
A STUDY OF THE LAND 

IN 

SOUTH WESTERN 

VICTORIA 

by 

FRANK R. GIBBONS and R. G. DOWNES 

SOIL CONSERVATION AUTHORITY 

VICTORIA 

1964 



 

SOIL 

CONSERVATION 

AUTHORITY 

Chairman: 

R. G. DOWNES, M.Agr.Sc., F.A.I.A.S. 

Deputy Chairman. 

M. S. WOOD, D.D.A., M.M.A.S. 

Member: 

A. F. SAUNDERS, JP 

Secretary : 

R. D, HALL. 



SUMMARY 

Principles and methods for the study of land have been developed during surveys since 1953 in Victoria. In this Study, they are 

described and their application at various levels of detail in south-western Victoria is shown. 

In the approach described here, all factors of the natural environment are considered. Moreover they are considered in interaction, 

so that due regard can be given to each feature in characterising different kinds of land. 

The basic and smallest mapping-unit, termed a land-component, has conditions uniform for a particular form of land-use, within 

defined limits. Larger mapping-units are recognizable patterns of land-components, based upon the features considered to be most 

important for the purpose ; such patterns may be at different scales, and the mapping-units based on them have been termed. Land-
units, land-systems and land-zones, with increasing scale. 

The land-zones land-systems and land-units in south-western Victoria are described in this Study, and the significance of their 

features for land-use assessed. Examples are given to show how the methods may be applied in detail to assist the achievement of 

correct land-use. 

South-western Victoria is an area with cold wet winters and hot dry summers. The chief landscapes are coastal plains, dissected 

tablelands and wide areas of basaltic plains. The soils range from infertile deep sands to fertile clays. The chief land use is sheep 

raising for wool and meat. There is a limited scope for the development of unused Crown land, and the chief means of increasing 

production lies in the improvement of existing farms to the high level already attained on the best properties. 

FOREWORD 

This Study describes the methods developed for land-surveys and shows how the results may be used to aid soil conservation. 

Throughout the Study "soil conservation" means the kind of land management that will keep the soil at its required stable level of 

production. 

The kind of land-surveys described are based on an approach which provides two basic requirements for soil conservation. These 

requirements are : (a) a system of identification and classification of the various kinds of land according to their natural features, 

erosion risk and potential productivity, and (b) an investigation and assessment of these features plus an understanding of their 

ecological relationships. 

For the first requirement, methods are used which facilitate the recognition of areas with predominantly similar characteristics, such 
as similar soil, climate and erosion hazards and to which particular information on land-use may be applied. For the second 

requirement, methods are used which are aimed at analysing and understanding the factors, processes and ecological relationships 

that produce stability, so that in any new system of land-use for increased production, land management practices may be used 

which will not upset those features and relationships that are essential to stability. 

In short, this approach to the problems of land-use is an ecological one in that it seeks to enumerate environmental features, 

investigate their ecological relationships, maintain the relationships which make for stability, or if those relationships must be upset 

for higher production, it seeks to restore them at the higher productive level. 

The basic principles of the study of land for these ecological purposes were further developed and practised during a survey of 

south-western Victoria which began in 1953, and this report presents these principles in broad outline. For some areas and for some 
procedures, it gives more detail to show the kind of information available and to describe its use for soil conservation. 

PRINCIPLES AND METHODS 

For an understanding of the processes involved in the evolution of ecological stability within environments, it is necessary to 

recognize different areas each of which has predominantly similar problems and potentialities. The approach adopted for this is 

comprehensive, flexible and considers the interactions of the relevant features of the environment. 
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PART I 
THE PRINCIPLES AND METHODS OF THE STUDY 



 

Plate 1 - Red gums in south-western Victoria 

Principles and Methods 
For an understanding of the processes involved in the evolution of ecological stability within environments, it is necessary to 
recognize different areas each of which has predominantly similar problems and potentialities.  The approach adopted for this is 
comprehensive, flexible and considers the interactions of the relevant features of the environment. 
 
Principles involved 

(i) Basis of land-use systems. - Land-use systems are based primarily on plant growth, and the fundamental needs of plants 

are water, air, light and nutrients in suitable quantities, together with suitable temperatures. Therefore plant growth is necessarily 

related to those factors. 

Jenny (1940) drew attention to the variables of the natural environment. He enumerated these variables when he stated that the soil 
is the result of climate, topography and organisms-that is, the flora and fauna-interacting upon the parent material over a period of 
time. In doing so, he also pointed out that some variables are independent and control the nature of other variables which are 
dependent. 

Similarly, the communities of plants and animals in a particular area are controlled by the climate, parent material, topography, soil 

and the passage of time. In this way, any dependent variable such as soil and communities of plants and animals may be expressed 

as a result of those variables, independent or dependent, which affect it. Thus, although the erosion hazard is a result of climate, 

parent material, topography, soil, vegetation and animals, the actual accelerated erosion is the result of all these factors plus the 

activities of man. 

Although Jenny was considering the environment chiefly in terms of its effect on the soil, it is useful here to take his approach and 

his enumeration of the variables of the environment. On this basis, the features of the natural environment which control the 

fundamental needs of plants are climate, parent material, topography and soil interacting together. 

Consequently, the separation of land into various units for land-use purposes must be based on a consideration of the combined 

effect of all of these variables. 

(ii) Ecological approach. - Another line of reasoning reaches the same conclusion. To attain higher productivity from land, 

man usually disturbs the natural ecological equilibrium. To maintain this higher productivity a new equilibrium must be established. 
Any feature of the total environment may affect the success of replacing the old by a new equilibrium; consequently, the proper 
assessment and use of the land is an ecological problem in which all the environmental features, and not just a particular one, must 
be considered. 



The differences, important for potential productivity and erosion risk, between types of country may be governed by different 
features in different circumstances.  An obvious feature separating different kinds of land is the inherent productivity of the soils.  
In some places tis may be the most important factor.  In other circumstances, topography is the predominant feature separting land 
safe for cultivation from that not safe for cultivation.  Vegetation too, may be a critical factor in determining whether development 
would be economical.  In semi-arid areas, vegetation can determine the level of sustained productivity possible under grazing. 

Consequently, surveys to delineate areas with similar land-use attributes need to be based on a study of all the environmental 

features so that the most critical for the particular circumstances may be determined and properly emphasised. Land-use surveys, 

therefore, require the delineation and description of areas where the climate, parent material, topography, soil and original 

vegetation are uniform within the limits decided upon as significant for likely forms of land-use. 

(iii) Stability of systems. - Environmental systems differ in their degree of stability. Some can suffer considerable interference 
and change without significant harm. Others become unstable with slight changes. Consequently, it is important to understand the 
dynamics of these systems so that the probable reactions to newly-imposed conditions can be gauged. An understanding of the 
hydrological cycle in wetter areas, and of the native vegetation in the drier grazing areas are important in this respect. 

(iv) Previous approaches. - Surveys for land-use have often been based on one or other single factor, such as the soil alone, 

or the vegetation alone. It is necessary, however, to consider the other features of the environment at the same time. Christian, 

Stewart and their colleagues (Christian and Stewart 1953, C.S.I.R.O. Land Research Series 2-6) have done this, but there is still a 

tendency to treat those features as separate and not as interacting. Any environmental feature must be interpreted within the context 
of the others, and this is less likely to be done where the different features are thought of and treated separately than where, as in the 
approach described in this study, their integrated effect is also considered. For example, a certain soil-characteristic concerned with 
the water-status of the soil may have a significance entirely different under one particular set of climatic and topographic conditions 
from that which it has under another. The need is not only for an approach involving the total environment, but- also for that 
approach to be integrated from the outset. 

Features of the environment that must be considered as relevant to land-use include the independent factors, climate, parent material 
and topography, and the dependent factors, soil and vegetation plus the dependent attributes such as potential productivity, 
problems, hazards, the incidence of erosion, land-class (Downes 1949) and methods of development. The surveys allow areas to be 
delineated and described where the climate, parent material, topography, soil and original vegetation are uniform within the limits 
significant for the probable land-use, and for this, any of these features, not just always the same one, may be taken as the chief 
criterion for characterizing the mapping-units. 

Mapping-Units Used 

In studying the land, then, a number of environmental criteria are considered, and any one or more of them may be chosen as the 

most important for the particular circumstances, and therefore to be used as the basis for characterizing the mapping units. 

Furthermore, the allowable range of variation of the chosen criteria may be as narrow or wide as the situation requires. 

(i) Land-component. - The land-component is the smallest, most detailed and fundamental unit of mapping. It is an area 

where the climate, parent material, topography, soil and vegetation are uniform within the limits significant for a particular form of 

land-use. Environmental features show changes which are often gradual and it is impossible even after detailed study to achieve 

absolute uniformity throughout a mapping-unit. Consequently, there must be an allowable range of variation within the mapping-
unit; and for each land-component, this range is defined. For practical purposes, the land-component may be considered to be 
uniform if any variation within it is unlikely to have a significant effect on the suitability of the area for the anticipated land-use. 

Thus, in areas where irrigation or intensive horticulture is expected, the component would accommodate only small-range soil 

variations so far as water relationships are concerned. In areas to be used for cereal growing, a wider range of soil differences may 

be allowed, but the precise range of slope allowable would depend upon such other factors as erosion hazard, likely rotations and 

the permeability of the soil. Where the likely land-use is grazing of the natural vegetation, plant communities of different structure 

might be included when defining a land-component, provided that they include particular plant-species valuable as fodder. 

The land-component, however, within the range of variation decided upon, should be uniform throughout, in distinction to the 
broader mapping-units described below, which are composed of patterns of land-components. 

(ii) Land-unit. - The land-components are nearly always small areas, and it would be impracticable to map more than quite 
small parts of the State on such a detailed scale. However, land-components are seldom distributed at random, but generally occur 
in patterns because the independent variables-climate, parent material, topography-are few, and one or more is often constant over a 
broad area with the other features of the environment dependent upon it. For example, a particular kind of parent material may be 
extensive and show a certain type of dissection throughout, so that a limited range of land-forms and soils is produced. It is



because of this that land components usually occur in limited numbers in a consistent sequence which is repetitive and related to 
one or other of the independent factors of the environment. For example, land components, each characterized by a different kind 
of vegetation, might be grouped together in constantly-recurring patterns over the landscape. 

The occurrence of these patterns makes it possible to describe quite adequately a much larger area in terms of the basic sequence of 
land-components. This larger area is termed a land-unit. It is an area delineated for the convenience of the survey, in which a 

limited number of land-components are present in a characteristic pattern, which pattern of land-components is repeated at various 

locations. Individual occurrences of land-units are not necessarily of some particular size, because repetitive patterns of the natural 
environment may exist at any scale. 

The description of a land-unit is best given diagrammatically in the form of a "land-unit diagram" (Fig. 54) where the features are 

listed vertically and the variation of features between the various components is demonstrated by a horizontal line-diagram at the 

top, which represents the variation of the most variable and important factor. Where two factors, such as topography and aspect, are 
both important and interacting, a plan-diagram may be used. 

There are circumstances where this relatively simple pattern is not found, and the chief is when the variation of one independent 

factor is random in a small area in relation to the variation in the other factors. If such a random variation is observable, such as 

rocks that give soil of a different colour when sporadically distributed about a rolling landscape, or where wind-blown deposits of 

different material and colour cover the landscape, then the situation can be recognized, described and mapped as a "complex". If, 

however, the random variation cannot be easily observed, but must be sought by detailed visual or even analytical examination, then 
the practicability of this method is reduced. Other examples of' this difficulty are where variable deposits blanket the surface-such as 
wind or glacial deposits, particularly when they have not been on the surface long enough to reach equilibrium with the 
environment. 

(iii) Land-system. - For larger areas, where many land-units are involved, a less intensive subdivision is made into land-
systems, which are areas each comprising a limited number of related land-units. The land-units are related on the basis of features 
considered to be important for the likely land-use of the area. Thus, when a grouping is made of land-units which have in common, 
land forms, or structural forms of vegetation, or some other significant characteristics, the resultant area is termed a land-system. 

The criterion used to characterize land-units which together compose a particular land-system may be the same as that used to 

characterize the land-system; for example, it might be geomorphology, but on a more restricted range. Frequently, however, the 

criterion is different altogether. Thus, in a land-system based on geomorphology, the land-units within it may be characterized also 

by geomorphology or else by different features which may vary independently, such as climate, reflected possibly in a variation in 

some dependent variable like soils or vegetation. 

Like the land-unit, the land-system is described diagrammatically, with the features listed vertically and the variation demonstrated 

horizontally. In addition, a diagram showing the proportion and relationships of the different units of the chosen criterion within the 
land-system is used. 

(iv) Land-zone. - For the primary subdivision of a very large area of country, the concept of a land-zone is used. A land-zone 

is an area in which a number of similar land-systems are present, the chief land-forms or other groupings of the chosen criteria of 

the land-systems being common. The boundaries between land-zones will always coincide with significant differences in one or 

more of the major environmental features-climate, parent material, topography or vegetation. 

Technique of Surveying 

In these surveys there are four different scales of mapping, based on the mapping-units described above. With each scale, there is 

linked a stage in the survey, but the sequence of operation varies in different places. 

Usually, the first stage is to recognize the land-zones involved and to delineate them roughly, at the scale of eight miles to the inch. 

They may be described briefly, without detail, by such features as dominant land-forms, chief vegetation formations, regional 

geology and dominant soils. Rapid traverses of the area suffice for such a preliminary subdivision of the land. 

Information on the climate, geology and physiography is then collected, compiled and transferred to a base plan of the area at the 

scale of two miles to the inch for areas exceeding 1,000 square miles, or one mile to one inch for smaller areas. This is done to 

facilitate an understanding of the distribution of these features and the origin of the soils and vegetation, so that the features most 

important in controlling any consistent patterns may be recognized and used as the basis of further delineation. Thus, maps of 

isohyets or isotherms may indicate the extent to which rainfall or temperature controls the patterns of soils and vegetation, whilst in 

glaciated areas, a knowledge of the origin, direction and extent of the various ice movements gives an understanding of the 

otherwise apparently random distribution of glacially-deposited material. 



The further development of the survey may vary considerably according to whether the patterns within the various land-zones are 

relatively simple and sharply separated or are relatively diffuse. If they are simple, then they can be recognized, delineated and used 
as the basis for the next stage; where they are relatively diffuse, the land must first be examined in more detail so that the best basis 
can be found for grouping the components into useful patterns. These two ways of proceeding further with the survey will now be 
considered in turn. 

Examples of the first approach, where characteristic broad patterns can be easily discerned, are the survey in north-western Victoria 
(Rowan and Downes 1963) and in the Eppalock Catchment (Rowan priv. comm.). In north-western Victoria, although the range in 
rainfall is significant, it is small and changes gradually in any one district, whilst the land-forms are sharply-contrasting; in the 
Eppalock Catchment, the geomorphological units are few, distinct, and differ greatly. In such areas as these, the land-system stage 
of survey is the next. For this, traverses are made about ten miles apart, the land-forms defined (or other groupings of units of the 
chosen criteria), the various features related to them and the patterns recognized. Aerial photographs at the scale of forty chains to 
one inch and a base-plan at two miles to one inch or one mile to one inch are used in the field; aerial inspection from light aircraft is 
useful at this stage. Delineation of the boundaries is made later on the base-map by interpretation of photomaps or of feature maps 
showing any of the boundaries which field surveys have indicated as defining the land-systems, for example, maps of geology, 
contours, timber or peat. A scale of eight or four miles to one inch is satisfactory for publication. 

At the land-unit stage of survey, field examination is made in two phases. The first is a reconnaissance throughout the entire area to 
be surveyed with traverses of about five miles apart, to determine the number, distribution and approximate composition of the 

land-units, to see their broad relationships and to recognize their chief groups of components. The experience of the surveyor in 

recognizing significant differences of landscape is valuable for this phase, which should be completed before the accumulation of 

detail obscures the general impression of the patterns. In the second phase, the land-units are examined fully, to define and describe 
(but not to map) the chief components and their relationships in detail, and to recognize the minor components. This involves 
detailed examinations of the various features along the line of variation of the most variable factor and the repeating of these 
examinations to ensure that the pattern is consistent. The baseplan and the aerial photomaps at the scale of forty or twenty chains to 
one inch are used in the field, and delineation onto the base-plan relies largely on interpretation of photomaps or of feature-maps, 
together with cheek visits on the ground or by air. A scale of four miles to one inch is used here for publication. 

The land-components encompassed by the land-unit are often radically different from each other. Where there are substantial areas 
of land-components which are similar, they can be mapped as a sub-unit. Examples are in the Tooloy, Roseneath and Kanawinka 
land-units in this survey of south-western Victoria. Sub-units are also used for areas where the land-components are gradually 
changing to components characteristic of another land-unit. This happens where an independent factor changes gradually, causing 
patterns of land-components to change gradually to other patterns. In such places boundaries cannot be precise. 

The second approach, adopted where the patterns within a land-zone are diffuse, was used for parts of this survey of south-western 

Victoria and for the survey of the Eildon Catchment (Rundle priv. comm.). In these areas, after the preliminary reconnaissance, it 

was necessary to examine a number of sequences of land-components to discover the way in which the sequence changed and 

which factors caused the change. In this way, the appropriate basis was found for grouping land-components into separate land-units 
and for grouping land-units into land-systems. The sequence of operation for part of the survey in south-western Victoria was 
therefore land-zone stage, second or detailed phase of land-unit stage and then synthesis into land-system stage. 

