is based on existing data such as the Ecological Vegetation Community (EVC) mapping.  The VRO provides a portal to these datasets and updates on progress made in vegetation mapping across the catchment.

This report’s intended usage is predominantly as a regional overview that should only be used as such.  Users include the wider community, however the primary users are expected to include local government and regional extension staff (DPI and CCMA), with usage expected at a higher level for statewide applications (LUIM, carbon sequestration modelling, etc.).

[image: image2.jpg]



Figure 2 CCMA region and its major rivers

Geomorphology

1.5 Landscape evolution

Landscapes continually evolve and processes such as earthquakes, landslides, and even saline groundwater discharge are manifestations of this process.  The CCMA region has formed through landscape-building episodes of the past 500 million years (Ma) in a variety of environments from the deep sea to explosive volcanoes.  The following brief history of landscape evolution has been summarised from a variety of sources (Webb 1991; Tickell, Edwards, Abele 1992; Taylor et al. 1996; Edwards et al. 1996; VandenBerg et al. 2000).

Episode 1:  Rock formation in the Palaeozoic

The origins of the Palaeozoic sedimentary and igneous rocks of the CCMA region commenced about 500 Ma when it formed part of the deep sea floor.  Fast-flowing rivers carried sediment from an ancient continent to the west (known as the Delamarian Highlands) to the sea, where it was deposited on a narrow continental shelf and ultimately swept to the foot of the continental slope by turbidity currents.  The sediments built up in overlapping submarine fans thousands of metres thick.  The sediment was compressed into rock — sandstone, siltstone, mudstone — during the collision of crustal plates, which shortened and thickened the extensive deposit of sediment.  This lengthy tectonic event, known as the Benambran Orogeny, occurred around 455 Ma to 420 Ma and resulted in the rocks being folded into a series of steep anticlines and synclines along north-south trending axes.  This mountain-building event was also the time when hot silica-rich groundwater was squeezed into the gaps in the rocks created by the folding and faulting.  The fluid cooled to deposit quartz veins and in some cases, minerals such as gold. Around 350 Ma the sedimentary rocks of this mountain chain were injected with magma, which subsequently slowly cooled at depths of around two to five kilometres to form granites.  

Episode 2:  Palaeozoic and Mesozoic erosion

Following the intrusion of the granites was a long period of erosion, which stripped at least a two kilometre (and up to five kilometre) thickness from the surface.  This erosive period spanned about 200 million years and reduced the region to a planar landscape, known as the Mesozoic palaeosurface.  

For part of this long erosive era, around the time of the Permian Period (~ 260 Ma), this region of Victoria lay close to the South Pole and parts of the landscape were subjected to glaciation.  Although there are very few known deposits of glacial rocks in the CCMA region, it is assumed that ice sheets were present over the entire region and would have assisted in the erosion of the rocks.  At the conclusion of the glaciation, the major drainage direction in the region was to the north.  

Episode 3:  Gondwana break-up and rock formation in the Cretaceous to Neogene 

The next significant event was the breakaway of Australia from Antarctica, which started with the formation of a large rift valley in the south of the CMA region in the Jurassic Period, around 140 Ma.  Sediments washed into the rift valley by large braided river systems now form the rocks of the Otway Ranges and Barrabool Hills.  The Australian-Antarctic break-up resulted in a down-warping to the north, creating the Murray Basin and the uplift that formed the drainage divide of the Great Dividing Range.

As the breakaway proceeded a sea-way opened between the two continents and series of marine sediments began to accumulate, which now form the underlying rocks of the southern CCMA region.  As the seaway developed into the Southern Ocean the depositional environments varied spatially and temporally, changing from terrestrial to littoral and marginally marine, to finally depositing the Port Campbell Limestone in shallow warm seas during the Miocene.

In the northern parts of the CCMA region, the uplift of the planar landscape started a new cycle of erosion, assisted by the associated increase in rainfall.  The erosion deposited a vast sheet of coarse gravel during the Eocene epoch (~50 Ma).  The gravel was deposited in outwash fans and along braided rivers in a high rainfall environment (far greater rainfall than the current climate). The remnants of this gravel sheet now form sporadic deposits capping the Palaeozoic rocks.  A period of intense weathering began in the early Palaeogene, probably associated with the very wet climates.  The result is that the Palaeozoic rocks in the northern CCMA region are all deeply weathered.  

By around 40 Ma the rainfall had lessened and dendritic drainage development formed deeper channels, which are preserved as the leads and deep leads.  These channels filled with sediments derived from erosion of the highlands and cyclic reworking of the earlier deposits. 

From the mid Miocene (~15 Ma) the direction of movement of the Australian Plate changed, resulting in a change in regional stress from extensional to compressional.  This change resulted in renewed block faulting which has been responsible for the formation of the major physiographic features of the CCMA region.  The faulting formed the Central Highlands, Barrabool Hills, Bellarine Peninsula and Otway Ranges.  Many of these faults remain active and seismicity (earthquake activity) continues to the present day.

Episode 4:  Pliocene marine incursion and volcanism.

The events of the Pliocene (~ 4 Ma) — an invasion of the sea and the commencement of volcanism — have had a dramatic influence in shaping the detail in today’s landscapes.  During a warmer global climate the sea rose and slowly invaded the land from the south-east (around Geelong).  The transgression reached as far inland as Scotsburn, and possibly extended up the valleys to Ballarat West.  The subsequent sea retreat from the land, resulted in a thin but extensive deposit of sands.  Post-Pliocene uplift of the northern highlands was at least 150 metres higher than the maximum sea level during the Pliocene.  

The volcanism commenced around 4 Ma and continued to around 50 000 years before the present.  The courses of all of the major rivers in the region were changed by volcanic activity during the past 2 Ma and the majority of the large lakes and wetlands were formed during this period.  The volcanic eruptions were sporadic and mostly resulted in lobes of lava flowing from the eruption points, which overlap to form a variable thickness of basalt, interleaved with sporadic pyroclastic deposits of scoria and tuff.  At times, lengthy breaks between eruptions allowed soils to form on the upper surface of the basalt flows which were subsequently covered by later eruptions, forming discontinuous buried palaeosols of variable thickness.  

Episode 5:  Today’s processes

The climate changes during the past million years, especially the arid period of the mid-Pleistocene (~500 ka) and the relatively dramatic changes in sea levels (up to 140 m) since the last Glacial (~18 ka) have left significant imprints in the regolith development and soil profiles.  

The present-day geological formations are the deposits of stream alluvium, lake and swamp sediments, landslide debris, slope colluvium, beach dunes and anthropogenic fill.  

The movement of water, the development of soil, and the establishment of ecosystems have all been influenced by the past landscape history.  They continue to be influenced by the present-day processes of landscape evolution.  

Geomorphological framework for Corangamite

The physiography of the CCMA region reflects the underlying geology and landscape evolution processes.  

The three main first tier geomorphic units of the CCMA region are:

· Western Uplands

· Southern Uplands

· Western Plains.

These first tier geomorphic units (Figure 3) are further delineated into a range of second tier geomorphic units.  Second tier units are further divided into a larger range or third tier geomorphic units.

The geomorphic tiers that form the basic components of this land resource assessment of the CCMA region are as follows:

2
Western Uplands

2.1
Dissected uplands

2.1.1
Ridges, plateaux, hills and valley slopes underlain by Palaeozoic sedimentary and metamorphic rock (including greenstone) (e.g. Dereel)

2.1.2
Ridges and plateaux, hills and valley slopes associated with granitic rocks and aureoles (e.g. Pittong)


2.1.3
Plateaux and low rises underlain by Cainozoic gravel (e.g. Meredith)

2.1.4
Volcanic landforms, including plains, plateaux, valley flows, scoria cones, and lava shields (e.g. Mt. Buninyong)


2.1.5
Alluvial terraces and floodplains (e.g. Upper Woady Yaloak Creek)

3
Southern Uplands

3.1
Dissected uplands



3.1.1
Plateau (e.g. Beech Forest)



3.1.2
Dissected ranges (e.g. Forrest)

3.1.4
Alluvial terraces and floodplains (e.g. Aire River)

3.2
Dissected uplands

3.2.2
Dissected ranges (e.g. Barrabool hills)

3.2.3
Alluvial terraces and floodplains (e.g. Carlisle River)

3.3
Dissected low hills

3.3.1
Plateaux (e.g. Bellarine Peninsula)

3.3.2
Rolling hills (e.g. Barwon Downs)

3.3.3
Alluvial terraces and floodplains (e.g. Birregurra)
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Figure 3 First tier geomorphic units of the CCMA region

6
Western Plains

6.1
Volcanic plains

6.1.1
Eruption points, including maars, scoria cones and lava shields (e.g. Mount Elephant)

6.1.2
Stony rises (e.g. Pomborneit)

6.1.3
Plains with poorly developed drainage (e.g. Wingeel)

6.1.4
Plains with well developed drainage (e.g. Werneth)

6.1.5
Alluvium, terraces, floodplains, lakes, swamps and lunettes (e.g. Lower Woady Yaloak River, Lake Corangamite)

6.2
Sedimentary plains

6.2.2
Dissected plains (e.g. Heytesbury)

6.2.3
Karst plains with depressions (e.g. Port Campbell)

6.2.4 Plains and plains with low rises (e.g. Duck Hole Plain)

6.2.5 Alluvium, alluvial terraces, floodplains and coastal plains (e.g. Moolap Sunklands)

6.3
Palaeozoic inliers

6.3.1
Granitic hills (e.g. Mount Kinross)

Terminology used for 3rd tier geomorphic units in this report

The third tier descriptions have been modified as follows in this report in order to clarify their context in the geomorphic framework.

2
Western Uplands

2.1.1
Dissected Western Uplands associated with Palaeozoic sedimentary and metamorphic rocks 

2.1.2
Dissected Western Uplands associated with granitic rocks and aureoles 

2.1.3
Dissected Western Uplands associated with Cainozoic gravel and sediments

2.1.4
Dissected Western Uplands associated with volcanic landforms 

2.1.5
Alluvial terraces, floodplains and swamps of the Western Uplands

3
Southern Uplands

3.1.1
Deeply dissected upland plateaux of the Southern Uplands

3.1.2
Deeply dissected upland ranges of the Southern Uplands

3.2.2
Dissected upland ranges of the Southern Uplands

3.3.1
Dissected low hills plateaux of the Southern Uplands

3.3.2
Dissected rolling low hills of the Southern Uplands

3.3.3
Alluvial terraces and floodplains associated with Dissected low hills of the Southern Uplands

6
Western Plains

6.1.1
Eruption points of the Volcanic Western Plains

6.1.2
Stony rises of the Volcanic Western Plains

6.1.3
Volcanic Western Plains with poorly developed drainage

6.1.4
Volcanic Western Plains with well developed drainage

6.1.5
Alluvium, terraces, floodplains, lakes, swamps and lunettes of the Volcanic Western Plains

6.2.2
Dissected plains, rises and low hills of the Sedimentary Western Plains

6.2.3
Karst plains, rises and low hills with depressions of the Sedimentary Western Plains

6.2.4
Plains, rises and low hills of the Sedimentary Western Plains

6.2.5
Alluvium, alluvial terraces, floodplains and coastal plains of the Sedimentary Western Plains

6.3.1 Granitic hill inliers of the Western Plains

Soil-landform units for each geomorphic group (3rd tier) are provided in tables that accompany a written description of the geomorphic group.  Included are an abbreviated unit description and location, area and the original unit identification.  This value is derived from Maher & Martin (1984) unique mapunit numbers, or from Otway land system descriptors.

2
Western Uplands
The Victorian Western Uplands extend west of the Kilmore Gap (a geocol) to the western edge of the Dundas Tableland.  They have been divided into the dissected uplands, sometimes referred to as the Midlands (Hills 1940; Jenkin 1988; Taylor et al. 1996); the strike ridges and valleys of the Grampians; and the tablelands, including the Dundas, Merino and Stavely Tablelands. 

In the CCMA region the Western Uplands are represented by the dissected uplands (Midlands), which form the northern highlands. 

2.1 Dissected uplands

The dissected uplands are characterised by a variety of interwoven landforms preserved by substantial uplift during the Palaeogene (Carey & Hughes 2002) and late Neogene (Taylor et al. 1996).  Undulating hills and broad valleys characterise the Palaeozoic sedimentary rocks and granite plutons.  Remnants of an early Cainozoic palaeoplain occur as caps of Palaeogene gravels sporadically distributed at various elevations, such as those around Meredith.  A remnant of the sands deposited during the Pliocene marine regression fringes the southern Palaeozoic rocks as a dissected tableland around Illabarook and Rokewood.  During the Plio-Pleistocene, volcanic eruptions filled the broad valleys to form elongate basalt plains and a variety of other volcanic landforms.  The prominent volcanic cones of Mount Buninyong (745 m), Mount Warrenheip (741 m) and Tipperary Hill (743 m) are now the highest elevations in the CCMA region.

2.1.1
Dissected Western Uplands associated with Palaeozoic sedimentary and metamorphic rocks 

In general, the landscapes of the Palaeozoic sedimentary rocks are characterised by undulating low hills dissected by a dendritic drainage pattern that forms the upper catchments of the Moorabool River, Leigh River and Woady Yaloak River drainage systems.  The primary drainage trends are parallel to the strike of the bedrock strata and the secondary drainage is controlled by geological boundaries (i.e. lithological boundaries) and rock structures (i.e. faults, joints).  The sedimentary rocks generally form the drainage divide along the northern eastern boundary of the CCMA region and rise to a high point of 740 m north of Barkstead.

The larger landscape elements are remnants of the deeply weathered Palaeogene palaeosurface.  At Ballarat, the weathering extends up to 100 m below the surface, with secondary mineral development (e.g. kaolin clay) producing the typical bleached and pallid regolith profiles in the Palaeozoic rocks.  The oxidation of iron-rich groundwaters has precipitated iron cement into joints and the upper regolith materials.  In some areas, remnants of Palaeogene weathering in the form of siliceous and ferruginous duricrusts are preserved by the inversion of relief. 

The Palaeozoic sedimentary rocks generally have texture contrast soils, often with well developed, bleached subsurface (A2) horizons.  However, the geologically recent landscape development and the significant land use change of the past 150 years have stripped the profile in many places.  Intensive shallow gold mining has disturbed many hundreds of hectares such that the original soil profile no longer exists and new soil profiles have started to form.
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	1
	74
	Steep hills and scarp (Lal Lal)
	27

	2
	10
	Rolling low hills and ridges (e.g. Ross Creek)
	472

	3
	10a
	Rolling hills (e.g. Barkstead)
	48

	4
	11
	Undulating hills and ridges (Ballarat)
	94

	5
	74
	Steep hills (Lal Lal)
	35

	6
	244
	Rolling hills (Brisbane Ranges)
	60

	7
	9
	Undulating low hills (Haddon)
	30

	8
	51
	Undulating low hills (Bamganie)
	15

	9
	8a
	Undulating rises (Bunding)
	114

	10
	74
	Undulating plains and rises (Lal Lal)
	14


	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	11
	239
	Undulating rises (Meredith)
	36

	12
	246
	Undulating rises (Sheoaks)
	13

	13
	243
	Gently undulating plain (north of Gordon)
	21

	14
	242
	Undulating hills and ridges (north of Meredith)
	20


2.1.2
Dissected Western uplands associated with granitic rocks and aureoles

A diverse range of landforms are associated with the granite plutons which have been unroofed by erosion during the past 300 million years.  The most common landscapes of the Palaeozoic granites are generally very subdued low hills and ridges of deeply weathered rock, such as those around Yendon and Lismore.  In places, the deep weathering has produced thick (~40 m) kaolin clays, which are commercially mined at Pittong and Lal Lal.  Based on oxygen isotope dates from these locations, the weathering is generally regarded as Neogene in age (Bird & Chivas 2002).  However, in other locations the granites are exposed as tors (such as in the You Yangs), and as grus (such as on the flanks of Flagstaff Hill, Pittong).  In some areas the metamorphic aureoles around the granites are resistant to weathering and form prominent ridges (such as the range south of Mount Bute at Pittong).

The granites generally have developed sandy soils, with profiles varying from uniform or weakly gradational sands to strongly texture contrast ferruginised (‘buckshot’ or iron pan) soils.
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	15
	70
	Low hills (Pittong)
	15

	16
	264
	Rolling low hills (e.g. Anakie Junction)
	2

	17
	72
	Undulating rises (Yendon)
	40

	18
	38
	Colluvial footslopes and fans from granite hills (south of Pittong)
	11

	19
	70
	Undulating slopes of the low hills (Pittong)
	40


2.1.3
Dissected Western Uplands associated with Cainozoic gravel and sediments 

The Palaeozoic rocks of the Western Uplands are capped in places by sands and gravels, which are remnants of Palaeogene and Neogene sediment deposition.  

The Palaeogene White Hills Gravels and equivalents are the erosional remnants of an extensive sheet of fluvial sediments that once covered much of the Western Uplands.  The coarse grained sediments form a quartz-pebble conglomerate, often ferruginised and sometimes silicified.  The thickness varies from around 30 m (such as at Sago Hill quarry) to a few metres.  Landforms include isolated flat-topped mesas overlying Palaeozoic rocks (Napoleons), break-of-slope deposits between the overlying basalt and the underlying Palaeozoic rock (Lal Lal Reservoir) and broad tablelands fringing the overlying basalt (Haddon-Nintingbool). 

Neogene sands generally fringe the south of the Western Uplands as a dissected tableland.  A remnant of the Late Palaeogene marine transgression, the sands are often ferruginised by groundwater processes.  Erosion and salinisation are commonly associated with this landform.

Soil types include sands and texture contrast soils, often with ferruginised nodules (‘buckshot’).
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	20
	6
	Gently undulating sedimentary plains (e.g. Napoleans)
	79

	21
	7
	Moderately steep low hills and gently undulating plain (Pitfield)
	37

	22
	8
	Undulating rises (south-west of Clarendon)
	13

	23
	10
	Undulating plains and rises associated with Ordovician hills (e.g. Durham Lead)
	258

	24
	238
	Gently undulating plains (west of Meredith)
	1

	25
	254
	Gently undulating plains (e.g. Morrisons)
	3

	26
	8
	Undulating rises (Beremboke)
	6

	27
	51
	Very gently undulating plains (Bamganie))
	32

	28
	246
	Undulating old and young sedimentary rises and plains (Sheoaks)
	16


2.1.4
Dissected Western Uplands associated with volcanic landforms

The recently formed volcanic landscapes in the Western Uplands contrast with the older Cainozoic landscapes.  The basalts of the Newer Volcanics fill many of the large ancient valleys to form elongate planar to undulating basalt plains which are usually fringed by streams of the displaced drainage.  Occasional steep-sided gorges (e.g. Devils Kitchen, Lal Lal Falls) have developed where streams have cut into the basalt flows.  The eruption points form prominent lava cones, composite cones and low shield volcanoes.

The soils on both the sedimentary rocks and the granites are regarded as agriculturally ‘poor’ compared to the soils of the Newer Volcanics, which exhibit friable, clayey dark brown and red gradational soils on the younger rocks, to coarsely structured texture contrast soils on the older rocks.[image: image9.jpg]



Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	29
	58, 59
	Moderately to steeply inclined high cones (Mounts Warrenheip and Buninyong)
	6

	30
	259
	Steep high cone (Mount Anakie)
	5

	31
	44
	Extensive, slightly dissected plains (north of Cargerie)
	2

	32
	84
	Low hills (e.g. Hardies Hill)
	12

	33
	233
	Steep low cones (e.g. Black Hill)
	3

	34
	258
	Steep low cones (e.g. Mount Egerton)
	1

	35
	33
	Eruption point with steep rocky slopes (Scarsdale)
	<0.5

	36
	35,36
	Low cone and gently inclined slopes (Cargerie)
	2

	37
	42
	Gently undulating plains with scarp (south of Ballan)
	22

	38
	54
	Gently undulating rises (Pootilla)
	72

	39
	54
	Gently undulating rises (Springbank)
	72

	40
	54
	Gently undulating rises (Claretown)
	2

	41
	55
	Undulating rises (south of Mount Buninyong)
	1

	42
	56, 57
	Gently undulating low cones (e.g. Green Hill)
	2

	43
	63
	Moderately inclined low cones (e.g. Mount Moriac)
	5

	
	
	
	


	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	44
	64
	Moderately inclined low cones (south of Mount Mercer)
	1

	45
	68
	Gently undulating rises (south of Pootilla)
	12

	46
	80
	Undulating low basalt hills (south of Mount Mercer)
	52

	47
	83
	Undulating rises and plains (e.g. Smythesdale)
	30

	48
	252
	Undulating rises (Ballan North)
	12

	49
	255
	Undulating rises (e.g. Myrniong)
	2

	50
	41
	Gently undulating basalt plains (e.g. Elaine)
	388

	51
	53
	Gently undulating plain with broad crests (Clarendon)
	6

	52
	67
	Gently undulating plains (Navigators)
	16

	53
	85
	Gently undulating plains (west of Rokewood)
	14

	54
	254
	Gently undulating plains (south of Elaine)
	10


2.1.5
Alluvial terraces, floodplains and swamps of the Western Uplands

Alluvial flats are a common feature in most valley floors.  In some valleys, the majority of the alluvium has been deposited in episodes of drainage disruption and blockages during the Late Neogene volcanism.  Examples include the extensive alluvial flats of the Lal Lal Swamp and Dog Trap Creek.[image: image10.jpg]


 Some minor sandy deposits are associated with the Lal lal swamp (lunette).
Soil types present include dark self-mulching clays, texture contrast soils, some gradational soils and minor sandy soils.

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	55
	2
	Swamps and depressions (e.g. north-west of Millbrook)
	11

	56
	247
	Swamp (Lal Lal)
	5

	57
	20
	Alluvial plain and valley sides (e.g. Moorabool River)
	91

	58
	69
	Gently undulating extremely low ridge (Lal Lal)
	4


3
Southern Uplands
The southern portion of the CCMA region is dominated by the Victorian Southern Uplands, which form the deeply dissected Otway Ranges, moderately dissected Barrabool Hills and low hills of the Bellarine Peninsula.  All three landscapes have formed by the uplift of a structurally controlled block of lithic sedimentary rocks of the Lower Cretaceous Otway Group.  The Barrabool Hills and Bellarine Peninsula are smaller fault-bounded uplift blocks at lower elevations than the Otway Ranges, and are generally more planar and less deeply dissected.  

The geological units of the Southern Uplands vary considerably in their degree and depth of weathering.  Rocks of the Otway Group (west of Cape Otway) and in the Barrabool Hills are very fractured and bleached compared to the rocks exposed in comparable landscape positions east of Cape Otway.  The rocks are mostly made of fragments of volcanic rocks, calcic feldspars and very little quartz.  The minerals that make-up the rocks are quickly and easily weathered when exposed to the elements (except quartz), producing a clay-rich soil.  

3.1 Deeply dissected upland

The deeply dissected uplands of the Otway Ranges dominate the south-western margin of the CCMA region.  Significant uplift of the Otway Ranges has occurred in the recent geological past along two reverse faults: the westerly dipping Torquay Fault to the east, and the easterly dipping Bambra Fault to the west (Joyce, Webb et al. in press).  Approximately 175 to 240 m of uplift has been estimated in the Late Neogene (Sandiford 2003). The continued uplift of the Otway block is partially responsible for the incision of steep river valleys.

3.2 Dissected upland

Dissected uplands are represented in the CCMA region by the Barrabool Hills and the hills south of Colac (Yahoo Creek, Wonga Park) of Cretaceous Otway Group rocks.

3.3 Dissected low hills

The foothills of the Otway Ranges and the Bellarine Peninsula represent the dissected low hills of the Southern Uplands in the CCMA region. 

North of the Bambra Fault, the landscapes comprise more gently undulating hills formed on Palaeogene and Neogene sediments.  This area has not experienced the same tectonic uplift as the Otway Ranges, so the degree of dissection is much lower.  

The Bellarine Peninsula has formed by uplift of a fault-bounded block sometimes referred to as the Bellarine Horst.  Lithologies are much more varied than the other components of the Southern Uplands, and comprise basalts of the Older Volcanics and Pliocene marine sands, which are more prevalent than the Otway Group. 

3.1.1
Deeply dissected upland plateaux of the Southern Uplands

The crest of the Otway Ranges has relatively low topography, reflecting the initial flat-topped structural block before recent uplift.  This moderately dissected plateau forms a drainage divide which trends north-east from Moonlight Head through Lavers Hill to Mount Chapple (550 m), then easterly to Mount Sabine (583 m), and north-east to parallel the coast through the highest point at Mount Cowley (686 m) to Anglesea.

The plateau has been delineated into two landsystems by Pitt (1981): the Beech Forest landsystem, a rolling plain with rounded hills and shallow valleys; and the Mount Sabine landsystem, disconnected remnants of an undulating plain.  Both have moderately deep and fertile friable brown gradational soils.[image: image11.jpg]



Soil-landform units

	Soil-landform unit
	Original unit
ID
	Unit description
	Area (km2)

	59
	Mount Sabine L.S.
	Rolling hills (top of the Otway Range)
	94

	60
	Beech Forest L.S.
	Rolling hills (crest of the Otway Range)
	144


3.1.2
Deeply dissected upland ranges of the Southern Uplands

On both sides of the Otway Range divide rugged topography has developed comprising ridges and spurs separated by deeply dissected steep valleys.  The drainage is strongly controlled by the geological structure.  Parallel to the south-east coast, the drainage is generally south-east and north-west, whereas west of Mount Sabine, the drainage is generally north and south.  The depth of dissection lessens towards the ridge, while the south-eastern flanks of the ranges have developed the steepest topography, probably in response to the fluctuations in sea level over the past million years that have changed the base level of the rivers and streams that drain the landscapes.  The fluctuation in sea level and the associated uplift of the Otway Ranges has resulted in the rapid erosional processes that has transpired in numerous large landslides, with probably more activity in the past 6000 years since the slight drop in stream base levels (renewed erosion) and warmer (and therefore wetter) climates have prevailed (Dahlhaus & Miner 2002).

The streams flowing south are mostly short and enter the sea directly, whereas those to the north join the larger Barwon and Gellibrand river systems.  The long profiles of the streams are mostly steep and stepped, each step representing a waterfall over a thicker, more resistant bed of sandstone.  The steps may also represent knickpoints migrating upstream, corresponding to coastal terraces that are poorly developed in some areas, such as around Apollo Bay. 

The Otways coast largely comprises spectacular cliffs and shore platforms, actively incised in the Early Cretaceous sandstones and shales by the swells and storms of the Southern Ocean coming predominantly from the west.  The coastline has been eroded within the past 6000 years, and the recession has been estimated as 105 m on mudstones and 53 m on sandstones along the Otway coast (Bird 2000). 