In either of the approaches described above, the land-components can be delineated by use of the information gathered during the 

land-unit stage of survey which will have established, amongst other things, which of the features diagnostic of land-components 

can be recognized on aerial photo-pairs or any feature-maps available. Boundaries which cannot be interpreted in this way will need 
to be traced in the field. Publication of a component map is useful at the scale of twenty or forty chains to one inch. Often, the kinds 
of land-use upon which the separation of land-components has been based, are more intensive than the forms of land-use likely to 
be practised immediately. Consequently, similar land-components, the immediate land-use of which is likely to be the same, can be 
grouped together for mapping. Such an approach is reported here for the Kentbruck and Dorodong areas and the map so prepared is 
termed a "grouped component " map. 

To test the hypothesis that visually-similar soils are also similar in analytical features, surface samples and replicated profile 

samples on selected soils are taken, after the relative importance of the soils has been assessed. 



 

Plate 2 - The Lindsay and Strathdownie land-units of the Strathdownie land-system, together with the Follett land-system. 

With a knowledge of the area gained by ground observations. It is possible to interpret many of the features from aerial 

photographs 

(Photo: Victorian Lands Department) 

Relationship to Land-Use 

(i) Basis. - The land-component is the fundamental basis for consideration of land-use, as it is this which offers uniform 

conditions for the potential productivity, problems and hazards of the anticipated form of land-use. Plot-work can be applied only to 
the component on which the experimental work was done. If it is wished to apply the results to another component, then the 

difference between the components must be considered. Attributes of land-use which may be considered at the level of the 

component are: the potential productivity in terms of system of land-use, return per acre and yield or rate of stocking, the 

developmental methods in terms of cultivation, species, fertilizers, and cost, the risks of erosion and economics, the present erosion 
and the land-use class. 

(ii) Application. - Surveys at the land-zone stage provide a preliminary basis for future more detailed surveys. They also 

provide the basis for characterizing the land when a large area is under consideration; an example is the general assessment of the 

area of this survey. 

 
 



The reconnaissance phase of the land-unit stage of survey provides the preliminary differentiation of land-units for subsequent 

stages, and it also facilitates the assessment of problems and potentialities of underdeveloped areas in the planning of land-
settlement schemes, or of any other scheme of development. 

The second phase, or the full land-unit stage of survey, defines the major land-components upon which to base studies of land-use. 

A knowledge of the extent of these components shows their relative importance, and allows limited resources to be used to the best 

advantage by the choice of the best sites for investigations. Also, the description of land-components enables an extension officer or 
interested landholders to recognize easily the areas over which such information can be applied. In areas of new country which are 
proposed for development and settlement, the land-unit stage of survey gives enough information to determine whether or not 

success is likely, the kinds of problems which should be examined and the hazards to be avoided. 

A survey of land-components is useful for making a proper subdivision of the land in land-settlement schemes or for assessing the 

potential of individual blocks. Farm-planning can be much more satisfactory when based on such a survey. 

A valuable aspect of the whole approach, with its provision for assessment at various levels, is that patterns of environment are 

recognized at different levels or scales, and the information collected at any stage is immediately relevant to the next stage for an 

area of any size. In this way, the preliminary assessment can establish priorities and further surveys with progressively more detail 

can be restricted to those areas where they are most needed. Limited resources are then used efficiently. 

Comparison with other approaches 

Often, in surveys where only one environmental feature has been used as the basis of separation, a rigid and uniform use of different 
categories for each different level of survey, such as soil groups for the reconnaissance survey and soil types for the detailed survey, 
has resulted in difficulties. This is because the fact is neglected that a particular level of classification of a single feature cannot 
necessarily be correlated with the potential use of the area so mapped. Thus two phases of a soil type may have greater land-use 
differences than two soils of different groups. The flexible approach, in which the criteria and that category appropriate for the 
purpose can be selected, eliminates such difficulties, and useful generalisations can be made at each stage of the survey. Also, by 
the use of a comprehensive range of features, it is possible to reduce a disadvantage arising from unmappable but significant 
variations in the soil. This is because more of the significant boundaries are likely to be mapped by considering a number of features 
of the environment, instead of just one, in recognising the mapping-unit. 

In the interpretation of observations and the selection of units for mapping when surveying land, an aim of this approach is to 

provide a better basis for decisions. 

For example, the way in which the land-units are recognised in the circumstances of the survey may be considered. Individual 

occurrences of land-units are not necessarily of some particular size, because repetitive patterns of natural environment may exist at 
any scale. In these surveys, nevertheless, there are limits to the scale of operation. The lower limit is the smallest manageable size of 
the crop, or the minimum area to which a farmer can give different treatment. The upper limit, which may be varied at will 

according to the purpose of the survey, is the size of the area to be mapped. In these surveys, therefore, the land-use surveyor is 

seeking and describing useful patterns in the natural environment within these limits of scale. Consequently, the nature of the 

patterns and hence the size of the area over which they are repetitive will depend on the imposed limits of the scale of operation, as 

well as on the nature of the environment. In the survey, of 4,500 square miles of south-western Victoria, where the chief likely form 
of land-use is wool growing with fat lambs, the complexity of the natural environment is such that the land-units recognized have an 
average size of from 50 to 60 square miles. Surveys around the Grampians and in the Central Highlands of Victoria have proved 
similar. A survey was made of 14,000 square miles of the Mallee in the drier parts of the State, where the chief likely form of land-
use is wheat growing and Merino wool growing with cross-bred lambs. There, by contrast, the complexity is such that a useful 
subdivision of the land has resulted in patterns of land-forms, namely land-systems, averaging roughly 1,000 square miles in size, 
and some land-units are about 440 square miles. In both areas, the rational interpretation of the data, according to the circumstances, 
has resulted in useful subdivisions. 

Somewhat similar methods are discussed in connection with forests in Canada (Rowe 1962) and are used in Northern Australia by 

Christian, Stewart and their colleagues (ibid.), who introduced land-systems as methods of delineating and describing large areas of 
land. The definition of a land-system, given earlier in this Study, covers their use of the term, and a study of their methods has been 
helpful. 

There are differences, however, between their approach and the one used here. Christian and Stewart use one broad scale of pattern, 
the land-system, as a mapping-unit in their publications to date, and its basis of separation is geomorphology. 
 
In the method described here, the fundamental unit of land, the land-component, is not a collection or pattern of smaller units, but is 
an area considered to be uniform within defined limits for each of the environmental characteristics. To recognise and characterise 
it, all and any features of the environment are considered, and moreover considered in interaction, so that the most important factor 
for those circumstances may be assessed. Geomorphology often forms the basis of characterisation at the broadscale level of 



patterns, namely the land-zone or land-system, but other features can be used instead. In the separation of the more detailed patterns, 
land-units, any feature of the environment is used and it is frequently not geomorphology. 

Summary 

The survey methods described here have the following characteristics: 

(i) All those environmental features which are relevant to land-use are considered, including climate, parent material, 

topography, soil and vegetation, and not just one feature. Also, they are considered in interaction so that due weight may 
be given to those considered most important in that area for the purpose of the survey. This allows the appropriate criteria 
to be used as the basis for characterising the mapping-units. 

(ii) Mapping-units are at different scales and, except for the smallest, the land-component, are on the basis of repetitive 

patterns. The relationships of the various features in each pattern are described in a diagram where the features are listed 
vertically and their variation demonstrated by a diagram based on the variation of the most variable factor. 

(iii) It is the aim of this type of survey to obtain useful information quickly. To do this, the pattern and relationships of the 

environmental features are established so that, as far as possible, the required delineations may be made from existing 
sources of information, particularly aerial photomaps. 

(iv) Each stage of mapping offers information of a certain kind and a mapping programme can proceed from the broader to 

more detailed scales as and where required according to the purpose of the survey and the information obtained at any 
stage. 

In this study, the principles of which were developed during a land-use survey of south-western Victoria (Fig.1) begun in 1953, both 
land-systems and land-units in the same area are delineated and described, and for parts of the area, examples of surveys at the land-
component stage are given. 

Chiefly because soils and vegetation are more closely related to the ultimate purpose of the study, that is land-use, the principles 

underlying their classification and interpretation are more fully considered than for other environmental features such as geology 

and topography. 



 

Fig 1 - The area of survey 



PART II 
THE FEATURES OF THE ENVIRONMENT 

 



2. Climate 

Features of the Climate 

(i) Rainfall. - Monthly and annual averages for all official recording stations in the area, and for a few private ones, have 

been used. To make a better estimate of the isohyets near the borders of the area, records from adjacent parts of Victoria and South 
Australia were used also. 

Average annual isohyets showing variations of two and a half inches are given in Fig. 2 . They show that a zone of higher rainfall 

extends to the west and north of Portland and Heywood, with the wettest area over the highest part of the Normanby Platform near 

its westerly scarp where more than 36 inches is received. This zone is elongated to form two spurs; one is a ridge of high rainfall 

stretching through Mount Gambier to Mounts Burr and MacIntyre in South Australia and the other follows the line of the scarps of 

the Weecurra and Kanawinka faults. 

From the main ridge of high rainfall with its two spurs the average rainfall diminishes in all directions, sharply towards the coast, 

and more gently, but to lower levels of rainfall, in a north-easterly direction. A modification of this trend is apparent in the tendency 
for higher rainfall along the scarpline of the Brim Brim Plateau. 

Local observation and the local distribution of native vegetation both indicate a higher rainfall along the lines of south-westerly 

facing bluffs. Relatively minor increases in elevation, if widespread, appear to cause increases in precipitation, and locally reverse 

the general decrease in rainfall away from coastal areas. 

The distribution of rainfall throughout the year is shown in Fig. 3 for seven stations in the area. The outstanding feature is the 

marked winter incidence of the rainfall at all stations. This is more so for the coastal stations with high annual totals than for those 

further inland with smaller annual totals. In Fig. 4 the difference between Portland and two inland stations throughout the year is 

plotted and found to be greater in winter. It is noticeable, too, that for the stations with higher rainfall the annual distribution rises to 
a maximum in July, but for stations receiving the lowest rainfall July always shows a depression ; the peak is in August. 

Practically all the precipitation is as rain ; falls of snow are rare. 

(ii) Temperature. - Temperatures are recorded in the area only from four climatological stations, Portland, Heywood, 

Hamilton and Rennick ; average monthly and annual temperatures from these stations and some stations in nearby areas have been 

examined. The average annual isotherms based on these records form a trough elongated north-westerly and centred on Heywood. 

Average monthly temperatures throughout the year for three stations, Portland, Hamilton and Mount Gambier, are plotted in Fig. 5 

and it may be seen that temperatures at all stations reach their highest values in February and their lowest in July. 



 

Fig 2 - Isohyets in south-western Victoria 

Index of Stations referred to in Fig 2. 

1 Harrow 13 Casterton 25 Condah 

2 Poolaijelo 14 Coleraine 26 Dirk Dirk 

3 Comaum 15 Kanawalla 27 Lower Crawford 

4 Balmoral 16 Strathdownie 28 MacArthur 

5 Dergholm 17 Merino 29 Glenhuntly 

6 Roseneath 18 Hamilton 30 Nelson 

7 Warrock 19 Puralka 31 Kentbruck 

8 Tulse Hill 20 Yatchaw 32 Heywood 

9 Konongwootong 21 Rennick 33 Ellangowan 

10 Wando Vale 22 Branxholme 34 Yambuk 

11 Cavendish 23 Dartmoor 35 Cape Bridgewater 

12 Carapook 24 Hotspur 36 Cape Nelson 

37 Portland 



 

Fig 3 - The distribution of rainfall throughout the year for seven stations in south-western Victoria 

 

Fig 4 - The differences in rainfall throughout the year between Portland and two inland stations in south-western Victoria 

The lowest mean temperatures in summer are at Portland on the coast, but that station has the highest winter mean temperatures. 

The ocean therefore has a moderating influence and this is seen not only in annual, but also in diurnal variation. Thus, Hounam 

(1962) shows that at Portland, the diurnal variation is 12.2oF in winter and 16.2oF in summer, whilst at Hamilton the figures are 

14.9oF in winter and 26.6oF in summer. Moreover, whilst the mean monthly temperatures are higher inland than at the coast, during 
summer, the minimum monthly temperatures are higher at the coast than inland during this season, as well as during the winter. 
These features are important in their effect on the suitability of conditions for plant growth, during the different seasons, in coastal 
as compared with inland areas (see Fig. 9). 

Frosts are more frequent in inland areas; Portland has an average of nine light and three severe frosts per year, and Hamilton an 

average of twenty-six light, and thirteen severe frosts. 

(iii) Light. - South-western Victoria is in that part of the Australian mainland which has the longest summer days and the 

shortest winter days. Consequently it has the most markedly seasonal conditions in the amount of light energy received. Estimates 

(Black 1956) of this incident solar radiation throughout the year have been plotted for two stations in the area, Portland and 

Hamilton, and the curves for Cambridge and Buxton in England are presented also for comparison (Fig. 6). 



(iv) Humidity. - Prescott (193 8) considered the mean weekly values to be closely related to values taken at 9.00 a.m. so that 

use may be made of records of the latter. Average annual mean 9.00 a.m. relative humidity values have been examined for Portland, 
Heywood, Hamilton and Rennick and some other stations near the area. The distribution of these values shows a trough centered 
around Heywood and elongated in a north-westerly direction. The inverse of the relative humidity is the saturation-deficit, the 
values of which may be calculated from the records of the former. 

 

 

Fig 5 - The distribution of temperature throughout the year for three stations in south-western Victoria 

 

Fig 6 - The distribution of light throughout the year for two stations in south-western Victoria and two stations in England 

(v) Evaporation and potential evapotranspiration. - Calculating from the relative humidity and saturation-deficit figures 

and using a relationship developed by Prescott, Hounarn (1962) has estimated the average monthly and annual evaporation from a 

free water surface for some stations in the area. He reports average annual evaporation varying from 33 inches on the coast to over 

40 inches in the north. Lowest average monthly evaporation is slightly over one inch in the winter and the highest is in January, 

between five inches at the coast and seven inches inland. 

Potential evapotranspiration, that is the maximum amount of water which can be evaporated and transpired during a particular time 

from an area with a full leaf-cover, may be estimated fairly accurately by the method of Penman (1948) and approximately by the 

method of Thornthwaite (1948) as modified by Leeper (1950). Penman's method requires data which are not available for stations in 
the area and so the method of Thornthwaite, based upon average monthly temperatures was used to calculate potential 

evapotranspiration at Portland and Hamilton (Fig. 7). The values obtained are under-estimates. 



(vi) Wind. - Prevailing winds at Portland are chiefly south-westerlies. Coming directly from the Southern Ocean, they 

precipitate some of their moisture when they are uplifted by elevated areas. High velocities are probably common along the coast; 

direct measurements for this are lacking, but the evidence is the wind-distorted and stunted nature of the vegetation. 

 
Suitability for Plant Growth 

(i)  Assessment based on effect of various individual features:  

(1) Effective rainfall. - This is the amount of rain necessary to start and maintain plant growth above wilting point, and 

Prescott (1949) considered that it would be received when the term P/E0,75exceeds 0.54. From a consideration of the monthly 

rainfall probabilities, Hounam (1962 p. 47) has computed the chances of receiving the effective amount during each month at 

various stations. From this, the length of the growing season may be calculated as the period for which there is more than an equal 

chance of receiving the effective rainfall; also the chances may be estimated of receiving the effective rainfall early in the season. 

His tables show that in April, only the southerly parts have good chances of receiving the effective rainfall. Around Drik Drik and 

Portland, the chances are more than 90 per cent, or nine years in ten; in the central areas around Hamilton, they are about 80 to 85 

per cent, but at Harrow, they are only 66 per cent, or two years in three. In May, however, the situation is much better because in the 
southerly areas, effective rainfall is virtually assured, whilst at Harrow the chances are 90 per cent. On this basis, the length of the 
growing season varies. At Harrow, a growing season of five months can be expected more than nine years out of ten, a seven-
month growing season expected six years out of ten, and an eight-month growing season less than three years out of ten. At 

Portland, the situation is much better, with a growing season of seven months virtually assured, an eight-month growing season 

seven years out of ten, and a ten-month growing season has chances slightly better than even. Heywood and Drik Drik are almost as 
favoured as Portland, and other areas are intermediate. 

(2) Acidification index. - A similar term to P/E is the "Meyer ratio" or P/s.d.‡ Hallsworth (1951) modified this to account for 

the greater rate of chemical reactions at higher temperatures, and derived a value termed the "acidification index". Although the 

index was originally devised to indicate the ability of the climate to weather and leach soils, it is a good measure of the relative 

suitability of moisture conditions for plant growth as well. It has been calculated for all stations in the area, based upon estimates of 
mean annual temperature and its distribution has been mapped. A marked ridge extending north-west from Heywood reflects both 
the isohyets and isotherms. 

(3) Comparison of rainfall and potential evapotranspiration. - Since the chief source of water for plants is rain, and 

evapotranspiration is the chief means of loss of water, an estimate of the period of the water shortage may be made by direct 

comparison of the seasonal curves for the two features (Walker 1956). Figs. 7a to 7d portray the situation for Portland and Hamilton 
; the positions of the vertical lines are determined by the water-storage capacity of the soil. 