Soils vary from shallow stony loams in the steep and actively eroding parts of the landscapes, to brown and yellow gradational soils with associated colluvium on the slopes.  Thick deposits of colluvium and landslide debris are common.
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Soil-landform units

	Soil-landform unit
	Original unit
ID
	Unit description
	Area (km2)

	61
	Aire L.S.
	Deeply dissected hills (Otway Range)
	768

	62
	Cape Otway L.S.
	Elevated longitudinal coastal dunes
	15

	63
	Forrest L.S.
	Deeply dissected hills (Otway Range)
	143

	64
	Lorne L.S.
	Deeply dissected hills (Otway Range)
	209

	65
	Yahoo Creek L.S.
	Deeply dissected hills (north of Gellibrand River)
	32

	66
	Redwater Creek L.S.
	Deeply dissected hills with broad cappings (Otway Range)
	57


3.2.2
Dissected upland ranges of the Southern Uplands

The Barrabool Hills comprises a tilt-block of Cretaceous Otway Group sandstones and mudstones rising from approximately 20 m elevation to a maximum of 211 m along the northern edge (at Bayview).  They are bounded to the north by the Barrabool Fault and dissected by tributaries of the Barwon River on the north and east of the block.  Landforms are characteristically rounded hills separated by broad valleys.  Drainage is weakly rectilinear, favouring south east and north-east directions for the tributaries of the Barwon River (which bounds the northern edge) and the Waurn Ponds Creek (which drains the southern portion of the block).

The Cretaceous hills south of Colac are an outlier of the Otway Ranges, forming a north-east to south-west trending ridge with a maximum elevation of 320 m.  In places the dissection is pronounced (e.g. Escarpment Road) making the landform transitional to deeply dissected uplands (geomorphology unit 3.1.2).[image: image13.jpg]



Soil types include sands and sands with pans (“coffee rock”), gradational soils in the wetter areas and mottled texture contrast soils on the drier Barrabool Hills.

Soil-landform units

	Soil-landform unit
	Original unit
ID
	Unit descriptions
	Area (km2)

	67
	Bunker Hill L.S.
	Deeply dissected hills (abutting Gellibrand River)
	33

	68
	Mount MacKenzie L.S.
	Deeply dissected hills (Gellibrand River Valley)
	59

	69
	Bald Hills L.S.
	Deeply dissected hills (Northwest of Anglesea)
	90

	70
	219/Barrabool L.S.
	Rolling hills (Barrabool Hills)
	92

	71
	Moggs Creek L.S.
	Deeply dissected hills (Aireys Inlet)
	31

	72
	Junction Track L.S.
	Dissected hills with broad cappings
	40

	73
	Pennyroyal L.S.
	Steep rolling hills
	110

	74
	Chapple Vale L.S.
	Dissected hills
	106

	75
	Hordern Vale L.S.
	Undulating coastal plain (Cape Otway)
	26

	76
	Porcupine Creek L.S.
	Undulating plain
	66


3.3.1
Dissected low hills plateaux of the Southern Uplands
The uplifted block of the Bellarine Peninsula forms a very weakly dissected undulating plain of low elevation (less than 150 m).  Drainage from the remnant basalts of the Palaeogene Older Volcanics forms a vaguely radial pattern on the elevated plateau. A narrow strip of deeply weathered Cretaceous Otway Group rocks occurs in outcrop along the southern edge of the Curlewis Monocline, which forms the northern boundary of the peninsula.  Landslides and narrow gullies have formed along the northern edge of the monocline.  A sheet of marine sands of Late Neogene age covers the southern portion of the uplifted Bellarine block.

East of Colac the Pliocene sand has been uplifted along the Colac Monocline to form a gently undulating plateau fringing the southern edge of the volcanic plain and the north western edge of the Otway Ranges.  The plateau had been dissected by the tributaries to the Barwon River south of Birregurra to Whoorel.  Further south, this unit is transitional to the rolling hills geomorphic unit (3.3.2).  Soil types include mottled (and occasionally sodic) texture contrast soils on the Neogene sediments and black self-mulching soils on the Palaeogene Older Volcanics.
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit descriptions
	Area (km2)

	77
	209
	Undulating rises and plains (Portarlington)
	130

	78
	Deepdene L.S.
	Undulating plain
	185

	79
	Gherang Gherang L.S.
	Flat or gently dissected plateau remnants
	10

	80
	-
	Low basaltic hills (Scotchmans Hill)
	27

	81
	Tomahawk Creek L.S.
	Deep valleys; dissected lateritic plateaux
	42

	82
	-
	Undulating rises and plains (e.g. Curlewis)
	16

	83
	-
	Undulating cretaceous rises (west of Portarlington)
	3


3.3.2
Dissected rolling low hills of the Southern Uplands
South of Colac, low hills formed on the uplifted Palaeogene sediments south of the Colac Monocline constitute the foothills to the north of the Otway Ranges.  The gently undulating hills are generally rounded, although some have broader planar crests, and may be described as undulating plains.  The dendritic drainage network forms tributaries to the Barwon and Gellibrand rivers.  Further east (south of the Barrabool Hills) the rolling hills are less well defined and are transitional to the sedimentary plains (geomorphic unit 6.2).  

North east of Princetown, the dissection of the mostly Palaeogene sediments which drape the western edge of the Otway Ranges have formed rolling hills.  The drainage patterns change from dendritic along the western fringe of Otway Ranges to arcuate and vaguely rectilinear as the unit merges with the dissected sedimentary plains (unit 6.2.2).
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Associated soil types are mottled and non-mottled gradational soils with a sandy component, particularly in the upper soil.

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit descriptions
	Area (km2)

	84
	-
	Low hills-scarp (e.g. Wallington)
	7

	85
	Barongarook L.S.
	Gently undulating to rolling plain
	15

	86
	Ferguson Hill L.S.
	Undulating hills and ridges
	69

	87
	Kennedys Creek L.S.
	Undulating plain
	104

	88
	Yeodene L.S.
	Rolling plain (western Barwon River catchment and northern Gellibrand River catchment)
	54

	89
	Anglesea L.S.
	Coastal moderately dissected hills
	45

	90
	Kawarren L.S.
	Rolling hills (upper northern Gellibrand River catchment)
	51

	91
	Rivernook L.S.
	Deeply dissected uplifted plains with coastal cliffs
	18

	92
	147
	Undulating plain (northern Gellibrand River catchment)
	104

	93
	Barongarook L.S.
	Gently undulating to rolling plain (western Barwon River catchment)
	77


3.3.3
Alluvial terraces and floodplains associated with Dissected low hills of the Southern Uplands
Alluvial flats and alluvial terraces have formed in the wide valley floors at the base of the rolling hills.  The wide floodplain of the Barwon River from Gerangamete to Birregurra has developed in response to the changes in base levels associated with the periodic damming of the river by Newer Volcanic basalt flows around Winchelsea and the fluctuating sea levels of the Quaternary.  

Associated soil types are gradational (often grey or dark) soils and sands over clay.
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Soil-landform units

	Soil-landform unit
	Original unit
ID
	Unit description
	Area (km2)

	94
	Carlisle L.S.
	Elevated dissected terraces (Gellibrand River)
	25

	95
	Barwon River L.S.
	Floodplain (Barwon River and tributaries)
	57

	96
	Gellibrand River L.S.
	Floodplain (Gellibrand, Aire and Barham rivers)
	42

	198
	Point Roadknight L.S.
	Longitudinal coastal dunes
	7


6
Western Plains

The central CCMA region lies within the Victorian Western Plains, comprising undulating plains formed on both volcanic and sedimentary rocks.  The landscapes of this physiographic unit are formed on some of the youngest rocks of the CMA region.  This geomorphic unit covers the greatest area of the CCMA region. 

Soils on the Western Plains reflect the underlying lithology and age of the rocks.  The youngest landscapes — the stony rises — have skeletal uniform or gradational soils, whereas the older basalts have developed deeper soils varying from friable gradational to strongly texture contrast soils.  The friable, finely structured brown gradational soils developed on the scoria around Red Rock represent some of the most valuable cropping country.  The soils developed on the Pliocene sand plains are often sandy, sometimes ferruginised or podsolic (sands with coffee rock or sand over clay) soils.  Further south on the marls and limestones, the soils vary from clay-rich (medium or heavy textured) gradational to strongly texture contrast soils and generally heavy (uniform) clays.

6.1 Volcanic plains

The volcanic plains were built up by sporadic volcanic eruptions over a period of about 5 million years.  The majority of the plains was formed by lobes of lava which flowed from the eruption points, overlapping to form a veneer of basalt.  The basalt varies in thickness according to both the underlying topography and the present-day surface.  The basalt is interleaved with sporadic pyroclastic deposits (scoria and tuff) and discontinuous buried palaeosoils of variable thickness.  

Drainage across the volcanic plains is generally poorly developed.  The uplift of the Otway Ranges and the disruption of drainage by the volcanic eruptions resulted in the formation of a shallow basin in the central CCMA region, where the majority of lakes, including Lake Corangamite, are situated.  The fluctuating lake levels during the Pleistocene resulted in lunette formation, especially prominent in the Beeac-Eurack district.  

Lava from the volcanic eruptions was generally very fluid and flowed to the lowest point on the landscape, often resulting in blocked drainage systems.  The Curdies River and Barwon River were probably the most affected and their present day courses have been strongly influenced by the eruptive history of the region.  North of Birregurra, the Barwon River has been diverted around the edge of the basalt and was blocked for a time at Winchelsea and Lake Connewarre.

6.2 Sedimentary plains

The sedimentary plains mainly comprise the marine sands deposited by the retreating Pliocene sea and the exposed underlying Gellibrand Marl and Port Campbell Limestone.  The sand plains also appear in ‘windows’ within the volcanic plains, where they were not covered by lava from the Newer Volcanic eruptions. 

6.3 Palaeozoic inliers

A few Palaeozoic outcrops and associated colluvium occur within the Western Plains where they were generally both islands in the Pliocene sea and elevated above the subsequent basalt flows.  The inliers are predominantly granitic plutons that rise above the plain surface rather than those exposed by drainage line dissection.  Aprons of colluvium often surround these inliers such as at Mount Kinross, and the western slopes of the You Yangs (on the eastern CMA boundary).

6.1.1
Eruption points of the Volcanic Western Plains

The most obvious features — scoria cones, lava cones, composite (scoria-lava) cones, and maars — indicate the places of last eruptive activity.  Mount Anakie (398 m) and Mount Elephant (393 m) on the eastern and western boundary of the CCMA region respectively, form the highest cones.  Some of the maars and craters contain lakes, such as Lake Purrumbete, Lake Bullen Merri and Lake Gnotuk.

Associated soil types include shallow to moderately deep friable (black, red or brown) gradational soils often stony.
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	36
	35, 36
	Low cone and gently inclined slopes (Mount Widderin)
	8

	43
	63
	Moderately inclined low cones (e.g. Mount Moriac)
	9

	97
	37
	Steep, high cone (Mount Elephant) 
	3

	98
	113
	Low hills and rises of volcanic cones (Mount Leura)
	9

	99
	139
	Moderately inclined high cone (Mount Gellibrand)
	1

	100
	129
	Steep low cones (Mount Porndon)
	3

	101
	135
	Undulating low hills (e.g. Red Rock)
	18

	102
	258
	Steep low cone (south-east of Anakie) 
	2

	103
	31
	Undulating low hills and rises (Irrewarra)
	8

	104
	225
	Moderately inclined low cone (Mount Pollock)
	4

	105
	134
	Low volcanic cones (Nalingal)
	4

	106
	142, 256
	Low hills and volcanic cones (Mount Rebecca and Gow Hill)
	3

	107
	113
	Maars and inner ajoining slopes (e.g. Lake Gnotuk) 
	6

	108
	115
	Undulating rises-maar (west of Cobden)
	1

	109
	130
	Undulating rises-maar (Lake Purrumbete)
	7

	110
	113
	Gently undulating low basalt hills (Camperdown)
	45

	111
	136
	Low hills (e.g. Wiridgil Hill)
	14


6.1.2
Stony rises of the Volcanic Western Plains

The stony rises represent the most recent volcanic activity, the most prominent of which forms the platform from which the Mount Porndon (289 m) scoria cones rise. This feature has been dated as 59 000 years old, placing it among the youngest landforms in Australia (Stone et al. 1977).

The younger stony rises form the most rocky and undulating landscapes, such as the area of Pomborneit East, south of Lake Corangamite.  These landscapes are characterised by stony mounds with little or no soil and no surface drainage development.  Older stony rise landscapes, such as north of Dreeite, have some soil development and some small ephemeral lakes, swamps and wetlands which have formed in the depressions, but no significant surface drainage systems.  Associated soil types are shallow dark gradational and self-mulching (and cracking) clay soils. As the stony rise landscapes develop through geological time, they evolve into plains with poorly developed drainage (geomorphic unit 6.1.3).
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit descriptions
	Area (km2)

	112
	32
	Lava plain with stony rises (e.g. Derrinallum)
	297

	113
	127
	Undulating stony rises (e.g. Stoneyford)
	171

	114
	131
	Undulating basalt plains (e.g. Dreeite)
	210


6.1.3
Volcanic Western Plains with poorly developed drainage 

The plains of the Newer Volcanic basalts that formed in the Late Pliocene and during the Pleistocene are generally characterised by thinner regolith development and poorly developed drainage.  In these landscapes, flow boundaries are obvious, and corestones (‘floaters’) are often seen at the surface.  Shallow drainage lines have developed, often along the boundaries of lava flows.  Discontinuous drainage lines may end at ephemeral wetlands and swamps.  Examples of this landform occur in the region from Warrambine to Armytage, with the best examples immediately north of the Wingeel Swamp.

Associated soil types are sodic and non-sodic texture contrast (moderately deep to deep) soils and some gradational  (shallow to moderately deep) soils.
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit descriptions
	Area (km2)

	32
	84
	Low hills (east of Maude)
	2

	115
	62
	Low hills (Mount Duneed)
	4

	116
	109
	Undulating low basalt hills (Warncoort)
	5

	117
	79
	Gently undulating plains (e.g. Berrybank)
	620

	118
	81
	Stony rise, undulating plain with occasional steep hills (volcanic cones) (e.g. Warrambine)
	437

	119
	86
	Undulating rises (e.g. Gheringhap)
	321

	120
	126
	Gently undulating rises (e.g. Mount Meningorot)
	5

	121
	229
	Undulating rises and broad plains (Anakie East)
	166

	122
	40
	Gently undulating plains (Glenfyne)
	50

	123
	132
	Gently undulating plains (Coragulac)
	28

	124
	134
	Undulating rises (Nalangil)
	4

	125
	143
	Gently undulating plains (east of Wingeel)
	57

	126
	231
	Undulating rises (east of Lara)
	8

	127
	25
	Gently undulating basalt plain (Cloven Hills)
	180

	128
	72
	Undulating rises (south of Anakie)
	10


6.1.4
Volcanic Western Plains with well developed drainage 

Transitional to geomorphic unit 6.1.3 are the plains with well developed drainage, which represent the earlier Pliocene volcanic landscapes.  Examples of this landform can be seen in the region north‑west of Cressy and south-east of Wallinduc, in the area where drainage is well established and ephemeral wetlands are relatively few.  These areas are characterised by very planar landscapes with thicker soil development.  Towards the Western Uplands to the north, the basalt plains are covered by a thin veneer of sandy and silty outwash deposits.[image: image20.jpg]



Associated soil types are predominantly black and brown sodic mottled texture contrast soils.

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	53
	85
	Gently undulating plains (Werneth)
	144

	129
	39
	Low hills (Emu Hill)
	3

	130
	77
	Undulating low hills (south-east of Carranballac)
	<0.5

	131
	164
	Undulating low hills (Cobrico)
	16

	132
	30
	Undulating rise (west of Pitfield)
	3

	133
	150
	Gently undulating basalt rises (Moriac)
	153

	134
	227
	Undulating rises (Moriac)
	4

	135
	228
	Undulating rises (north-west of Mount Duneed)
	11

	136
	29
	Gently undulating plains (Bradvale)
	584

	137
	112
	Undulating plains (Naroghid)
	48

	138
	224
	Gently undulating plains (east of Inverleigh)
	11

	139
	230
	Gently undulating plains (Lara)
	3

	140
	78
	Undulating plains (west of Shelford)
	158

	141
	154
	Level plains (Lake Murdeduke)
	6

	142
	223
	Near level plains (Bannockburn)
	17

	143
	75
	Granitic colluvial slopes (Lismore)
	31


6.1.5
Alluvium, terraces, floodplains, swamps and lunettes of the Volcanic Western Plains

Alluvium terraces and floodplains are associated with the lake and swamp systems within the volcanic terrain as well as drainage systems such as the Barwon, Yarrowee/Leigh and Woady Yaloak rivers. Lakes and swamps, both permanent and ephemeral dominate the volcanic plains north and west of Colac.  Hydrologically, the lakes vary from hypersaline groundwater discharge lakes (e.g. Lake Beeac) to groundwater throughflow lakes with surface water input (e.g. Lake Murdeduke) (Coram 1996).  In the Lough Calvert region (east of Beeac), climate changes during the Pleistocene and Holocene have resulted in a complex landscape, as lunettes and alluvium deposits trace the changes in lake levels.  Alluvial terraces and lunettes have been formed and partially destroyed by oscillating lake levels (Edwards et al. 1996).[image: image21.jpg]


  Associated soil types include black and grey self-mulching and cracking clays, black (and some red) sodic texture contrast and dark loam soils.

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	57
	20
	Alluvial plain and valley sides (and Woady Yaloak River)
	96

	144
	4
	Lava plains and low rises (Derrinallum)
	<0.5

	145
	48
	Gently undulating lunettes (Lake Martin)
	2

	146
	49
	Rolling lunettes (e.g. Lake Gnarput)
	17

	147
	119
	Ridge (Wiridgil)
	1

	148
	123
	Gently undulating plains with low rises and lunettes, swamps and lakes (Beeac)
	97

	150
	138
	Low ridges associated with lakes (e.g. Kariah)
	12

	151
	162
	Gently undulating sandy rise (Foxhow)
	1

	152
	226
	Undulating ridge-lunette (Lake Modewarre)
	3

	153
	123
	Gently undulating plains with swamps, lakes and lunettes (Eurack)
	168

	154
	123
	Gently undulating broad plains (Cressy)
	19

	155
	46
	Enriched valley slopes and floor (Leigh River)
	73

	156
	2
	Swamps and depressions (Derrinallum)
	136


6.2.2
Dissected plains, rises and low hills of the Sedimentary Western Plains

In the Heytesbury region the drainage has been strongly influenced by the deposition of strand lines from the retreating sea, forming a rectilinear pattern of parallel arcuate tributaries perpendicular to rivers draining south-west.  The development of the drainage has been associated with the Late Neogene uplift of the adjacent Otways Ranges, between 2 Ma and 1 Ma (Sandiford 2003).  The deep dissection has resulted in numerous landslides in the marl, many of which remain active. 

Associated soil types include acidic mottled texture contrast soils, acidic gradational soils, some sandy some with high organic matter content.
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Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit descriptions
	Area (km2)

	81
	Tomahawk Creek L.S.
	Deep valleys (dissected lateritic plateaux)
	134

	89
	Anglesea L.S.
	Coastal moderately dissected hills
	39

	157
	165
	Gently undulating rises (Jancourt)
	12

	158
	Bellbrae L.S.
	Rolling hills (dissected lateritic plateaux)
	18

	160
	Waare L.S.
	Dissected rolling hills with remnant plain cappings
	73

	161
	140
	Undulating plains with fault scarps (Timboon West)
	111

	162
	141
	Undulating low hills (Paaratte)
	134

	163
	163
	Gently undulating ridge crests (Elingamite)
	11

	164
	Waare L.S.
	Dissected rolling hills with remnant plain cappings
	79

	165
	Waare L.S.
	Rolling hills
	117

	166
	20
	Undulating alluvial plains and valley sides (Curdies River)
	148


6.2.3
Karst plains, rises or low hills with depressions of the Sedimentary Western Plains

Along the coast near Port Campbell, the limestone plain has developed many karstic features, particularly sinkholes.  Spectacular cliffs formed by the rising sea levels over the past 15 000 years mark the edge of the plain at the Southern Ocean.[image: image23.jpg],\/u@.-«




Associated soil types include deep sands over clay (sand depth may be variable).

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	167
	91
	Undulating plain (Peterborough)
	13


6.2.4
Plains, rises and low hills of the Sedimentary Western Plains

The undissected sand plains occupy an area south of the volcanic plains and north of the Heytesbury (Hanson Plain, Ross Plain, Duck Hole Plain, Saddlecloth Plain), where they form generally flat landscapes with very gentle low rises.  Further north around Leslie Manor, the sand plains are present in a ‘window’ through the basalt plains.  Further east, a remnant of the sedimentary plains forms gently dissected plains north of Anglesea (the Gherang Gherang land system of Pitt 1981).[image: image24.jpg]



Associated soil types include sodic and non-sodic mottled texture contrast soils and pale or grey sandy soils with ‘coffee rock’ or clay at depth.

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	79
	Gherang Gherang L.S.
	Flat or gently dissected plateau remnants
	75

	166
	20
	Undulating alluvial plain and valley sides (Curdies River)
	150

	168
	210
	Undulating low hills (Maude)
	37

	169
	232
	Undulating low hills (Waurn Ponds)
	4

	170
	157
	Undulating rises (Irrewillipe)
	54

	171
	Paraparap L.S.
	Gently undulating plains
	147

	172
	6
	Gently undulating sedimentary plains (Bannockburn)
	99

	173
	12
	Undulating plains (Sutherland  Creek)
	11

	174
	13
	Complex pattern of gently undulating plains (Inverleigh)
	38

	175
	125
	Gently undulating plains (Swan Marsh)
	85

	176
	145
	Gently undulating plains (Nirranda)
	86

	177
	155
	Gently undulating plains (Brucknell)
	10

	178
	245
	Gently undulating plains (Anakie East)
	8

	179
	248
	Gently undulating plains (Anakie)
	6

	180
	Birregurra L.S.
	Flat plain (abuts  Barwon River floodplain)
	82

	181
	Simpson L.S.
	Very gently undulating plateaux
	96

	182
	5
	Undulating to flat plains (Teasdale)
	31

	183
	161
	Level plains (Leslie Manor)
	4

	184
	213
	Near-level plains (Teasdale)
	13

	
	
	
	

	
	
	
	

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	185
	220
	Level plain (Lara)
	46

	186
	222
	Near-level plains (south of Anakie)
	8

	187
	266
	Gently undulating rises (west of Tomahawk Creek)
	39

	188
	149
	Level plains (Bookar)
	107

	189
	160
	Near-level plains (Carpendeit)
	30

	190
	7
	Undulating plains and terraces (Buckley)
	76


6.2.5
Alluvium, alluvial terraces, floodplains and coastal plains of the Sedimentary Western Plains

Alluvium, alluvial terraces and floodplains are prevalent in the valley floors of the dissected sedimentary plains of the Heytesbury region.  An extensive coastal plain occurs across the Moolap Sunkland, west of the uplifted Bellarine Block.  This area was a shallow seaway both during the last interglacial (ca 125 000 years ago) and the Holocene maximum (ca 6000 years ago) (Marsden 1988).[image: image25.jpg]



Associated soil types include mottled sodic texture contrast soils, grey and black cracking clays and some dark loams.

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	57
	20
	Alluvial plain and valley sides (Moorabool River)
	76

	62
	311
	Elevated longitudinal coastal dunes (Cape Otway)
	34

	82
	-
	Undulating rises and plains (St Leonards)
	24

	95
	Barwon River L.S.
	Floodplain (Barwon River and its tributaries)
	27

	96
	Gellibrand River L.S.
	Floodplain (Gellibrand, Aire and Barham rivers) 
	3

	149
	137
	Gently undulating lunettes (Bungador)
	2

	191
	116
	Alluvial plain (Pirron Yallock)
	37

	192
	221
	Alluvial plain (Waurn Ponds)
	1

	193
	144
	Gently undulating plain (east of Inverleigh)
	1

	194
	118
	Near-level plains (Point Henry)
	3

	195
	211
	Gently undulating plain (Moolap)
	21

	196
	218
	Undulating plains (Barwon Heads)
	10

	197
	-
	Level and gently undulating plains (Yarram Creek)
	52

	198
	Point Roadknight L.S.
	Longitudinal coastal dunes
	5

	199
	-
	Dunefield; undulating plains and rises (Point Lonsdale)
	12

	200
	2
	Swamps and depressions (south of Swan Marsh)
	72

	201
	138
	Swamps and flats (Leslie Manor)
	11

	202
	Connewarre L.S.
	Flat estuarine lowlands with braided channels
	6


6.3.1
Granitic inliers of the Western Plains
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West of Wallinduc, the low granitic hills of Mt Kinross (276 m) rise approximately 40 m above the surrounding plain.  On the western flank they are covered by a thin veneer of sandy colluvium which merges with the Pliocene sands.  Along the eastern edge of the CCMA region Granite Rock and the You Yangs form prominent granite hills above the plain.  Flinders Peak (348 m) rises steeply to form the highest point of the You Yangs, nearly 300 m above the surrounding plain.  The western flank is draped with sandy sediments comprising a complex mix of colluvium, Pliocene sands and alluvium.  These sediments extend from almost the crest of the You Yangs to Hovell Creek along the edge of the volcanic plain.

Soil-landform units

	Soil-landform unit
	Original unit ID
	Unit description
	Area (km2)

	143
	75
	Undulating low granodiorite hills (Mount Kinross)
	15

	203
	265
	Very steep hills (You Yangs)
	7

	204
	16
	Colluvial slopes (You Yangs)
	35


Soil-landforms

Across the CCMA region a number of land and soil surveys exist have been carried out by government organisations including the Soil Conservation Authority (SCA), Commonwealth Scientific and Industrial Research Organisation (CSIRO) and former Department of Agriculture and Rural Affairs (now known as the Department of Primary Industries (DPI)).  Importantly these studies have been at different scales for specific purposes (e.g. a land capability for the Shire of Ballan at 1:63 360 (Jeffery & Costello 1979) is focused on providing ‘information for broad scale planning’ by defining the ‘capability of the different types of land to support various land uses’).  The land capability studies concerning the four shires (Bannockburn, Ballan, Bungaree and Buninyong) (Jeffery & Costello 1981; Jeffery & Costello 1979; Jeffery, Costello & King 1979; Jeffery 1980) are specific in their intended usage. Studies such as ‘A study of the land in the catchments of the Otway Range and adjacent plains’ at 1:100 000 (Pitt 1981) aim to provide the reader with base information to: ‘examine the nature and interactions of features of the natural environment’ while focusing on ‘sustained productivity of the land, its use and management’.  As a result, information presented in these studies (Table 3) is varied in detail. This posed a primary constraint in the development of consistent and seamless map coverage for the entire CCMA region at 1:100 000 scale.  This is further discussed under Section 3.2 (Map creation).

1.6 Concept and definitions

Mapping of environmental features or landscape attributes can have decidedly different terminology and accompanying definitions.  Terms such as landsystems (‘areas of land each with a characteristic pattern of the environmental variables, climate, geology, topography, soil and vegetation’) and terrain (‘land uniquely defined in terms of topography, underlying lithological and structural characteristics, and soil and vegetation characteristics) have been encountered as part of this study. 

The definition of mapping units is based upon an ecosystem concept in which several land features are integrated (defined in previous terms and definitions).  Climate, geological material, landform and soil are each considered because they affect the inherent properties of the land, and its response to management (Charman & Murphy 1991). In this study the term ‘soil-landform’ is used to describe the map units. The soil-landform unit is an association of a specific landform pattern and its accompanying soils while considering other environmental variables in delineating areas of homogenous soil-landform relationships. At the scale of mapping in this study the soil-landform unit itself is made up of land components or elements.  Where possible we have defined the specific associations that exist between soils and land components within a soil-landform. Some of these map units are simple, having only one land component (e.g. some of the larger swamp units or simple plains), whereas others are more complex having several components.

1.7 Map creation

In generating a soil-landform map for the CCMA region, a number of factors were considered in the editing and compilation phases.  These factors include which studies to include or use, and issues with studies and datasets used in derivation of unit boundary linework.