The effective water-storage capacity varies widely with the nature of the soil and the rooting characteristics of the species grown. A 
useful way of presenting this approach for a series of different effective water-storage capacities is by calculating the progressive 

budget of the rainfall and potential evapotranspiration throughout the year. Fig. 8 shows this for Portland and Hamilton. A soil with 
effective water-storage capacity of 100 points is at or near the wilting point for five months at Hamilton, whilst a similar soil at 
Portland is so for four months. Soils with 500 points effective water-storage capacity are at or near the wilting point for three 

months at Hamilton and for one month at Portland. By the use of this approach, the conclusion is that Portland has a growing season 
of between one and two months longer than the season of Hamilton, depending upon the characters of soil and root systems. In 
north-eastern areas, the growing season would be shorter still than at Hamilton. The chief deficiency of this approach is that it does 
not account for the actual loss of water being less than the potential evapotranspiration during the period of water-stress. 

(4) Timing of seasonal break. - The foregoing shows the emphatic division of the year into wet and dry seasons and that the 

onset of suitable moisture conditions is heralded by the higher rainfalls of autumn, often marked by a distinct break. Downes (1949) 
shows that the time of the break is important in the wheat-growing areas, but in grazing areas it may not be so important. 

Examination of the monthly values shows that the greatest increases in rainfall for all stations are between March and May, and for 

most stations, are between April and May. This suggests that the break of season is in the second half of April. Fortnightly rainfall 
figures demonstrate that for both Portland and Hamilton the break has nearly always occurred by the first week in May, but that in 
the wetter areas there are appreciable rains during April, which are often sufficient to start plant growth. 

                                                 
 Where P = precipitation and E = evaporation 
‡ s.d. = saturation deficit 



(5) Winter coldness. - The assumption that the growth of many plants is severely retarded by temperatures below 50o F. and 

ceases at temperatures below 42o F. is often used to obtain a general assessment of the temperature regime for plant growth. From 

an inspection of Fig. 5 it is seen that on this basis, plant growth at Hamilton is severely restricted for three months, June, July and 

August, whilst at Portland, it is only in August that temperatures are likely to be low enough to restrict growth. 

 

Fig 7a and b - The comparison of rainfall and potential evapotranspiration at Hamilton and Portland for soils with water- 
holding capacity of 1 inch and 4 inches 



 

 
 

Fig 7c and d - The comparison of rainfall and potential evapotranspiration at Hamilton and Portland for soils with water- 
holding capacities of 1 inch and 4 inches 

 



 

Fig 8 - The estimated quantity of water stored in the soil throughout the year, for soils with different water-holding 
capacities, at Hamilton and Portland. 

(ii) Assessment based on the combined effect of light, temperature and soil-water stress for various soils and 

various species 

In the foregoing, two climatic factors, water supply and temperature have been considered independently for plant growth. 
Whilst this certainly gives some useful information, it cannot provide an integrated assessment of the climate because it 
neglects other climatic factors which are involved, and because the effects of all of them are simultaneous and vary 
according to the species of plant. 

A first approach to such an integrated assessment is to consider the limitations imposed by the known levels of each of the 
various factors on the growth-rate of particular species. Those limitations may be applied to an arbitrary maximum, 
progressively for the various factors in turn. Any factors which are not considered are regarded as non-limiting. This 
approach is tentatively developed here for four species at each of four localities, Portland and Hamilton in Victoria and 
Cambridge and Buxton in England. The latter stations represent lowland and. upland areas in England and provide a 
comparison with western Victoria. The species considered, perennial ryegrass, white clover, cocksfoot and subterranean 
clover, include annual and perennial, and shallow-rooted and deep-rooted pasture plants. The shallow and deep-rooted 
species are assumed to be growing on soils providing water reserves of 100 points and 400 points respectively. 



The basis of this approach is the method of growth-analysis together with the importance given to the factor of light. The 

importance of light has been made clear by the work of Blackman and his school at Oxford (e.g., Blackman and Wilson 
1951, Blackman, Black and Kemp 1955), Donald and his school at Adelaide (e.g., Donald and Black 1958, Davidson and 
Donald 1958 and Black 1963) and New Zealand workers (e.g., Mitchell 1956, Soper and Mitchell 1956, Mitchell and 
Calder 1958, and Brougharn 1958). 

 
The former workers showed that with increasing intensity of light, for any species, the NAR* increased but the LAR* 
decreased, so that the relative growth rate (RGR*), because it is the product of the first two terms, increased to a maximum 
and then declined.  They demonstrated that the growth-rate was roughly proportional to the light intensity where this was 
lower than that giving maximum growth-rate and they pointed out that such intensities were common only for sun-loving 
species in temperate climates. 

Donald and his colleagues, however, have measured the much lower light intensities received by leaf surfaces beneath 
the canopy in plant communities with optimum LAI*. They have been able to show that for most species and at most 
places, the average light intensities received by leaf surfaces in a plant community at optimum LAI are low enough for 
growth-rate to be proportional to it and limited by it. The arbitrary maximum growth-rate mentioned above for a 
particular species can therefore be taken as that which occurs at the greatest intensity of light commonly received at any 
point on the earth's surface, on an average monthly basis (namely, 750 gm-cals/cm2-Black 1956). The seasonal 
limitations from this arbitrary maximum, which are caused by the light factor, are represented by the seasonal curves of 
light intensity for various places (Fig. 6) 

The limitations imposed by temperature on such curves may now be considered. These vary widely according to species, 
and Mitchell (1956) has related growth-rates to temperatures for a number of species. By using his temperature-response 
curves, and the monthly averages of daily mean temperature (Fig. 5), the appropriate percentage restrictive effect on the 
growth-rate of each species as caused by temperature may be calculated for each station. The seasonal curves of growth as 
calculated previously may then be stepped down accordingly. 

Further limitations on the growth-rate as imposed by water stress are calculated on the assumption that the reduction in 
growth-rate is proportional to the degree of soil-water stress. There is general agreement that "the degree of depletion of 
available soil-water affects the growth of many plants" (Stanhill 1957), and Gates (1955) showed that reduction in NAR 
varies with the severity of intermittent soil-water stress. Slatyer (1957), however, showed that the extent of the reduction in 
growth rate for a particular soil-water stress varies with the osmotic characteristics of the species. Consequently, whilst the 
above assumption may be true, the precise value of the reduction depends on the species concerned. However, there is no 
appropriate information for the particular species of pasture plant considered here, and the only way out of the difficulty at 
the moment is to calculate the growth-rates proportionately to the soil-water stress according to the average values of the 
osmotic relationships found by Slatyer (1957) for some crop plants. The seasonal regime of soil-water stress is calculated 
according to the relationships of water content and soil-water stress found to be characteristic of a sandy loam (ibid. 
1957). The seasonal regime of soil-water content in its turn is estimated from the progressive monthly budget of rainfall 
gains and evapo-transpiration losses for soils of 100 or 400 points water-holding capacity (p. 37 and Fig. 8). 

                                                 
 Growth-analysis is the technique of investigating growth and yield by the use of functions describing growth-rates, photosynthesis, leaf area and plant 
populations and the effect of the environment upon them. 
 
NAR = Nett Assimilation Rate:  This is a term measuring the efficiency of the photosynthetic apparatus 
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LAR = Leaf Area Ratio:  This is a term measuring the size of the photosynthetic apparatus : 
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RGR = Relative Growth-rate:  This is a term measuring the rate of increase in weight of a plant per unit weight: 
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It is the product of NAR and LAR, because 

NAR X LAR = RGR 
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LAI = Leaf Area Index:  this is the ratio of leaf area to ground surface occupied; that is, a crop with LAR of 5 contains 5 acres of leaves for every acre of 
ground.  Optimum LAI is that LAI at which all the incident light is just absorbed. 
 
W = weight of aerial part of plant 
L = area of leaf surface. 



Three matters need consideration here. The first is that actual evapotranspiration is less than potential evapotranspiration 
when there is soil-water stress in the root zone. The difference is proportional to soil-water stress (Slatyer 1957, Rijterna, 
1962) and an adjustment of the budget has been made to account for this. Secondly, plants may have different kinds as 
well as degrees of reaction to water-stress according to the nature of their life-cycles; thus, annuals may die with a short 
period of stress, perennials may persist longer, whilst aestivating¤ perennials remain dormant, responding quickly to the 
removal of stress. Thirdly, their ability to exploit soil resources depends on the depth of rooting. Accordingly, for the 
shallow-rooted species, soil-water holding capacities of 100 points were used; for the shallow-rooted annual (subterranean 
clover) a wilting-point stress lasting one month and for the shallow-rooted perennials a wilting-point stress lasting two 
months were regarded as sufficient to kill them. The deep-rooted aestivating perennial (cocksfoot) was assumed to persist 
indefinitely and a water-holding capacity of 400 points was used. 

Curves of estimated growth-rate, accounting for the effects of the seasonal regimes of light, temperature and soil-water 
stress, are presented in Fig. 9. An estimate of the relative potential production, calculated from the area enclosed by the 
curves, is given in Table 1. 

Two features of these curves are outstanding. One is that at all places for all species the growth-rate is markedly seasonal 
mainly as a result of seasonal variations in light and partly in temperature. This considerable influence of light, even under 
Australian conditions, is not widely appreciated. 

The other is that at Hamilton particularly, and at Cambridge also to a smaller extent, there is a restriction in growth as a 
result of soil-water stress during summer. This restriction is least severe for deep-rooted species on soils with high water-
holding capacities, more severe for shallow-rooted perennials and most severe for shallow-rooted annuals. 

Table 1 - Estimated relative potential production of four species at two stations in south-western Victoria 
and two stations in England. (The figures are percentages of assumed maximum on Earth's surface). 

Station Species 

Hamilton Portland Cambridge Buxton 

Perennial Ryegrass 30 43 18 19 

White Clover 19 29 12 11 

Cocksfoot 39 43 22 19 

Subterranean Clover 24 41 15 16  

Thus at Cambridge, the effect on a deep-rooted species is only slight, but at Hamilton, the effect on a shallow-rooted 
annual is drastic and severe. The most serious aspect of this restriction is that it occurs at an otherwise favourable season 
when light and temperature are least restricting and the effect on total production may be severe. By contrast, at Portland, 
there is but little restriction of the growth-rate of perennial species - especially deep-rooted perennials, because of soil-
water stress, and at Buxton there is no restriction on this account. Annual shallow-rooted pasture species at Portland may 
be slightly affected but they are not normally grown there except in soils of low water-holding capacity. 

A third feature, of less importance, is that at all stations, white clover, relative to the other species, cannot achieve its 
maximum growth-rate except at midsummer when its high temperature requirements are satisfied. It is important to grow 
species which are most able to use the resources of the environment and on this basis, white clover may not be an ideal 
species in south-western Victoria even when its water requirements are satisfied. 

The significance of these features of the climate is that in those parts of the area with low rainfall any feature of the 
environment which reduces the intensity or length of the summer water restriction is useful. An early break is thus most 
desirable. More important, however, is the ability of the soil to continue supplying water to the root zone of the plant as far 
into the summer as possible. For soils with light-textured surface horizons, the soil feature which is of greatest importance 
in this regard is the presence and depth of an impeding horizon, together with the position on the landscape. This is the 
most important single soil feature in the drier parts of the survey area, but where the rainfall exceeds 31 inches, it is not 
important except insofar as it affects the drainage status. The significance of the soil features therefore varies according to 
the other factors of the environment, especially climate. 

Summary 

The various features of the climate have been described and their significance for plant growth discussed. Examination of 
the effect of the various features and especially an assessment of their integrated effect in the form of curves of seasonal 
growth-rates reveal the following. High summer temperatures and high rates of evapotranspiration coincide with the 
season of lowest rainfall, and plant growth may be restricted markedly by dryness during summer as well as by low light-

                                                 
 to aestivate = to put out renewal buds when the period of stress has ended. 



values and low temperatures during winter. All these restrictions are more severe farther inland and the restriction resulting 
from dryness is more severe for shallow-rooted species. Consequently, the period of reasonable growth varies from about 
five months in north-eastern parts for shallow-rooted annuals to about eleven months in coastal areas for deep-rooted 
perennials. The most favourable conditions for growth are in late spring and, to a smaller extent, in autumn. 

 

 
Fig 9 - Estimated Growth Rates of four Species at two Stations in South-Western Victoria and 
two Stations in England 



3. Topography and Parent Materials  

Physiographic Divisions 

Boutakoff (1952) describes the physiography of the area as essentially of three platforms of different elevation, separated by fairly 

sharp scarps (Fig. 10, after Boutakolf). The higher platforms occur farther to the cast and farther to the north. The platforms are the 
Follett Plains, lying to the south, west and north of Dartmoor, the Normanby Platform lying to the west and north-west of Portland 
and Heywood, and the Dundas Tablelands, which are cast of a line roughly from Heywood to Casterton and extending to the north-
east of Casterton. Rising about 900 feet above the Dundas Tablelands is a residual highland belonging to the Grampians ranges 
system, namely Mount Dundas. 

A fourth platform, in the centre of the Dundas Tablelands and separated from it by a prominent scarp, has been recognised by Wells 
(1956), described by Marker (1956) and termed here the Brim Brim Plateau. 

All these platforms slope very gently downwards from their south-western extremity to the north-east, until they abut onto the scarp 
of the next, and Boutakoff regards them as formed by the break-up of the edge of a former surface of planation which extends well 
to the cast in Victoria, along lines of structural weakness. There is a marked orientation of scarps and other surface features in 
predominantly north-north-westerly direction, and also, but less markedly, in north-easterly direction. Because the Normanby and 
Dundas platforms slope gently to the cast, they eventually reach sea-level, the former at Portland, and the latter to the east of the 
survey area. 

On to this basal physiographic pattern other features have been superimposed, such as wind-blown sands of various kinds, both 

consolidated and unconsolidated, various flows of basalt, local volcanic ash, river and lacustrine alluvia. 

Dissection of some of the elevated areas has modified the local topography, the greatest modification being of the most elevated 

platforms, the Dundas Tablelands and Brim Brim Plateau. 

Geology of the Physiographic Platforms 

(i) General. - The geology has been mapped in detail in twelve parishes Dear Dartmoor and Casterton by Kenny, Caldwell, 

Foster and Keble. Coulson (1940, 1941) has described the volcanoes and sand dunes of the Portland district; Boutakoff and Sprigg 
(1953) have dealt with the area west of a line from Portland to Naracoorte, and Sprigg has given a detailed account of the Follett 
Plains where they extend into South Australia, known there as the Mount Gambier Sunklands. Kenley (1951, 1953) has discussed in 
detail the lithology of the beds in the Merino-Coleraine-Casterton area, Wells (1956) studied the Palaeozoic rocks around Casterton, 
and Marker (1956) has described the geology of the Dundas Tablelands in general terms. The most comprehensive and detailed 
account of the general geology of any substantial part of the area, however, is that by Boutakoff (1963) of the Nelson, Heywood, 
Bridgewater and Portland one-mile-to-one-inch sheets. It does not cover the northern and eastern parts of this survey area, but is the 
basis of some of the following description. 

(ii) Follett Plains. - These plains to the south, west and north of Dartmoor, are bounded on the east by an escarpment up to 

one hundred feet high formed from a series of faults or monoclines known as the Kanawinka, Killara, Mocamboro, Weecurra, 

Wataepoolan, Drik Drik, Jones' Ridge and Kentbruck "faults". This escarpment runs from Naracoorte in a south-south-easterly 

direction to a few miles west of Casterton, thence south to Greenwald and south-west to Kentbruck. Although it is only moderately 

prominent on the ground, it sharply divides country of very different landscape, and is the most important physiographic feature in 

the area. 

The basement of the Follett Plains consists of Oligocene and Miocene deposits, generally Miocene limestone termed by Boutakoff 

the Mount Gambier Formation, and on this basement are superficial deposits as follows. 

On the seaward fringe of these coastal plains are high dunes, often unstable, of unconsolidated light-yellowish-brown sand, covering 
a core of indurated (case hardened) limestone dunes. The loose sands, consisting of finely broken down sea-shells are highly 
calcareous and alkaline. They. may extend inland for nearly three miles but the underlying indurated limestone dunes persist further 
inland as a series of ridges parallel to the coast. The indurated dunes, termed the Bridgewater Formation by Boutakoff, are regarded 
as former shore-lines. They probably reflect the oscillating retreat and advance of the ocean caused by repeated lowering of the sea-
level during Pleistocene glacial periods, combined with an overall retreat from the line of the Kanawinka fault as a result of crustal 
warping. 



 

Fig 10 - Physiographic divisions of south-western Victoria 

Between the limestone dune ranges, especially to the north, are extensive areas of almost flat plains with numerous shallow 

swamps, some rounded, others elongated and orientated. These plains are of clay and silts, with some sand, and regarded by 

Boutakoff as Pleistocene and Holocene lagoon deposits. The swamps have probably been formed by subsidence of the surface 

following solution of the underlying limestone. 

Overlying both the dune limestones and the lagoon deposits in some places are dunes and sheets of unconsolidated sands. On those 
dune limestones near the coast, although but rarely oil those immediately adjacent to the coast, are red, brown and orange neutral 
sands. Inland from the latter, and extending intermittently throughout the Follett Plains, are large areas of grey or white acid sands. 
They are particularly prominent in two belts, one extending from Dartmoor to Mount Gambier, and the other adjacent to the 
escarpment in the north-east. Boutakoff has given the name Malanganee Formation to these acid white sands, together with the 
lagoon deposits, and ascribes to both of them an age extending from Early Pleistocene to Recent, although the sands in their present 
position are Recent. 

(iii)Normanby Platform. - At its westernmost and highest edge, the Normanby Platform overlooks the Follett Plains by about five 
hundred feet at the scarp formed by the Drik Drik, Jones' Ridge and Kentbruck faults. Along its south-western boundary, it 
overlooks a narrow strip of the coastal plains at the Swan Lake and Bridgewater faults. To the east 2nd north-east  however, it 
gradually drops down at an average rate of twenty feet to the mile until it enters the sea at Portland, or abuts onto Mount Clay, 



Mount Eckersley and the scarp of the Annya State Forest. 

The calcareous dunes of the coast have been blown onto the platform over the scarp running north-west from Bridgewater lakes. 

There they form an array of shifting yellow dunes four hundred feet high, their serried ranks extending in a huge arc from Cape 

Bridgewater to Nelson. 

Indurated calcareous dunes of the Bridgewater Formation are present along the south-western edge of the platform and also abut 

onto its western edge. Associated orange and white sands have been blown up and across both Bridgewater and Kentbruck faults 

and the acid white sands extend inland forming low dunes and sheets on the swampy plains perched on top of the platform. 

Much of the surface of the platform is covered by basalt which came from various volcanoes such as Mounts Richmond, Kincaid, 

Picaninny, Deception, Van Dyke, and those on Capes Bridgewater, Nelson and Grant. They are referred to collectively in this report 
as Cobbobboonee basalts and have been mildly dissected. 

The basement of the eastern part of the Normanby Platform around and to the south of Heywood and underlying the basalt on the 

western part is polyzoal limestone (the Mount Gambier Formation) of Oligocene and Miocene age. Owing to its low elevation, it 

forms the basement of the flats of the Surry and Fitzroy rivers, and hence is nearly always covered by swamp and river alluvium, 

the age of which extends back from the present into the Upper Pleistocene. Bog iron-ore, or ortstein is frequently found in this 

alluvium. 

(iv) Dundas Tablelands and Brim Brim Plateau. - The residual flat surface of this platform extends eastwards from the line 

of scarps formed by the Kanawinka, Mocamboro, Weecurra and Wataepoolan faults, together with their south-south-easterly 

extension along the line of the Hotspur and Annya scarps. The southern boundary of the tablelands has not been defined by 

Boutakoff, but it probably extends eastwards from the southern scarp of the Annya State Forest, through the southern part of the 

parish of Condah, where there is a slight escarpment, to disappear across the old valley now occupied by the Mount Eccles stony 

rises in the direction of MacArthur. The Mount Clay tabular block, overlooking the Normanby Platform of the Surry River flats, is 

an isolated southerly outpost of the Dundas Tablelands. 

In elevation, the Dundas Tablelands vary from 550 feet to 650 feet and the Brim Brim Plateau, which is block-faulted and back-
tilted, overlooks the Dundas Tablelands by about 450 feet at its uplifted south-western edge. The Brim Brim Plateau slopes gently 

downwards to the north-north-east, the prominent scarps becoming lower, and it eventually merges with the Dundas Tablelands 

near Balmoral and Harrow. There has been dissection of both platforms, shallowly in north-eastern areas and deeply near the bluff 

of the Brim Brim Plateau and where the underlying rocks are soft, such as the Mesozoic sediments. 

Boutakoff (1962) recognises further subdivisions of the Dundas Tablelands, namely the dissected Merino Tablelands where 

dissection has been deep into the soft Mesozoic rocks, and the Dergholm Platform west of the Glenelg River and Salt Creek. 

However, he includes in the Dundas Tablelands the area termed here the Brim Brim Plateau. 

The following outline of the presumed history of the Dundas Tablelands is from Marker (1959). Upon a lower Palaeozoic complex 

of igneous and metamorphic rocks, which outcrop rarely in drainage lines north of Casterton (Wells 1956), later Palaeozoic rocks 

were deposited and Devonian rhyolites and granites extruded and intruded. These rocks are frequent in dissected areas of the 

tablelands north of the Wannon River and sometimes outcrop near the tableland surface itself. Grampians sandstones of Devonian-
Carboniferous age were deposited on the Palaeozoic basement, folded, and preserved in parts from subsequent erosion by faulting; 
later differential erosion has left remnants as the Dundas Range and nearby Grampians Ranges. Glacial deposits of Permo-
Carboniferous age were then laid down, and these now outcrop to the north of Coleraine. 

Peneplanation followed, possibly in lower Mesozoic times, and then gradual warping, accommodating the deposition, in fresh 

water, of thick beds of Jurassic felspathic sandstones which continued into the Cretaceous as the Merino Group described in detail 

by Kentey (1953). This Merino Group is exposed by wide areas dissected beneath the level of the Dundas Tablelands, around 

Merino, Coleraine and Casterton and north towards Dergholm. Further warping then allowed Eocene and lower Oligocene sandy 

formations to accumulate on the western peripheries of the then coastal plain and they are found now fringing the tablelands along 

the Kanawinka fault. Then, in Oligocene and Miocene times, the sea advanced forming the Murravian Gulf well to the north, and 

polyzoal lime stones were laid down around the periphery of what had become the Dundas peninsula. They are present now south 

and west of a line from Hamilton through Branxholme to between Hotspur and Digby and thence north again to Casterton and just 

west of Harrow. It is this formation which is the basement of the Follett Plains and Normanby Platform. Upper Miocene limestones 
of the Muddy Creek Formation, and Lower Pliocene marine clays of the Grange Burn Formation grade into freshwater deposits, 
thus bringing the marine history of the Dundas peninsula to an end. 



During Miocene and Pliocene times the climate may have been suitable for the development of laterite, a terrestrial formation.  
Laterite which is commonly found in the area now may have developed on the land surfaces exposed during those times.  The 
break-up of the flat surface probably happened about the end of the Pliocene, to give the different platforms, so that the laterites, 

which are now fossil, form cappings on the tablelands. 

The characteristic features of the Dundas Tablelands and Brim Brim Plateau where they are not covered by superimposed 

formations are the remarkable flatness of their undissected surface, and the presence of a capping of laterite. 

Laterite (Prescott and Pendleton 1952, Hallsworth and Costin 1953) shows a characteristic pattern of three horizons. The upper 

horizon is pisolitic, laminated or massive and consists largely of the oxides and hydroxides of iron, aluminium or manganese ; 

underlying this is a zone of mottled yellow, orange, red and purple, which merges into a lower pallid horizon of white or creamy 

material in which the clay is kaolinite. Ortstein, by contrast, is a pisolitic, laminated or massive formation, consisting largely of 

oxides or hydroxides or iron or manganese, but not of aluminium, and without underlying mottled or pallid zones. A further type of 
alteration-product is of deep kaolinitic weathering with the accumulation of aluminium, incipiently mottled, without an indurated 
pisolitic or massive upper horizon, but including an incipient pallid zone. 

In the survey area, laterite appears to be restricted to the Dundas Tablelands and Brim Brim Plateau. There it has formed on a 

variety of materials including granites, shales, slates, tillites, trachytes, the Merino Group beds, and, over areas, thin cappings of 

Tertiary sands and gravels. The laterites so formed show considerable variation in depth, colour and texture of the horizons. 

Ortstein, however, is characteristically found on the Cobbobboonee basalt and the swamps or valley floors of the Heywood and 

Greenwald land-systems, whilst the deep kaolinitic weathering is restricted to the Hamilton basalt described below. 

As a result of the indurated nature of this capping of laterite, dissection has produced abrupt scarps and steep-sided valleys, 

especially where the underlying material is extremely soft, as for the Merino Group beds. Thus, around Merino, Coleraine and 

Casterton, the landscape is one of isolated flat-topped remnants abruptly dropping into steep, deep valleys and frequently with 

landslips at the steepest points, just under the laterite. Below the laterite surface, the hills are smoothly rounded. Tableland remnants 
are often orientated in a north-westerly direction, possibly reflecting tectonically-controlled drainage-patterns. By contrast, where 
the underlying material is harder, such as granite, the dissection is usually neither as deep nor as steep, but an abrupt scarp is still 
usually formed. 

Superimposed upon the laterite-capped Dundas Tableland and Brim Brim Plateau is a number of later formations. The most 

extensive of these, covering all the south-eastern part of the tablelands, are various flows of basalt which are the westernmost areas 

of Hills' "volcanic plains" (Hills 1940). These are described separately below . On the western edge of the tablelands are the same 

acid white sands of the coastal plains as abut onto the Kanawinka and associated faults. They have been blown up the scarp and 

have drifted eastwards. Swamp-deposits are common on both the Dundas Tableland and Brim Brim Plateau and are usually clayey 

but of unknown origin. 

The Basalts 

Basalts are extensively superimposed upon the Dundas Tableland and Normanby Platform. 

No systematic examination of their petrology has been made in this survey, although Boutakoff (1963) describes in detail the basalts 
of the Portland area. However, there are a number of characteristic patterns of landscape, associated weathering products and soils, 
and on the basis of these features, five groups of basalts have been recognised. Details of these patterns and also the evidence for the 
relative age of the groups are recorded in the text of the land-systems and in a publication by Gibbons and Gill (1964), based largely 
on material presented here. The five groups are now briefly described in order of decreasing possible age. 

The most widespread basalts in the survey area are termed collectively in this report the Hamilton basalt and they cover areas south 
of Hamilton, as far south-west as Myamin along the left bank of the Crawford River, and as far south-east as the Eumeralla and 
Shaw Rivers. These basalts have deep kaolinitic weathering as mentioned above except where dissection has occurred. For the most 
part, they present a flat to undulating surface, but around MacArthur, Branxholme and Hamilton, moderate dissection has produced 
a rolling topography and has exposed underlying strata. On the basis of the distribution of deep kaolinitic weathering and the degree 
of dissection, the Hamilton basalt is considered the earliest of the groups and may have been extruded in Upper Pliocene times. 

Around Portland and Heywood are big areas of basalts termed collectively the Cobbobboonee basalt. Most of this basalt covers the 
western part of the Normanby Platform but a smaller area covers the south-western tip of the Dundas Tablelands and the nearby 
northern edge of the Normanby Platform. A characteristic feature of this basalt, where not removed by dissection, is a residual 
surface ironstone formation, namely ortstein. Mild dissection in parts has produced an undulating topography. On the basis of the 
presence and distribution of ortstein and the degree of dissection, the Cobbobboonee basalt is considered to have been extruded later 
than the Hamilton basalt, and is probably of early or mid-Pleistocene age. The Cobbobboonee basalt includes the flows around 
Portland referred to by Boutakoff (1963) as the "Iddingsite and Olivine phases" the lowest of which flows has been dated by him as 
basal Pleistocene. 



 
A third group, termed here the Dunkeld basalt, shows little dissection and no residual deep surface weathering nor massive 

ironstone. Only a limited extent is present in the survey area, mainly north of Hamilton, but it is widespread and dominant over the 

volcanic plains to the cast. On the basis of the absence of fossil weathering products at perched positions on the landscape, the 

degree of dissection and the soils, the Dunkeld basalt is considered to have been extruded later than the Hamilton and 

Cobbobboonee basalt and may be late Pleistocene in age. 

Girringurrup basalt, the fourth group, is associated with the cinder cone of Mount Rouse, near Penshurst, and is not dissected but 

forms stony rises of moderate relief. Stony rises are flows of basalt whose original configuration has not been much modified, if at 

all, and which therefore have a rolling, rough and rugged topography on the local scale. Volcanic ash and scoria are associated with 
the basalt. The lack of dissection, position on the landscape and nature of the pattern of soils suggests a much more recent origin 
than for the Hamilton, Cobbobboonee or Dunkeld basalts and the age may be late Pleistocene or early Holocene. 

The final group, known here as the Eccles basalt, associated with the volcanic cones of Mount Eccles and Napier, forms stony rises 

of much more severely contorted topography. The basalts are all vesicular, sometimes to a degree approaching that of scoria, 

whereas the other basalts are chiefly massive and non-vesicular. Volcanic ash and scoria are found on the Eccles basalt also. There 
has been but little weathering into soil materials and virtually no leaching of these ; on the basis of this and other features of the 
environment, the Eccles basalt must be regarded as the latest flow in the survey area, probably late Holocene. Radiocarbon dating 
indicates the age of this flow to be somewhat in excess of 6,000 years. 

An unusual feature occurs where drainage-lines in basaltic country have been blocked by later flows. In such areas as the Condah, 

Whittlebury, Gorrie and Buckley swamps, accumulations of black peat are some depth. 

Many other features of geological interest and importance which cannot be examined here are discussed by Boutakoff (1963). 

4. The Soils 

Previous Investigations 

The only formal soil survey carried out previously in the area is a detailed survey by Blackburn and Leslie (1949) in the parishes of 
Coleraine- and Konongwootong, County of Dundas. Soil series and types were mapped and these have been adopted in this survey 
as far as they extend around the Coleraine and Casterton districts. Skene, Stephens and Andrew (1944) have reported briefly on the 
nature of soils in various Crown lands in the area. Blackburn and Gibbons (1956) carried out a reconnaissance survey of the soils of 
Kowree shire, adjacent to the northern boundary of this survey area and Stephens, Crocker, Butler and Smith (1941) made a detailed 
survey of part of County Grey, South Australia, immediately across the border. Both latter surveys included soils found in nearby 
parts of this survey area, and some of their units have been adopted. More recently, Blackburn (1959) has made a reconnaissance 
survey of the soils of County Grey in parts of South Australia adjacent to this survey, and Sibley (in preparation) has completed a 
survey of the kind reported here in the Grampians adjoining this area on the north-east. 

Classification of the Soils 

In this survey, soils have been classified at various levels of detail according to the following sequence 

Order 

Sub-Order 

Group 

Sub-Group 

Family 

Series 

Type 

Phase 

Frequently, in the broader-scale or reconnaissance surveys, only the less detailed soil-units are used, whilst the more detailed 

surveys require the more detailed soil-units. This assumes a correlation between the level required of soil classification and the 

degree of detail of survey. However, this correlation does not always exist because the purpose of soil surveys is generally 

concerned with land-use, and land-use varies with many other factors than soils, and these other factors may alter the significance of 
soil differences. Thus, the relative merits of various soils for land-use may be quite different in different environments whilst 

sometimes phase differences within the one type are more significant for land-use than soil-group differences. Consequently, in this 
survey, soil-classificatory units at various levels of detail are used without being linked to particular stages of survey and a very 
restricted meaning should not be put on their land-use features. Furthermore, in this kind of survey, based upon recurring patterns of 
components, the soil-units at a detailed level of classification are recognized and their relationships worked out at an early stage 
without proceeding to a detailed delineation of their extent. 



The soils encountered have been classified in the higher categories to a sub-group level according to the classification of 

Hallsworth, Costin and Gibbons (1953) and to series and types where occasion demanded or opportunity afforded. A brief outline of 
the classification is given in Table 2, with an indication of the groups and sub-groups found in the survey area. 

The soils of the area represent six Orders out of seven, twelve sub-Orders out of twenty, twenty Groups out of forty-five and 

twenty-four Sub-Groups out of eighty-four. They show a marked diversity in colour, texture, pH and drainage status. Unusual soils 
like acid marsh soil, aeolian regosol and the carr peat are associated with special conditions of parent material and physiography. 
The most common groups are the nomopodsols, leptopodsols and solodic soils, because the range of average annual rainfall is from 
twenty-five to thirty-five inches and there are wide areas of coarse-grained parent material. Soil's characteristically found on 
limestone, such as terra rossa and rendzina, are frequent on the Follett Plains, and the presence of thin sheets of sands on this plain 
and parts of the other physiographic platforms is responsible for some of the soils of the solodic group, chiefly the members of the 
Follett family. 

A noteworthy feature is the surprising diversity of soils on basalt, including gravelly leptopodsols, solodic soils, krasnozems, 

chocolate soils, brown earths and chernozems. The different ages of the flows have provided a range of climatic regimes to which 

the soils have been subject, and, together with the deposition of material from outside the areas of basalt, are responsible for this 

range of soils. 

Chemical and Physical Analyses 

Analyses of selected horizons of various profiles have been made for the following analytical features : 

Particle size (coarse sand, fine sand, silt and clay) 

Soil solution (pH, electrometric conductivity, soluble salts, chlorides) 

Free carbonate ; 

Organic matter (organic carbon, total nitrogen) 

Total potassium, total phosphorus, "available" phosphorus (soluble in acetic acid) ; 

Exchange complex (cation exchange capacity, exchangeable calcium, magnesium, potassium and sodium) ; 

Water-holding capacity (difference between water contents at field capacity and wilting point). 

The analyses of selected profiles are recorded in Appendix II. The analytical results for one profile of each of Orders IV, V. and 

VII., Podsols, Solodic soils and Earths, respectively, are given diagrammatically in Fig. 11, for ease of understanding the salient 

differences between these three chief orders. The following commentaries are based upon the analyses recorded in the appendix. 