Issues arising from incorporation of existing studies into mapping

For the CCMA region, a number of soil and land related studies and surveys have been published.  These soil and land surveys have varying spatial coverages and have been created for a number of purposes and this is reflected in the style and contents of the survey reports.  In total, seven soil and land surveys have been used in assembling the soil-landform units for CCMA region.  These surveys are briefly described in Table 1 according to their author, year of publication, responsible organisation, map scale and reference locality.  Brief comments for all surveys regarding their functional role in the creation of the soil-landform map is discussed further in Table 2.

Table 1 Existing soil and land surveys within the CCMA region used in mapping the catchment

	Survey title
	Author
	Year
	Organisation
	Reference locality
	Scale

	Soil and landforms of south-western Victoria. Part 1. Inventory of soils and their associated landscapes
	Maher and Martin
	1987
	State Chemistry Laboratory
	South-west Victoria
	1:100 000

	A study of the Land in the Catchments of the Otway Range and adjacent plains
	Pitt
	1981
	Soil Conservation Authority
	Otway Ranges
	1:100 000

	A study of land capability in the Shire of Buninyong
	Jeffery
	1980
	Soil Conservation Authority
	Shire of Buninyong
	1:63 360

	A study of land capability in the Shire of Ballan
	Jeffery and Costello
	1979
	Soil Conservation Authority
	Shire of Ballan
	1:63 360

	A study of land capability in the Shire of Bungaree
	Jeffery and Costello
	1979
	Soil Conservation Authority
	Shire of Bungaree
	1:63 360

	A study of land capability in the Shire of Bannockburn
	Jeffery and Costello
	1981
	Soil Conservation Authority
	Shire of Bannockburn
	1:63 360

	An interim report on the land in the Heytesbury Settlement Scheme
	Pitt, Jakimoff and Evans
	1977
	Soil Conservation Authority
	Heytesbury
	1:100 000

	Terrain classification for engineering purposes of the Queescliff area, Victoria
	Grant
	1973
	CSIRO
	Queenscliff 1:250 000 mapsheet
	1:250 000


Note that the land capability surveys for the relevant shires, soil and landforms of south-western Victoria (Maher & Martin 1987) and landsystems of the Otway Range and adjacent plains (Pitt 1981) are all provided as appendices accessable via the CD-ROM.

Table 2 Functional role of soil surveys in creation of the soil-landform map for the CCMA region

	Survey title
	Functional role in map creation

	Soil and landforms of south-western Victoria. Part 1. Inventory of soils and their associated landscapes
	The maps and accompanying report provided a basis for soil-landform mapping of the Corangamite region (especially the northern two-thirds).  Landform information is of a particularly high standard when investigated using aerial photography interpretation procedures.  Soil point data and a classification scheme based on the Factual Key (Northcote 1979) was developed for the report that also formed a basis for soils definition as part of this project.  While this survey was extensive and suited the soil-landform requirements of the project, inconsistencies were experienced with neighbouring and overlapping surveys.  This survey also extended as far south as the northern 1:100 000 tile boundary for the Port Campbell, Princetown and Otway sheets, and east as far as the western tile boundary of the Port Arlington sheet.  Here over 200 map units exist for the Corangamite region.

	A study of the land in the catchments of the Otway Range and adjacent plains
	This landsystems report entails over 40 landsystem descriptions, and has been used as a mapping basis for the Otway Range (Southern Uplands of south-west Victoria).  Soil and landscape information captured in tables under component headings has been used extensively owing to the useful level of detail recorded in this report.  Additional information including vegetation, climate, land use, etc. has been preserved where possible and accommodated in this report.  Mapping covers the Otway Range and partial plains to the east and north.  Overlap area with the existing soil-landform mapping by Maher and Martin (1987) was extensively examined in order to reconcile inconsistencies in boundary linework with this survey.


	Survey title
	Functional role in map creation

	A study of land capability in the Shire of Buninyong, Ballan, Bungaree, Bannockburn
	These land capability reports include map units that have been defined at various map scales across the survey areas.  The survey areas have closely aligning boundaries, however difficulties were experienced in creation of these covers in an aligned format owing to the topographically and demographically inconsistent nature of the survey maps.  The maps also have a great deal of overlap with soil-landform mapping of the south-west.  The external boundary alignment problems experienced also affected internal linework dimensionality, which was reflected in very different boundaries between the surveys.  Here mapping was extremely limited in incorporation into a consistent map base with preference given to the strong landform and soils definition of the soil-landform mapping.  Soil, landform, vegetation and land use information captured in landsystem table descriptions, however, proved invaluable and complemented soils descriptions of the existing soil-landform mapping by Maher and Martin (1987).

	An interim report on the land in the Heytesbury Settlement Scheme
	This report is a natural extension of the Otway Range landsystems report into the neighbouring Heytesbury area.  Mapping and descriptions of this survey were also accommodated in the compilation of map units and their descriptions.

	Terrain classification for engineering purposes of the Queescliff area, Victoria
	Terrain units created using the PUCE (Pattern-Unit-Component-Evaluation) programme provided a map basis for field investigation of the Bellarine Peninsula.  As the only comprehensive survey to cover this area, the mapping was incorporated into the generated soil-landform map after critical assessment in the field.  Soils information was limited.


As a number of surveys have been edited to develop a seamless map coverage of the CCMA region, some of existing units (soil-landform or landsystem) have been preserved. All soil-landform units created were assigned a unique numerical code to represent either an existing map unit, or newly created unit.  The extents of the surveys and data gaps in information are presented in Figure 4.

The soil-landform units developed as a part of the LRA project for the CCMA region are to be used at 1:100 000 scale. Soil-landform units are listed in the geomorphology section under relevant geomorphic tiers. The soil-landform data has also been used to produce inherent susceptibility to land degradation maps. 

In future the availability of soil-landform unit information and soil point site data will allow for more specific and detailed applications. These may be used to provide a clear understanding of the potential to develop land for specific agricultural enterprises and to identify specific limitations inherent within the natural resource base. The ability to access detailed soil point information, as well as soil and land spatial units will benefit many modelling applications currently used to assess land resource management and water quality aspects, for example, Land Use Impact Model (LUIM), Soil and Water Assessment Tool (SWAT), Catchment Assessment Tool (CAT).

Detailed soil-landform unit descriptions are accessible via the CD-ROM.  Soil profile descriptions are provided in Section 4 under relevant soil group headings.

Datasets used to refine map boundaries, and create units for areas with no previous survey coverage

A number of geospatial datasets were used in a GIS to aid in refining boundaries between overlapping soil and land surveys, and to map new soil-landform units for areas with no existing coverage at an adequate scale.  Some of these datasets and their use in these processes are explained.

Geology

Geology mapping is available for this region at 1:250 000 scale (DPI Corporate Geospatial Dataset GEOL250) and was used as a consistent base to assist in boundary refinement, but also in defining likely sources for soils. Improved 1:100 000 scale geology digital map base was released by DPI’s Geological Survey of Victoria (GSV) for the Ballarat and Skipton 1:100 000 mapsheets (mapping undertaken by AGSO) and proved invaluable in associating soils and landforms with geology of the Western Uplands.  Geological information was also used in soil-landform tabular descriptions (refer to tabular descriptions in following section).  The nomenclature used conforms with that developed and recently revised by the GSV.

Radiometrics

Airborne gamma radio spectrometry (GRS) was useful in the detection of changes in soil properties, but required validation by ground truthing to determine intrinsic soil properties. The use of radiometrics was particularly relevant in differentiating terrain with unconsolidated material, such as the plains country, and complemented the digitial elevation data in the Heytesbury and Southern Uplands. Radiometrics was also used with geology to identify topographical relationships concerning colluvial and alluvial material.

Digital elevation models

Digital elevation models (DEMs) have become widely used in the last 20 years as they enable better visualisation and interrogation of topographic features.

A DEM is generically described as, ‘a spatially geo-referenced dataset that is a popular way of encoding the topography for environmental modelling purposes’.  DEMs are directly compatible with remotely-sensed data sources and can be used to represent complex terrain units, given an adequate resolution.

Generally, DEMs have been derived from topographic data using contour data, spot heights, hydrology and boundaries (shore line, state, 1:100 000 tile) and provide the data to analyse the shape of the surface which affect the soils and hydrological properties of the landscape.

Some general derivatives from DEMs include:

· slope, slope length and slope position

· aspect

· drainage network/catchment boundaries

· hydrological indices and watertable indices

· climate variables

· input to estimation of soil parameters

· input to land component and soil type mapping

· viewshed analysis and visualisation

· visualisation

· environment modelling including salinity, species distribution, spread models etc..
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Figure 4 Existing soil and land surveys within the CCMA region used in mapping soil-landforms of the catchment

One of the most useful properties of DEMs is the ability to reclassify datasets.  For example, slope, aspect and elevation can be classified to meet requirements or parameters of landscape components (as seen in Figure 5).
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Figure 5 Three dimensional classification of DEM to three different datasets (aspect, slope and elevation)

DEMs have been developed to generate slope ranges and formulate relationships between slope, landform and soil characteristics. DEMs with a 20 m pixel resolution were developed for the CCMA region from 1:25 000 scale topographic data. In the more steeply dissected country the DEMs provided an excellent background dataset to assess for changes in landform and associated soils/soil distribution. The DEMs were also used to generate slope classes and relative elevations that conform with erosional landform patterns as defined in McDonald et al. (1990). These derivatives are useful to identify areas of changing landforms and break-of-slope, indicating the occurrence of a changing process, as well as assisting classification of landforms into a consistent format (e.g. cones classified to hills, low hills and rises).

Soil point data

The collection of soil point site information has been used to define the associations between soils and landforms. Soil point information has also provided a basis for allocation of dominant soil attributes within each soil-landform unit. Nearly 800 sites exist from soil and land surveys including those collected during the course of this project. Additional soil site information has been used from various soil site programs across the south-west of Victoria.  These programs include the Wetsoils project (Imhof, Brown & Ward in press), Southern Farming Systems (MacEwan & Imhof unpublished), south-west gas pipeline (MacEwan & Imhof in press), Ballarat soils (Clarkson unpublished), and sites provided by the DSE’s Forest Science Centre (FSC) from tree plantation trials in the south-west of the region (Feikema, Sargeant & Imhof unpublished). 

Units

In this study, the soil-landform unit is the principal mapping unit and has been classified and mapped at 1:100 000 scale across the entire CCMA region. Within the geomorphological framework these soil-landform units occur at or below the geomorphological sub-regional level (Tier 3). The generation of these units incorporated information from historic reports and office-based GIS techniques in association with fieldwork, to ascertain and validate soil descriptions for unique soil-landform units.
These soil-landform units provide the base dataset from which the susceptibility to land degradation themes are derived.  This study has identified and provided an inventory of soil-landform units across the area with inherent susceptibility to erosion, waterlogging and soil structure decline.

Soils descriptions, classifications and groupings have been defined using soil point data from existing studies and new fieldwork. Soils are described to national standards and are compared on the basis of their attributes and classification, using The Australian Soil Classification (Isbell 1996).  Landform (or landform pattern) has also been classified on the basis of relative relief, such as plains, low hills and mountains, and modal slope variations (gently, undulating, rolling, moderately steep, steep, very steep-inclined and precipitous). These comply with national standards as set out in the Australian Soil & Land Survey Field Handbook (McDonald et al. 1990).  Landforms were further distinguished according to changes in their lithology (geology). 

The soil-landforms of the relevant studies used have been delineated by a combination of aerial photo interpretation and field examination. Maher and Martin (1987) and Pitt (1981) used black and white aerial photographs stereoscopically at a scale of approximately 1:80 000 to reveal geomorphic patterns for the soil-landform mapping of each study. Each area was examined in the field to check the accuracy of the aerial photograph interpretation and to collect data on the nature of the soils, the native vegetation, the angle and shape of slopes and the nature of the parent material. Climatic data was also considered in delineation of soil-landform units.

Representative sites or ‘type sites’ were chosen for each of the most commonly occurring land components in order to examine in detail the nature of the soils, the structure and floristics of the associated native vegetation and their interrelations with other variables.

From the assembly of these studies and additional mapping, over 200 soil-landforms have been defined for the CCMA region.  These range in size from less than 50 ha, to in excess of 20 000 ha. Some of the smaller units occurring near the edge of the study area are widespread in adjacent CMA regions.

Data collected on each soil-landform unit is presented in tabular form with accompanying background unit information, photographs, topographic section, three-dimensional representation and location of where the unit occurs within the catchment.

Tabular descriptions

Components are allotted numbers to aid in identification. Representative parts of each soil-landform unit have been mapped on stereo air photographs at a scale of approximately 1:25 000 to define and measure the areas of the individual components. These areas have been extrapolated to give an estimation of the relative proportions of each component. For soil-landform units near the edge of the study area, these proportions may not be relevant to adjacent areas. This methodology for defining components within units has been adopted for many soil-landform units defined by Maher and Martin (1987) as part of this project.  However existing information captured in the Otway Range landsystems report (Pitt 1981), land capability projects for shires of Ballan (Jeffery & Costello 1979), Bannockburn (Jeffery & Costello 1981), Bunninyong (Jeffery 1980) and Bungaree (Jeffery & Costello 1979); terrain patterns of Queenscliff (Grant 1973) and mapping in the Heytesbury Settlement Scheme (Pitt, Jakimoff & Evans 1977) used an almost identical procedure with varying scales of photomosaics/stereo pairs for identification of components (refer to existing studies for comprehensive methodology).

The information contained in the landsystems tabular descriptions for the Otways has been preserved in the tabular descriptions of soil-landform units of the region wherever possible.

Climatic data is derived from climatic geospatial datasets for Victoria.  These datasets have been interpolated from existing weather station information provided by the Bureau of Meteorology.  Data presented include: annual rainfall for each soil-landform unit, the wettest month and the driest month (for units of the Otway Ranges, the average rainfall is also presented).

Temperature data are the average annual daily minimum and maximum values and not to maximum (February) and minimum (July) extremes.

The major seasonal growth limitaton (precipitation less than evapotranspiration) has also been provided.  For the Otway Range, additional information provided in the report concerning temperatures less than 10oC has also been presented in the soil-landform description.  

Restrictions to plant growth (growing season) occur to varying extents due to low temperatures in winter, and lack of available water in summer. These restrictions are of somewhat lower impact today with a range of summer dormant, winter active pasture species available on the market.  It should be noted that soil moisture storage extends the growing season beyond the point where potential evapotranspiration exceeds precipitation.

Local relief is a measure of the average change in elevation from the top of a hill or ridge to the nearest drainage line within the landsystem. Here the DEM combined with representative topographic sections enabled an assessment of the relative relief variations across these landscapes.  The 1:25 000 stream hydrology network geospatial dataset has been used to determine drainage patterns as well as drainage density.

The native vegetation has been classified according to the structure of the dominant stratum (Specht 1970) for the soil-landform units of the Otway Range. The species commonly found in the dominant stratum are listed in their normal order of abundance.  For the remaining soil-landform units, Ecological Vegetation Class (EVC) information from the geospatial dataset has been assigned.  Area of disturbance, plantations or waterbodies have not been included in totals of these units.

Soil profile information including parent material, description, surface texture, permeability, depth and soil type sites has been included (sites in bold indicate the site is located within the bounds of that soil-landform unit).  This information has been derived from previous soils allocated to landforms of existing studies, thus preserving the detail and integrity of this data as well as incorporating new investigations.  Soil descriptions derived from existing studies have been updated to reflect changes in soil classification and the adoption of the Australian Soil Classification (Isbell 1996).  A key change has been the adoption of the soil colour classes defined within the ASC.  Due to the varying age of soil data earlier soil classification/descriptions (Northcote 1979) are given where available.  This should provide a link for those who are mainly familiar with the older scheme.

Additionally these soils have all been assigned to soil groups (Corangamite Soil Groups) that reflect a combination of geological and soil relationships. There are 41 soil groups. Land component soils have been assigned to a Corangamite Soil Group (CSG). This was developed to encompass the variety of soils in the existing studies (greater than 200) and to simplify presentation of soil information.

Soil site information has been included for sites that are either located specifically within that unit and component (denoted in bold text), or are considered sites suitable as representative of the described soil.

A five‑class system has been used for the estimation of permeability based on profile characteristics such as porosity and texture. The estimate refers to the vertical hydraulic conductivity of the solum, which is limited by the least permeable horizon. Sands with no compacted layers have very high permeabilities while clays, with few pores or cracks, have very low permeabilities. This system has been adopted along with information captured from all the landsystem surveys of the catchment.

Soil depth refers to the distance below the surface to solid rock or to a layer that serves as an impediment restricting root penetration and water movement.

The main existing land uses have been listed. Active recreation includes the use of vehicles such as trail bikes, dune buggies, four-wheel drive vehicles and other forms of ‘adventure sports’. Passive recreation refers to less potentially destructive pursuits such as picnicking, camping and bushwalking.

The forms of soil deterioration found to occur in each component, the critical features of the landscape, and the processes leading to these forms of soil deterioration are also outlined.

An example of a tabular description is presented in Table 3 along with a description of where information derived for soil-landform unit descriptions has been sourced from.

Table 3 Tabular unit description example with described sources for relevant information

	Component
	Component no. (e.g. 1, 2, 3, etc.)

	Proportion of landsystem
	Percentage of overall unit (e.g. 10%)

	CLIMATE
	

	Rainfall (mm)
	Annual average rainfall – calculated from the climate geosptial datasets held at CLPR for rainfall (derived from weather stations across Victoria)

	Temperature (oC)
	Minimum (July) and Maximum (January) average

	Seasonal growth limitations/Precipitation is less than potential evapotranspiration
	Temperature: less than 10 oC has been preserved for units within the Otway Range while geospatial datasets have provided the source for months where precipitation is less than potential evapotranspiration

	GEOLOGY 
	

	Age and lithology
	Sourced from the 1:250 000 geological mapping held by DPIs Minerals and Petroleum group

	Geomorphology
	Defined in accordance with recent mapping by the Geomorphic Reference Group and CLPR

	LAND USE
	Land use is a general assessment of major practices within units.  This information is derived from surveyor knowledge and observations collected in field survey

	TOPOGRAPHY
	

	Landscape
	Source: Existing land resource assessment surveys and field assessment

	Elevation range (m)
	Source: 1:25 000 DEM

	Local relief (m)
	Source: 1:25 000 DEM

	Drainage pattern
	1: 25 000 stream hydrology network

	Drainage density (km/km2)
	1: 25 000 stream hydrology network

	Landform
	Aerial photograph interpretation and field assessment

	Landform element
	Aerial photograph interpretation and field assessment

	Slope and range (%)
	Aerial photograph interpretation and field assessment

	Slope shape
	Aerial photograph interpretation and field assessment

	NATIVE VEGETATION
	

	Structure or Ecological Vegetation Class (EVC)
	Derived from existing vegetation assessment for mapping of landsystems or from the EVC geospatial dataset

	Dominant species
	Derived from existing vegetation assessment for mapping of landsystems

	SOIL
	

	Parent material
	Sourced from the 1:250 000 geological mapping held by DPIs Minerals and Petroleum group and field survey descriptions

	Description (Corangamite soil group)
	Local soil description (provided via existing soils information or from analysis of soil sites)

	Soil type sites
	Soil type sites have been captured allowing the user to refer to sites that are either located specifically within that unit and component (denoted in bold text), or are considered sites suitable as representative of the described soil.

	Surface texture
	Representative soil site textural information

	Permeability
	Representative soil site textural information

	Depth (m)
	Representative soil site textural information

	LAND CHARACTERISTICS, POTENTIAL AND LIMITATIONS


	The land characteristics are a base interpretation by the soil surveyor of the important critical land features, processes and forms.  This is derived from soil-landform properties and land features that increase likelihood of erosion and degradation.


Soil-landform unit descriptions

Soil-landform units have been developed using processes outlined previously. There are 204 discrete soil-landform units mapped for the CCMA region (unit 205 represents waterbodies and unit 206 represents the urban area of Geelong). A soil-landform unit is based primarily on land pattern while the land component, or element is a subset of these (refer to Australian Soil & Land Survey Field Handbook, McDonald et al. 1990). Although historical surveys and existing land resource information were used as a guide in the development of these soil-landform units, nearly 70 additional soil sites were collected as part of this project. These additional sites contributed to the detailed soil profile information and, when related to the local landform features, provides the basis of the soil-landform unit. 

The soil-landform units defined for this study are listed under geomorphic units in the Geomorphology section numerically with a brief unit description, as well as the area and proportion of land each unit consists of. Soil-landform units can be accessed from the ‘soil-landform’ drop-down list on this CD-ROM and accessed on the CD-ROM by following links from the soil-landform map base. 

Within the soil-landform unit descriptions the landform features and characteristics are defined and described. The land component descriptions provide a major soil type, relating this to soil groupings identified for the Corangamite region.

Map products generated from the soil-landform units for the project include:

· Soil-landform unit base map

and land degradation susceptibility maps covering:

· mass movement

· gully and tunnel erosion

· sheet and rill erosion

· wind erosion

· waterlogging

· soil structure decline.

These maps can be found on the CD-ROM accompanying this report and can be accessed by following the links from the CD-ROM index to the map section.

Soils

Soils are variable in space and this reflects the influence of environmental factors such as climate (past and present), parent material (lithology), position in landscape (topography) and time.  Vegetation types are also a part of this process and form an integral relationship with soil development, accumulation of organic matter and recycling of nutrients.

As a consequence of variable climate (mainly rainfall), parent material and topography, there is a large range of soils in this region.  This range of environments is reflected in the geomorphology of the region, providing the framework for the range of soil types.

Given the large number of soils identified by previous studies (Table 2) and surveys (Table 4) in different parts of the CCMA (e.g. Maher and Martin 1987; Pitt 1981) a scheme of 41 soil groups (Corangamite Soil Groups) has been adopted to simplify presentation in this report. Groups largely reflect the classifications made in the earlier surveys and, as classifications change and understanding evolves, revision of these groups will undoubtedly be made in future.

Sites representing soils in these groups are accessable via the ‘soil site’ drop-down list.  Accompanying the written soil descriptions are chemical data.  Methodologies relating to this chemical data can be accessed via the appendix drop-down list for the Otway soil desscriptions, and for all remaining descriptions. Surveyors and studies of sites presented in this report are listed in Table 1.

Corangamite Soil Groups

The description of the Corangamite Soil Groups (CSG) is based on the texture profile of the soil—predominantly the amount and distribution of clay with depth.  This is an indication of soil development and the age of the soil.  This approach has been the basis for describing Australian soils for the last 30 to 40 years through the Factual Key (FK; Northcote 1971) and the Australian Soil Classification (ASC; Isbell 1996). Linked to this is the distribution of nutrients which has a major influence on soil behaviour and performance.  The sodicity of the soil is seen as a major (unfavourable) determinant of soil behaviour by influencing soil physical properties through increased dispersion of soil aggregates. 

Soil texture groups include those with little change with depth such as sands (coarse), loams (medium) and clays (fine); those such as earths with a gradational change (increasing clay) with depth. Soils with a clear change from a light textured (sandy or loamy) surface over a heavy (clay) subsoil are referred to as having texture contrast profiles (minimum difference of 20% clay between surface and subsoil). ‘Texture contrast’ is the current terminology (Isbell 1996) that replaced the term ‘duplex’ used in the Factual Key (Northcote 1971).

Broad soil groups are:


(i)
Strongly sodic texture contrast soils


(ii)
Sodic texture contrast soils


(iii)
Non-sodic texture contrast soils


(iv)
Strongly acidic texture contrast soils


(v)
Gradational (earths) and loam soils

(vi)
Sands


(vi)
Clays

These broad soil groups were further divided according to broad parent material groupings (lithology—see below) and other soil characteristics (as outlined below) to derive the 41 Corangamite Soil Groups (See Table 6).

Broad parent material groupings (lithology):

· Palaeozoic granitic rocks

· Cretaceous sediments

· Quaternary aeolian sediments

· Neogene sediments (non calcareous)

· Neogene marl

· Neogene limestone

· Palaeozoic sediments

· Palaeogene sediments

· Paleogene basic volcanics

· Quaternary alluvium

· Quaternary basic volcanics

(i)
Strongly sodic texture contrast soils: subdivided on colour.  Strongly sodic is defined as the upper subsoil having an Exchangeable Sodium Percentage (ESP) of 15 or more.

(ii)
Sodic texture contrast soils: subdivided on colour.  Sodic is defined as the upper subsoil having an ESP between 6 and 15.

(iii)
Non-sodic texture contrast soils: subdivided on colour.  Non-sodic is defined as the upper subsoil having an ESP of less than 6.

(iv)
Strongly acidic texture contrast soils: subdivided on colour.  Strongly acidic is defined as the upper subsoil having a pH (water) of less than 5.5.

(v)
Gradational (earths) and loam soils are subdivided on colour.  Many of the gradational soils have heavy (clayey) subsoils.
(vi)
Sands: subdivided on the basis of depth and the presence or absence of pans such as ‘coffee rock’.

(vii)
Clays: subdivided according to colour and whether cracking and/or self-mulching.

Other soil properties such as mottling, structure, total depth of soil, and depth of surface and subsurface (horizons) soils are outlined in the soil group descriptions. 

A number of soil site examples (usually three key sites) are given for each Corangamite Soil Group (printed as bold type e.g. CLRA1) which aims to give an indication of the major soils, with other sites mentioned if they occur (see also unit descriptions).  A distribution figure is presented for all soil groups (dark green indicating dominant in these areas, light green indicating a minor soil group of these areas).

Within the Corangamite Soil Groups (CSGs) there are a range of soils, and some outliers in terms of classification.  Where the area of a broad lithology and number of soil sites is limited a larger range of soils may be tolerated to minimise the number of soil groups.  For example, sodic and strongly sodic soils may be in the same CSG as are gradational and sandy soils with Palaeogene lithology.

Trends

Some broad trends include the association of particular soils or soil properties in conjunction with the broad parent materials.  For example, the texture contrast soils on the Neogene sediments have lighter surface soils than texture contrast soils on the basic volcanics (basalt).  There is a significant silt component to soils associated with the Palaeozoic sediments in the Western Uplands which contributes to their dispersibility and higher susceptibility to water erosion.  Another trend is the increasing sodicity of texture contrast soils on basic volcanic and sedimentary terrain from west to east as rainfall (and leaching) decreases, as highlighted by the work on the gas pipeline constructed from Simpson to Lara (MacEwan & Imhof in press).   There are often very sharp changes in soil type on the volcanic plains (gilgai) and the sedimentary plains (sands to texture contrast).

More specific inferences require more detailed work, which would complement these broad soil groupings. Soil groups and their occurrence within soil-landform units is provided in Table 5.

Table 4 Study titles and survey codes for soil site prefix (e.g. BD)

	Soil survey or study prefix
	Surveyor/s and report
	Total number of sites
	Number of sites included in this report

	CLRA
	Robinson N, Rees D, Imhof M, MacEwan R, Boyle G, Crawford D (2003) A land resource assessment of the Corangamite region. Department of Primary Industries
	63
	23

	OTR
	Pitt A, Gibbons F, Thornley A (1981) A study of the land in the catchments of the Otway Range and adjacent plains. TC-14. Soil Conservation Authority. Kew, Victoria
	39
	20

	MM
	Maher J, Martin J (1987) Soils and landforms of south-western Victoria. Department of Agriculture and Rural Affairs. Research Report No. 40
	560
	54

	SW (1–52)
	Imhof M, Brown A, Ward G (unpublished) Soils associated with dairy irrigation and winter wet soils in Southwest Victoria
	52
	18

	SW (53–104)
	MacEwan R, Imhof M (in press) Major soils and landscapes along the Southwest Gas Pipeline 1999. DPI
	51
	28

	SFS
	MacEwan R, Imhof M (in press) Soils at raised bed cropping sites in south-west Victoria. DPI
	22
	6

	COF
	Feikema P, Sargeant I, Imhof M (in press) Characterisation of soils used for farm forestry in south-eastern mainland Australia. CFTT Report No. 2001/027. DPI
	9
	3

	BD
	Clarkson T (unpublished) Soils collected in the Ballarat district. DNRE
	13
	13


Table 5 Occurrence of CSG within soil-landform units and their components

	Corangamite Soil Group
	Soil-landform unit (components)

	1
	16(1); 18(1,2); 143(2,3)

	2
	15(3); 17(1); 19(3); 203(4); 204(1); 

	3
	15(2); 16(2,3); 19(1,2); 203(3); 

	4
	15(1); 16(1); 143(1); 203(1,2,); 204(1); 

	5
	70(1,2,3,4,5); 83(1,2); 

	6
	63(2,3); 64(2,3); 70(1,5); 71(6); 73(4); 

	7
	59(1,2,3); 60(1,2,3); 61(1,2,3); 63(1,4,5); 64(1,5,6); 65(1,2,3,4); 66(5); 67(3); 68(7); 72(5); 81(4); 91(1,2); 

	8
	20(4); 21(6); 23(2); 66(2,3); 68(6); 72(2); 81(5); 82(1,2); 85(2,3); 93(3,4); 94(4); 167(1), 184(1), 198(4)

	9
	125(4), 140(3), 145(1,2), 146(1,2,3), 147(1,2), 148(3), 149(1), 150(1), 152(1,2,3), 153(3)

	10
	133(5), 196(1,2,3)

	11
	58(1); 82(1,2); 88(2,3); 94(6); 171(3), 193(4)

	12
	62(1,2,3,4,5,6); 91(5); 196(1,2,3), 198(1,2,3), 199(1,2); 202(2,3,4,5); 

	13
	8(7); 12(3); 13(1,4); 14(1); 20(1,3); 21(5); 22(1); 23(4); 27(1); 77(1,2); 78(1,3); 79(3); 89(5); 131(1,2,3,4,5), 137(1,2,3), 155(2), 163(1,2,3), 168(1,2,5), 170(1,2,3), 171(1), 172(1,2), 173(1), 174(3,6), 178(1,2), 181(1), 182(1,2), 184(3,6), 186(1), 187(1,2,3,4), 190(1,2)

	14
	8(8); 11(3); 12(2); 13(3); 20(2); 22(2); 23(3); 25(3); 27(3); 28(5); 51(3); 56(6); 71(3); 77(3); 84(1,2); 89(3); 155(3), 168(3), 171(2), 172(3), 174(1,4,5), 174(1,2,3,4), 175(1,2), 182(3), 183(1), 184(7), 185(1,2,3), 188(1,2,3), 189(1,2), 190(3); 204(2,3); 

	15
	11(1); 12(1); 21(5); 23(1); 25(1); 27(1); 28(4); 73(3); 79(4); 89(4); 108(1,2,3), 166(1,2), 174(2), 177(1,2), 182(4), 184(6), 190(4)

	16
	11(2); 23(2); 25(2); 27(2); 79(2); 155(3), 181(1,2), 184(5)

	17
	13(2); 14(6); 67(2); 68(1,3,4); 79(1); 81(1,2); 85(1); 86(5,6,7,8); 87(1); 88(4); 90(1,3,4); 92(4,5); 93(1,2); 94(2,7); 160(2)

	18
	151(1)

	19
	78(2,4); 158(2,4), 171(4)

	20
	78(2,4); 160(3,4), 165(1,2,3), 170(3)

	21
	93(2); 161(1)

	22
	76(3,4,5); 81(4,5); 87(2,3); 160(5), 161(2,3,4,5), 162(1,2,3), 164(1,2,3,4,5), 165(4)

	23
	87(2,3); 157(1,2,3), 167(2), 177(3)

	24
	56(6); 75(4); 84(1,2); 158(3), 161(2,5), 164(2,3), 166(2), 198(5)

	25
	1(1,2); 2(1,2,3,4,6); 3(1,3); 4(1,2,3,4,6); 5(1,2); 6(1,2,4); 7(1,2); 8(2,3,5); 9(1,2); 10(2,3); 11(6,8); 12(4,5); 13(5); 14(3,4,5); 20(6,7,8); 21(1,2); 26(2); 28(1,2); 47(4); 48(4,5); 168(7), 172(4)

	26
	1(1,2); 2(2,3); 3(2); 5(1,2); 6(1,2); 7(3,4); 8(1,6); 9(2); 11(5); 13(4); 20(5,7); 47(5); 50(4); 155(4)

	27
	71(1,3,4); 73(1); 89(1,3,4,5,7); 158(1)

	28
	73(3); 

	29
	66(1,2,3,4); 67(1,2,4,5); 68(1,2,4,5); 69(1,2,3,4,5); 71(2,5); 72(1,2,3,4); 73(2); 74(1,2,3,4,5); 75(1,2,3,5,6,7); 76(1,2); 81(3); 86(1,2,3,4); 88(1,4,5); 89(2,6); 90(1,2,3,4,5); 91(2,3,4); 92(1,2,3,4,5); 93(1); 94(2,4,5,7); 160(1,2), 168(6), 169(1,2,3)

	30
	80(1,2); 168(6)

	
	continued next page ….

	Table 5 continued

	Corangamite Soil Group
	Soil-landform unit (components)

	31
	1(6); 9(4); 24(2); 31(2); 32(2); 34(3); 36(2); 37(2); 42(3); 48(2); 49(2); 50(2,3); 52(2); 54(2); 55(3); 56(1); 200(1,2,3,4); 201(1,2); 102(3), 107(2), 110(4), 112(3), 113(3,4), 114(4), 122(5), 125(3), 127(8), 138(2), 141(1,2), 142(3), 144(4), 148(5), 153(5), 154(3), 155(7), 156(1,2,3), 166(3), 173(2), 174(5), 176(3), 179(2), 180(2), 185(2,3), 191(1,3), 193(3), 194(1), 195(2,3), 197(2)

	32
	11(4); 17(2); 25(4); 39(2); 41(3); 50(2,3); 56(2,3); 78(6); 202(1); 204(4); 137(4), 166(1), 174(5), 178(3), 189(3), 190(5), 191(2), 192(1,2), 193(1), 195(1,2), 197(1,2)

	33
	9(5); 11(7); 25(4); 27(4); 55(2); 56(4,7); 56(7); 131(5), 155(5), 165(5), 180(1), 187(4)

	34
	1(3); 2(5); 3(4); 4(5); 5(3); 6(3); 8(4); 9(3,4); 11(7); 14(6); 17(4); 21(3); 28(3); 32(4); 32(6); 39(3); 42(5); 47(6); 48(6); 51(4); 52(6); 55(1,3); 56(1); 57(1); 64(4); 68(7); 69(5); 73(5); 76(6); 78(5); 81(6); 85(4); 86(5); 87(4); 93(5); 94(1,3); 95(1,2,3); 96(1,2,3); 155(6,8), 162(4), 171(5), 174(7,8), 180(3), 181(3), 184(4), 190(6), 193(2), 194(1)

	35
	17(3); 24(1); 31(1); 32(5); 33(4); 34(2); 36(1); 37(1); 45(3); 46(1,2,3,4); 48(1); 49(1); 52(1); 53(1,2,3); 54(1); 102(2), 116(1,2,3), 118(3), 121(1,2,3,4), 125(1,2), 127(3,4,6), 130(2), 133(1,3), 136(1,2,3,4), 137(1,2,3), 138(1,5), 140(1,2), 142(1), 148(4), 153(4), 154(1,2), 168(8), 186(1)

	36
	14(2); 29(3); 42(2); 47(3); 50(1); 53(1,2,3); 54(1); 55(4); 103(1,2,3,4,5), 112(2), 121(2,3), 125(1,2,3), 126(3,4), 127(1,2,3,4,5,6,7), 129(2,3), 132(2), 133(1,2,3,4), 135(1,2,3,4), 138(1), 144(1,2,3), 173(1), 179(1), 184(2)

	37
	1(5); 32(1); 33(4); 37(4); 38(3); 52(5); 56(5); 98(1,3); 101(4), 105(1,2,3), 107(1,2), 108(1,2,3), 110(1,2,3,4), 114(2), 116(1), 120(3), 122(1,2,3,4), 123(1,2,3), 124(1,2,3), 128(1,2), 130(1), 132(1), 133(2), 134(1,2,3), 140(1,2)

	38
	30(1,2,3,4); 43(1,2); 44(1,2); 98(1,2); 106(1,2,3), 110(1), 111(2), 115(1,2), 126(1,2,3,4), 130(1), 132(1), 139(1,2,3), 186(1)

	39
	26(1); 30(4); 37(5); 43(3); 44(3); 54(4); 55(5); 104(1,2,3), 108(4), 112(1), 113(2), 114(3), 115(3), 118(1,4), 119(1,2), 121(4), 126(3,4), 127(7), 129(1), 130(1), 133(4), 134(1), 138(4), 139(2,3), 142(2), 148(1), 153(1,2), 155(1,2,3), 156(3), 168(4,5), 186(2)

	40
	1(4); 5(4); 10(1); 21(4); 24(3); 29(1,2,4); 31(3); 32(3); 33(1,2,3); 34(1,4); 34(4); 35(1,2,3); 36(3,4); 37(3); 38(1,2); 39(1); 40(1); 41(1,2,4); 42(1,4); 43(1,2); 44(1,2); 45(1,2); 46(1); 47(1,2); 48(3); 49(3); 51(1,2); 52(3,4); 54(3); 97(1,2,3); 98(2); 99(1); 100(1,2,3,4), 101(1,2,3,4), 102(1,4), 105(1,2,3), 109(1,2), 111(1,2,3), 112(1), 113(1,2), 114(1,2), 115(1,2), 118(1,2), 120(1,2,3), 123(1,2,3), 124(1,2,3), 138(3), 148(2), 153(1,2), 173(4), 186(3)

	41
	1(4); 5(4); 30(1,2,3,4); 31(1); 33(1); 37(4); 96(2); 100(4), 101(1,2,3,4), 114(1), 121(1), 122(2)


Corangamite Soil Groups (CSG)

Palaeozoic granitic material

1. 
Strongly sodic mottled brown and grey texture contrast soils

Sites:
BD7, MM237, MM436 

2. 
Sodic mottled brown and grey texture contrast soils

Sites: 
MM162, MM411
3. 
Mottled brown and grey texture contrast soils


Sites:  
MM5150
4. 
Deep sands or texture contrast soils with deep (sandy) surfaces


Sites:
BD8, MM236
Cretaceous sediments

5. 
Brown and black sodic and strongly sodic texture contrast soils 


Sites:
CLRA40, MM5050, MM5078
6. 
Brown, yellow and grey strongly acidic and non-alkaline mottled texture contrast soils 

Sites:
OTR424, OTR735, SW71, SW72

7.
Brown, yellow, grey and black gradational (earth) soils

Sites:
CLRA12, CLRA27, COF01, OTR414, OTR416, OTR418, OTR428, OTR732, OTR736, OTR748, OTR750

Quaternary aeolian sediments

8. 
Deep sands, sands over clay on older dunes and reworked sediments

Sites:
CLRA5, CLRA 25, OTR500, OTR608, OTR609, OTR737, OTR739, OTR740
9. 
Black, grey and brown friable calcareous cracking clays and gradational soils

Sites:
MM114, SFS21, SW87
10. 
Black, brown, red and yellow sodic texture contrast soil on lunettes, fans


Sites:
CLRA5, MM229, MM291, SFS3
11. 
Sandy and poorly developed soils on lunettes, dunes and sand sheets (siliceous)


Sites:
BD9, CLRA7, OTR426
12.
Sandy, saline and poorly developed soils on lunettes, dunes and sand sheets (calcareous)


Sites:
CLRA41, CLRA42, CLRA44, OTR415
Neogene (non-calcareous) sediments

13.
Grey and brown (occasionally black, yellow or red) mottled texture contrast soils

Sites:
CLRA2, CLRA3, MM358, MM361, MM363, OTR492, OTR601, OTR744, OTR783, SW42, SW60, SW65, SW66, SW67, SW68

14.
Black, brown and grey strongly sodic and sodic mottled texture contrast soils

Sites:
CLRA33, COF04c, MM204, MM5006, OTR490, OTR 606, OTR734, SFS19, SFS22, SW93, SW99, SW100
15.
Yellow, brown and red strongly acidic mottled texture contrast soils

Sites:
MM5109, MM5318, OTR499, SW63, SW64

16.
Sands and sands with pans

Sites:
MM328, MM5117, SW56, SW59, SW61, SW70
17.
Black, grey, yellow and red mottled gradational (earth) soils

Sites:
COF04a, COF04b, OTR741, OTR746, OTR749, OTR782, SW5, SW24, SW36, SW37
18. 
Red sodic and strongly sodic mottled texture contrast soils

Sites:
CLRA36
Neogene marl

19.
Black, grey and brown sodic texture contrast soils 

Sites:
MM97, MM238, OTR743, SW80
20.
Black, grey and yellow texture contrast soils

Sites:
SW53
21.
Black, grey and yellow strongly acidic texture contrast soils

Sites:
CLRA11, OTR605, SW31
22.
Black, grey and yellow gradational (earth) soils

Sites: 
CLRA10, OTR413, SW52

Neogene limestone

23.
Red, brown and black strongly acidic and neutral texture contrast soils on Neogene limestone

Sites:
CLRA8, CLRA9, MM331

24.
Brown, red and black gradational or loam (earth) soils and red clays on Quaternary, Neogene and Palaeogene limestone


Sites:
CLRA32, MM334, OTR489, OTR784

Palaeozoic sediments

25.
Yellow and brown strongly acidic mottled texture contrast and gradational (earth) soils

Sites:
BD10, CLRA54, CLRA57, CLRA58, CLRA53
26. 
Yellow and brown sodic and strongly sodic mottled texture contrast soils 

Sites:
 BD11, BD13, MM204, MM219

Palaeogene sediments

27.
Brown, red and black sodic and non-sodic texture contrast soils 

Sites:
CLRA14, MM104, MM5083, MM5122, OTR490, SW73, SW76, SW77

28.
Brown and yellow strongly acidic texture contrast soils on Palaeogene sediments

Sites:
MM5135, SW32
29. 
Brown, grey and red gradational (earth) soils, and red and pale sandy soils 

Sites:
CLRA13, OTR426, OTR497, SW32, SW33, SW40, OTR608, OTR742

Palaeogene basic volcanics

30.
Black calcareous (and sodic) cracking clays on Palaeogene basic volcanics

Sites: 
CLRA 6
Quaternary alluvium

31. 
Black and grey cracking and non-cracking clay soils and seasonally wet soils

Sites:
CLRA15 CLRA35, CLRA48, MM75, MM111, MM332, MM5060, SW37
32. 
Black, brown and grey sodic and strongly sodic texture contrast soils

Sites:
CLRA4, CLRA45, MM54, MM112, MM283, MM347, OTR 492, SFS20, SW88, SW95

33.
Black and brown strongly acidic and non-sodic texture contrast soils 

Sites:
SW2, SW38, SW67
34.
Black, grey and brown gradational (earth) and loam soils 

Sites:
CLRA1, CLRA15, OTR733, SW23, SW39, SW57, SW58, SW62

Quaternary basic volcanics

35. 
Black and grey strongly sodic texture contrast soils 

Sites:
CLRA49, CLRA 52, MM109, MM110, MM115, MM178, MM187, MM239, MM274, MM280, MM5028, SW86, SW90 

36. 
Brown strongly sodic texture contrast soils 

Sites: 
CLRA47, MM173, MM414, MM432, MM5011, MM5015, MM5033, MM5085, SFS6, SFS11

37. 
Brown, black and grey non-sodic and sodic texture contrast soils 

Sites:
CLRA51, COF03a, COF03b, COF03c, MM113, MM212, MM227, MM228, MM230, MM232, MM309, MM5102, MM5149, SFS5 (gilgai complex), SW25, SW27, SW29, SW34, SW48, SW82_83 (gilgai complex), SW85, SW104

38.
Red sodic and non-sodic texture contrast soils 

Sites:
MM5075, MM5143

39. 
Black, grey, brown and red cracking calcareous clays

Sites:
CLRA46, CLRA62, MM5017, MM5035, MM5056, MM5154, SFS1, SFS2, SFS4, SFS12, SW89, SW98, SW101, SW102, SW103

40. 
Red and black strongly structured gradational and uniform soils (earths and loams) 

Sites:
BD1, BD4, BD5, BD6, SW8, SW26, SW96, SW97

41. 
Brown gradational and uniform soils (earths and loams) including the Ferrosols

Sites:
BD2, BD3, OTR607, SW8

Table 6 Classification of sites assigned to Corangamite Soil Groups
	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	Strongly sodic texture contrast soils
	Palaeozoic granitic rocks
	BD7
	Mesonatric, Mottled-Mesonatric, Grey Sodosol
	Dy3.71
	1

	
	
	BD8
	Melanic, Mottled-Mesonatric, Grey Sodosol
	Dy3.71
	4

	
	
	MM237
	Eutrophic, Mottled-Mesonatric, Brown Sodosol
	Dy3.42
	1

	
	
	MM436
	Eutrophic, Mottled-Hypernatric, Brown Sodosol
	Dy3.42
	1

	
	Cretaceous sediments
	MM5050
	Eutrophic, Mottled-Mesonatric, Brown Sodosol
	Dy3.42
	5

	
	
	MM5078
	Ferric, Mottled-Mesonatric, Brown Sodosol
	Db2.41
	5

	
	Neogene sediments
	SW93
	Ferric, Mottled-Hypernatric, Black Sodosol
	Dy5.42
	14

	
	
	SW99
	Vertic, Mottled-Hypernatric, Grey Sodosol
	Dy3.43
	14

	
	
	OTR490
	Calcic, Mesonatric, Brown Sodosol
	Dy3.12
	14

	
	
	OTR606
	Melanic, Mottled-Mesonatric, Brown Sodosol
	Dy5.22
	14

	
	
	OTR734
	Melanic, Mottled-Mesonatric, Brown Sodosol
	Db2.21
	14

	
	
	SW100
	Calcic, Hypernatric, Brown Sodosol
	Db1.43
	14

	
	
	SFS19
	Vertic (& Ferric, Mottled-Subnatric, Brown Sodosol
	Dy3.32
	14

	
	
	SFS22
	Vertic & Calcic, Mottled-Hypernatric, Brown Sodosol
	Db2.43
	14

	
	Neogene marl
	MM238
	Calcic, Mottled-Hypernatric, Grey Sodosol
	Dy3.33
	19

	
	
	OTR743
	Melanic, Mesonatric, Black Sodosol
	Dd1.23
	19

	
	
	SW80
	Eutrophic, Mottled-Mesonatric, Grey Sodosol
	Dd2.42
	19

	
	Palaeozoic sediments
	MM219
	Ferric, Bleached-mesonatric, Brown Sodosol
	Dy3.42
	26

	
	Palaeogene sediments
	MM5122
	Calcic, Mesonatric, Red Sodosol
	Dr2.13
	27

	
	
	OTR490
	Calcic, Mesonatric, Brown Sodosol
	Dy3.12
	27

	
	
	SW73
	Bleached-Mottled, Mesotrophic, Brown Chromosol
	Db2.31
	27

	
	Quaternary alluvium
	MM54
	Melanic, Mottled-Mesonatric, Black Sodosol
	Dd2.42
	32

	
	
	MM291
	Calcic, Hypernatric, Red Sodosol
	Dr2.13
	10

	
	
	CLRA4
	 Eutrophic, Mottled-Hypernatric, Brown Sodosol 
	Dy3.43
	32

	
	
	MM170
	Magnesic, Mottled-Mesonatric, Brown Sodosol
	Dy3.42
	32

	
	
	MM283
	Ferric, Mottled-Hypernatric, Brown Sodosol
	Dy3.43
	32

	
	
	SFS20
	Vertic (&Calcic), Mesonatric, Black Sodosol
	Dd2.43
	32

	
	
	SW88
	Vertic (& Calcic), Mottled-Mesonatric, Black Sodosol
	Dd2.23
	32
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Table 6 continued

	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	
	
	SW95
	Vertic (& Calcic), Mottled-Hypernatric, Black Sodosol
	Dd2.13
	32

	
	Quaternary basalt
	CLRA47
	 Eutrophic, Mesonatric,Brown Sodosol 
	Dy3.43, Dg2.43
	36

	
	
	CLRA49
	Eutrophic, Mesonatric, Black Sodosol  
	Dd1.12
	35

	
	
	CLRA52
	Vertic, Mesonatric, Black Sodosol  
	Dd2.13
	35

	
	
	MM109
	Hypocalcic, Mottled-Hypernatric, Black Sodosol
	Dd2.43
	35

	
	
	MM110
	Calcic, Mesonatric, Black Sodosol
	Dd1.13
	35

	
	
	MM115
	Hypercalcic, Mottled-Hypernatric, Black Sodosol
	Dd2.33
	35

	
	
	MM178
	Eutrophic, Mottled-Hypernatric, Grey Sodosol
	Db2.42
	35

	
	
	MM187
	Eutrophic, Mottled-Hypernatric, Black Sodosol
	Dd2.43
	35

	
	
	MM239
	Eutrophic, Mottled-Mesonatric, Grey Sodosol
	Dy3.33
	35

	
	
	MM274
	Calcic, Mottled-Hypernatric, Grey Sodosol
	Dy3.33
	35

	
	
	MM280
	Ferric, Mottled-Hypernatric, Grey Sodosol
	Dy3.43
	35

	
	
	MM173
	Eutrophic, Mottled-Mesonatric, Brown Sodosol
	Db2.42
	36

	
	
	MM414
	Vertic, Mottled-Mesonatric, Brown Sodosol
	Dy3.32
	36

	
	
	MM432
	Ferric, Mottled-Mesonatric, Brown Sodosol
	Dy3.33
	36

	
	
	MM5011
	Hypercalcic, Mottled-Mesonatric, Brown Sodosol
	Db2.13
	36

	
	
	MM5015
	Eutrophic, Mottled-Hypernatric, Brown Sodosol
	Dy3.43
	36

	
	
	MM5028
	Vertic (& Calcic), Hypernatric, Black Sodosol
	Dd1.13
	35

	
	
	MM5075
	Melanic, Mesonatric, Red Sodosol
	Dr4.13
	38

	
	
	MM5085
	Ferric, Mottled-Hypernatric, Brown Sodosol
	Dy3.43
	36

	
	
	MM5143
	Melacic, Mesotrophic, Red Chromosol
	Dr2.11
	38

	
	
	SFS6
	Manganic Mottled-Mesonatric, Yellow Sodosol
	Dy3.42
	36

	
	
	SFS11
	Mottled-Mesonatric, Grey Sodosol
	Dy3.43
	36

	
	
	SW86
	Vertic (& Calcic), Mottled-Mesonatric, Black Sodosol
	Dd2.23
	35

	
	
	SW90
	Calcic, Mottled-Mesonatric, Black Sodosol
	Dd2.23
	35

	Sodic  texture contrast soils
	Palaeozoic granitic rocks
	MM162
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	2

	
	
	MM236
	Melanic, Mottled-Subnatric, Grey Sodosol 
	Dy5.51
	4

	
	
	MM411
	Ferric, Mottled-Subnatric, Brown Sodosol
	Dy3.42
	2

	
	Cretaceous sediments
	CLRA40
	Melanic, Mottled-Subnatric,  Black Sodosol
	Dd2.13
	5
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Table 6 continued

	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	
	Quaternary aeolian and fan deposits
	CLRA5
	Eutrophic, Mottled-Subnatric, Yellow Sodosol 
	Dy3.41
	8, 10

	
	
	SFS3
	Vertic (& Ferric), Mottled-Subnatric, Grey Sodosol
	Dy3.13
	10

	
	Neogene sediments
	CLRA36
	 Melanic, Mottled-Subnatric,Red Sodosol 
	Dr2.42
	18

	
	
	CLRA33
	?, Mottled-Subnatric, Red Sodosol
	Dr3.42
	14

	
	
	COF04c
	Magnesic, subnatric, Yellow Sodosol
	Dy3.41
	14

	
	
	MM204
	Ferric, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	14

	
	
	MM5006
	Ferric, Motted-Subnatric, Brown Sodosol
	Dy3.42
	14

	
	
	OTR492
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	13

	
	
	OTR744
	Melanic, Mottled-Subnatric, Brown Sodosol
	Dy5.22
	13

	
	Neogene marl
	MM97
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.42
	19

	
	Palaeozoic sediments
	BD11
	Melanic, Subnatric, Red Sodosol
	Dr3.63
	26

	
	
	BD13
	Mesonatric, Subnatric, Yellow Sodosol
	Dy3.51
	26

	
	
	MM204
	Ferric, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	26

	
	Palaeogene sediments
	CLRA14
	Mesotrophic, Mottled-Subnatric, Brown Sodosol 
	Dy3.41
	27

	
	
	MM104
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Db2.42
	27

	
	
	SW76
	Vertic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	27

	
	Quaternary alluvium
	MM112
	Eutrophic, Mottled-Subnatric, Black Sodosol
	Dd2.32
	32

	
	
	MM347
	Melacic, Subnatric, Black Sodosol
	Dd1.31
	32

	
	
	OTR492
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	32

	
	Quaternary basalt
	COF03a
	Eutrophic, Subnatric, Brown Sodosol
	Dy2.23
	37

	
	
	COF03b
	Vertic, Subnatric, Grey Sodosol
	Dy3.22
	37

	
	
	COF03c
	Vertic, Subnatric, Brown Sodosol
	Dy3.22
	37

	
	
	MM113
	Eutrophic, Mottled-Subnatric, Black Sodosol
	Dd2.33
	37

	
	
	MM212
	Vertic (&Calcic), Subnatric, Black Sodosol
	Dd2.33
	37

	
	
	MM309
	Melanic, Mottled-Subnatric, Black Sodosol
	Dd2.12
	37

	
	
	MM5102
	Melanic, Mottled-Subnatric, Brown Sodosol
	Dy3.32
	37

	
	
	SW85
	Vertic (& Calcic), Subnatric, Grey Sodosol
	Dy3.43
	37

	
	
	SW104
	Vertic (& Hypercalcic), Subnatric, Black Sodosol
	Dd1.13
	37
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Table 6 continued

	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	(Non sodic) texture contrast soils
	 Palaeozoic granitic rocks
	MM5150
	Mottled, Mesotrophic, Brown Chromosol
	Dy3.41
	3

	
	Cretaceous sediments
	SW71
	Bleached-Vertic (& Mottled), Magnesic, Brown Chromosol
	Db2.41
	6

	
	
	SW72
	Bleached-Vertic, Magnesic, Brown Chromosol
	Db2.41
	6

	
	Neogene sediments
	CLRA2
	Melanic-vertic Eutrophic, Black Chromosol
	Db2.32
	13

	
	
	CLRA3
	Bleached-sodic, Eutrophic, Grey Chromosol 
	Dy3.43
	13

	
	