In general, the diversity of soil morphology is paralleled by the analyses. Values for pH vary from over 9.0 to under 4.0 and some 

profiles are virtually completely of one grade of sand whilst others have overwhelming proportions of the finer fractions. The 

content of the common plant nutrients ranges from almost negligible quantities in some nomopodsols to amounts in some brown 

earths many times in excess of those often found in fertile soils. 



 
Fig 11 - The Diagramatic Presentation of the chiefAnalytical Features of a Profile of each of Orders IV, V and VII 

 
 



Classification of the Soils 
 
Table 2 – Asterisk indicates occurrence in South-Western Australia.  (After Hallsworth, Costin and Gibbons, 1953). 
 

Soil Order Sub-Order Soil Group Sub-Group Family and Series Recognized in South-Western Victoria 

I THE UNDIFFERENTIATED 
MINERAL SOILS* 

.. 1. Lithosol* 
2. Regosol* 

.. .. Discovery Bay 

II THE PEATS* - Soils in which the 
profile is dominated by organic matter of 
which the botanical features are partly 
visible. 

.. 3. Semiterrestric peat 
 
4. Fen peat 
5. Carr peat* 
6 Bog peat 
 
 
 
7. Dry peat 
 
8. Humified peat 

(a) Rich fen peat 
(b) Poor fen peat 
 
 
(a) Valley bog peat 
(b) Raised bog peat 
(c) Blanket bog peat 
 
(a) Mull dry peat 
(b) Mor dry peat 

  
 
 
 
 
Condah 

III THE GROUNDWATER SOILS* - 
soils in which the profile shows 
evidence of the presence of a water-table 
in the subsoil for at least part of the year 

.. 9 Gley podsol* 
 
 
10 Gley solodic soil 
11. Meadow soil* 
 
 
 
 
 
 
12. Marsh soil* 
 
 
 
13. Alluvial soil* 
14. Laterite 

(a) Iron gley podosol 
(b) Humus gley podosol 
 
 
(a) Brown meadow soil 
(b) Blad meadow soil 
(c) Calcareous meadow soil 
(d) Snow patch medow soil 
 
 
 
(a) Salt marsh soil 
(b) Normal marsh soil 
(c) Acid marsh soil 
 
 
(a) Ferruginous laterite 
(b) Bauxitic laterite 
(c) Manganiferous laterite 

  
 
 
 
 
 
 
 
 
Kentbruck Heath 

IV THE PODOSOLS* - soils in which 
the profile shows an acid A0 horizon 
with a B horizon of ferric oxide 
accumulation and sometimes of clay and 
humus accumulation also; solum acid to 
strongly acid, with the exchange 
complex base – unsaturated throughout 

IVa Bleached A2 
horizon concealed by 
organic matter 
 
IVb Bleached A2 
horizon not 
concealed by organic 
matter 

15 Cryptopdsol 
 
 
 
16 Nomopodsol* 
 
 
 
 
17 Leptopodsol* 
 
 
18 Amphipodsol 

 
 
 
 
(a) Iron nomopodsol 
(b) Clay nomopodsol 
(c) Humus nomopodsol 
(d) Humus clay nomopodsol 
 
(a) Iron leptopodsol 
(b) Clay leptopodsol 
 
(a) Red amphipodsol 
(b) Yellow amphipodsol 

  

V THE SOLODIC SOILS* - soils in 
which the profile shows a B horizon of 
clay accumulation sharply differentiated 
from the A horizon, and sometimes of 
ferric oxide accumulation also; a 
bleached A2 horizon often containing 
discrete sequioxide nodules; the 
exchangeable bases of the B2 horizon 
dominated by sodium – plus – 
madnesium. 

Va Solum acid 
throughout with the 
exchange complex 
base – unsaturated 
throughout. 
 
Vb No comunnar 
structure of the B 
horizon; sodium 
forms between about 
5% of the exchange 
complex of the B2 
horizon. 
 
 
 
Vc Columnar 
structure of the B 
horizon with 
rounded tops to the 
columns; sodium 
forms between about 
15% and 50% of the 
exchange complex of 
the B2 horizon. 
 
Vb Small-cubic-
structure well-
developed in the B1 
horizon; illuvial 
horizons present of 
carbonate and 
sometimes of 
grypusm; sodium 
forms between 20% 
and 40% of the 
exchange complex of 

19 Solod* 
 
 
 
 
 
20 Solodic soil* 
 
 
21 Calcareous solodic 
soil 
 
 
 
 
 
22. Solodised solonetz* 
 
 
 
23 Solodised solonetz* 
 
 
 
 
 
24. Stony down soils 

 
 
 
 
 
 
(a) Red solodic soil 
(b) Brown solodic soil 
 
(a) Red calcareous solodic 
soil 
(b) Brown calcareous 
solodic soil 
(c) Yellow calcareous 
solodic soil 
 
(a) Red solodised solonetz 
(b) Brown solodised 
solonetz 
 
(a) Red solonetz 
(b) Brown solonetz 

 
 
 
 
 
 
Normanby, Follett 

 
 
 
 
 
 
Normanby, Dunkeld, Bryant, Koroite 
 
 
 
 
 
 
 
 
 
Dergholm 
 
 
 
Parkwood 



Soil Order Sub-Order Soil Group Sub-Group Family and Series Recognized in South-Western Victoria 

the B2 horizon. 
VI THE RED BROWN EARTHS – 
soils in which the profile shows a B 
horizon of clay accumulation, and 
sometimes of sesquioxides accumulation 
also, no bleached A2 horizon 

Via No illuvial 
horizons of 
carbonate or gypsum 
 
VIb Illuvial horizon 
of carbonate but not 
of gypsum 

25 Non calcareous red 
brown earth 
 
 
26 Calcareous brown 
earth 
27 Red brown earth 
28 Mallee soil 
29 Desert loam 

   

VII THE EARTHS* - soils in which the 
profile shows little or no horizon of 
aummulation of clay or sesquioxides 

VIIa Solum acid 
throughout; the 
exchange complex 
highly based – 
unsaturated in the 
surface and usually 
throughout. 
 
 
 
VIIb Slightly acid to 
netural in the 
surface’ A/C profile 
 
VIIc Slightly acid to 
neutral in the surface 
 
 
 
 
 
 
VIId Cracking A 
horizon, with self-
mulching surface or 
strong blocky 
structure 

30 Alpine humus soil 
31 Transitional alpine 
humus soil 
32 Krasnozem 
 
 
33. Transitional 
krasnozem 
34 Acid brown earth* 
 
35 Terra rossa* 
36 Rendzina 
 
 
37 Euchrozem 
38 Brown soil of light 
texture 
39 Brown earth 
40 Chocolate soil* 
 
 
 
41 Prarie soil* 
 
 
42 Chernozem* 
 
 
 
 
43 Sierozem 

 
 
 
(a) Red krasnozem 
(b) Yellow krasnozem 
 
 
 
 
 
(a) Brown rendzina 
(b) black rendzinas 
(c) Grey rendzine 
 
 
 
 
 
(a) Reddish chocolate soil 
(b) Normal chocolate soil 
(c) Grey chocolate soil 
 
(a) Brown prarie soil 
(b) Black prarie soil 
 
(a) Brown chernozem 
(b) Black chernozem 
(c) Brown chernozemic soil 
(d) Clack chernozemic soil 
 
(a) Brown sierozem 
(b Grey sierozem 
(c) Brown sierozemic soil 
(d) Grey sierozemic soil 

  
 
 
 
Sherurn, Hamilton 
Hanna 
Nelson, Bridgewater 
 
 
 
 
 
 
 
 
 
 
 
Napier, Dunmore, Corangamite 
 
 
 
 
 
 
 
 
Whyte 

 
(i) Commentary on the basis of the various analytical features. 

(1) Soil Solution. - The variation in pH is considerable, from below four to above nine, but within a particular Great Soil 

Group or even sub-Order, the variation is restricted. Thus, nomopodsols are strongly acid throughout, leptopodsols slightly or 

moderately acid throughout and soils of Order V (solodic soils), moderately acid in the surface horizons. High values of pH are 

found in the subsoils of some solodic soils and soils of Order VII, but particularly in the soils derived from calcareous coastal sands. 
Only a minority of soils in the area as a whole appear to require lime for the establishment of clovers, but a substantial proportion 
would probably benefit from its application. Salt contents are high only near the coast and in the depressions in parts of some 
landscapes where solodic soils are the chief ; examples are the north-eastern parts of the Dundas Tablelands and the older basaltic 
landscapes. 

(2) Particle Size. - The results of the mechanical analyses closely follow the estimates of field texture. Contents of clay are 

very low in the nomopodsols and highest in the B horizons of solodic soils and soils derived from the earlier basalts. The clay 

profile, that is the variation in clay content down the profile, is most marked in the soils of Order V, the solodic soils, all of which 

show a pronounced "bench" in the clay profile (Fig. 11); the difference between the solodic soils and clay leptopodsols in this 

regard is noticeable (Appendix II). Silt contents are appreciable only in the soils from the later basalt flows and in those in 

depressions in the earlier basaltic landscapes. The proportion of fine sand is high only in some of the soils derived from wind-
deposited materials. 

(3) Phosphorus and Potassium. - Contents of total phosphorus are consistently lower than those of total potassium except in 

those soils with a high content of free carbonate. For sandy soils, the contents of total phosphate increase with increasing amounts 

of free carbonate, probably because of the formation of insoluble calcium or magnesium phosphate. 

Nearly always, the contents of phosphorus are below and frequently well below the arbitrary limits, the few exceptions being the 

peats and soils on the youngest basalt flow, where extremely high values are found. These latter soils are of limited distribution and 
in general the soils of the area appear to require phosphorus. initially. 

Contents of total potassium closely follow the contents of clay as shown by an inspection of the clay profiles and potassium profiles 
in Fig. 11; the content of total potassium usually exceeds an arbitrary critical value of 0.05 per cent in horizons having a clay 



content exceeding about 20 per cent. Exchangeable or "available" potassium content is linked with the contents of both clay and 
organic carbon (R = 0. 77) and most closely with the organic carbon (r = 0. 67). The textural class of subsoil horizons, where the 
organic carbon is of little importance, may have thus a limited use in assessing their potash status. For such horizons the content of 
exchangeable potash is usually above an arbitrary critical limit of 0.2 m.e. per cent if the clay content exceeds 15 per cent namely if 
the texture be heavier than a loam. Where such a horizon is within reach of the roots of whatever species is being grown, then the 
likelihood of potassium deficiency is diminished. Thus, the depth of the clay B horizon in the Follett family of solodic soils is 
significant for the growth of shallow-rooted species, not only from the point of view of water relationships but also of potassium-
nutrition. Also, for sandy soils, the analyses show that most of the exchangeable potassium is concentrated in the organic matter of 
the surface horizons. Consequently, on such soils, it is likely that whilst there may appear to, be no deficiency of potassium when 
the soils are first used, there will be a dearth of that element once the scanty supplies in the top-soil are exhausted. 

 
In general, the values for total and available potash are distributed well below and somewhat above the critical limits, with 

extremely high figures for those soils on the most recent basalt flow. 

(4) Organic matter. - Values for organic carbon are generally low to moderate, ranging from 0.5 per cent to 4 per cent in 

surface horizons. Higher values, up to 10 per cent, are encountered for the surface horizons of soils in swampy areas or derived 

from basalt, and very high values, up to 20 per cent as for the raw peat, are found where these features of the environment combine. 
Nitrogen figures show similar trends and a wide range is encountered extending both well below and considerably above values 
commonly found in fertile soils (0.2 per cent N). A better estimate of the nitrogen-status is obtained when its relationship to organic 
matter is considered, a carbon-nitrogen ratio of less than 10 being regarded as desirable. There is a loose general correlation of 
nitrogen with organic carbon, but within certain groupings of soils correlations are much closer. Sandy and acid soils all tend to 
have quite high carbon-nitrogen ratios, of more than twenty and as much fifty, characteristic of the "mor" type of humus ; the sandy 
soils which are slightly acid to slightly alkaline, and also the acid clayey soils, have carbon-nitrogen ratios of fifteen to twenty, 
whilst neutral clays or alkaline sands have lower values, around ten-characteristic of the "mull" type of humus in which the nitrogen 
is rapidly mineralised. It may be said that lower carbon-nitrogen ratios are associated with higher clay contents and high pH and/or 
high calcium status and low exchangeable hydrogen status. The corollary of this is that those soils, especially sandy soils, which are 
strongly acid, are likely to be deficient in available nitrogen. On such soils, the application of lime is the prerequisite for pasture 
improvement. 

(5) Exchange Complex. - Values of exchange-capacity generally follow the contents of organic and mineral colloids as 

shown by the figures for organic carbon and clay. Within the various sub-Orders, however, such a correlation is closer, probably 

because there, the types of organic matter and the clay minerals have limited range of variation. Thus, for the medium-textured 

leptopodsols the exchange capacity of the clay is around 20 m.e. per 100 grams clay, for the soils of Order V, from 32 to 40 m.e. per 
cent and for soils of sub-Order VIIe and Vlld, above 60 m.e. per cent. Also, the organic matter of the acid humusnomopodsols has 
an exchange capacity of 130-200 m.e. per 100 gms organic matter (assuming 58 per cent organic carbon in organic matter), whilst 
for that of the neutral brown earths the value is over 300 m.e. per cent. These latter figures agree closely with those obtained by 
Halisworth and Wilkinson (1958) for acid and neutral soils. 

"Exchangeable hydrogen" is dominant or prominent throughout the profile for Order IV (the Podsols), Order VII (an acid brown 

earth) and the acid marsh soil. In all of these soils, except the clay leptopodsol, the quantities of exchangeable calcium, magnesium, 
sodium and potassium are all low and decrease with depth. For all the other soils and particularly those of Order V (the Solodic 
soils), exchangeable calcium is much higher in the surface horizons than in the subsoil, whilst the reverse is true for magnesium, not 
only in quantity, but also as a proportion of the exchange complex. Exchangeable sodium usually follows similar trends to 
magnesium in those soils, and consequently the pH values rise with depth. However, where the ratio of exchangeable calcium to 
exchangeable magnesium is lower than about 1/4 then the pH is low also, regardless of what the proportion of exchangeable sodium 
may be. 

(ii) Commentary on the basis of the various soil classificatory units. 

(1) Orders II and III; the Peats and Ground-Water Soils. - The analytical features of Order II are represented only by 

those of the Condah Peat described on p. 270. This profile is noteworthy for the extremely high content of organic matter which 

itself contains an unusually high proportion of nitrogen, not all of which, however, may be readily available. It is well supplied with 
phosphorus of low availability; potash is high throughout the profile. Salt is present in high amounts particularly in the surface 
horizons, and in other soils would certainly be considered dangerous. However, the high exchange capacity of the peat, over 100 
m.e. per cent at the surface, may obviate the harmful effects. 

The analytical features of soils of Order III may be quite diverse where they are not related to the common diagnostic feature, the 

presence of the effects of water saturation. For this reason, the chemical features must be considered in terms of the groups rather 

than of the Order. 

A number of profiles of the sandy acid marsh soils have been analysed, and can be represented by the Kentbruck Heath sandy loam 
(profile 131). This soil is very acid, with pH values between four and five, and the exchange complex is predominantly base-



unsaturated. It has a high content of organic carbon and also a high content of total nitrogen, but not proportionally so, for the 

carbon-nitrogen ratio is excessively high. This ratio is not likely to be lowered until lime is applied to reduce the acidity and saturate 
the exchange complex so that, despite the high content of nitrogen, there is likely to be a deficiency of that element until the soil is 
limed. Phosphorus is present in very small quantities throughout the profile and certainly limits the growth of pasture species. The 
content of potassium is low and all profiles show that this element is virtually accumulated in the surface horizons and is grossly 
deficient elsewhere. This is so also for the other exchangeable bases and is probably due to the accumulation in the surface of heath 
litter. The import of all these features is that the acid marsh soils are severely poverty-stricken. Analyses of normal marsh soils 
show similar trends except for the somewhat higher contents of bases and the resultant lowering of acidity. 

By contrast, the gley podsol (profil e185) contains clay in increasing quantities with depth.  This is reflected in the better levels of 
potassium, whilst its higher pH figures in the lower horizons are associated with better base status on the exchange complex. 

 
(2) Order IV, the Podsols. - The analytical features of the Order may be considered on the basis of each of the two groups 

representing it. 

The nomopodsols of the area are all sandy to some depth and nearly all are fairly strongly acid, of a pH around 4.5 to 5.5, with very 
low contents of exchangeable calcium, and are predominantly base-unsaturated throughout the profile. Organic matter is low except 
in the coffee-rock horizon, and the content of nitrogen is particularly low as shown by the carbon-nitrogen ratios. The contents of 
phosphorus and potassium are also very low, although there is an accumulation of potassium in the immediate surface layers. 
Water-holding capacities and "available water" are both lower than for any of the other soils examined. Salt contents are well 
beneath any danger level. In short, these soils are poverty stricken sands whose features indicate severe degradation, and have 

virtually no chemical characteristics to commend them, although some of their physical features are useful in a well-watered 

environment. 