	MM358
	Mottled, Mesotrophic, Brown Chromosol
	Dy3.51
	13

	
	
	MM361
	Bleached-Mottled, Eutrophic, Brown Chromosol
	Db2.41
	13

	
	
	MM363
	Bleached-Mottled, Eutrophic, Black Chromosol
	Dd2.42
	13

	
	
	OTR601
	Ferric, Mesotrophic, Brown Chromosol
	Dy3.11
	13

	
	
	OTR783
	Melanic, Dystrophic, Brown Chromosol
	Db1.42
	13

	
	
	SW42
	Melacic-Mottled (& Vertic), Eutrophic, Brown Chromosol
	Dy3.32
	13

	
	
	SW60
	Reticulate, Mesotrophic, Brown Chromosol
	Dy3.41
	13

	
	
	SW66
	Melacic-Mottled, Eutrophic, Brown Chromosol
	Dy3.21
	13

	
	
	SW67
	Bleached-Mottled, Eutrophic, Brown Chromosol 
	Db2.21
	13

	
	
	SW68
	Bleached-Mottled, Eutoprhic, Brown Chromosol
	Db2.41
	13

	
	Neogene marl
	SW53
	Vertic (& Sodic) Calcic, Grey Chromosol
	Dy3.13
	20

	
	
	SW77
	Bleached-Vertic, Eutrophic, Yellow Chromosol
	Dy3.41
	20

	
	
	SW82
	Vertic (& Sodic), Calcic, Black Chromosol
	Dd1.13
	20

	
	Neogene limestone
	MM331
	Mottled, Eutrophic, Brown Chromosol
	Db2.31
	23

	
	Palaeogene sediments
	MM5083
	Vertic, Calcic, Black Chromosol
	Dd1.13
	27

	
	Quaternary alluvium
	MM229
	Haplic, Calcic, Black Chromosol
	Dy5.42
	10

	
	
	SW2
	Humose, Hypocalcic, Black Chromosol
	Dd1.13
	33

	
	
	SW38
	Ferric-Sodic, Mesotrophic, Grey Chromosol
	Dy3.42
	33

	
	
	SW67
	Bleached-Mottled, Eutrophic, Brown Chromosol
	Db2.21
	33

	
	Quaternary basalt
	CLRA51
	Vertic, Magnesic,  Black Chromosol
	Dd3.13
	37

	
	
	MM227
	Bleached-Ferric, Eutrophic, Black Chromosol
	Dd4.32
	37
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Table 6 continued

	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	
	
	MM228
	Mottled-Sodic, Mesotrophic, Brown Chromosol
	Db2.31
	37

	
	
	MM230
	Haplic, Calcic, Black Chromosol
	Dd1.13
	37

	
	
	MM232
	Bleached-Ferric, Eutrophic, Brown Chromosol
	Db2.41
	37

	
	
	MM5149
	Mottled, Eutrophic, Black Chromosol
	Dd1.32
	37

	
	
	SFS5(puff)
	Vertic (& Sodic), Eutrophic, Brown Chromosol
	Dy3.13
	37

	
	
	SW25
	Ferric, Eutrophic, Brown Chromosol
	Db1.22
	37

	
	
	SW27
	Bleached-Vertic (and Ferric), Eutrophic, Grey Chromosol
	Dy3.42
	37

	
	
	SW29
	Bleached-sodic, Eutrophic, Brown Chromosol
	Db2.42
	37

	
	
	SW34
	Bleached-Vertic, Mesotrophic, Brown Chromosol
	Dy3.41
	37

	
	
	SW48
	Bleached-Vertic (and Ferric), Eutrophic, Brown Chromosol
	Db2.41
	37

	Strongly acidic texture contrast soils
	Cretaceous sediments
	OTR424
	Bleached, Eutrophic, Grey Kurosol
	Dy2.21
	6

	
	
	OTR735
	Bleached-sodic, Magnesic, Brown Kurosol
	Db2.21
	6

	
	Neogene sediments
	MM5109
	Melacic-Mottled, Natric,  Yellow Kurosol
	Dy5.41
	15

	
	
	MM5308
	Bleached-Mottled, ?, Brown Kurosol
	Dy3.41
	15

	
	
	OTR499
	Bleached-sodic, Eutrophic, Black Kurosol
	Db4.31
	15

	
	
	SW63
	Humose, Dystrophic, Brown Kurosol (thick sandy surface)
	Gn2.81
	15

	
	
	SW64
	Humose-acidic, Kandosolic, Redoxic, Hydrosol
	Uc5.32
	15

	
	Neogene marl
	CLRA11
	Melanic, Eutrophic, Black Kurosol
	Dd2.11
	21

	
	
	OTR605
	Melacic, Pipey, Aeric Podosol
	Dy5.21
	21

	
	
	SW31
	Bleached-Mottled, Mesotrophic, Brown Kurosol
	Dy3.41
	21

	
	Neogene limestone
	CLRA8
	Haplic, Eutrophic, Brown Kurosol
	Dy3.12
	23

	
	
	CLRA9
	Haplic, Eutrophic, Red Kurosol
	Dr2.11
	23

	
	Palaeozoic sediments
	BD10
	Bleached-sodic, Mesonatric, Yellow Kurosol
	Dy2.71
	25

	
	
	CLRA58
	Bleached-sodic, Magnesic, Brown Kurosol
	Dy3.41
	25

	
	Palaeogene sediments
	MM5135
	Kurosol
	Uc2.31, Dy3.41
	28

	
	
	SW32
	Bleached-Mottled, Mesotrophic, Grey Kurosol
	Dy3.41, Uc2.22
	28
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Table 6 continued

	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	
	
	SW32
	Bleached-Mottled, Mesotrophic, Grey Kurosol
	Uc2.22, Dy3.41
	29

	Gradational soils (earths) and loams
	Cretaceous sediments
	CLRA12
	Melacic-mottled, Mesotrophic, Brown Dermosol
	Gn4.31
	7

	
	
	CLRA27
	Melanic, ?, Brown Dermosol
	Gn4.32
	7

	
	
	COF01
	Acidic, Eutophic, Brown Dermosol
	Gn3.51
	7

	
	
	OTR414
	Melacic, Mesotrophic, Black Dermosol
	Gn3.41
	7

	
	
	OTR416
	Acidic-mottled, Mesotrophic, Yellow Dermosol
	Gn3.90
	7

	
	
	OTR418
	Haplic, Mesotrophic, Brown Dermosol
	Gn3.21
	7

	
	
	OTR428
	Acidic, Dystrophic, Brown Dermosol
	Gn3.21
	7

	
	
	OTR732
	Melanic, Mesotrophic, Black Kandosol 
	Gn2.02
	7

	
	
	OTR736
	Melacic, Dystrophic, Brown Dermosol
	Uc1.41
	7

	
	
	OTR748
	Acidic-mottled, Magnesic, Brown Dermosol
	Gn3.21
	7

	
	
	OTR750
	Acidic-mottled, Magnesic, Brown Dermosol
	Gn3.51
	7

	
	
	OTR607
	Humose-acidic, Magnesic, Black Kandosol 
	Gn2.01
	41

	
	Quaternary aeolian sediments
	OTR737
	Melacic-mottled, Petroferric, Brown Kandosol
	Um5.42/

Dy3.11
	8

	
	
	SFS21
	Melanic, Calcic, Black Dermosol, Vertosol
	Gn3.43, Ug5.11
	9

	
	Neogene sediments
	COF04a
	Bleached-mottled, Magnesic, Grey Kandosol
	Um4.31
	17

	
	
	COF04b
	Bleached-mottled, Magnesic, Grey Kandosol
	Gn2.74, Dy3.41
	17

	
	
	OTR741
	Melacic, Mesotrophic, Brown Kandosol 
	Gn3.84
	17

	
	
	OTR746
	Mottled, Mesotrophic, Brown Dermosol
	Gn3.51
	17

	
	
	OTR749
	Haplic, Mesotrophic, Red Dermosol
	Gn2.11
	17

	
	
	OTR782
	Bleached-ferric, Mesotrophic, Brown Dermosol
	Gn3.74
	17

	
	
	SW5
	Mottled-Sodic, Eutrophic, Brown Dermosol
	Gn3.71
	17

	
	
	SW24
	Haplic, Mesotrophic, Brown Kandosol
	Gn2.81
	17

	
	
	SW36
	Melacic-Mottled, Eutrophic, Black Dermosol
	Gn3.41
	17

	
	
	SW37
	Epiacidic, Epipedal, Black Vertosol
	Ug5.16, Gn3.41
	17

	
	
	SW65
	Reticulate, Mesotrophic, Brown Dermosol
	Dy3.11
	13

	
	Neogene Marl
	CLRA10
	Mottled, Eutrophic, Brown Kandosol 
	Gn2.81
	22

	
	
	OTR413
	Melacic, Pipey, Aeric Podosol
	Uc2.33
	22
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	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	
	
	SW52
	Vertic (& Bleached-Acidic), Eutrophic, Grey Dermosol
	Gn3.04
	22

	
	Neogene limestone
	CLRA32
	Melanic, Lithic, Hypocalcic  Calcarosol
	Um7.11, Gc1.21
	24

	
	
	OTR784
	Sodic, Hypercalcic, Brown Dermosol
	Gc2.21
	24

	
	
	OTR489
	Ceteric, Pedal, Calcic Calcarosol
	Gc2.21
	24

	
	Paleozoic sediments
	CLRA53
	Acidic-mottled, Dystrophic, Yellow Dermosol
	Gn3.71
	25

	
	
	CLRA54
	Acidic-mottled, Magnesic,Brown Dermosol
	Gn3.91
	25

	
	
	CLRA57
	Bleached-mottled, Dystrophic,Yellow Dermosol
	Gn3.71
	25

	
	Palaeogene sediments
	CLRA13
	Melacic-parapanic, Humosesquic, Semi-aquic Podosol
	Uc2.33
	29

	
	
	OTR426
	Acidic, Lithosolic, Clastic Rudosol
	Uc2.2
	29

	
	
	OTR497
	Sodic, Eutrophic, Yellow Kandosol
	Gn2.81
	29

	
	
	SW33
	Acidic, Dermosolic, Redoxic Hydrosol
	Gn3.90
	29

	
	
	SW40
	Humose-Acidic (& Bleached), Mesotrophic, Grey Dermosol
	Gn3.90
	29

	
	
	OTR608
	Melacic, Humic/alsilic, Semiaquic, Podosol
	Uc4.0
	16

	
	
	OTR742
	Melacic, Pipey, Aeric Podosol
	Uc2.33
	16

	
	Quaternary alluvium
	CLRA1
	Melanic, Eutrophic, Grey Dermosol, Vertosol
	Gn3.93, Ug5.28
	34

	
	
	OTR733
	Melanic, Eutrophic, Black Kandosol 
	Gn2.02
	34

	
	
	SW23
	Acidic, Mesotrophic, Brown Dermosol
	Gn3.04
	34

	
	
	SW39
	Melacic (& vertic), Eutrophic, Black Dermosol
	Gn3.47
	34

	
	
	SW57
	Humose, Dermosolic, Redoxic Hydrosol
	Gn3.91
	34

	
	
	SW58
	Humose, Kurosolic, Redoxic Hydrosol
	Dy3.11
	34

	
	
	SW62
	Humose-acidic, Tenosolic, Redoxic Hydrosol
	Uc4.
	34

	
	Quaternary basalt
	BD1
	Melanic, Eutrophic, Red Ferrosol 
	Gn4.12
	40

	
	
	BD4
	Haplic, Eutrophic, Red Ferrosol 
	Gn4.12
	40

	
	
	BD5
	Melanic, Eutrophic, Red Ferrosol 
	Gn4.12
	40

	
	
	BD6
	Melanic, Eutrophic, Red Ferrosol 
	Gn4.12
	40

	
	
	SW8
	Sodic, Eutrophic, Brown Dermosol (Ferrosol?)
	Gn3.22
	40

	
	
	SW26
	Humose, Calcic, Black Dermosol (Ferrosol?)
	Gn3.43
	40

	
	
	SW96
	Vertic (& Sodic), Hypercalcic, Black Dermosol
	Gn3.43
	40
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	Broad soil type
	Lithology
	Site no.
	Australian Soil Classification  (ASC)
	Factual Key (FK)
	Corangamite Soil Group

	
	
	SW97
	Vertic (& Sodic), Calcic, Black Dermosol
	Gn3.43, Gn3.93
	40

	
	
	BD2
	Melanic, Eutrophic, Brown Ferrosol 
	Gn2.64
	41

	
	
	BD3
	Melanic, Eutrophic, Black Kandosol 
	Gn2.02
	41

	
	
	SW8
	Sodic, Eutrophic, Brown Dermosol (Ferrosol?)
	Gn3.22
	41

	Sands
	Quaternary aeolian sediments
	CLRA25
	Mottled, ?, Red Chromosol, Podosol
	Dr5.12
	8

	
	
	OTR500
	Acidic, Regolithic, Bleached-leptic Tenosol
	Uc/Dy5.41
	8

	
	
	OTR608
	Melacic, Humic/alsilic, Semiaquic, Podosol
	Uc4.0
	8

	
	
	OTR609
	Melacic,Regolithic, Chernic-leptic Tenosol
	Gn2.21
	8

	
	
	OTR739
	Melacic-parapanic, Humic/sesquic, Aquic Podosol
	Uc4.0
	8

	
	
	OTR740
	Fragic, subnatric, Aeric Podosol
	Uc5.11
	8

	
	
	BD9
	Parapanic, Sesquic, Aeric Podosol
	Uc1.22
	11

	
	
	CLRA7
	Melacic,Sesquic, Aeric Podosol  
	Uc2.34
	11

	
	
	OTR426
	Acidic, Lithosolic, Clastic Rudosol
	Uc2.2
	11

	
	
	CLRA41
	Melanic, Regolithic, Bleached-leptic Tenosol
	Uc2.21
	12

	
	
	CLRA42
	Melanic, Sesquic, Aeric Podosol
	Uc4.32
	12

	
	
	CLRA44
	Bleached-sodic, Sodosolic Redoxic Hydrosol 
	Uc2.21, Dg4.43
	12

	
	
	OTR415
	Ceteric, Regolithic, Shelly Calcarosol
	Uc5.11
	12

	
	Neogene sediments
	MM328
	?, Homosesquic, ? Podosol
	Dy3.61
	16

	
	
	MM5117
	Melanic-Basic, ?, Bleached-Orthic Tenosol
	Uc2.20
	16

	
	
	SW56
	Melacic, Humic/Sesquic, Semiaquic Podosol
	Dy2.41
	16

	
	
	SW59
	Vertic, Mesotrophic, Brown Kurosol, Podosol
	Dy3.41, Gn2.31
	16

	
	
	SW61
	Melacic, Humic/Humosesquic, Semiaquic Podosol
	Uc2.33
	16

	
	
	SW70
	Humose, Sesquic, Semiaquic Podosol
	Uc2.32
	16

	Clays
	Quaternary aeolian deposits
	MM114
	Epicalcareous, Self-mulching, Brown Vertosol
	Ug5.24
	9

	
	
	SW87
	Epihypersodic-Endocalcareous, Self-Mulching, Black Vertosol
	Ug5.11
	9

	
	Neogene limestone
	MM334
	Epicalcareous, Self-mulching, Red Vertosol
	Ug5.36
	24
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	Factual Key (FK)
	Corangamite Soil Group

	
	Palaeogene basalt
	CLRA6
	Endocalcareous-endohypersodic, Self-mulching, Black Vertosol  
	Ug5.26
	30

	
	Quaternary alluvium
	CLRA1
	Melanic, Eutrophic, Grey Dermosol, Vertosol
	Gn3.93, Ug5.28
	34

	
	
	CLRA15
	Haplic, Self-mulching, Black Vertosol  
	Ug5.16
	31, 34

	
	
	CLRA35
	?, Epipedal, Brown Vertosol  
	Ug5.28
	31

	
	
	CLRA48
	Epihypersodic, Self-mulching, Grey Vertosol 
	Ug5.28
	31

	
	
	MM75
	Mottled, Epipedal, Black Vertosol
	Ug5.16
	31

	
	
	MM111
	Eutrophic, Mottled-Subnatric, Black Sodosol, Vertosol
	Ug5.16
	31

	
	
	MM332
	?, Epipedal, Black Vertosol
	Ug5.16
	31

	
	
	MM5060
	Episodic, Epipedal, Black Vertosol
	Ug5.16
	31

	
	
	SW37
	Epiacidic, Epipedal, Black Vertosol
	Ug5.16
	31

	
	Quaternary basalt
	CLRA46
	?, Self-mulching, Brown Vertosol
	Ug5.28
	39

	
	
	CLRA62
	Epihypersodic, Massive, Black Vertosol
	Ug5.4
	39

	
	
	MM5017
	Episodic-endocalcareous, Epipedal, Grey Vertosol
	Ug5.22
	39

	
	
	MM5035
	Episodic, Epipedal, Black Vertosol
	Ug5.12
	39

	
	
	MM5056
	Haplic, Epipedal, Black Vertosol
	Ug5.12
	39

	
	
	MM5154
	Endohypersodic, Epipedal, Black Vertosol
	Ug5.12
	39

	
	
	SFS1
	Vertic (& Sodic), Self-mulching, Grey Vertosol
	Ug5.26
	39

	
	
	SFS2
	Endocalcareous, Self-mulching, Black Vertosol
	Ug5.11
	39

	
	
	SFS4
	Endocalcareous-Endohypersodic, Self-mulching, Black Vertosol
	Ug5.14
	39

	
	
	SFS12
	Calcic, Self-mulching, Brown Vertosol
	Ug5.34
	39

	
	
	SW89
	Endocalcareous, Self-mulching, Black Vertosol
	Ug5.11
	39

	
	
	SW98
	Epihypersodic-Endocalcareous, Epipedal, Black Vertosol
	Ug5.13
	39

	
	
	SW101
	Episodic-Endocalcareous, Self-mulching, Black Vertosol
	Ug5.11
	39

	
	
	SW102
	Epihypersodic-Endocalcareous, Epipedal, Brown Vertosol
	Ug5.11
	39

	
	
	SW103
	Epicalcareous-Epihypersodic, Massive, Red Vertosol
	Ug5.6
	39


1.
Strongly sodic mottled brown and grey texture contrast soils on Palaeozoic granitic material
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This soil has developed on granitic parent material (rock or colluvial material) in the Western Uplands.  

The surface soil is often a dark massive sandy loam to sandy clay loam over a massive conspicuously bleached loamy sand to sandy clay loam subsurface horizon with variable amounts of coarse fragments (quartz).  There is a clear change to a mottled yellow brown (occasionally light grey) strongly medium to coarsely structured medium clay, often with a red mottle and some quartz or rock fragments, grading into lighter weathered material.  The depth is about 100 cm or more with variable depths of the surface horizons, generally 15 cm for the surface and 25 cm for the subsurface, often deeper.

Notable features include: texture contrast and associated structure differences between the surface horizons and subsoil, the strongly sodic subsoil, coarse fraction component of the soil with low nutrient capacity and low water holding capacity.  These features make these soils vulnerable to erosion, particularly on sloping terrain given poor drainage characteristics and lighter surface materials. 

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 

mapsheet

	BD7
	17
	Crests and slopes
	Mesonatric, Mottled-Mesonatric, Grey Sodosol
	Dy3.71
	T7722 - BACCHUS MARSH

	MM237
	18
	Long gentle slopes
	Eutrophic, Mottled-Mesonatric, Brown Sodosol
	Dy3.42
	T7522 - SKIPTON

	MM436
	143
	Mid and lower slopes
	Eutrophic, Mottled-Hypernatric, Brown Sodosol
	Dy3.42
	T7522 - SKIPTON


2.
Sodic mottled brown and grey texture contrast soils on Palaeozoic granitic material
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These soils have developed on granitic parent material (rock or colluvial material) in the Western Uplands.

The surface soil is often a dark weakly coherent to massive sandy loam to sandy clay loam over a weakly coherent to massive (coherent) conspicuously bleached loamy sand to sandy clay loam subsurface horizon with variable amounts of coarse fragments (quartz).  There is a clear change to a mottled yellow brown (occasionally light grey or dark grey) strongly medium to coarsely structured medium clay, often with a red mottle and some quartz or rock fragments, grading into lighter weathered material.  The subsoil is sodic. The depth is about 100 cm or more, with variable surface horizon depths, generally 15 cm for the surface and 25 cm for the subsurface, often deeper (as in the Lal Lal area) depending on topographic position.  Some profiles have deeper A1 horizons than A2 (in more organic enriching positions); these may be slightly shallower.

Notable features include: texture contrast and associated structure differences between the surface horizons and subsoil, the sodic subsoil, coarse fraction component of the soil (particularly the lighter upper soil) with low nutrient capacity (nutrient decline) and low water holding capacity.  These features make these soils vulnerable to erosion, particularly on sloping terrain given poor drainage characteristics, subsoil dispersion and less coherent lighter surface materials.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	MM162
	15
	Lower slopes
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	T7622 - BALLARAT

	MM411
	18
	Lower slopes
	Ferric, Mottled-Subnatric, Brown Sodosol
	Dy3.42
	T7522 - SKIPTON


3.
Mottled brown and grey texture contrast soils on Palaeozoic granitic material

These soils have developed on granitic parent material (rock or colluvial material) in the Western Uplands.

The surface soil is often a dark weakly coherent to massive sandy loam to sandy clay loam over a massive or moderately coherent conspicuously bleached loamy sand to sandy clay loam subsurface horizon with variable amounts of coarse fragments (quartz).  There is a clear change to a mottled yellow brown (occasionally light grey or dark grey) strongly medium to coarsely structured medium clay, often with a red mottle and some quartz or rock fragments, grading into lighter weathered material.  The subsoil may be sodic at depth. The depth is about 100 cm or more with variable depths of the surface horizons, generally 15 cm for the surface and 25 cm for the subsurface, often deeper (as in the Lal Lal area).

Notable features include: texture contrast and associated structure differences between the surface horizons and subsoil, the strongly sodic subsoil, coarse fraction component of the soil with low nutrient capacity and low water holding capacity.  These features make these soils vulnerable to erosion, particularly on sloping terrain given poor drainage characteristics, subsoil dispersion and lighter surface materials.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	MM5150
	20
	Undulating plains and drainage lines
	Mottled, Mesotrophic, Brown Chromosol
	Dy3.41
	T7722 - BACCHUS MARSH
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4.
Deep sands or texture contrast soils with deep (sandy) surfaces on Palaeozoic granitic material
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These soils have developed on granitic parent material (rock or colluvial material) in the Western Uplands.

The surface soil is often a dark weakly coherent to massive sandy loam over a massive or moderately coherent conspicuously bleached loamy sand to sandy loam subsurface horizon with variable amounts of coarse fragments (quartz).  There may be a clear change at depth to a mottled yellow brown (occasionally light grey or dark grey) strongly medium to coarsely structured medium clay, often with a red mottle and some quartz or rock fragments, or grade directly into weather parent material (saprolite). The depth is often more than 100 cm or more with variable depths of the surface horizon, generally 15 cm for the surface. Site BD8 in the Lal Lal area is an example of a texture contrast soil with deep surface horizons (77 cm).

Notable features include: the difference in structure between the surface horizons and subsoil where they exist, the coarse fraction component of the soil and associated poor water holding and low nutrient capacities, and lateral movement of water.  These features make these soils vulnerable to erosion, particularly on sloping terrain given lighter surface materials and variable drainage characteristics, leading to seepage areas.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	BD8
	17
	Crest
	Melanic, Mottled-Mesonatric, Grey Sodosol
	Dy3.71
	T7722 - BACCHUS MARSH

	MM236
	19
	Upper slope
	Melanic, Mottled-Subnatric, Grey Sodosol 
	Dy5.51
	T7522 - SKIPTON


5.
Brown and black sodic and strongly sodic texture contrast soils on Cretaceous sediments
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These soils occur on drier aspects of terrain underlain by Cretaceous sediments at the edges of the Southern Uplands and are sometimes influenced by surrounding basic volcanic terrain.

The surface soil is a moderately fine structured dark organic fine sandy loam to clay loam (5‑40 cm deep) with a clear change to a massive (occasionally weak structure) bleached hardsetting subsurface sandy loam to clay loam soil (A2 horizon 30–60 cm) which clearly overlies a dark medium to heavy clay subsoil which is often mottled, particularly with depth.  Subsoil structure ranges from coarse to medium depending on texture and cation dominance (coarser structure indicates higher sodicity).  Subsoils are sodic in the upper subsoil.  Soil depth is usually greater than 100 cm before grading into weathered sandstone, often clearly.  Combined with steep slopes these soils are slip prone.

Notable characteristics include: high clay content with fine sand component, weathered deep profiles with little rock fragment content, texture contrast with variable surface soil depth, pale mottled lower subsoils which are sodic, and high nutrient capacity (magnesic) despite relatively low pH.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	CLRA40
	123
	Hillcrest
	Melanic, Mottled-Subnatric, Black Sodosol
	Dd2.13
	T7821 - SORRENTO

	MM5050
	70
	Gentle crests
	Eutrophic, Mottled-Mesonatric, Brown Sodosol
	Dy3.42
	T7721 - GEELONG

	MM5078
	70
	Lower slopes
	Ferric, Mottled-Mesonatric, Brown Sodosol
	Db2.41
	T7721 - GEELONG


6.
Brown, yellow and grey strongly acidic and non-alkaline mottled texture contrast soils on Cretaceous sediments
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These soils occur on drier and moderately moist aspects of the Southern Uplands underlain by Cretaceous sediments.

The surface soil is a moderately fine structured dark organic fine sandy loam to clay loam (5‑40 cm deep) with a clear change to a massive (occasionally weak structure) bleached hardsetting subsurface sandy loam to clay loam soil (A2 horizon 30–60 cm) which clearly overlies a dark medium to heavy clay subsoil which is often mottled particularly with depth.  Subsoil structure ranges from coarse to medium depending on texture and cation dominance (coarser structure indicates higher sodicity).  Subsoils may be strongly acidic or sodic at depth as an intergrade to the sodic soils.  Soil depth is usually greater than 100 cm before grading into weathered sandstone, often clearly.  Combined with steep slopes these soils are slip prone.

Notable characteristics include: high clay content with fine sand component, weathered deep profiles with little rock fragment content, texture contrast with variable surface soil depth, pale mottled lower subsoils which can be sodic, and high nutrient capacity (magnesic) despite relatively low pH.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	OTR424
	64
	Mid slope
	Bleached, Eutrophic, Grey Kurosol
	Dy2.21
	T7520 - PRINCETOWN

	OTR735
	64
	Mid slope
	Bleached-sodic, Magnesic, Brown Kurosol
	Db2.21
	T7620-OTWAY

	SW71
	92
	Waxing upper slope
	Bleached-Vertic (& Mottled), Magnesic, Brown Chromosol
	Db2.41
	T7621 - COLAC

	SW72
	92
	Mid slope
	Bleached-Vertic, Magnesic, Brown Chromosol
	Db2.41
	T7621 - COLAC


7.
Brown, yellow, grey and black gradational (earth) soils on Cretaceous sediments
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These soils occur on moderately moist and moist/wet aspects of the Southern Uplands underlain by Cretaceous sediments.

The surface soil is a moderately fine structured dark organic fine sandy loam to clay (5–40 cm deep) with an occasional clear change to a weak structured fine sandy loam to fine sandy clay loam subsurface soil (A2 horizon 30–60 cm) which grades into a dark or brown medium to heavy clay subsoil which is often mottled, particularly with depth.  Subsoil structure ranges from coarse to fine, often with obvious clay skins.  Subsoils are generally strongly acidic with little sodicity evident, the result of increasing rainfall and subsequent leaching.  Soil depth is usually greater than 100 cm before grading into weathered sandstone, often clearly.  Combined with steep slopes these soils can be slip prone, though high organic matter content of the surface horizons helps stabilise these soils.  Friable whole coloured soils occur in the wetter areas.

Notable characteristics include: high clay content with fine sand component, weathered deep profiles with little rock fragment content, gradual increase of clay with depth, variable surface soil depth, pale mottled lower subsoils, strongly acidic but moderate nutrient holding capacity.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	CLRA12
	153
	Hillcrest
	Melacic-mottled, Mesotrophic, Brown Dermosol
	Gn4.71
	T7620 - OTWAY

	CLRA27
	125
	Upper slope
	Melanic, ?, Brown Dermosol
	Gn4.32
	T7821 - SORRENTO

	COF1
	61
	–
	Acidic, Eutrophic, Brown Dermosol
	Gn3.51
	T7520 - PRINCETOWN

	OTR414
	62
	Mid slope
	Melacic, Mesotrophic, Black Dermosol
	Gn3.41
	T7520 - PRINCETOWN

	OTR416
	61
	Mid slope
	Acidic-mottled, Mesotrophic, Yellow Dermosol
	Gn3.90
	T7620 - OTWAY

	OTR418
	60
	Upper slope
	Haplic, Mesotrophic, Brown Dermosol
	Gn3.21
	T7520 - PRINCETOWN

	OTR428
	60
	Mid slope
	Acidic, Dystrophic, Brown Dermosol
	Gn3.21
	T7520 - PRINCETOWN

	OTR732
	89
	Upper slope
	Melanic, Mesotrophic, Black Kandosol 
	Gn2.02
	T7721-GEELONG


	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	OTR736
	59
	Upper slope
	Melacic, Dystrophic, Brown Dermosol
	Uc1.41
	T7620-OTWAY

	OTR748
	65
	Mid slope
	Acidic-mottled, Magnesic, Brown Dermosol
	Gn3.21
	T7521-CORANGAMITE

	OTR750
	87
	Mid slope
	Acidic-mottled, Magnesic, Brown Dermosol
	Gn3.51
	T7520 - PRINCETOWN


8.
Deep sands and sands over clay on older dunes and reworked sediments on Quaternary aeolian sediments
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These soils occur on the Bellarine Peninsula south of Portarlington as well as other coastal and inland locations.

These soils have a dark weakly structured sandy loam surface soil (10–20 cm) overlying a bleached apedal (unconsolidated) sand or loamy sand (to 30–60+ cm) abruptly overlying a coarse strongly structured red and yellow mottled medium clay grading into a mottled sandy clay (to 100 cm) and then into a clayey fine sand (to 150+ cm).  Occasionally, a thin dark structured light clay may lie between the bleached subsurface horizon and the mottled medium clay, forming a weak organic argillic (clay) pan. The surface and subsurface horizons are strongly acidic with greater alkalinity with depth; the underlying clayey fine sand sediments being slightly alkaline (pH 7.7).  The sand depth may be greater than 150 cm in many instances (i.e. dune crests).

Notable characteristics include: texture and consistency contrast, weak consistence of upper sandy soil, binding ability of surface soil organic matter, clay accumulation/pans at depth over older sediments, and strongly acidic sands over alkaline clayey sands.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	CLRA5
	82
	Lower dune slope
	Eutrophic, Mottled-Subnatric,Yellow Sodosol 
	Dy5.41
	T7821 - SORRENTO

	CLRA25
	209
	Mid slope
	Mottled, ?, Red Chromosol, Podosol
	Dr5.12
	T7821 - SORRENTO

	OTR500
	317
	Mid slope
	Acidic, Regolithic, Bleached-leptic Tenosol
	Uc/

Dy5.41
	T7721 - GEELONG

	OTR608
	74
	–
	Melacic, Humic/alsilic, Semiaquic, Podosol
	Uc4.0
	T7520 - PRINCETOWN

	OTR737
	76
	–
	Melacic-mottled, Petroferric, Brown Kandosol
	Um5.42/ Dy3.11
	T7620-OTWAY

	OTR739
	60
	Upper slope
	Melacic-parapanic, Humic/sesquic, Aquic Podosol
	Uc4.0
	T7520 - PRINCETOWN

	OTR740
	74
	Mid slope
	Fragic, subnatric, Aeric Podosol
	Uc5.11
	T7520 - PRINCETOWN


9.
Black, grey and brown friable calcareous cracking clays and gradational soils on Quaternary aeolian sediments

These soils have developed on aeolian deposits, predominantly lunettes associated with basaltic areas or former swamps, lakes and depressions.

The surface is a self-mulching clay loam to light clay which overlies a strongly structured heavy clay subsoil which exhibits strong vertic properties, such as lenticular peds and smooth surfaces where swelling and shrinking produce polished surfaces. The profile overlies fine textured unconsolidated sediments with a high carbonate content at a depth of about 60 to 80 cm continuing below 150 cm.   The surface soil and upper subsoil are dark (black, brown or red) coloured reflecting either/or high organic matter content and basaltic parent material.  Topographical position may influence soil depth, and in conjunction with slope and land use, influence the presence or absence of the friable surface material. While structure is strong throughout with evident deep cracks, permeability will be low once the clays have swelled, putting strength strains on plant root systems, particularly when the soil dries. Notable characteristics are well drained soils due to the landform (lunettes are elevated above the plain) and the high calcium content of the subsoil and deep regolith.  This is a nutrient rich soil type, though sodic and saline at depth.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	MM114
	148
	Crest
	Epicalcareous, Self-mulching, Brown Vertosol
	Ug5.24
	T7621 - COLAC

	SFS21
	182
	Upper slope
	Mealnic, Calcic, Black Dermosol, Vertosol
	Gn3.43, Ug5.11
	T7721 - GEELONG

	SW87
	117
	Gentle simple slope
	Epihypersodic-Endocalcareous, Self-Mulching, Black Vertosol
	Ug5.11
	T7621 - COLAC
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10.
Black, brown, red and yellow sodic texture contrast soils (on lunettes and fans) on Quaternary aeolian sediments
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There are limited extent of these soils depending on landform and position in the landscape.

The soils are sodic texture contrast soils (Sodosols) with variable upper subsoil colour; often a perceived dominant colour amongst a mottle colour matrix.  The surface soils may range from loamy sands to sandy clay loam with depths around 15–20 cm.  This horizon is generally weakly pedal and may have some buckshot or gravel depending on movement of colluvial material.  A subsurface horizon may or may not be present.  Where present, this horizon is generally massive and more likely to contain gravel/buckshot as it sits on the heavier (clay) subsoil which generally acts as a throttle to permeability, particularly where coarse structure (e.g. columnar) has developed in conjunction with increased sodicity.  The subsoils may have moderate gravel contents due to source material or an accumulation of clay and silt. The deeper clays shrink and swell producing polished surfaces (slickensides).  The site drainage will have a major effect on permeability and inundation frequency.  Notable characteristics are texture contrast with sodic subsoils and a coarse sand or gravel/ironstone component through the soil.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	CLRA5
	82
	Lower dune slope
	Eutrophic, Mottled-Subnatric, Yellow Sodosol 
	Dy3.41
	T7821 - SORRENTO

	MM229
	150
	Crest
	Haplic, Calcic, Black Chromosol
	Dy5.42
	T7521 - CORANGAMITE

	MM291
	151
	Mid slope
	Calcic, Hypernatric, Red Sodosol
	Dr2.13
	T7521 - CORANGAMITE

	SFS3
	119
	Lower slope (alluvial fan)
	Vertic (& Ferric), Mottled-Subnatric, Grey Sodosol
	Dy3.13
	T7721 - GEELONG


11. Sandy and poorly developed soils on lunettes, dunes and sand sheets (siliceous) on Quaternary aeolian sediments

[image: image39.jpg]‘‘‘‘‘




These soils are generally sandy and unconsolidated (loose) with organic matter in variable amounts acting as the binding agent for the surface being the only significant pedological development in the surface soil (providing some structure).  The subsurface soil and subsoil is generally deep (>100 cm) on dunes, bleached and loosely to weakly coherent.  Depth to a pan, consolidated sand or clay rich sediment will generally depend on topographic position with less unconsolidated sand depth in the lower positions. On the siliceous deposits nutrient availability is very low and has low retention given the high sand content and high internal drainage (unless restricted by other materials or high watertables either inland or at sea level).

Notable characteristics are the light (sandy) textures, held only by organic matter at the surface with some cementation and possibly clay at depth, rapid permeability and low nutrient and water holding capacity.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	BD9
	58
	Upper slope
	Parapanic, Sesquic, Aeric Podosol
	Uc1.22
	T7722 - BACCHUS MARSH

	CLRA7
	82
	Crest
	Melacic, Sesquic, Aeric Podosol  
	Uc2.34
	T7821 - SORRENTO

	OTR426
	72
	Mid slope
	Acidic, Lithosolic, Clastic Rudosol
	Uc2.2
	T7520 - PRINCETOWN


12.
Sandy, saline and poorly developed soils on lunettes, dunes and sand sheets (calcareous) on Quaternary aeolian sediments
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These soils are generally sandy and unconsolidated (loose) with organic matter in variable amounts acting as the binding agent for the surface being the only significant pedological development in the surface soil (providing some structure).  The subsurface soil and subsoil is generally deep (>100 cm) on dunes, bleached and loosely to weakly coherent.  Depth to a pan, consolidated sand or clay rich sediment will generally depend on topographic position with less unconsolidated sand depth in the lower positions. On the calcareous deposits nutrient availability is low to moderate and has relatively low retention given the high sand content and high internal drainage (unless restricted by other materials or high watertables either inland or at sea level). Saline and calcareous soils are included in this grouping.

Notable characteristics are the light (sandy) textures, held only by organic matter at the surface with some cementation and possibly clay at depth, rapid permeability and moderate nutrient and low water holding capacity.  These soils are alkaline, generally calcareous and close proximity to the coast.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	CLRA41
	199
	Crest
	Melanic, Regolithic, Bleached-Leptic Tenosol
	Uc2.21
	T7821 - SORRENTO

	CLRA42
	197
	Crest
	Melanic, Sesquic, Aeric Podosol
	Uc4.32
	T7821 - SORRENTO

	CLRA44
	82
	Flat
	Bleached-Sodic, Sodosolic Redoxic Hydrosol 
	Uc2.21, Dg4.43
	T7821 - SORRENTO

	OTR415
	62
	Upper slope
	Ceteric, Regolithic, Shelly Calcarosol
	Uc5.11
	T7620 - OTWAY


13.
Grey and brown (occasionally black, yellow or red) mottled texture contrast soils on Neogene sediments
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These soils are found on the gently undulating plains, rises or low level plateaux underlain by Neogene sediments (generally sands, often ferruginised) which are generally unconsolidated but often have an indurated pan or layer on which the soils have developed.

The surface soil is generally dark with organic matter but light in texture (sandy loam) and between 10 to 25 cm in depth over a (generally) lighter coloured subsurface (A2) horizon (20 to 30 cm depth) of similar texture to the surface but containing less organic matter. The apedal subsurface horizon is often bleached and may contain buckshot (ferruginous or ferromanganiferous nodules) of up to 50% volume of the subsurface horizon.  These horizons clearly contrast with a dark (black, dark grey or dark brown) strongly structured upper subsoil which then grades into a pale/red mottled lower subsoil which grades into weathered sediments or ferruginised sandstone at about 150 cm. The dark upper subsoil is a result of organo-clay translocation from above, coating the mottled soil aggregates or even replacing the mottle, and is a distinctive feature of soil development on this parent material. 

Notable features include: the presence (or absence) of buckshot sitting on top of the subsoil, the sandy nature of the upper soil, occasional unbleached horizon which may be loose or weakly coherent, some sodicity of the lower subsoil, red and pale mottling of the subsoil, and the range of depth to parent material (60–150+ cm).  The role of local climate, particularly rainfall, may influence soil development and such features as tiger mottles in weathered parent material are found further west in the CMA.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	CLRA2
	77
	Mid slope
	Melanic-vertic Eutrophic, Black Chromosol
	Db2.32
	T7821 - SORRENTO

	CLRA3
	77
	Mid slope
	Bleached-sodic, Eutrophic, Grey Chromosol 
	Dy3.43
	T7821 - SORRENTO

	MM358
	187
	Mid slope
	Mottled, Mesotrophic, Brown Chromosol
	Dy3.51
	T7521 - CORANGAMITE

	MM361
	170
	Lower slope
	Bleached-Mottled, Eutrophic, Brown Chromosol
	Db2.41
	T7521 - CORANGAMITE

	MM363
	175
	Upper slope
	Bleached-Mottled, Eutrophic, Black Chromosol
	Dd2.42
	T7521 - CORANGAMITE

	OTR492
	190
	Lower slope
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	T7721 - GEELONG

	OTR601
	79
	Mid slope
	Ferric, Mesotrophic, Brown Chromosol
	Dy3.11
	T7721 - GEELONG


	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	OTR744
	78
	Hillcrest
	Melanic, Mottled-Subnatric, Brown Sodosol
	Dy5.22
	T6721-COLAC

	OTR783
	161
	Mid slope
	Melanic, Dystrophic, Brown Chromosol
	Db1.42
	T7520 - PRINCETOWN

	SW42
	166
	Upper slope
	Melacic-Mottled (& Vertic), Eutrophic, Brown Chromosol
	Dy3.32
	T7521 - CORANGAMITE

	SW60
	159
	Crest
	Reticulate, Mesotrophic, Brown Chromosol
	Dy3.41
	T7520 - PRINCETOWN

	SW65
	181
	Flat
	Reticulate, Mesotrophic, Brown Dermosol
	Dy3.11
	T7521 - CORANGAMITE

	SW66
	170
	Crest
	Melacic-Mottled, Eutrophic, Brown Chromosol
	Dy3.21
	T7521 - CORANGAMITE

	SW67
	170
	Mid slope
	Bleached-Mottled, Eutrophic, Brown Chromosol
	Db2.21
	T7521 - CORANGAMITE

	SW68
	170
	Crest
	Bleached-Mottled, Eutoprhic, Brown Chromosol
	Db2.41
	T7521 - CORANGAMITE


14.
Black, brown and grey strongly sodic and sodic mottled texture contrast soils on Neogene sediments
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These soils are found on the gently undulating plains, rises or low level plateaux underlain by Neogene sediments (generally sands) which are generally unconsolidated but often have an indurated pan or layer on which the soils have developed.

The surface soil is generally dark with organic matter but light in texture (sandy loam) and between 10 to 20 cm in depth over a (generally) lighter coloured, often hardsetting subsurface horizon (10 to 30 cm in depth) of similar texture or lighter to the surface but containing much less organic matter. The subsurface horizon is often conspicously bleached and may contain buckshot (ferruginous or ferromanganiferous nodules) of up to 50% volume of the subsurface horizon, occasionally more.  These horizons abruptly contrast with a dark (black, dark grey or dark brown) upper subsoil with strong coarse structure (often columnar) which then grades into a pale/red mottled lower subsoil which grades into weathered sediments or ferruginised sandstone at about 150 cm (sometimes less depending on topographical and other factors). The dark upper subsoil is a result of organo-clay translocation from above coating the mottled soil aggregates or even replacing the mottle, and is a distinctive feature of soil development on this parent material.

Notable features include: the presence (or absence) of buckshot sitting on top of the subsoil, the sandy nature of the upper soil (occasionally unbleached and may be very coherent, loose or weakly coherent), strong sodicity of the subsoil (and possibly the surface soil as well) and related structural features, and the range of depth to parent material.  The role of local climate, particularly rainfall, may influence soil development and such features as tiger mottles in weathered parent material are found further west in the CMA, while these soils tend to be in the drier eastern parts of the CMA.
Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	CLRA33 
	84
	Crest
	?, Mottled-Subnatric, Red Sodosol
	Dr3.42
	T7821 - SORRENTO

	COF04c
	23
	-
	Magnesic, subnatric, Yellow Sodosol
	Dy3.41
	T7622 - BALLARAT

	MM204
	23
	Crest
	Ferric, Mottled-Subnatric, Brown Sodosol
	Dy3.43
	T7622 - BALLARAT

	MM5006
	182
	Flat
	Ferric, Motted-Subnatric, Brown Sodosol
	Dy3.42
	T7721 - GEELONG

	SW93
	172
	Simple slope
	Ferric, Mottled-Hypernatric, Black Sodosol
	Dy5.42
	T7721 - GEELONG

	SW99
	121
	Lower slope
	Vertic, Mottled-Hypernatric, Grey Sodosol
	Dy3.43
	T7721 - GEELONG


	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000 
mapsheet

	OTR490
	89
	Mid slope
	Calcic, Mesonatric, Brown Sodosol
	Dy3.12
	T7721 - GEELONG

	OTR606
	89
	Mid slope
	Melanic, Mottled-Mesonatric, Brown Sodosol
	Dy5.22
	T7721 - GEELONG

	OTR734
	78
	Mid slope
	Melanic, Mottled-Mesonatric, Brown Sodosol
	Db2.21
	T6721-COLAC

	SFS22
	182
	Simple slope
	Vertic (&Calcic), Mottled-Hypernatric, Brown Sodosol
	Db2.43
	T7721 - GEELONG

	SW100
	121
	Open depression
	Calcic, Hypernatric, Brown Sodosol
	Db1.43
	T7721 - GEELONG


15.
Yellow and brown strongly acidic mottled texture contrast soils on Neogene sediments
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These soils are found on the gently undulating plains, rises or low level plateaux in higher rainfall areas underlain by Neogene sediments (generally sands) which are generally unconsolidated but often have an indurated pan or layer on which the soils have developed.

These strongly acidic mottled yellow and brown texture contrast soils are not as prevalent as the other texture contrast soils, however, despite the acidity some of these soils are sodic at depth.

Characteristics are similar to other soils on Neogene sediments with pale mottled but strongly structured subsoils and buckshot in the often bleached subsurface horizon sitting on the subsoil.  There may be more organic matter and deeper in the surface horizon in the wetter areas.

Notable characteristics are texture contrast and strongly acidic mottled subsoil, limiting nutrient availability.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	MM5109
	89
	Upper slope
	Melacic-Mottled, Natric,  Yellow Kurosol
	Dy5.41
	T7721 - GEELONG

	MM5308
	20
	Mid slope
	Bleached-Mottled, ?, Brown Kurosol
	Dy3.41
	T7722 - BACCHUS MARSH

	OTR499
	89
	Mid slope
	Bleached-sodic, Eutrophic, Black Kurosol
	Db4.31
	T7721 - GEELONG

	SW63
	159
	Flat
	Humose, Dystrophic, Brown Kurosol (thick sandy surface)
	Gn2.81
	T7520 - PRINCETOWN

	SW64
	181
	Mid slope
	Humose-acidic, Kandosolic, Redoxic, Hydrosol
	Uc5.32
	T7521 - CORANGAMITE


16.
Sands and sands with pans on Neogene sediments
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These soils are found on the gently undulating plains, rises or low level plateaux in western areas of the CMA underlain by Neogene sediments (generally sands) and are in local association with texture contrast soils with very sharp boundaries between these two types, unobservable by topographical differences.

Dark organic-stained surface soils contrast with the pale conspicuously bleached sandy unconsolidated subsurface horizons which can be over 100 cm deep sitting on either an organic and/or sesquioxide pan (iron and aluminium) which has a much harder consistence.  This is underlain by either a coloured subsoil (still sandy) or clay in some cases.

This translocation of humic (organic) material and sesquioxides down the profile is a characteristic feature of these soils, but the boundary, though sharp, may be wavy or even tongue-like, making depth generalisations difficult.  Depending on the source and amount of organic matter there may be variants where the surface (and subsurface) soils are not pale but grey or even black.  These soils are strongly acidic with little retentive capacity for nutrients and highly permeable except for dense pans.

Notable characteristics are the (often deep) sandy soil with low waterholding and nutrient holding capacity and the variable depth to an organic and/or mineral pan (“coffee rock”) and heavier material below restricting water and root movement.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	MM328
	159
	Crest
	?, Homosesquic, ? Podosol
	Dy3.61
	T7521 - CORANGAMITE

	MM5117
	79
	Flat
	Melanic-Basic, ?, Bleached-Orthic Tenosol
	Uc2.20
	T7721 - GEELONG

	SW56
	165
	Upper slope - crest
	Melacic, Humic/Sesquic, Semiaquic Podosol
	Dy2.41
	T7520 - PRINCETOWN

	SW59
	159
	Upper slope - crest
	Vertic, Mesotrophic, Brown Kurosol
	Gn2.31
	T7520 - PRINCETOWN

	SW61
	159
	Flat
	Melacic, Humic/Humosesquic, Semiaquic Podosol
	Uc2.33
	T7520 - PRINCETOWN

	SW70
	92
	Upper slope
	Humose, Sesquic, Semiaquic Podosol
	Uc2.32
	T7621 - COLAC


17. Black, grey, yellow and red mottled gradational (earth) soils on Neogene sediments
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These soils of relatively limited extent are found on the gently undulating plains, rises or low level plateaux in higher rainfall areas underlain by Neogene sediments (generally sands), which are generally unconsolidated but often have an indurated pan or layer on which the soils have developed. These soils have probably formed on depositional material.

These soils are dark, strongly structured throughout, with a gradual increase of clay with depth and are acidic (though sometimes strongly acidic) and sometimes sodic. The surface soils of clay loams to very fine sandy clay loams may be 30 to 60 cm deep, grading into the slightly (brown) mottled light to medium clays of the subsoil which has vertic (swelling) properties. Ferruginous and ferromanganiferous nodules (buckshot) are present in small quantities (up to 5%) in most profiles examined.  Some swelling and cracking soils with higher surface clay contents also occur on this parent material, but may have influences from more recent deposition of either basaltic or alluvial material (see Quaternary alluvium section).  A notable characterisitc is the gradational profile, often with swelling clays at depth.  The surfaces may be friable in the wetter areas where more organic material has accumulated and parent material may have come from a number of sources.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	COF04a
	23
	Upper slope
	Bleached-mottled, Magnesic, Grey Kandosol
	Um4.31
	T7721 - GEELONG

	COF04b
	23
	Mid slope
	Bleached-mottled, Magnesic, Grey Kandosol
	Gn2.74, Dy3.41
	T7721 - GEELONG

	OTR741
	68
	Mid slope
	Melacic, Mesotrophic, Brown Kandosol 
	Gn3.84
	T7520-PRINCETOWN

	OTR746
	93
	Lower slope
	Mottled, Mesotrophic, Brown Dermosol
	Gn3.51
	T6721-COLAC

	OTR749
	86
	Hillcrest
	Haplic, Mesotrophic, Red Dermosol
	Gn2.11
	T7520 - PRINCETOWN

	OTR782
	181
	Crest
	Bleached-ferric, Mesotrophic, Brown Dermosol
	Gn3.74
	T7520 - PRINCETOWN

	SW5
	177
	Flat
	Mottled-Sodic, Eutrophic, Brown Dermosol
	Gn3.71
	T7421 - MORTLAKE

	SW24
	86
	Lower slope
	Haplic, Mesotrophic, Brown Kandosol
	Gn2.81
	T7520 - PRINCETOWN

	SW36
	175
	Flat
	Melacic-Mottled, Eutrophic, Black Dermosol
	Gn3.41
	T7521 - CORANGAMITE

	SW37
	200
	Flat
	Epiacidic, Epipedal, Black Vertosol
	Ug5.16, Gn3.41
	T7521 - CORANGAMITE


18.
Red sodic and strongly mottled texture contrast soils on Neogene sediments
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These soils of limited extent are found on the gently undulating plains, rises or low level plateaux in higher rainfall areas underlain by Neogene sediments (generally ferruginised sands) which are generally unconsolidated but often have an indurated pan or layer on which the soils have developed.

These soils are similar to the other texture contrast soils on Neogene sediments but the dominant matrix colour is red and the upper subsoil is sodic.  Notable features include: light surface soils over coarse and medium strongly structured mottled clay subsoils and variable buckshot in the subsurface horizon.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA36
	77
	Upper slope
	Melanic, Mottled-Subnatric, Red Sodosol 
	Dr2.42
	T7721 - GEELONG


19.
Black, grey and brown sodic texture contrast soils on Neogene marl

These soils occur in the south-west of the CMA where dissection of the landscape has exposed marl deposits (Gellibrand Marl). This area has a higher rainfall than the basalt plains to the north and north-east.  However the strongly sodic soils are in a less wet area and may have developed on more recently accessed material.

Surface soils are not thick and weakly pedal overlying highly bleached, massive often deep (60+ cm) subsurface horizons which in turn abruptly overlie massive (yellow), mottled, heavy dark clays with occasional columnar structure.
Notable characteristics are the depth to the subsoil (deep upper soil), strong texture contrast and pH change between upper soil (acidic) and subsoil (alkaline) and sodic nature of the subsoil.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	MM97
	78
	Upper slope
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.42
	T7621 - COLAC

	MM238
	81
	Crest
	Calcic, Mottled-Hypernatric, Grey Sodosol
	Dy3.33
	T7521 - CORANGAMITE

	OTR743
	180
	-
	Melanic, Mesonatric, Black Sodosol
	Dd1.23
	T7621 - COLAC

	SW80
	78
	Flat
	Eutrophic, Mottled-Mesonatric, Grey Sodosol
	Dd2.42
	T7621 - COLAC
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20.
Black, grey and yellow texture contrast soils on Neogene marl
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These soils occur in the south-west of the CMA where dissection of the landscape has exposed marl deposits (Gellibrand Marl). This area has a higher rainfall than the basalt plains to the north and north-east.

These soils may or may not have a subsurface horizon.  The surface soil (10–20 cm) is generally a dark coherent but weakly structured acidic silty clay loam, clearly or abruptly overlying a dark medium clay with yellow mottle subsoil which is sodic at depth with free carbonate.  The yellow colour may predominate in some situations. The subsoil is moderately to strongly structured with a hierarchy of structure sizes.

Notable characteristics include: contrast in pH between the acidic surface and the alkaline mottled sodic lower subsoil, the weakly structured surface soil which is quite heavy and has a silty feel, and slight drainage restrictions in the subsoil.
Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	SW53
	165
	Upper slope
	Vertic (& Sodic) Calcic, Grey Chromosol
	Dy3.13
	T7520 - PRINCETOWN

	SW77
	78
	Mid slope
	Bleached-Vertic, Eutrophic, Yellow Chromosol
	Dy3.41
	T7621 - COLAC

	SW82
	180
	Flat
	Vertic (& Sodic), Calcic, Black Chromosol
	Dd1.13
	T7621 - COLAC


21.
Black, grey and yellow strongly acidic texture contrast soils on Neogene marl
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These soils occur in the south-west of the CMA where dissection of the landscape has exposed marl deposits (Gellibrand Marl). This area has a higher rainfall than the basalt plains to the north and north-east, and are leached more than the other texture contrast soils, forming the strongly acidic end member of texture contrast soils on marl.  There may also be influences from the capping Neogene sediments (Hanson Plains Sands).

These soils are similar to Soil Group 20, with clay loams over mottled medium clays, but more leaching has taken place.  There is often an organic rich surface soil.