Leptopodsols, including both sandy and clayey subgroups, are altogether less extreme. pH values vary from 5.0 to 7.0, mostly 

around 6.0, and the exchange complex reflects this situation with a higher proportion of exchangeable bases than in the 

nomopodsols. The soils nevertheless are still acid and base-unsaturated. The sandy iron-leptopodsols have low contents of organic 
carbon, nitrogen, potassium and phosphorus, and somewhat high carbon-nitrogen ratios, but are generally more moderate than the 
nomopodsols for all these features. By contrast, however, the clay leptopodsols have a better, although still low, content of 
phosphorus, and much higher values for organic carbon, nitrogen and potash. Carbon-nitrogen ratios are still high, however. 

The analytical features of this Order may be summarized by saying that the nomopodsols are grossly deficient of most nutrients, the 
sandy iron-leptopodsols are somewhat better, but still deficient, and the clay-leptopodsols in particular have adequate reserves 

except for calcium and phosphorus. 

(3) Order V, the Solodic Soils. - Soils of this Order in south-western Victoria all show a sudden and marked increase in clay 

from A, to B, horizons and the dominance of the exchangeable metal cations bases of the B, horizon by sodium-plus-magnesium. 

The profile of the solod is strongly acid (pH 5.0 to 5.5) throughout, and the exchange complex predominantly base-unsaturated, or 

nearly so, throughout. All profiles of the brown solodic soils are moderately to strongly acid (pH 5.0 to 6. 0) at the surface, but 

show a rise in pH with depth in the profile, to values at or above neutrality. The solonetz is moderately acid in the surface and 

remains somewhat acid in the subsoil with a low ratio of exchangeable calcium to magnesium. 

Chloride-contents are low in all surface horizons, but show a significant increase with depth in the profile, particularly for the 

solonetz, in which a two-fold increase would result in a level deleterious to some plants. Surface levels of nitrogen and organic 

carbon, and the carbon-nitrogen ratio are reasonable in general, but soils of the Follett family are the lowest, whilst the Normanby 

family has the most satisfactory values. This relative position is seen also in the values for total and available phosphorus which are 
generally low in both surface and subsoil, but particularly so for the Follett family, and least so for the Normanby family. The same 
may also be said of the total potash figures for surface horizons. Always however, the potash-status is quite adequate in the clay 
subsoils, and herein lies an important chemical difference between the soils of this Order and the sandy members of Order IV, for 
those plants which are capable of tapping the resources of the clay horizon. 

To summarize this Order's chemical features of agronomic importance, the Normanby family of brown solodic soils seems the best 

supplied, requiring only phosphorus in quantity. Of the others, the solod and the deeper-phase members of the Follett family have 

features suggesting an eventual requirement of calcium and potash as well as a present requirement for phosphorus. Members of the 
Follett family may also respond to copper and zinc. No soils of the Order, however, have the low nutrient status characteristic of the 
sandy members of Order IV, except perhaps for the deeper phases of the Follett family, and then only for shallow-rooted species. 

(4) Order VII, the Earths. - The analytical features of this large Order show some diversity, as may be expected, 

particularly in the proportion of particles of different size, and in the degree of acidity or alkalinity, as these features are used in 

separating sub-Orders. Beyond these diversities, however, are important overall general similarities, particularly as regards their 

contents of nutrients. 



Virtually all have high contents of both nitrogen and organic matter, and satisfactory carbon-nitrogen ratios. Only for one profile 

examined of the Order, a very sandy soil, is there not a satisfactory potash status at all levels of the profile; the phosphate contents 

are usually moderate and are markedly deficient only in those profiles which are acid or sandy throughout. The calcium status is 

adequate for all soils of the Order except for sub-Order VIIa. 

Some of the diversities may be mentioned. Soils of sub-Order VIIa may eventually require calcium, and the sandy terra rossa and 

sandy acid brown earth have low potash and even poorer phosphorus contents. Two of the groups on limestone (the Bridgewater 

sandy loam and Tarragal sandy loam) have high pH values and the prairie soil has a rather high salt content in the surface. Perhaps 
the most outstanding feature is shown by soils developed from the most recent basalt flow, the Dunmore organic loam and the 
Napier stony loam, in which the contents of phosphorus, potash and nitrogen are extremely high, far beyond normal values. 

 
The analytical characteristics of the Order may be summarized by saying that despite the diversity, its members in general are well 

supplied with nitrogen and organic matter, have reasonable quantities of potash, have greater reserves of phosphorus than most 

members of other Orders, and apart from one sub-Order have adequate supplies of calcium. In short, the quantity of reserves of the 
important nutrients is much better in members of this Order than of the other Orders, in general. 
 

Relationship to Land-Use 

What is the significance of the different soil units for land-use? Which features of the soil are to be regarded as desirable and which 
as undesirable? The answer must be based on a consideration of the needs of the plant. 

Plant needs are chiefly two, a sufficiently long growing season, and an adequate supply of nutrients. Nutrient supply depends upon 

the availability of elements in the soil, and also upon the absence of harmful conditions or excesses. 

The length of the growing season, however, is affected by at least three things, the temperature throughout the year, the availability 

of water and the availability of air in the soil. These latter two conditions are themselves governed by three factors interacting 

together, namely the effective rainfall and its distribution throughout the year, the topography and the soil. Soil physical conditions 
which are important in this matter are the texture, the structure, and the depth at which may occur a sudden change influencing the 
position and flow of water. Texture affects the capacity of the soil to absorb, store and yield water; structure affects the 
permeability, storage capacity and rate of surface water loss, of the soil; the depth of an impeding horizon affects the quantity of 
water near the surface horizons. An important soil chemical condition is the presence of excessive electrolyte, such as salt, which 
inhibits intake of water by plant roots. The aim is to have or to produce conditions under which the duration of adequate water 
supply and the duration of adequate air supply overlap as far as possible in the drying-out process of the soil. 

It is clear that the soil features enumerated above must be interpreted in the context of the other features of the environment. A 

particular instance of interaction may be considered. In the survey area, where much of the land-use is sheep-grazing on shallow-
rooted species, the presence and depth of an impeding horizon may be important because of its effect on the availability of water 

near the surface root zone. In the drier parts of the area, as at Balmoral with 25 inches average annual rainfall, on the lower slopes 

an impeding horizon at shallow depth may hold the water sufficiently near to the surface to allow a late annual or mid-season 

annual to grow where a deep sand would support only an early annual at best. In somewhat wetter parts as at Dergholm with 28 

inches average annual rainfall, this effect may be sufficient to allow perennials to grow, but in the wettest parts as at Kentbruck, 

where the rainfall is 36 inches, an impeding horizon in the lower positions may make the soil so wet that it would require drainage. 

Topography also has an influence, for at Kentbruck a similar soil with an impeding horizon at shallow depth may be quite 

satisfactory on the slopes. At Balmoral, however, such a soil on the upper slopes would have too low a water-holding capacity to 

allow it to continue supplying water to the plant during the summer without an inflow from slopes above. 

A deep-rooted perennial may make use of water reserves on deeper sands, but here the matter is bound up with the nutrient 

requirements of the available species, the nutrient status of the soil, and the economics of balancing the two. Lucerne can grow well 
on deep sands, but if these are acid and impoverished, lime and fertilisers may be required and whereas the cost may be warranted at 
Portland, it may be prohibitive west of Casterton on similar soils where production must be less because of the lower rainfall. 

It is therefore difficult to generalise about the land-use suitability of different soil units, and for the three most widespread Orders, 

general comment is restricted to the following. 

Order IV, the Podsols, are all potentially useful soils in well-watered areas, but are of progressively less value in the drier areas, and 
particularly the drier sites of those latter areas. In well-watered regions, the relative merits of the various members and their 

suitability for different crops are largely a matter of their nutrient status, and to a certain extent of their drainage status in wet sites. 

Of the different groups and subgroups, the humus-nomopodsols have the lowest supply of nutrients, and are indeed the most 

poverty-stricken soils in the whole area; the iron-nomopodsols are only slightly better. Where these two subgroups are formed from 
sands, not only is the content of the major nutrients low, but they also show deficiencies of trace elements. Almost invariably, on 
such soils, copper, zinc and possibly lime are needed before improved pastures can be established. Sandy leptopodsols are not so 
poorly supplied and may be regarded as more suitable for improvement, with the trace elements copper and zinc. This sequence of 



nutrient status continues beyond the group and Order into the sandy terra rossas which are reasonably fertile; the colour of the A 
horizon, varying from white to reddish-brown, is closely associated with this sequence, the richer colours indicating the more 
fertile, or less infertile, soils. Medium-textured leptopodsols have a higher content of all nutrients, and can undoubtedly withstand a 
much heavier drain on their nutrient reserves. Also, being restricted to well-watered and cool parts, they can support fairly intensive 
land-use, including fruit-growing and perennial pastures for dairying. Some of the best stands of native hardwood forest are on these 
soils. The particular system of land-use on these soils depends on their drainage status or the wetness of their site. For example, fruit 
trees and pines do not favour the wetter places. 

 
In the drier areas, where the usefulness of the soils of this Order becomes less, their relative suitability is governed more by those of 
their features which influence the water-regime.  The presence and depth of an impeding horizon formed by an iron-humus 
("coffee-rock") pan in the nomopodsols becomes important, and where the economics of remedying the nutrient status can be borne, 
soils with such features can support valuable swards. 

Order V, the Solodic soils, characterised by an impeding horizon of tenacious clay, are eminently suited to improved pastures based 
on shallow-rooted species, in the moderate and lower rainfall areas to which they are restricted. Their overall nutrient status, 

especially where the clay is within the reach of plant roots, is much better than that of the members of Order IV although the deeper 
members of the Follett family are intermediate in this regard. Phosphate is in low supply and sometimes the trace-element 

molybdenum is deficient also, but there is generally no deficiency of copper, zinc, nor lime except in the Follett family. 

Consequently, their economic development to improved pastures is usually much more favourable in general than for Order IV. 

Their features, however, are not necessarily suited to the requirements of other crops in a mixed farming system, and for this reason, 
diversification of the rotation is proceeding much more slowly on the solodic soils than on members of Order VII. Also, their 
features do not favour those tree species which cannot stand waterlogging so that the use of soils of this order for Pinus radiata 
plantations is likely to be very restricted. 

Order VII, the Earths, despite its diversity, includes soils which nearly all have good structure and a fair content of colloidal 

material, generally with adequate base status, and frequently with reasonable levels of the other nutrients. 

Accordingly, the soils of this Order generally have greater potentials than those of either of the other Orders in this area, this 

difference being reflected in the higher regard in which they were held at first. Although the introduction of high-yielding legumes 

and grasses, and an understanding of the nutrient deficiencies have made it possible to reduce the disparity between the three 

Orders, nevertheless, the soils of Order VII, in the main, are still the highest producers, require less replenishment of their reserves 

with fertilisers, and allow the greatest flexibility and diversification of the systems of land-use practised on them. 

5. Native Vegetation 

Although there has been widespread clearing or changing of the native vegetation in the course of settlement and development of 

the area, enough remains along roadsides and in uncleared allotments to show which species were present and the form of the plant 

community. Also, substantial areas of Crown land are still left in which there has probably been very little change in the vegetation. 
By studying the way in which the various species and the forms of the plant community are related to the environment in those parts 
and by consulting old records and survey plans, it is possible to piece together a reasonable picture of the original covering. 

In the land-system diagrams, the information on the native vegetation of settled and developed country is largely such an estimate of 
the original conditions. 

Chief Species 

Trees are dominant over nearly all parts of the area and most of them are eucalypts; heath species are very common in some parts. A 
list of the Latin and common names of the chief species referred to in the text follows 

Eucalyptus camaldulensis red gum 

E. viminalis . . manna gum 

E. vitrea peppermint 

E. ovata swamp gum 

E. baxteri brown stringybark 

E. obliqua messmate 

E. leucoxylon yellow gum 

E. fasciculosa pink gum 

E. pauciflora snow gum 

E. stuartiana apple box 

E. aromaphloia apple box 

E. hemiphloia grey box 

E. kitsoniana bog gum 



E. diversifolia soap mallee 

Acacia melanoxylon blackwood 

A. implexa lightwood 

Casuarina stricta she-oak 

C. luehmannii bull-oak 

C. spp. Oak-bush 

Exocarpus cupressiformis wild cherry 

Leptospermum juniperinum tea-tree 

L. myrsinoides silky tea-tree 

L. lanigerum woolly tea-tree 

Melaleuca pubescens Apsley tea-tree, moonah 

M. squarrosa paper bark 

M. squamea. . paper bark 

Banksia marginata honeysuckle 

Hakea rostrata duck-bush 

Pteridium aquilinum bracken (now P. esculentum) 

Poa australis white tussock, snow grass 

Themeda australis wallaby grass 

Stipa spp. spear grass 

Xanthorrhoea australis black boy, grass-tree, yacca 

X. minor ground yacca 

General Inter -Relationships of Some Eucalypts and their Environments 

A number of factors of the environment interact to control the relative distribution of eucalypts in south-western Victoria. In areas 

where there is a limited range of temperatures and rainfall, the important factors are wetness of site and nutrient status of the soil. 

Attempts to show the relative occurrence and range of eucalypts in relation to these factors are given in Figs. 12 and 13 for two 

rainfall zones, one in the western and northern parts of the survey area which receives between 25 inches and 29 inches average 

annual rainfall and the other in the southern parts with more than 29 inches average annual rainfall. 

From these figures, the significance of particular associations or changes in associations may be gauged. Also, the likely floristic 

composition of common environmental sequences may be anticipated. Examples of such sequences are from the crest of a dune of 

acid white sand to flats with solodic soils (section A-A), from the top of a laterite ridge to a swampy plain of nomopodsols on acid 

white sands (section, B-B) or from sandy leptopodsols on orange sands across medium-textured leptopodsols to meadow soils on 

dissected Cobbobboonee basalt (section C-C). 

Distribution and Significance of some Species 

(i) Red gum (Eucalyptus camaldulensis) is widespread in the northern half of the survey area, and is the dominant species 

over much of the Dundas Tablelands where before settlement it occurred extensively in pure stands. Its southern boundary stretches 
south-westward from near Hamilton intermittently to just north of Branxholme and thence north-westward to Merino and the edge 
of the Follett Plains near Weecurra. It then follows the line of faults bounding the Follett Plains southwards to Dartmoor and thence 
north-westward to Ardno forming a distinct and sharp front, which is the most south-western extent of the species in Australia. 

Average annual rainfall appears to have a strong control on the distribution of red gum in the area. Where this is below 29 inches 

and the site favourable red gum is frequently dominant, but in areas receiving higher rainfall on similar sites the species is replaced 

by swamp gum or manna gum; only near Dartmoor in small patches, and fringing the Glenelg River, does it occur under rainfalls 

exceeding 30 inches. 

In those parts where it is widespread, red gum occupies a variety of sites but never those which are dry nor where the soil is 

impoverished. This species shuns therefore, sandy soils in general, the deep acid white sands in particular and shallow or stony 

soils. It occurs chiefly on the wetter solodic soils with moderately deep (18"-30") A horizons and on alluvial soils of a variety of 

textures. In the area it is apparent that where there is red gum, the soils are of a moisture status sufficient to support at least a mid-
season annual clover and of a fertility status to allow the development of improved pastures with the initial aid of superphosphate 

alone. 

(ii) Manna gum (E. viminalis) is widespread throughout, and being a component in many associations, is probably the most 

common tree species over the area as a whole. It survives a range of moderately dry conditions and usually indicates reasonable 

drainage, but cannot persist on abnormally dry sites, such as the deep coarse sands in the drier parts of the area. It can grow over a 

wide range of conditions of soil fertility and base status except on soils of lowest fertility even if these are well supplied with water. 

It has an unusually wide range of form according to the conditions of the site and in the survey area at least five such forms may be 



distinguished (Mitchell priv. comm.). 

On the moderately deep solodic soils of the Dundas Tablelands there are big well-developed manna gums closely resembling red 
gums; in sheltered, better drained and fertile sites the slender and tall ribbon-gum form is found, whilst on poorer or more acid soils 
this grades to a third form-straggly and with rough bark almost to the tips of the branches. Under conditions of increasing wetness 
or water-logging of the site, dwarf but erect forms develop which are smooth-barked or rough-barked according to the base status 
of the soil. In extreme conditions where wetness and low fertility combine, the fifth form is found as a mallee or whipstick mallee. 
Trees very similar to some of the rough-barked, third form have been identified as E. stuartiana and also as E. aromaphloia. 

 

Fig 12 - Inter-relationships of some eucalypts and their environment in south-western Victoria (25-29 inches rainfall) 



 
 

Fig 13 - Inter-relationships of some eucalyptus and their environment in south-western Victoria (rainfall over 29 



Over areas where red gum is dominant, manna gum, usually as the first or second form, is confined to the drier sites. Over the areas 
of impoverished sands dominated by stringybark, it occurs usually as the third form on drier sites, or the fourth form on wetter sites, 
and indicates the less infertile soils. In the wetter areas the second and third forms always indicate soils of reasonable drainage 
status-drainage classes 1 to 3. In such areas of moderately high average annual rainfall, above 30 inches, manna gum is usually 
dominant on well-drained soils of moderate fertility. 

The wide range of conditions under which manna gum is found limits its value as an indicator, if no account be taken of its form. 

The individual forms, however, can provide most useful guides. Thus, the second and third forms indicate the suitability of the site 

for those species which, like Pinus radiata, cannot tolerate badly-drained conditions, but which can grow well on soils of moderate 

to somewhat low fertility. Where these forms of manna gum grow, P. radiata can probably grow also. 