Notable characteristics include: texture contrast between surface and the mottled subsoil, low nutrient status (high acidity), weakly structured surface soil which is quite heavy and has a silty feel, and slight drainage restrictions (particularly in the subsoil).

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA11
	87
	Simple slope
	Melanic, Eutrophic, Black Kurosol
	Dd2.11
	T7520 - PRINCETOWN

	OTR605
	78
	Flat
	Melacic, Pipey, Aeric Podosol
	Dy5.21
	T7621 - COLAC

	SW31
	93
	Crest
	Bleached-Mottled, Mesotrophic, Brown Kurosol
	Dy3.41
	T7621 - COLAC


22.
Black, grey and yellow gradational (earth) soils on Neogene marl
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These soils mainly occur in the south-west of the CMA where dissection of the landscape has exposed marl deposits (Gellibrand Marl). This area has a higher rainfall than the basalt plains to the north and north-east.  There are minor occurrences on the Bellarine Peninsula. These soils include medium to heavy textured earths, both weakly and strongly structured, as well as the occasional shallow calcareous soil.

They are deep (>100 cm) pale soils with a bleached subsurface horizon and mottled light to medium or medium to heavy clay subsoil, and are often strongly acidic with some calcareous material with depth (>100 cm).

Notable characteristics are the gradational nature of the profiles with heavy subsoils, acidic upper soil and alkaline (calcareous) lower subsoils, indicating a leached soil environment.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA10
	87
	Simple slope
	Mottled, Eutrophic, Brown Kandosol 
	Gn2.81
	T7520 - PRINCETOWN

	OTR413
	75
	Flat
	Melacic, Pipey, Aeric Podosol
	Uc2.33
	T7520 - PRINCETOWN

	SW52
	165
	Lower slope
	Vertic (& Bleached-Acidic), Eutrophic, Grey Dermosol
	Gn3.04
	T7521 - CORANGAMITE


23.
Red, brown and black strongly acidic and neutral texture contrast soils on Neogene limestone
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These soils occur in the south-west of the CMA where dissection of the landscape has exposed limestone deposits (Port Campbell Limestone). This area has a higher rainfall than the basalt plains to the north and north-east, which explains the leaching of cations (calcium in particular) from these soils.  These soils are strongly and finely structured, apart from the occasional sandier surface.  The dark very fine sandy clay loam surface soil (10 cm) grades into a slightly paler light clay subsurface horizon (to 20–25 cm), which clearly overlies a strongly acidic brown (may be mottled at lower depths) or dark red medium or medium to heavy clay before sharply overlying weathered parent material or hard rock (limestone) at 75 to 100 cm.

Notable features include: texture contrast despite high clay content of surface soils, high clay content compared with field assessment, fine structure throughout, acidic surface and upper subsoil horizons, calcareous lower often vertic subsoil, and high nutrient capacity despite low pH.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA8
	166
	Simple slope
	Haplic, Eutrophic, Brown Kurosol
	Dy3.12
	T7421 - MORTLAKE

	CLRA9
	166
	Upper slope
	Haplic, Eutrophic, Red Kurosol
	Dr2.11
	T7421 - MORTLAKE

	MM331
	163
	Crest
	Mottled, Eutrophic, Brown Chromosol
	Db2.31
	T7521 - CORANGAMITE


24.
Brown, red and black gradational or loam (earth) soils and red clays on Quaternary, Neogene and Palaeogene limestone

These soils mainly occur in the south-west of the CMA where dissection of the landscape has exposed limestone deposits (Port Campbell Limestone). This area has a higher rainfall than the basalt plains to the north and north-east.  There are minor occurrences of limestone members (Maude Formation) on the drier Bellarine Peninsula.

Many of these soils have shallow to moderate depths (30–80 cm), directly over limestone or calcareous deposits, and consist of dark (black, brown or red) strongly structured clay loams with few limestone fragments.  The deeper soils have clay subsoils that are vertic and occasionally clayey throughout.

Notable characteristics are the gradational nature of the soils with strong fine structure and often shallow depth to rock.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA32
	84
	Mid slope
	Melanic, Lithic, Hypocalcic  Calcarosol
	Um7.11, Gc1.21
	T7821 - SORRENTO

	MM334
	166
	Lower slope
	Epicalcareous, Self-mulching, Red Vertosol
	Ug5.36
	T7521 - CORANGAMITE

	OTR489
	158
	Flat
	Ceteric, Pedal, Calcic Calcarosol
	Gc2.21
	T7721 - GEELONG

	OTR784
	160
	Hillcrest
	Sodic, Hypercalcic, Brown Dermosol
	Gc2.21
	T7520-PRINCETOWN


[image: image52.jpg]



25.
Yellow and brown strongly acidic mottled texture contrast and gradational (earth) soils on Palaeozoic sediments
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These soils occur in the Western Uplands south of Ballarat and on the north-eastern edge of the CMA, where rainfall is quite high.

These soils have shallow surface organic silty loam to silty clay loam soils underlain by conspicuously bleached subsurface (A2) horizons, or a transition at about 30 cm into a pale yellow mottled silty light clay subsoil which grades into weathered thinly bedded sediments.  Lower slopes and colluvial slopes have darker subsoils (pale brown) which are still mottled and more likely to be texture contrast and have sandier surface soils (loamy sand) than those soils on higher topographic positions on (weathered) rock.

Notable characteristics include: high silt content, erosion prone, strongly acidic and hence low nutrient availability, generally shallow organic surface soil, gradational increase in clay with depth on upper slopes, and texture contrast on lower colluvial slopes.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	BD10
	1
	Upper slope
	Bleached-sodic, Mesonatric, Yellow Kurosol
	Dy2.71
	T7722 - BACCHUS MARSH

	CLRA53
	3
	Mid slope
	Acidic-mottled, Dystrophic, Yellow Dermosol
	Gn3.71
	T7723 - CASTLEMAINE

	CLRA54
	3
	Crest
	Acidic-mottled, Magnesic,Brown Dermosol
	Gn3.91
	T7723 - CASTLEMAINE

	CLRA57
	2
	Crest
	Bleached-mottled, Dystrophic,Yellow Dermosol
	Gn3.71
	T7722 - BACCHUS MARSH

	CLRA58
	9
	Crest
	Bleached-sodic, Magnesic, Brown Kurosol
	Dy3.41
	T7622 - BALLARAT


26.
Yellow and brown sodic and strongly sodic mottled texture contrast soils on Palaeozoic sediments
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These soils occur in the Western Uplands south of Ballarat and on the north-eastern edge of the CMA where rainfall is quite high, but where drier the soils are sodic.

These soils have shallow surface organic loamy sand to sandy loam soils sometimes underlain by conspicuously bleached subsurface (A2) horizons, or a clear change at about 20–30cm into a pale sodic slightly mottled (red) silty medium clay subsoil, which grades into weathered thinly bedded sediments between 60 cm to 100 cm on upper slopes and at greater than 100 cm on lower slopes.  Lower slopes and colluvial slopes have darker subsoils (pale brown) which are still mottled and more likely to be texture contrast than those soils on higher topographic positions on (weathered) rock.

Notable characteristics include: high silt content, erosion prone, acidic and hence low nutrient availability, generally shallow organic surface soil, texture contrast on most slopes but deeper on lower slopes. The subsoils are often sodic, increasing their susceptibility to erosion.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	BD11
	20
	Mid slope
	Melanic, Subnatric, Red Sodosol
	Dr3.63
	T7722 - BACCHUS MARSH

	BD13
	50
	Lower slope
	Mesotrophic, Subnatric, Yellow Sodosol
	Dy3.51
	T7622 - BALLARAT

	MM204
	23
	Crest
	Ferric, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	T7622 - BALLARAT

	MM219
	8
	Mid slope
	Ferric, Bleached-mesonatric, Brown Sodosol
	Dy3.42
	T7622 - BALLARAT


27.
Brown, red and black sodic and non-sodic texture contrast soils on Palaeogene sediments 
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These texture contrast soils are found on Palaeogene sediments around the foothills of the Otway Range. An organic fine sandy loam (about 15 cm) clearly overlies a bleached massive sandy loam subsurface horizon often to a depth of 50 cm, abruptly overlying a coarse to medium strongly structured brown mottled (red and yellow) medium to heavy clay, which grades at about 100 cm into a sandy clay and/or cemented sandstone or calcareous deposits.

Notable characteristics include: variable depth of bleached subsurface horizon, abrupt texture contrast between surface soils and mottled subsoil, deep weathered profiles (sometimes vertic with depth), acidic profiles bordering on strongly acidic, some profiles are acidic but alkaline (calcareous) at depth depending on lithology and climate. The sodic soils are subnatric, other soils may be sodic in the deep subsoil only.

Soil sites

	Site Code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA14
	73
	Crest
	Mesotrophic, Mottled-Subnatric, Brown Sodosol 
	Dy3.41
	T7621 - COLAC

	MM104
	180
	Crest
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Db2.42
	T7621 - COLAC

	MM5083
	169
	Upper slope
	Vertic, Calcic, Black Chromosol
	Gn3.43
	T7721 - GEELONG

	MM5122
	158
	Upper slope
	Calcic, Mesonatric, Red Sodosol
	Dr2.13
	T7721 - GEELONG

	OTR490
	89
	Mid slope
	Calcic, Mesonatric, Brown Sodosol
	Dy3.12
	T7721 - GEELONG

	SW73
	92
	Upper slope
	Bleached-Mottled, Mesotrophic, Brown Sodosol
	Db2.31
	T7621 - COLAC

	SW76
	92
	Upper slope
	Vertic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	T7621 - COLAC


28.
Brown and yellow strongly acidic texture contrast soils on Palaeogene sediments
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These texture contrast soils are found on Palaeogene sediments around the foothills of the Otway Range and have many of the characteristics of the non-sodic soils on Palaeogene sediments, but have strongly acidic upper subsoils, due mainly to greater leaching.

An organic fine sandy clay loam (about 15 to 35 cm) clearly overlies a bleached massive sandy loam subsurface horizon often to a depth of 50 cm to 100 cm, abruptly overlying a coarse to medium strongly structured grey mottled (orange and yellow) light to medium clay which grades at about 100 cm or more into a sandy clay and/or cemented sandstone or calcareous deposits.

Notable characteristics include: variable depth of bleached subsurface horizon, abrupt texture contrast between surface soils and mottled subsoil, deep weathered profiles (sometimes vertic with depth), strongly acidic profiles, some profiles may be alkaline (calcareous) at depth depending on lithology and climate. Soil depth (total and individual horizons) is a function of topographic position and is influenced by landscape dissection and adjacent parent materials.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	MM5135
	69
	Lower slope
	Kurosol
	Uc2.31, Dy3.41
	T7721 - GEELONG

	SW32
	90
	Lower slope
	Bleached-Mottled, Mesotrophic, Grey Kurosol
	Dy3.41, Uc2.22
	T7621 - COLAC


29.
Brown, grey and red gradational (earths) and pale sandy soils on Palaeogene sediments
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These acidic soils are found on Palaeogene sediments around the foothills of the Otway Range but are often influenced by more recent material.

The surface soil is a dark fine sandy loam over a brown occasionally bleached lower subsurface horizon, which grades into a weakly structured brown sandy clay loam and then into a yellow mottled clay at about 30 cm (variant: 100 cm) to about 90 cm or more.  The sands with pans (Podosols) are usually reworked material which can be found on dissected slopes.  The soils are deep and strongly acidic with a deep bleached sand/loamy sand subsurface horizon over a coherent pan (coffee rock) at 100 cm or greater.  There are variable depths of dark surface soil (loamy sand) which tongue into the bleached material.

Notable characteristics include: gradational development of soil profile, fine sand component, medium to medium heavy textures (fine sandy clay loams to sandy clays), deep (>100 cm).  Deep bleached sands over coffee rock characterise the sandy soils.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA13
	73
	Simple slope
	Melacic-parapanic, Humosesquic, Semi-aquic Podosol
	Uc2.33
	T7621 - COLAC

	OTR426
	72
	Mid slope
	Acidic, Lithosolic, Clastic Rudosol
	Uc2.2
	T7520 - PRINCETOWN

	OTR497
	71
	Mid slope
	Sodic, Eutrophic, Yellow Kurosol
	Gn2.81
	T7721 - GEELONG

	SW32
	90
	Lower slope
	Bleached-Mottled, Mesotrophic, Grey Kurosol
	Uc2.22, Dy3.41
	T7621 - COLAC

	SW33
	90
	Flat
	Acidic, Dermosolic, Redoxic Hydrosol
	Gn3.90
	T7621 - COLAC

	SW40
	111
	Mid slope
	Humose-Acidic (& Bleached), Mesotrophic, Grey Dermosol
	Gn3.90
	T7621 - COLAC

	OTR608
	74
	-
	Melacic, Humic/alsilic, Semiaquic, Podosol
	Uc4.0
	T7520-PRINCETOWN

	OTR742
	74
	Mid slope
	Melacic, Pipey, Aeric Podosol
	Uc2.33
	T7620-OTWAY


30.
Black calcareous (and sodic) cracking clays on Palaeogene basic volcanics
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This soil is found predominantly on a residual older (Palaeogene) basic volcanic outcrop on the Bellarine Peninsula.

The surface is a self-mulching clay loam to light clay which overlies strongly structured heavy clay subsoil, the lower portion of the latter is denser and exhibits strong vertic properties such as lenticular peds and smooth surfaces where swelling and shrinking produce polished surfaces. The profile sits on weathered parent material (basalt) quite abruptly at a depth of about 80 cm to 100 cm in a mid slope topographical position.  Topographical position may influence soil depth, and in conjunction with slope and land use, influence the presence or absence of the friable surface material. While structure is strong throughout with evident deep cracks, permeability will be low once the clays have swelled, putting strength strains on plant root systems, particularly when the soil dries. This is a nutrient rich soil, though sodic at depth.

Notable characteristics are the self-mulching surface, strongly structured, cracking (high shrink-swell) clay soil over a weathered regolith with high nutrient and water holding capacity, though not all available to plants.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA6
	80
	Mid slope
	Endocalcareous-endohypersodic, Self-mulching, Black Vertosol  
	Ug5.26
	T7821 - SORRENTO


31.
Black and grey cracking and non-cracking clay soils and seasonally wet soils on Quaternary alluvium
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These soils are found on Quaternary alluvium predominantly within the volcanic plains, and are found mainly in low-lying areas such as swamps.

These soils have either self-mulching or at least strongly pedal surfaces of fine clay aggregates which grade into coarse and fine structured strongly pedal heavy clays. The lower subsoil may be less dark or even mottled and grade into a carbonate layer. These soils have high nutrient levels including sodium (sodic).  Some may be saturated for at least three months of the year due to topographic and groundwater positions, regarded as waterlogged soils.

Notable characteristics include: high shrink-swell potential, strong structure, self-mulching surfaces, high organic matter content in upper soil, some mottling at depth, and high clay content throughout.  They are deep to very deep (>2 m).

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA15
	73
	Flat
	Haplic, Self-mulching, Black Vertosol  
	Ug5.16
	T7621 - COLAC

	CLRA35
	195
	Flat
	?, Epipedal, Brown Vertosol  
	Ug5.28
	T7721 - GEELONG

	CLRA48
	153
	Flat
	Epihypersodic, Self-mulching, Grey Vertosol 
	Ug5.28
	T7621 - COLAC

	MM75
	95
	Flat
	Mottled, Epipedal, Black Vertosol
	Ug5.16
	T7621 - COLAC

	MM111
	95
	Flat
	Eutrophic, Mottled-Subnatric, Black Sodosol
	Ug5.16
	T7621 - COLAC

	MM332
	166
	Flat
	?, Epipedal, Black Vertosol
	Ug5.16
	T7521 - CORANGAMITE

	MM5060
	57
	Flat
	Episodic, Epipedal, Black Vertosol
	Ug5.16
	T7721 - GEELONG

	SW37
	200
	Flat
	Epiacidic, Epipedal, Black Vertosol
	Ug5.16
	T7521 - CORANGAMITE


32.
Black, brown and grey sodic and strongly sodic texture contrast soils on Quaternary alluvium
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These soils are found on Quaternary alluvium, within the volcanic plains and sedimentary terrain, mainly in low-lying areas such as swamps or terraces.

The soils derived from the basic volcanic plains tend to be dark, mottled at depth with a fine sandy clay loam surface soil (about 20 cm depth) with no bleached subsurface horizons, over a coarse structured dark moderate to heavy clay which is mottled with depth. These subsoils are often highly alkaline and strongly sodic and may have some manganiferous gravel.  The soils derived from Neogene sediments tend to have a sandier component throughout and lighter colours.  Surface soils (15 cm) overlie massive bleached subsurface horizons (to 30 cm), occasionally some ferruginous gravel abruptly overlies coarse structured hard mottled (brown grey and red) light medium clay, with a high fine sand component grading into sediments at about 150 cm.  These soils may even be sodic near the surface, making them very hardsetting and the subsoils are strongly dispersive.

Notable characteristics include: a degree of sodicity, abrupt texture contrast, hardsetting nature and position in landscape (terrace, older alluvial plains or low-lying swamps).  Some may be regarded as waterlogged soils.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA4
	197
	Flat
	Eutrophic, Mottled-Hypernatric, Brown Sodosol 
	Dy3.43
	T7821 - SORRENTO

	CLRA45
	197
	Flat
	Melanic, Mottled-subnatric, Brown Sodosol
	Dy3.42
	T7821 - SORRENTO

	MM54 
	180
	Simple slope
	Melanic, Mottled-Mesonatric, Black Sodosol
	Dd2.42
	T7621 - COLAC

	MM112
	191
	Lower slope
	Eutrophic, Mottled-Subnatric, Black Sodosol
	Dd2.32
	T7621 - COLAC

	MM170
	20
	Simple slope
	Magnesic, Mottled-Mesonatric, Brown Sodosol
	Dy3.42
	T7622 - BALLARAT

	MM283
	188
	Flat
	Ferric, Mottled-Hypernatric, Brown Sodosol
	Dy3.43
	T7521 - CORANGAMITE

	MM347
	189
	Flat
	Melacic, Subnatric, Black Sodosol
	Dd1.31
	T7521 - CORANGAMITE

	OTR492
	190
	Lower slope
	Eutrophic, Mottled-Subnatric, Brown Sodosol
	Dy3.41
	T7721 - GEELONG


	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	SFS20
	117
	Flat
	Vertic (&Calcic), Mesonatric, Black Sodosol
	Dd2.43
	T7621 - COLAC

	SW88
	117
	Flat
	Vertic (& Calcic), Mottled-Mesonatric, Black Sodosol
	Dd2.23
	T7621 - COLAC

	SW95
	57
	Flat
	Vertic (& Calcic), Mottled-Hypernatric, Black Sodosol
	Dd2.13
	T7721 - GEELONG


33.
Black and brown strongly acidic and non-sodic texture contrast soils on Quaternary alluvium

These soils are found on Quaternary alluvium, within the basic volcanic plains and sedimentary plains terrain, mainly in low-lying areas such as swamps or terraces.

These soils have texture contrast profiles where there is a very large sudden increase in clay percentage with depth.  Those soils on the sedimentary plains have organic fine sandy loam to clay loam surface soils (10–15 cm) over a bleached massive fine sandy clay loam subsurface horizon occasionally with dense (many) ferruginous gravel (to 50 cm).  This clearly overlies a dark moderate to fine structured clay loam to medium clay which grades into a lighter coloured mottled lower subsoil which may grade into a reticulated layer (tiger mottles) at 200 cm.  These profiles, though on accumulated material, are often similar to profiles found directly on the original parent material.  Darker profiles (SW2) reflect different parent material as well as a wetter climate.  Some of these soils are sodic in the lower subsoil, even though they have acidic upper soils.

Soil characteristics include strong texture contrast, acidic or neutral relatively deep profiles and mottled often dependant on (source) parent material.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	SW2
	-
	Lower Terrace
	Humose, Hypocalcic, Black Chromosol
	Dd1.13
	T7421    -MORTLAKE

	SW38
	200
	Flat
	Ferric-Sodic, Mesotrophic, Grey Chromosol
	Dy3.42
	T7521 - CORANGAMITE

	SW67
	170
	Simple slope
	Bleached-Mottled, Eutrophic, Brown Chromosol
	Db2.21
	T7521 - CORANGAMITE
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34.
Black, grey and brown gradational (earth) soils on Quaternary alluvium
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These soils are found on Quaternary alluvium or colluvium, mainly in low-lying areas such as swamps or terraces between the basic volcanic plains and sedimentary plains terrain, as well as within those terrain types.

These soils have organic surface soils which may be quite deep (30–40 cm) and may have high clay contents making them similar to the (vertic) cracking clay soils (Soil Group 31).  Some soils may have shallow marine deposits (shell fragments) underlying them (CLRA1).  These soils are often deep (>150 cm) with structured clay with vertic (shrink-swell) properties. An A2 horizon may be present but is generally not bleached. Most soils are not sodic even in the lower subsoil.

Notable characteristics are a gradational profile, which may have medium or heavy textures, surface soils are generally friable and soils generally are deep.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA1
	194
	Flat
	Melanic, Eutrophic, Grey Dermosol, Vertosol
	Gn3.93, Ug5.28
	T7721 - GEELONG

	CLRA15
	73
	Flat
	Haplic, Self-mulching, Black Vertosol  
	Ug5.16
	T7621 - COLAC

	OTR733
	63
	Terrace crest
	Melanic, Eutrophic, Black Kandosol 
	Gn2.02
	T7721 - GEELONG

	SW23
	160
	Terrace
	Acidic, Mesotrophic, Brown Dermosol
	Gn3.04
	T7520 - PRINCETOWN

	SW39
	200
	Flat
	Melacic (& vertic), Eutrophic, Black Dermosol
	Gn3.47
	T7521 - CORANGAMITE

	SW57
	165
	Flat
	Humose, Dermosolic, Redoxic Hydrosol
	Gn3.91
	T7520 - PRINCETOWN

	SW58
	165
	Flat
	Humose, Kurosolic, Redoxic Hydrosol
	Dy3.11
	T7520 - PRINCETOWN

	SW62
	159
	Flat
	Humose-acidic, Tenosolic, Redoxic Hydrosol
	Uc4.
	T7520 - PRINCETOWN


35.
Black and grey strongly sodic texture contrast soils on Quaternary basic volcanics
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These soils occur extensively on the basic volcanic plains, generally in the less stony areas.

The organic surface soils (10–15 cm) overlie a weakly pedal to massive subsurface (A2) horizon (to 20–60 cm) with some ferruginous (or ferromanganiferous) gravel, which abruptly overlies a dark coarse structured hardsetting mottled (orange and yellow) heavy clay with some ferromanganiferous gravel, which may overlie a highly calcareous clay horizon (to 90 cm or greater) which will overlie parent material, usually with a clear boundary (>150 cm).  Depth to horizon boundaries may vary due to the swelling nature of the soil, so that a subsurface horizon may not exist, with clay close to the surface, but then appear and be quite deep (and hence a greater depth to the heavy clay subsoil within metres of each other). This is called gilgai or crabhole terrain; the components are called puffs and shelves.

Notable features include: texture contrast, coarse structure (columnar), very hard when dry, strong sodicity in the subsoil and possibly the surface soil, variable vertical depth and horizontal distance characteristics of surface soil, free carbonate (calcareous) at depth, deep profiles, and some ferromanganiferous gravel.

Soil sites

	Site Code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA49
	118
	Mid slope
	Eutrophic, Mesonatric, Black Sodosol  
	Dd1.12
	T7621 - COLAC

	CLRA52
	118
	Upper slope
	Vertic, Mesonatric, Black Sodosol  
	Dd2.13
	T7622 - BALLARAT

	MM109
	118
	Flat
	Hypocalcic, Mottled-Hypernatric, Black Sodosol
	Dd2.43
	T7621 - COLAC

	MM110
	117
	Lower slope
	Calcic, Mesonatric, Black Sodosol
	Dd1.13
	T7621 - COLAC

	MM115
	117
	Upper slope
	Hypercalcic, Mottled-Hypernatric, Black Sodosol
	Dd2.33
	T7621 - COLAC

	MM178
	32
	Lower slope
	Eutrophic, Mottled-Hypernatric, Grey Sodosol
	Db2.42
	T7622 - BALLARAT

	MM187
	53
	Ridge
	Eutrophic, Mottled-Hypernatric, Black Sodosol
	Dd2.43
	T7622 - BALLARAT

	MM239
	136
	Upper slope
	Eutrophic, Mottled-Mesonatric, Grey Sodosol
	Dy3.33
	T7522 - SKIPTON

	MM274
	127
	Crest
	Calcic, Mottled-Hypernatric, Grey Sodosol
	Dy3.33
	T7521 - CORANGAMITE


	Site Code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	MM280
	127
	Crest
	Ferric, Mottled-Hypernatric, Grey Sodosol
	Dy3.43
	T7521 - CORANGAMITE

	MM5028
	121
	Flat
	Vertic (& Calcic), Hypernatric, Black Sodosol
	Dd1.13
	T7721 - GEELONG

	SW86
	117
	Flat
	Vertic (& Calcic), Mottled-Mesonatric, Black Sodosol
	Dd2.23
	T7621 - COLAC

	SW90
	119
	Simple slope
	Calcic, Mottled-Mesonatric, Black Sodosol
	Dd2.23
	T7721 - GEELONG


36.
Brown strongly sodic texture contrast soils on Quaternary basic volcanics
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These soils occur extensively on the basic volcanic plains, generally in the less stony areas.

The organic surface soils (10–15 cm) overlie a weakly pedal to massive subsurface (A2) horizon (to 20–50 cm) with some ferruginous (or ferromanganiferous) gravel, which abruptly ovelies a brown coarse structured hardsetting mottled (red, orange) medium to heavy  clay with some ferromanganiferous) gravel, which may overlie a highly calcareous clay horizon (90 cm or greater), which will overly parent material, usually with a clear boundary (>150 cm).  Depth for the particular boundaries may vary due to the swelling nature of the soil, so that a subsurface horizon may not exist with clay close to the surface, but appear and be quite deep (and hence a greater depth to the heavy clay subsoil within metres). This is called gilgai or crabhole terrain; the components are called puffs and shelves.  The lower subsoil may be more olive/yellow-brown at depth, indicating anaerobic conditions.

Notable features include: texture contrast, coarse structure (columnar), very hard when dry, strong sodicity in the subsoil and possibly the surface soil, variable vertical depth and horizontal distance characteristics of surface soil, free carbonate (calcareous) at depth, deep profiles, and some ferromanganiferous gravel.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA47
	117
	Lower slope
	 Eutrophic, Mesonatric, Brown Sodosol 
	Dy3.43, Dg2.43
	T7621 - COLAC

	MM173
	50
	Flat
	Eutrophic, Mottled-Mesonatric, Brown Sodosol
	Db2.42
	T7622 - BALLARAT

	MM414
	136
	Flat
	Vertic, Mottled-Mesonatric, Brown Sodosol
	Dy3.32
	T7522 - SKIPTON

	MM432
	136
	Upper slope
	Ferric, Mottled-Mesonatric, Brown Sodosol
	Dy3.33
	T7522 - SKIPTON

	MM5011
	119
	Mid slope
	Hypercalcic, Mottled-Mesonatric, Brown Sodosol
	Db2.13
	T7721 - GEELONG

	MM5015
	173
	Flat
	Eutrophic, Mottled-Hypernatric, Brown Sodosol
	Dy3.43
	T7721 - GEELONG

	MM5085
	133
	Flat
	Ferric, Mottled-Hypernatric, Brown Sodosol
	Dy3.43
	T7721 - GEELONG

	SFS6
	50
	Plain
	Manganic, Mottled-Mesonatric, Yellow Sodosol
	Dy3.42
	T7622 - BALLARAT

	SFS11
	144
	Lower slope
	Vertic, Mottled-Mesonatric, Grey Sodosol
	Dy3.43
	T7522 - SKIPTON


37.
Brown, black and grey non-sodic and sodic texture contrast soils on Quaternary basic volcanics
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These soils occur extensively on basic volcanic deposits including ash deposits and moister areas (compared with the strongly sodic soils) and can be moderately acidic to alkaline.

These soils have dark organic fine sandy loam to very fine sandy clay loam surface soils (5–15 cm, up to30 cm) overlying a bleached often very ferruginous (>40%) clay loam subsurface horizon (to 25–50 cm), abruptly overlying a brown medium structured medium clay which may be mottled (orange, yellow, red) and/or sodic with depth. The lower subsoil may well be neutral or alkaline.  Variants with sodic upper subsoils (SFS5) may not have an A2 horizon; the generally shallower topsoil (20 cm) will abruptly overly the subsoil, which is another example of the puff component of gilgai microrelief.

Notable characteristics include: texture contrast, structure differences between horizons, presence of bleached A2 (or occasional absence), acidic upper soil, and alkaline/sodic lower subsoil, often with shrink-swell properties (and associated spatial variations).

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA51
	118
	Lower slope
	Vertic, Magnesic,  Black Chromosol
	Dd3.13
	T7621 - COLAC

	COF03a
	50
	-
	Eutrophic, Subnatric, Brown Sodosol
	Dy2.23
	T7722 - BACCHUS MARSH

	COF03b
	50
	-
	Vertic, Subnatric, Grey Sodosol
	Dy3.22
	T7722 - BACCHUS MARSH

	COF03c
	50
	-
	Vertic, Subnatric, Brown Sodosol
	Dy3.22
	T7722 - BACCHUS MARSH

	MM113
	148
	Crest
	Eutrophic, Mottled-Subnatric, Black Sodosol
	Dd2.33
	T7621 - COLAC

	MM212
	140
	Crest
	Vertic (&Calcic), Subnatric, Black Sodosol
	Dd2.33
	T7622 - BALLARAT

	MM227
	110
	Mid slope
	Bleached-Ferric, Eutrophic, Black Chromosol
	Dd4.32
	T7521 - CORANGAMITE

	MM228
	110
	Upper slope
	Mottled-Sodic, Mesotrophic, Brown Chromosol
	Db2.31
	T7521 - CORANGAMITE

	MM230
	105
	Flat
	Haplic, Calcic, Black Chromosol
	Dd1.13
	T7521 - CORANGAMITE

	MM232
	122
	Flat
	Bleached-Ferric, Eutrophic, Brown Chromosol
	Db2.41
	T7521 - CORANGAMITE


	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	MM309
	137
	Flat
	Melanic, Mottled-Subnatric, Black Sodosol
	Dd2.12
	T7521 - CORANGAMITE

	MM5102
	133
	Crest
	Melanic, Mottled-Subnatric, Brown Sodosol
	Dy3.32
	T7721 - GEELONG

	MM5149
	49
	Crest
	Mottled, Eutrophic, Black Chromosol
	Dd1.32
	T7722 - BACCHUS MARSH

	SFS5
	50
	Mid slope
	Vertic (& Sodic), Eutrophic, Brown Chromosol
	Dy3.13
	T7522 - SKIPTON

	SW25
	110
	Mid slope
	Ferric, Eutrophic, Brown Chromosol
	Db1.22
	T7521 - CORANGAMITE

	SW27
	110
	Lower slope
	Bleached-Vertic (and Ferric), Eutrophic, Grey Chromosol
	Dy3.42
	T7521 - CORANGAMITE

	SW29
	137
	Flat
	Bleached-sodic, Eutrophic, Brown Chromosol
	Db2.42
	T7521 - CORANGAMITE

	SW34
	110
	Mid slope
	Bleached-Vertic, Mesotrophic, Brown Chromosol
	Dy3.41
	T7521 - CORANGAMITE

	SW48
	-
	Lower slope
	Bleached-Vertic (and Ferric), Eutrophic, Brown Chromosol
	Db2.41
	7421 - MORTLAKE

	SW85
	180
	Flat
	Vertic (& Calcic), Subnatric, Grey Sodosol
	Dy3.43
	T7621 - COLAC

	SW104
	121
	Upper slope
	Vertic (& Hypercalcic), Subnatirc, Black Sodosol
	Dd1.13
	T7721 - GEELONG


38.
Red sodic and non-sodic texture contrast soils on Quaternary basic volcanics

These soils occur on basic volcanic deposits including ash deposits in slightly better drained areas (such as footslopes of eruption points) and slightly stony plains in the drier eastern part of the volcanic plains (where they are sodic soils with many strongly sodic occurences).

The soils in the drier areas have a dark structured clay loam (to 20 cm) sharply changing to a coarse strongly structured hardsetting red heavy clay with increasing stone (parent material) with depth grading into parent material at 70–100 cm.  There may be calcareous material present in the lower subsoil as with other basaltic soils in the drier areas of the basic volcanic plains.  In the moister areas the soils would be more acidic and a subsurface horizon may be more prevalent and bleached, abruptly overlying the heavy subsoil.  No mottling and brighter, denser colours would imply better drainage.

Notable characteristics include: texture contrast, variable depth of surface soil (often limited), hardsettting coarse structure of subsoil where strongly sodic, variable stone content (can be moderately stony), moderately deep (60–100 cm) to deep (>100 cm), alkaline soils in drier areas (often with free carbonate at depth).

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	MM5075
	43
	Mid slope
	Melanic, Mesonatric, Red Sodosol
	Dr4.13
	T7721 - GEELONG

	MM5143
	38
	Mid slope
	Melacic, Mesotrophic, Red Chromosol
	Dr2.11
	T7722 - BACCHUS MARSH
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39.
Black, grey, brown and red cracking calcareous clays on Quaternary basic volcanics
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These soils occur extensively over the basic volcanic plains, mainly in lower landscape positions, the redder soils occur mainly in the east of the CMA. 

These soils have either self-mulching or at least strongly pedal surfaces of fine clay aggregates which grade into coarse and fine structured strongly pedal black (dominant) heavy clays. Some soils do have massive surfaces (more likely non-black soils). The surface soils are often slightly acidic becoming more alkaline with depth. The subsoil shows vertic properties of polished surfaces and lenticular structure due to the swelling of the clay.  The lower subsoil may be less dark or even mottled and grade into a carbonate layer. The carbonate layer often grades into weathered rock or overlies rock.  Shallower soils often overlie rock, with depths of about 60‑70 cm.  These soils have high nutrient levels and are often sodic, particularly at depth (not SFS2).

Notable characteristics include: high shrink-swell potential, strong structure, self-mulching surfaces, high organic matter content in upper soil, some mottling at depth, high clay content throughout, and calcareous (carbonate) at depth.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	CLRA46
	117
	Mid slope
	?, Self-mulching, Brown Vertosol
	Ug5.28
	T7621 - COLAC

	CLRA62
	142
	Flat
	Epihypersodic, Massive, Black Vertosol
	Ug5.4
	T7721 - GEELONG

	MM5017
	119
	Crest
	Episodic-endocalcareous, Epipedal, Grey Vertosol
	Ug5.22
	T7721 - GEELONG

	MM5035
	104
	Upper slope
	Episodic, Epipedal, Black Vertosol
	Ug5.12
	T7721 - GEELONG

	MM5056
	119
	Flat
	Haplic, Epipedal, Black Vertosol
	Ug5.12
	T7721 - GEELONG

	MM5154
	119
	Flat
	Endohypersodic, Epipedal, Black Vertosol
	Ug5.12
	T7722 - BACCHUS MARSH

	SFS1
	119
	Plain
	Vertic (& Sodic), Self-mulching, Grey Vertosol
	Ug5.26
	T7721 - GEELONG

	SFS2
	119
	Plain
	Endocalcareous, Self-mulching, Black Vertosol
	Ug5.11
	T7721 - GEELONG

	SFS4
	117
	Mid slope
	Endocalcareous-Endohypersodic, Self-mulching, Black Vertosol
	Ug5.14
	T7621 - COLAC


	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	SFS12 
	182
	Plain
	Calcic, Self-mulching, Brown Vertosol
	Ug5.34
	T7721 - GEELONG

	SW89
	119
	Upper slope
	Endocalcareous, Self-mulching, Black Vertosol
	Ug5.11
	T7721 - GEELONG

	SW98
	121
	-
	Epihypersodic-Endocalcareous, Epipedal, Black Vertosol
	Ug5.13
	T7721 - GEELONG

	SW101
	121
	Flat
	Episodic-Endocalcareous, Self-mulching, Black Vertosol
	Ug5.11
	T7721 - GEELONG

	SW102
	185
	Plain
	Epihypersodic-Endocalcareous, Epipedal, Brown Vertosol
	Ug5.11
	T7721 - GEELONG

	SW103
	121
	Plain
	Epicalcareous-Epihypersodic, Massive, Red Vertosol
	Ug5.6
	T7721 - GEELONG


40.
Red and black strongly structured gradational and uniform soils (earths and loams) on Quaternary basic volcanics
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These soils occur on basic volcanic deposits in well drained areas and positions, such as eruption points and associated scoria and ash deposits in both the south-west of the CMA and east of Ballarat in the Western Uplands, as well as scattered occurrences on the basaltic volcanic plains including many stony rises.

These soils are strongly (moderate and fine) structured throughout with dark friable clay loam to light clay surface soils (10–50 cm depth) grading into dark or red clay loam to medium clays, which generally grade into the parent material at well over 100 cm (BD5, SW26) or may be shallower on stony terrain (SW96) at about 40–60 cm.

Notable characteristics include: the gradational increase in clay content with depth, high clay content, strong fine structure (high pedality), slightly acidic to neutral pH, high free iron content, and high nutrient levels.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	BD1
	39
	Mid slope
	Melanic, Eutrophic, Red Ferrosol 
	Gn4.12
	T7622 - BALLARAT

	BD4
	39
	Simple slope
	Haplic, Eutrophic, Red Ferrosol 
	Gn4.12
	T7622 - BALLARAT

	BD5
	39
	Simple slope
	Melanic, Eutrophic, Red Ferrosol 
	Gn4.12
	T7622 - BALLARAT

	BD6
	39
	Crest
	Melanic, Eutrophic, Red Ferrosol 
	Gn4.12
	T7622 - BALLARAT

	SW8
	123
	Lower slope
	Sodic, Eutrophic, Brown Dermosol (Ferrosol?)
	Gn3.22
	T7621 - COLAC

	SW26
	110
	Plain
	Humose, Calcic, Black Dermosol (Ferrosol?)
	Gn3.43
	T7521 - CORANGAMITE

	SW96
	121
	Upper slope
	Vertic (& Sodic), Hypercalcic, Black Dermosol
	Gn3.43
	T7721 - GEELONG

	SW97
	121
	Simple slope
	Vertic (& Sodic), Calcic, Black Dermosol
	Gn3.43, Gn3.93
	T7721 - GEELONG


41.
Brown strongly structured gradational and uniform soils (earths and loams, including Ferrosols) on Quaternary basic volcanics
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These soils occur on basic volcanic deposits in well to imperfectly drained areas and positions, such as eruption point footslopes of associated scoria and ash deposits in both the south-west of the CMA and east of Ballarat in the Western Uplands, as well as scattered occurrences on the basaltic volcanic plains including many stony rises.

These soils have moderately (moderate and fine) structured dark friable clay loam to light clay surface soils (10–50 cm depth) which may grade into a weakly structured clay loam to light clay subsurface horizon. This grades into a brown occasionally mottled clay loam to medium clay, which generally grade into the parent material at well over 100 cm (BD2, BD33) or shallower on stony rises or ash deposits (40–60 cm).

Notable characteristics include: the gradational increase in clay content with depth, high clay content, weak structure (low pedality), slightly acidic to neutral pH, poorer soil drainage (occasional mottling), high free iron content, and high nutrient levels.

Soil sites

	Site code
	Soil-landform unit
	Component
	ASC
	FK
	1:100 000
mapsheet

	BD2
	39
	Lower slope
	Melanic, Eutrophic, Brown Ferrosol 
	Gn2.64
	T7622 - BALLARAT

	BD3
	39
	Terrace
	Melanic, Eutrophic, Black Kandosol 
	Gn2.02
	T7622 - BALLARAT

	OTR607
	66
	Flat
	Humose-acidic, Magnesic, Black Kandosol 
	Gn2.01
	T7520-PRINCETOWN

	SW8
	123
	Lower slope
	Sodic, Eutrophic, Brown Dermosol (Ferrosol?)
	Gn3.22
	T7621 - COLAC


 Land conservation and susceptibility

1.8 Land susceptibility

The terms hazard and susceptibility are often used interchangeably, causing much confusion. Susceptibility of land to a specific deterioration process is defined here as a constant inherent feature, but the hazard changes depending upon the level of management and the type of land use.

Soil erosion and sedimentation is considered to be a major problem and can reduce the productivity of agricultural land. Sediment is the greatest pollutant of the world’s surface waters as it degrades water quality and may carry adsorbed polluting chemicals (Robinson 1971). Furthermore most soils have very slow rates of formation and should be considered as a non-renewable resource thus the management of these soils is a very important consideration. It is therefore prudent to assess the risk, or susceptibility, of land to various forms of degradation.

Factors and processes

In this report six land degradation susceptibility processes were identified and studied. These are listed as follows:

· sheet and rill erosion

· gully and tunnel erosion

· mass movement (landslides)

· wind erosion

· waterlogging

· soil-structure decline

These processes have been investigated in previous studies. Previous land studies have used a suite of methods and approaches to define criteria and outputs representative of land degradation susceptibility across study areas.  After evaluating existing methodologies with questionable output qualities, it was recommended to undertake an expert decision making approach for these processes.  Experts with knowledge on catchment processes and limitations, collaborated in a suite of conferences and major meeting to identify limitations and inherent susceptibility of the land to further degradation. 

The main soil-landform characteristics influencing the susceptibility of land to decline included soil chemical and physical properties, topographic indicators (slope, aspect, etc), geology, geomorphological processes and climate.  Vegetation, land use and historic land management practices weren’t considered in this approach and will be dealt with further as part of the LUIM project for the CCMA region. The inherent susceptibility to land degradation (ha and %) for land in the CCMA region is presented in Table 7.

Table 7 Inherent susceptibility to land degradation (ha and %) for land in the CCMA region

	Hazard
	High and Very High 
	Moderate 
	Low and Very Low 

	
	(ha)
	(%)
	(ha)
	(%)
	(ha)
	(%)

	Sheet and rill erosion
	366 000
	27.4
	609 600
	45.7
	300 800
	22.5

	Gully and tunnel erosion
	425 000
	31.8
	403 200
	30.2
	448 200
	33.6

	Mass movement (landslides)
	353 300
	26.5
	87 900
	6.6
	835 200
	62.6

	Wind erosion
	163 900
	12.3
	576 300
	43.1
	536 100
	40.2

	Waterlogging
	697 300
	52.2
	431 600
	32.3
	147 400
	11.0

	Soil-structure decline
	798 600
	59.8
	407 100
	30.5
	70 700
	5.3


Sheet and rill erosion

The susceptibility of land to sheet and rill erosion is governed largely by the topsoil texture, slope of the land and length of slope. Other factors include hydrophobicity, percentage stone cover, tendency for aggregates to slake and disperse, size and weight of surface particles or aggregates, and the probability of intense summer rainfalls.

Soil loss from sheet and rill erosion is difficult to assess because of variability in soil loss within an area and the problem of measuring something that is not there. Sheet and rill erosion greatly reduces productivity, particularly in the case of texture contrast soils. The topsoil or A horizon is where most nutrients, organic matter, seed and macroporosity so desirable for a seedbed exists. If this is stripped away through soil loss the fertility of the soil is lost and productivity reduced.

Over 27% of the region have an inherent susceptibility to degradation by sheet and rill erosion. Lanscapes most prone to degradation include the Otway Range, sediments of the Western Uplands and granitic slopes within the Western Plains and Western Uplands.  

Gully and tunnel erosion

The susceptibility of land to tunnelling and gully erosion depends on a number of interrelated factors. These are principally rainfall intensity, vegetation cover, rooting depth, microrelief, slope, position in landscape, contributing upslope area, soil permeability, soil depth, soil cohesion and dispersibility. As the volume of overland flow increases and becomes channelised, the erosive power increases and resistance of the soil aggregates and particles to detachment becomes critical. The size and weight of the soil particles and their cohesion, or the tendency to slake or disperse will determine the resistance.

Gully and tunnel erosion is potentially a major degradation threat to water quality and biodiversity. Nearly 32% of the catchment has a high inheresnt susceptibility to gully and tunnel erosion.  These areas of highest potential include the Ordovician sediments in the Western Uplands, but is also common on granitic parent material across the plains and uplands. The Otway Range also are extremely prone to tunnel and gully erosion. When gradational soils and stony loams on crests and upper slopes are cleared of the native deep-rooted vegetation, some rain percolates through the soil profile to the watertable, but some becomes overland flow with the potential to sheet erode the sloping land and scour out drainage depressions. 

The presence of gullies and tunnels adversely affects productivity in a number of ways. As well as the land directly lost from production, the soil adjacent to the gully or tunnel is excessively drained thus reducing the vigour and number of plant species able to survive.

Mass movement (landslides)

Mass movement encompasses erosion processes in which gravity is the primary force acting to dislodge and transport land surface materials. It is a function of the gravitational stress acting on the land surface and the resistance of the surface soils and/or rock materials to dislodgement. When the gravitational stress exceeds this resistance, mass movement occurs. The occurrence of mass movement depends on the interaction of various factors including landform, lithology, soil type, rainfall intensity and duration, drainage characteristics and vegetation cover.

Landslip is seldom the result of a single factor as failure is the end result of activities and processes that have taken place over many years prior to the actual movement. In general, failures occur when the weight of the slope exceeds its restraining capacity. The most common triggering agent is the infiltration of water into the sloping land surface, which has the effect of both reducing the shear strength of the soil material and increasing the mass loading on the slope.

Within the study area there are a number of steeply sloping areas which may be susceptible to landslip if not managed correctly.

The analysis has determined that over 26% or 353 300 ha of the CCMA region has a high inherent susceptibility to land degradation (mass movement). The areas most prone include the slopes of the Otway Range, Heytesbury, Barrabool Hills and Bellarine Peninsula.

Wind erosion

Wind erosion is the loss of soil particles by wind. It occurs when the lift forces of the wind exceed the gravity and cohesion of the soil grains at the surface. 

Susceptibility of land to wind erosion is determined by taking into account the inherent features of the soil, the climate and position in landscape. The erodibility of the topsoil is a major factor, but structure, texture, stoniness and organic matter are all significant. Land use and management may have a major influence on the degree of deterioration, particularly if dry soils are exposed when erosive winds are likely to occur. Wind erosion is likely to reduce the organic matter and nutrients available in the topsoil, while the reduction in topsoil depth also leads to reduced water infiltration causing increased runoff and a fall in productivity. 

Over 163 900 ha (12.3%) of the region is considered to have a high inherent susceptibility to wind erosion. The loose sandy topsoils on coastal dunes, sedimentary parent material on the Western Plains, granitic parent materials of the You Yangs and granites of the Midlands, are highly susceptible to wind erosion. The western basalt plains with fine sandy loam topsoils, and the lower hills and plateaux of the Otway Ranges have moderate to low susceptibilities.

Waterlogging

Waterlogging is the retention of excess water in the soil profile to the extent that soil is weakened and aeration is insufficient for healthy plant growth.  This reduced soil aeration is controlled mainly by inherent soil factors including structure, texture, porosity, organic matter as well as climate and topography.  Waterlogging is favoured by low topographic positions that receive runoff, land with naturally high watertables, gentle slopes that are unable to shed excess water efficiently and soils with low permeabilities.  High rainfall areas are also prone to waterlogging where soils are unable to shed excessive quantities. The Heytesbury region is an example of where excessive rainfall on heavy clay soils leads to seasonal waterlogging.

Waterlogging across the catchment is, spatially, the second highest in order of importance or affect.  Nearly 700 000 ha is thought to have a high inherent susceptibility to waterlogging.  Areas included are the Heytesbury region, basalt plains and rises throughout the Western Uplands and Western Plains.  Natural swamps and wetlands are the most obvious areas prone to waterlogging.

Besides resulting in yield losses, waterlogging also presents a serious management constraint by limiting opportunities for farm operations in cropping and grazing systems. Traffic by wheels or hooves on waterlogged soil results in soil structure decline and can aggravate water erosion.

Soil-structure decline

Soil structure decline is the terminology used to refer to changes in the stability of soil aggregates and changes in arrangement of spaces (porosity) within soil material that result in conditions that are less favourable to plant growth. Changes in aggregate stability occur through excess tillage (pulverising when dry, dispersing when wet) and through prolonged (over years) cropping or grazing with resulting reduction of soil organic matter. Changes in porosity may result from compressing and churning moist or wet soil by wheels or hooves causing compaction and pugging. The primary affects are on soil hydrology, aeration, soil strength and root development. Soil structure decline can also increase the incidence of waterlogging and makes the soil more susceptible to erosion by wind or water.

Soil texture, organic matter, mineralogy, climate, topography, and vegetation all affect the degree to which soil structure is susceptible to decline. 

Potentially the greatest land degradation issue across the Corangamite region, soil-structure decline has rated highest in terms of area highly likely to be inherently susceptible to degradation. Nearly 800 000 ha or 60% has a high rating.  Landscapes thought most vulnerable include the Western Plains (sediment derived soils, basalt plains, slopes of the Heytesbury region) and the Southern Uplands (hills and low hills of the Otway Range, Bellarine Peninsula and coastal sediments).
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Appendix 1  Chemical methods

Sample Preparation

Soil samples were dried in a force air oven at 40( C for 48 h or more, and ground to pass a 2 mm sieve.  The gravel fraction was reported as percentage of the air-dried sample and discarded.  Subsamples for  Total N and Total C were ground to pass a sieve.  Results are expressed on an air-dried basis.

Particle size analysis

Soil samples were prepared using the method described by Mikhail and Briner (1978).  That is, sodium hypchlorite and hydrochloric acid are used to destroy and remove inorganic and organic cementing agents.  Samples were dispersed in by end-over-end shaking in solution of sodium hexametaphosphate. Particle size fractions were then determined using the plummet balance method (Marshall, 1956) to separate clay (<0.002 mm) from silt (0.002 to 0.02 mm), and by decantation to separate fine sand (0.02 to 0.2 mm) from coarse sand (0.2 to 2.0 mm) using Stoke's law.

Chemical Properties

Reaction and Salinity

Soil pH and electrical conductivity were determined in a 1:5 soil:water suspension.  Soil pH was also determined in 0.01 M CaCl2 (Rayment and Higginson, 1992; Methods 4A1, 3A1 and 4B2, respectively).  Chloride was determined in saline soils, i.e. where soil sample electrical conductivity was greater than 0.25 dS/m, (Rayment and Higginson, 1992; Methods 5A1) and expressed as "chloride as sodium chloride as a percent".

Exchangeable Cations

Exchangeable Ca2+, Mg2+, Na+ and K+ were determined using different methods depending on soil salinity and soil acidity. Generally, samples were extracted with ammonium acetate with no pre-treatment for soluble salts (Method 15D3; Rayment and Higginson 1992), except where electrical conductivity was greater than 0.25 dS/m, in which case, acidic samples were extract by compulsive exchange (Method 15E2; Rayment and Higginson 1992) and alkaline samples were extracted with alcoholic ammonium chloride (Method 15C1; Rayment and Higginson 1992).  Cations were measured in extracts using ICP-AES.  Exchangeable aluminium  was only determined in acidic soils (1:10, soil:1 M KCl solution, 30 min. shaking), where catechol violet was used to measure aluminium in the extracts (Grigg and Morrison, 1982).  Exchangeable H+ was also measured in acidic soils, using the method of Peech et al. (1962).  Exchangeable sodium percentage and cation exchange capacity were calculated from the exchangeable cation data.

Appendix 2  Otway landystems (Pitt 1981) chemical methods

METHODS OF SOIL ANALYSIS

All results are expressed in terms of oven‑dry soil passing a 2 mm round‑hole sieve, except gravel, which is reported as a percentage of the air‑dry field sample.

Particle‑size analysis ‑ plummet balance method of Hutton (1956), with sand separation by hand decantation. The I.S.S.S. size fractions were separated: i.e., coarse sand (2‑0.2 mm); fine sand (0.2– 0.02 mm); silt (0.02‑0.002 mm) and clay (< 0.002mm).

Electrolytic conductivity (EC Z5°C) ‑ a 1:5 soil:water suspension was shaken for 1 hour and, after temperature equilibration, conductivity was measured with a dip cell and direct‑reading meter. Results are reported as microsiemens per centimetre (μScm‑1).

Soil reaction (pH) ‑ by glass electrode and digital pH meter on the above suspension.

Chloride (CI) ‑ profiles OTR414‑606 by the electro‑ silver nitrate titration of Raj. Best, as described by Piper (1942).

· by solid state selective‑ion electrode and millivoltmeter on the same suspension, calibrated with potassium chloride standards.

Organic carbon (Org. C) – wet-combustion technique of Walkley and Black, described by Piper(1942). No recovery factor was applied, but the factor 1.3 C:N was used to calculate carbon:nitro‑ ratios.

Total nitrogen (N) ‑ Metson (1956). Semimicro Kjeldahl method, using a Markham still.

Free iron oxide (Fe203) ‑ Haldane (1956). Finely ground soil was extracted with powdered zinc in ammonium chloride‑oxalic acid buffer. Ferrous ion in the treated extract was titrated with potassium dichromate.

Hydrochloric acid extract for phosphorus and potassium (P,K) ‑ 4 g soil was refluxed for 4 hours with 20 ml constant boiling hydrochloric acid, with subsequent filtration and dilution of the filtrate to 200 ml. Phosphorus was determined by a colori‑ method using molybdenum blue and potassium by atomic absorption.

Available phosphorus (Pav. p.p.m.) ‑ Colwell (1963). 1 g soil was shaken with 100m1 0.5M sodium bicarbonate at pH 8.5 for 16 hours. Phosphorus was determined in the clarified extract by a colorimetric method (molybdenum blue).

Exchangeable cations ‑ profiles OTR414‑606 by the method of Hutton and Bond (unpublished data). Synopsis: soil leached with molar ammonium chloride solution (pH = 7.0) to displace exchangeable cations. Potassium and sodium in leachate determined by flame emission techniques. Calcium and magnesium determined by EDTA titration. Adsorbed ammonium ion was leached from the soil with sodium sulphate solution, and cation exchange capacity was determined from the excess of ammonium ion over chloride ion in the leachate.

‑ profiles OTR607‑748 by extraction method of Tucker (1974), also described in Loveday (1974). Synopsis: soluble ion removal by 10% ethanediol in ethanol. Cation displacement by ammonium chloride in ethanol‑water (2:1) at pH 8.5. Cation determinations by atomic absorption. Cation exchange capacity by measurement of ammonium ion displaced from the treated soil by a potassium nitrate‑calcium nitrate solution.
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