(iii) Peppermint (E. vitrea) is widespread over the wetter, south-western half of the survey area but forms a major component 

of the association only where the average annual rainfall exceeds 31 inches or else in locally wet situations. 

To thrive, the species appears to require not only soils of a limited range of drainage conditions, drainage classes 3 and 4, but also 

sites where there are no high soil-water tensions during the summer. It may be considered intermediate between manna gum and 

swamp gum in respect of water requirements. Consequently, it is found dominant on soils developed in sloping country from clayey 
sediments in areas of 30"-34' rainfall, such as the Greenwald land-system. Like manna gum it occurs on soils embracing a wide 
range of fertility and is usually very stunted on soils of low fertility, especially if these are also excessively wet, when the species 
readily assumes a mallee form. This is common in the heath-woodlands and heaths of the Kanawinka and Follett land-systems (pp. 
135 and 136). 

Its presence as a dominant or co-dominant species in an association indicates a site where the moisture status is adequate for a late-
season annual or a perennial pasture species and probably too wet for Pinus radiata. Further, if the form is that of a tall tree, then a 
soil of moderately good fertility status is indicated. 

(iv) Swamp gum (E. ovata) occurs widely over the survey area. Of all the eucalypts there, it can best withstand wet or 

waterlogged conditions, occurring on soils of drainage classes 3, 4 and 5, and appears moreover to require sites where there is little 

soil-water stress during summer. It is common, therefore, in or around swamps, but with one major exception is dominant or 

frequent only in the wetter sites in areas receiving more than 29 inches average annual rainfall. It is the chief tree species over the 

Heywood land-system which has the slowest regional drainage in a wet part of the survey area, and it is dominant also over the 

wetter half of the similar Strathdownie land-system. 

Swamp gum is found on soils covering an extremely wide range of fertility and base status. Its chief requirement is wet conditions 

and in most parts, although not all, may be regarded as an indicator of poorly-drained soils, chiefly drainage classes 4 and 5. The 

exception to this occurs over the large area of Hamilton basalt. The area, which is also the exception referred to in the previous 

paragraph, receives average annual rainfalls between 28 inches and 31 inches, and there swamp gum was originally dominant as a 

tall woodland. Most has disappeared since settlement and is considered (p. 18 1) to have been there precariously in the absence of 

competition from other species. 

In form, swamp gum varies from its straight-stemmed forest and woodland types through a range of stunted forms to whipstick 

mallees in sites combining excessive wetness and low fertility. 

(v) Stringybark (E. baxteri) has been found in the survey area under most conditions except on soils of high base status and 

on soils with clayey surface horizons. By far the greater part of its occurrence however is on the acid white sands on which it forms 
a characteristic component of the vegetation and on some of the orange sands of the Follett Plains. 

Stringybark can tolerate a wide range of moisture status including the driest found in the survey area, the deep coarse sands, and 

exceeds all other eucalypts native to the area in this respect; furthermore, the range of fertility status over which it can grow, 

includes the nomopodsols on the acid white sands, the most infertile and acid soils encountered. It is therefore usually the dominant 
tree and often the only tree growing on the dunes and sheets of acid white sand from which other species are frequently excluded 
because of either low moisture status or low fertility status of the soils. There, however, it is stunted and spreading in comparison to 
its tall forest form on better soils in areas of good rainfall. With increasing wetness and poverty of the soils it becomes more stunted 
until at the extreme, on the acid marsh soils, it is a small shrub with a mallee form. 

Its significance as an indicator depends largely on its form. Stunted and spreading forms in plant associations where the species is 

the only or dominant tree indicate poverty-stricken soils, whereas tall forest types are restricted to areas where the rainfall exceeds 

30 inches and where the soils are of moderate fertility. in these latter situations, other eucalypts or shrubs in the plant association 

provide a more sensitive indication of the moisture conditions. 



 

Plate 3 - Pink gum (Eucalyptus fasciculosa) is rare in Victoria, where it usually indicates solodic soils, suitable for development. 
In heath woodlands, it often has an unusual rosetting mallee form. 

(vi) Messmate (E. obliqua) is confined to those parts of the area receiving more than 31 inches average annual rainfall. 

However, in lower rainfall areas near Nelson there are some isolated patches of what appears to be a distinct type of the species. 

Messmate requires moderately well drained soils-drainage classes 2 and 3 of at least moderate fertility; no stands have been 

observed on strongly acid soils nor on soils of high base status. This combination of requirements virtually restricts the species, in 

the survey area, to the gravelly medium-textured nomopodsols or to some gravelly solodic soils in areas of good rainfall. The 

Cobbobboonee land-system includes most of such soils. 

The presence of messmate, therefore, is usually an indicator of favourable farming conditions and in fact some particular enterprises 
such as fruit-growing around Portland are virtually confined to the soils which originally supported messmate. 

(vii) Yellow gum (E. leucoxylon) has been found during this survey, with the exception of two isolated localities, only along 

the northern fringe of the survey area and in the corner north-west of Roseneath, which is between Casterton and Dergholm. The 

exceptions are an occurrence on the edge of the Follett Plains west of Digby, and near Nelson (Beauglehole, priv. comm.). 

The species does not grow on cracking clay soils, excessively wet sites and deep or infertile sands; it characteristically occupies the 

shallow and moderately deep solodic soils and solonetzic soils especially those in which the A horizon is not of the infertile acid 

white sands. Its tolerance of wet sites is less than that of red gum and its tolerance of dry sites is less than that of stringybark, so that 
it may occupy a position intermediate between those species in a sequence from sand dunes with stringybark to flats occupied by 
red gum, intermingling with both species. A number of eucalypts may occupy such an intermediate position, according to the 

climate ; peppermint, manna gum, yellow gum and pink gum are the most common and they are vicarious for each other at the 

appropriate position in the climatic sequence. In general, yellow gum is replaced in equivalent ecological positions by manna gum 

to the south and pink gum to the north-west. Yellow gum itself extends north of the area into Kowree Shire where it is widespread. 

Like manna gum, peppermint and stringybark, yellow gum shows a range of form according to the severity of the site, from a 

spreading woodland type to almost a mallee form ; similarly, the nature of the site may be gauged from the form. 

(viii) Pink gum (E. fasciculoso) is a species which is very rare in Victoria. Virtually the whole of its Victorian distribution is 

confined to the extreme north-western corner of the survey area in the Dorodong and Kanawinka land-units and the Apsley land-
unit west of the Dergholm-Apsley road. Isolated trees have been reported immediately to the north-west of Apsley, and it extends 

into South Australia where it is known as hill gum because of its presence on stony ridges. In the survey area however its 

requirements of soil and site appear to be identical to those of yellow gum, with which it is vicarious, and virtually all observations 

of it have been on solodic or solonetzic soils with clay less than 24 inches from the surface. 

Pink gum is sometimes difficult to distinguish from yellow gum and hybrids have been found. in form it varies from a medium-
sized woodland tree through stunted and slightly rough-barked or fuzzy-barked forms to almost a mallee form according to quite 

small variations in the site. A most unusual form, however, encountered otherwise only with swamp gum and yellow gums, is the 

presence of a number of individual stems a few inches thick, and 25-30 feet tall arranged in a ring about 20 feet in diameter, the 

crowns of each group of stems forming an almost closed canopy but the whole well removed from adjacent rings (Plate 3). On 

aerial photographs this form presents a quite distinctive pattern. 



As virtually the entire area of pink gum in Victoria has been included in a recent settlement scheme, and most cleared, it is desirable 
to preserve what little is left. 

(ix) Snow gum (E. pauciflora) in western Victoria has been regarded as a relic from a former wider distribution and in the 

survey area has been found in five localities. It grows on the elevated and exposed Brim Brim Plateau in the middle of the Dundas 

Tablelands, on exposed residual tablelands around Digby, on the terraces of the Crawford River valley near Hotspur and extends 

onto the basalt tablelands near Myamyn, on the flats of the Homerton land-unit near Heywood and finally near the South Australian 
border (Shepherd and Murray priv. comm.) on the western edge of Wanwin Heath and adjacent limestone country. All these 
occurrences are in areas with average annual rainfall exceeding 30 inches and, with the exception of one example on limestone, on 
soils with clay at shallow depth and drainage class 3. In form most trees are of the woodland type. 

Except on the Brim Brim Plateau, only a few individual trees have been encountered, and these are isolated and not regenerating 

except in one locality near Digby. The species may therefore disappear from western Victoria. 

(x) Bog gum (E. kitsoniana has been encountered during this survey on or near Kentbruck Heath, the site of its original 

record in western Victoria, and on Cashmore heath. It is restricted to wet sites and its form varies from a stunted woodland type to a 
mallee. 

(xi) Soap mallee (E. diversifolia) has been found in the survey area only on Cape Nelson, being the only recorded occurrence 

of the species cast of South Australia, where it occupies a series of similar exposed coastal sites. 

(xii) Blackwood (Acacia melanoxylon) indicates soils of moderate to high fertility in the survey area and usually also soils of 

good moisture status, but this last criterion is not invariable. It rarely grows in stands, and is distributed as a minor component in a 

number of associations, in most of which manna gum or swamp gum are dominant species. As an index of fertility it is useful. This 
is demonstrated by its presence in the Eucalyptus ovata -Acacia melanoxylon associations of the tall woodland and dry sclerophyll 
forest sub-formations characterizing the Hamilton land-system but not in the otherwise similar Eucalyptus ovata association 
characterizing the Branxholme land-system which differs from the Hamilton land-system in the slightly lower fertility of its soils. 

(xiii) Bracken (Pteridium aquilinum) is widely distributed over the survey area but is very sensitive to the site conditions and 

so varies considerably in its local distribution. It cannot tolerate even a slight degree of water-logging or permanent wetness of site, 

nor alkaline soils, but conversely is tolerant of the dryness of excessively freely drained soils and also of high degrees of acidity. 

Nevertheless it responds to fertile conditions in the height and vigour of its growth. Bush fires may be a major factor in its density 

and vigour of growth as bracken may re-colonize rapidly on suitable sites. Owing to this sensitivity to site conditions, bracken has 

proved a useful indicator in the survey area in a number of ways especially if considered with other species in the association. 

The chief way has been as an indication of the moisture status of soils developed on acid white sands, relative to the requirements of 
an annual pasture species. The suitability of the site for pasture growth in the drier part of the survey area is largely determined by 
the ability of the soil to provide water to the root-zone in summer and this in turn depends on the subsoil features producing a 

perched water table. From observations of various trials on the E. baxteri heath-woodland association it appears that a zone of 

impedance within about 24 inches-30 inches from the surface would allow the establishment of a suitable pasture species. 

Examination of profiles demonstrated that bracken grew only where the A horizon exceeds about 27 inches. Consequently, in an 

initial assessment of the area, the absence of bracken from this association was taken to indicate the suitability for development. The 
assumption proved useful in areas of 25 inches to 28 inches average annual rainfall but it did not apply in areas of higher rainfall, 
because there, the relationships between bracken and moisture conditions as described above do not exist. 

Another use of bracken has been to assess the drainage status of sites for Pinus radiata, which requires soils of drainage classes 1 or 
2; where bracken grows, the drainage is sufficiently free for P. radiata. This approach has been adopted in areas of stony rises and 
in areas of complexes of orange sands and shallow limestone soils. Bracken may also be used to differentiate alkaline and neutral 
coastal sands and to assess the effects of fires. 

(xiv) Honeysuckle (Banksia marginata) is common as a small shrub on acid sandy soils and the less fertile solodic soils. Old 

records indicate a much wider distribution of taller specimens on more fertile soils where it is rare now, as on the solodic soils of the 
red gum areas and in the Eucalyptus ovata and Eucalyptus ovata -Acacia melanoxylon tall woodland associations on the Normanby 
family soils in the Hamilton and Branxholme land-systems. Shepherd (priv. comm.) has produced evidence to show that the height 
of this plant is a good indicator of the suitability of the site for pines (P. radiata), the taller the shrub the better the site. 

(xv) Duck bush (Hakea rostrata), commonly found on heathlands is an invariable indicator in the drier parts of the survey 

area, although not in the wetter, of the soils with a clayey horizon within about 15 inches of the surface. As such, it is characteristic 
of certain associations and has been used for separating alliances suitable for agricultural development (Fig. 14). 



Table 3 - Classification of Plant Communities 

Floristics Structure 
Sub-Association Association Alliance Sub-Formation Formation 

(a) As association 1. Poa australis- Themeda australis Poa australis Wet Tussock 
Grassland 

GRASSLAND 

(a) As association 1. Cladium spp.-Phragmites spp. Cladium spp.  FEN 
(a) As association 
(a) As association 
(a) As association 

1. Leptospermum myrsinoides 
2. Banksia marginata-L. myrsinoides 
3. L. juniperinum-B. marginata- 
Casuarina spp. 

Leptospermum 
juniperinum-Banksia 
marginata 

(a) As association 1. Casuarina spp. Casuarina spp. 

 

FJELDMARK 

(a) As association 
(b) + Xanthorrhoea 
australis- 

Leptospermum 
juniperinum 

1. Banksia marginata-Casuarina spp.- 
Epacris spp. 

Banksia marginata- 
Casuarina spp. 

Dry Heath  

(a) As association 
(a) As association 

(b) + Casuarina spp. 
(c) + Banksia marginata- 

L. juniperinum 
(d) +B. marginata-L. 
juniperinum- 

Casuarina spp. 
(a) As association 
(b) + L. juniperinum 
(c) + Casuarina spp. 

 1. Melaleuca squarrosa 
2. M. squarrosa-Leptospermum 
myrsinoides 

3. M. squamea 

Melaleuca squarrosa-
Leptospermum 
myrsinoides 

(a) As association 
(b) + Casuarina spp.- 

Xanthorrhoea 
australis occ. 

(a) As association 
(b) + Casuarina spp.- 
Hakea rostrata 

1. Leptospermum myrsinoides-Banksia 
marginata-L. juniperinum 

2. L. juniperinum-B. marginata 

Leptospermum 
juniperinum-Banksia 
marginata 

(a) As association 
(b) + Hakea rostrata 

1. Banksia marginata-Casuarina spp. Banksia marginata - 
Casuarina spp. 

Wet Heath HEATH 

(a) As association 1. Eucalyptus baxteri-E. vitrea- 
Xanthorrhoea australis-Banksia 
marginata 

Eucalyptus baxteri-E. 
vitrea -Xanthorrhoea 
australis. 

Mallee Dry Heath 

(a) As association 

(a) As association 

(a) As association 

1. Eucalyptus-Leptospermum myrsinoides-
Melaleuca squarrosa 
2. E. baxteri-E. vitrea-L. myrsinoides- 

M. squarrosa -Xanthorrhoea 
australis. 

3. E. baxteri-E. viminalis-E. vitrea-L. 
Myrsinoides-M. squarrosa-X. australis. 

Eucalyptus baxteri -
Melaleuca squarrosa -
Leptospermum 
myrsinoides 

(a) As association 

(a) As association 

1. Eucalyptus viminalis-Banksia 
marginata-Leptospermum 

myrsinoides. 
2. E. leucoxylon-B. marginata-Hakea 
rostrata 

Eucalyptus viminalis-E. 
ovata-L. myrsinoides 
Banksia marginata 

Mallee Wet Heath MALLEE HEATH 

(a) As association 1. Acacia sophorae-Casuarina stricta- 
Carpobrotus spp. 

Acacia sophorae - Casuarina 
stricta 

(a) As association 1. Leptospermum pubescens Leptospermum 
pubescens 

(a) As association 

(a) As association 

(a) As association 

1. Eucalyptus baxteri-Banksia 
marginata-Leptospermum 
juniperinum 
2. E. baxteri-E. vitrea-B. marginata-L. 
juniperinum 
3. E. baxteri-E. kitsoniana-B. 
marginata-L. junipernum 

Eucalyptus baxteri - 
Banksia marginata - 
Leptospermum 
juniperinum 

Dry Scrub 

(a) As association 1. Leptospermum lanigerum Leptospermum 
lanigerum 

Wet Scrub 

SCRUB 



 
Floristics Structure 

Sub-Association Association Alliance Sub-Formation Formation 

(a) As association 

(a) As association 

1. Eucalyptus leucoxylon-Casuarina 
luehmannii 

2. E. hemiphlois-C. luehmannii-E. 
leucoxylon 

Eucalyptus hemiphloia- 
Casuarina luehmannii 

(a) As association 

(a) As association 

1. Eucalyptus camaldulensis-Casuarina 
luehmannii-E. hemiphloia 
2. E. Camaldulensis-C. luehmannii- 

Eucalyptus 
camaldulensis- 

Casuarina luehmannii 
(a) As association 
(b) + Casuarina stricta 
(c) + Banksia marginata- 
Hakea rostrata-
Leptospermum myrsinodes 
(a) As association 
(b) + Cas. Stricta 

(a) As association 
(b) + B. marginata-H. 
rostrata 

1. Eucalyptus camaldulensis-Poa 
australis 

2. E. camaldulensis-E. leucoxylon-P. 
australis 
3. E, camaldulensis-E. leucoxylon-E. 
ovata-P. australis 
4. E. camaldulensis-E. leucoxylon-E. 
fasciculosa-E. ovata-P. australis 
5. E. camaldulensis-E. viminalis-P. 
australis 

6. E. camaldulensis-E. viminalis-E. 
pauciflora-E. ovata-P. australis 
7. E. camaldulensis-E. viminalis-E 
.pauciflora-E. ovata-P. australis 
8. E. camaldulensis-E. ovata-P. 
australis 

Eucalyptus 
camaldulensis-Poa 
australis 

(a) As association 
(b) + Pieridium aqulinum 
(c) + Casuarina stricta 
(a) As association 
(a) As association 
(b) + Banksia marginata- 
Hakea rostrata (a) As 
association  
(a) As association  
(a) As association  
(a) As association  
(a) As association 

1. Eucalyptus viminalis-Poa australis 

2. E. fasciculosa-P. australis 
3. E. leucoxylon-P. australis 

4. E. viminalis-E. ovata-P. australis 
5. E. fasciculosa-E. ovata-P. australis 
6. E. pauciflora-E. ovata-P. australis 
7. E. vitrea-E. ovata-P. australis 

8. E. ovata-P. australis 

Eucalyptus viminalis-
Eucalyptus ovata-Poa 
australis 

Savannah 
Woodland 

(a) As association 
(a) As association 

1. Eucalyptus hemiphloia-Casuarina 
luehmannii-E. leucoxylon 
2. E. hemiphloia-C. luehmannii 

Eucalyptus hemiphloia-
Casuarina luehmannii 

(a) + Banksia marginata- 
Poa australisPteridium 
aquilinum 

(a) + B. marginata-P. 
australis-Pt. 

Aquilinum 
(a) +B. marginata-P. 

australis 

1. Eucalyptus baxteri-E. viminalis 

2. E. baxteri-E. viminalis-E. fasciculosa 

3. E. baxteri-E. ovata 

Eucalyptus baxteri 

Tall Woodland 

WOODLAND 

 



 
Floristics Structure 

Sub-Association Association Alliance Sub-Formation Formation 

(a) + Poa australis 
(b) + P. australis- 
Pteridium aquilinum 
(c) + P. australis-Pt. 
Aquilinum-Hakea 
rostrata 
(d) + Casuarina stricta-Pt. 
Aquilinum 
(a) + C. stricta-Pt. 
aquilinum-P. australis (a) + 
Pt. aquilinum-P. 
australis 
(a) +P. australis 
(a) +P. australis 
(a) P. australis 
(b) P. australis-C. stricta 

(a) + P. australis-H. rostrata 
(a) + P. australis 
(a) + C. stricta-P. 
australis-B. marginata 
(a) + P. australis-Pt. 
aquilinum 
(a) + P. australis-B. 
marginata-
Leptospermum 
juniperinum 

1. Eucalyptis viminalis* 

1. E. viminalis –Acacia melanoxylon –
Exocarpus cupressiformis 
2. E. viminalis-E. pauciflora 
3. E. viminalis*-E. vitrea-E. ovata 
4. E. vitrea 
5. E. viminalis-E. ovata 
6. E. viminalis-E. leucoxylon 
7. E. viminalis-E. leucoxylon-E. 
fasciculosa 
8. E. viminalis-E. leycoxylon-E. 
fasciculosa-E. ovata 
9. E. leucoxylon-E. ovata 
10. E. pauciflora-E. ovata 
11. E. ovata –A. melanoxylon-Ex. 
Cupressiformis 
12. E. ovata 

Eucalyptus viminalis*- 
E. ovata 

(a) + P. australis-B. marginata 1. Eucalyptus camaldulensis Eucalyptus camaldulensis 

Tall woodland WOODLAND 

(a) + Leptospermum 
myrsinoides- 
Xanthorrhoea australis-
Banksia marginata 
(b) + Casuarina spp. 
Hakea rostrata-X. 
australis 

1 Eucalyptus baxteri-Leptospermum 
juniperinum 

Eucalyptus baxteri-
Leptospermum 
juniperinum 

(a) + Banksia marginata- 
Melaleuca squarrosa (a) + 
Hakea rostrata-B. 
marginata 
(a) +H. rostrata-B. marginata 

1. Eucalyptus baxteri-E. viminalis- 
Leptospermum myrsinoides 
2. E. baxteri-E. leucoxylon-L. 
myrsinoides 
3. E. baxteri-E. fascuculosa-L. 
myrsiniodes 

Eucalyptus baxteri - 
Leptospermum 
myrsinoides 

(a) +Banksia marginata 
(b) + Casuarina spp.-B. 
marginata 
(a) + L. myrsinoides- 
Melaleuca squarrosa  
(a) + B. Marginata-Hakea 
rostrata 
(a) + B. marginata 
(a) + B. Marginata-L. 
juniperinum 
(a) + B. Marginata-Hakea 
rostrata-M. squarosa (a) As 
association 
(a) + B. marginata 
(b) + M. squarrosa-M. 
squamea 
(c) + Casuarina spp.-B. 
marginata 

1. Eucalyptus viminalis-Leptospermum 
myrsinoides 
2. E. baxteri-E. leucoxylon-L. 
myrsinoides 
3. E. baxteri-E. fasciculosa-L. 
myrsinoides 

Eucalyptus viminalis-E. 
ovata-Leptospermum 
myrsinoides 

Heath woodland WOODLAND 



 
Floristics Structure 

Sub-Association Association Alliance Sub-Formation Formation 

(a) As association 

(a) + Hakea rostrata- Casuarina 
spp. 

1. Eucalyptus camaldulensis-Banksia 
marginata-Leptospermum 
myrsinoides 
2. E. camaldulensis-E. leucoxylon-L. 
juniperinum-Banksia marginata 

 

Heath Woodland 

(a) + Pteridium aquilinum- 
Xanthorrhoea- Banksia 
marginata 
(b) + B. marginata (Pt. 
aquilinum absent) 

1. Eucalyptus baxteri-Leptospermum 
juniperinum 

Eucalyptus baxteri-
Leptospermum 
juniperinum 

(a) + Leptospermum 
juniperinum 
(a) As association 

1. Eucalyptus baxteri-E. viminalis- 
Banksia marginata 
2. E. baxteri-E. leucoxylon-B. 
marginata-Hakea rostrata 

Eucalyptus baxteri-
Banksia Marginata- 
Hakea rostrata 

(a) As association 

(a) As association 

1 .Eucalyptus viminalis*- 
Leptospermum juniperinum-Banksia 
marginata 
2. E. vitrea-E. ovata-L. myrsinoides-B. 
marginata 

Eucalyptus viminalis*- E. 
ovata-Leptospermum spp-
Banksia marginata 

Closed Heath 
Woodland 

WOODLAND 

(a) + Pteridium aquilinum- 
Xanthorrhoea australis 
(a) + L. myrsinoides 
(a) + X. australis-Pt. 
aquilinum 
(a) + B. marginata 
(a) + B. marginata-H. 
rostrata 

1. Eucalyptus baxteri-E. viminalis- 
Banksia marginata 
2. E. baxteri-E. leucoxylon- 
Leptospermum juniperinum 
3. E. baxteri-E. fasciculosa-L. 
juniperinum 
4. E. baxteri-E. vitrea-L. juniperinum 
5. E. baxteri-E. obliqua-L. juniperinum 

Eucalyptus baxtetri-
Banksia marginata-
Hakea rostrata 

(a) + Pteridium aquilinum- 
Xanthorrhoea minor (a) As 
association 

1. Eucalyptus viminalis-Banksia 
marginata-Leptospermum 
juniperinum 

2. E. viminalis-E. leucoxylon-E. 
marginata-L. juniperinum 

Eucalyptus viminalis-E. 
ovata-Banksia 

marginata 

Leptospermum 
juniperinum 

(a) As association 1. Eucalyptus camaldulensis-Hakea 
rostrata 

Eucalyptus 
camaldelensis-Hakea 
rostrata 

(a) As association 1. Eucalyptus obliqua-Pteridium 
aquilinum 
2. E. obliqua-E. vitrea-Pt. aquilinum 

Eucalyptus obliqua-E. 
vitrea-Pteridium 
aquilinum 

Short Dry 
Sclerophyll Forest 

SCLEROPHYLL 
FOREST 

(a) + Leptospermum 
juniperinum- 
Pteridium aquilinum –
Xanthorrhoea 
australis 
(b) + L. juniperinum-L. 
myrsinoides-Banksia 
marginata-X. minor 

1. Eucalyptus baxteri Eucalyptus baxteri 

(a) + Leptospermum 
juniperinum- 

Pteridium aquilinum-
Xanthorrhoea 

australis 
(b) + L. juniperinum-
Banksia marginata 
(a) + L. myrsinoides-

Hakea rostrata-X. 
minor 

(a) + B. marginata-H. 
rostrata 

(a) + L. juniperinum-L. 
myrsinoides-B. 
marginata-H. rostrata-
Casuarina spp 

(a) + B. marginata-H. 
rostrata 

(a) + B. marginata-H. 
rostrata 

1. Eucalyptus baxteri-E. viminalis 

2. E. baxteri-E. viminalis-E. leucoxylon 

3. E. baxtetri-E. leucoxylon 
4. E. baxteri-E. fasciculosa 

5. E. baxteri-E. vitrea 

6. E. baxteri-E. viminalis-E. ovata 

Eucalyptus baxteri-E. 
viminilis-E. ovata 

Dry Sclerophyll 
Forest 

SCLEROPHYLL 
FOREST 



 
Floristics Structure 

Sub-Association Association Alliance Sub-Formation Formation 

(a) + B. marginata-H. 
rostrata 

(a) + L. myrsinoides-X. 
australis 

7. E. baxteri-E. vitrea-E. ovata 

8. E. baxteri-E. ovata 

   

(a) + Pteridium aquilinum  
(a) + Pt. aquilinum-

Leptospermum juniperinum 
(a) + Pt. aquilinum 
(a) + Banksia marginata- 
L. juniperinum-Xanthorrhoea 

minor 
(a) + B. marginata-X. 

australis 
(a) + L. myrsinoides-Pt. 

aquilinum 
(a) + Casuarina stricta-B. 

marginata-Poa australis 
(a)+ Pt. aquilinum 
(b) + C. stricta-B. 
marginata 
(c) + P. australis 

1. Eucalyptus viminalis* 
2. E. viminalis*-E. vitrea 
 
3. E. viminalis* E. vitrea-E. ovata 
4. E. vitrea 
 
 
5. E. viminalis*-E. ovata 

6. E. vitrea-E. ovata 

7. E. ovata –Acacia 
melanoxylon-Exocarpus 
cupressiformis 
 
 
8. E. ovata 

Eucalyptus viminalis*- 
E. vitrea-E. ovata 

(a) + Pteridium aquilinum- 
Banksia marginata  
(a) +Pt. aquilinum-B. 
marginata 
(a) + Pt. aquilinum-B. 
marginata- 
Xanthorrhoea minor 
(a) + Pt. aquilinum-B. 
marginata 
(a) + Pt. aquilinum-B. 

marginata 
(a) + Pt. aquilinum-B. 

marginata 
(a) + Pt. aquilinum- 

Leptospermum 
myrsinoides 

(a) +L. myrsinoides 

1. Eucalyptus obliqua 

2. E. obliqua-E. viminalis* 

3. E. obliqua-E. viminalis*-E. vitrea 

 
4. E. obliqua-E. viminalis*-E. vitrea-E. 
ovata 
5. E. obliqua-E. vitrea 

6. E. obliqua-E. viminalis*-E. ovata 

7. E. obliqua-E. vitrea-E. ovata 

8. E. obliqua-E. ovata 

Eucalyptus obliqua-E. 
vitrea 

Dry Sclerophyll 
Forest 

(a) + Leptospermum myrsinoides- 
Xanthorrhoea australis 

1. Eucalyptus ovata-Melaleuca 
squarrosa 

Eucalyptus viminalis-E. 
ovata-Melaleuca 
squarosa 

Swamp Sclerophyll 
Forest 

 1. Eucalyptus viminalis-E. ovata-E. 
obliqua 

Eucalyptus viminalis-E. 
ovata 

Wet Sclerophyll 
Forest 

SCLEROPHYLL 
FOREST 

 
* Includes E. stuartiana and E. aromaphloia 

Classification of the Plant Communities 

Table 3 gives the classification of the vegetation in the survey area. This classification is based on the scheme of Beadle and Costin 
(1952). Because some of the principles underlying their approach to classifying vegetation are similar to those underlying this study 
of the land, their scheme has been applied in detail in this survey to allow useful interpretations to be made of the various plant 
communities, for a number of purposes. 

In the classification-system of Beadle and Costin, the significant features of the vegetation are the structure of the plant community, 
that is, the form, spacing and arrangement of the individual species, and the floristics, that is, the species present. The vegetation is 
classified at two levels of structure, the formation and sub-formation, and at three levels of floristics, the alliance, association and 
sub-association. 

The association is the basic unit of classification and is a climax plant community of which the dominant stratum is uniform for 

species present and which exhibits a uniform structure as a whole. Because it combines both form and content of the community, 

the association is a sensitive indicator of the environment. The sub-associations, which are characterized on the basis of variations 

in the most important subordinate stratum, may indicate further local changes in the environment. 



 
Floristically related associations of similar structure may be grouped together for some particular purpose into an alliance. 

Significant plants common to the various associations may be used to so group them together. 

Alliances are further grouped according to structural affinity into sub-formations and formations, which are structural units of 

classification to which are referred all climax-communities with the same structural sub-form or form. The various forms and sub-
forms are listed by Beadle and Costin, the range extending from hummock-grassland through savannah woodland to monsoon 

forest. 

Beadle and Costin's system has been extended and used for the particular purposes of this report. For example, sub-associations 

which indicate environmental changes such as different depths of a perched-water-table, or differences in soil acidity, have been 

listed in Table 3. Such changes are significant for land-use in south-western Victoria. Also, groupings of associations into alliances 
have been made so as to reflect environmental characteristics important for land-use there. 

However, changes in the environment are indicated not only by different species but also by different structural forms of the same 

species. Consequently, change in the environment may be indicated by change in structure alone, by change in floristics alone or by 
change in both structure and floristics together. The relationship of the vegetative units of classification to the environment cannot 
be understood without considering at the same time the relationship between structure and floristics. 

In those instances where the same species are dominant over a range of structure, use of the same alliance as an indicator over the 

whole range may defeat the purpose of the classification, which is to allow an understanding of the significance of the differences 

and similarities in the vegetation. Beadle and Costin recommend the use of any changes in subordinate species to create separate but 
parallel alliances according to structure. 

In this survey, such a situation has arisen for a number of floristic groupings. Consequently, in each of a number of formations, 

there is a parallel or analogous series of alliances, each alliance being slightly different from its analogue of other sub-formations. 

This is shown in Fig. 14. Lines link analogous alliances. 

General Inter -Relationships of the Alliances and their Environments 

Inter-relationships of the chief alliances and their environment are also shown in Fig. 14. 

Alliances dominated by E. baxteri (stringybark) are generally restricted to drier sites and poorer soils. In wetter or more fertile sites, 
there are alliances dominated by other species of eucalypts. The transition from the stringybark alliances to these other alliances is 
marked by the appearance of these other eucalypts as sub-dominants and of particular shrubs. Such communities therefore form 
intermediate alliances and their most consistent feature, apart from the presence of stringybark, is the presence of the characteristic 
shrubs. Consequently, the name of the shrub is included as an addendum in the alliance and denotes particular site conditions. Thus, 
tea-tree (L. juniperinum.) in a stringybark-dominant alliance indicates drier sites, silky tea-tree (L. myrsinoides denotes wetter sites 
and duck bush (H. rostrata) the less infertile sites, and their names, as addenda, designate the intermediate alliances. 

With further increases in wetness of site and fertility of soils, the other sub-dominant eucalypts mentioned above displace 

stringybark completely and the communities fall into a series of E. viminalis-E. ovata (manna gum-swamp gum) alliances. This 

latter series of alliances brings together associations dominated by one or more of five eucalypts, namely, E. viminalis, E. 

fasciculosa (pink gum), E. leucoxylon (yellow gum), E. vitrea (peppermint) and E. ovata. Although they grow over a moderate 

range of site conditions, these five eucalypts, as indicators of site conditions, are nevertheless intermediate between and distinct 

from E. baxteri, E. camaldulensis (red gum) and E. obliqua (messmate) which are characteristic of the extremes of the range 

encountered and which form the bases of different alliances. The five eucalypts often replace each other in equivalent ecological 

positions, and between themselves, they form a sequence, according to wetness of site, in the order mentioned. 

In this series of E. viminalis-E. ovata alliances, similarly to the series of E. baxteri alliances, the variation in subordinate species of 

the alliance is a significant indicator of site conditions. Therefore, the name of such subordinate species is included with the name of 
the dominant species as an addendum, to aid identification of the alliance. Thus, the addendum "Poa australis" denotes the presence 
of this species in one of the alliances of this series dominated by E. viminalis and E. ovata, and indicates soils of somewhat higher 
fertility. Similarly, the addendum "Leptospermum spp.-Banksia marginata" is used for the alliances where these species are present 
and indicate somewhat wetter conditions. Also, in this series of E. viminalis E. ovata alliances, E. vitrea is frequently present in the 
alliance which is of the dry sclerophyll forest sub-formation, because it is suited by conditions which favour such a sub-formation. 
The name "E. vitrea" is therefore included in the designation of that alliance. 



 

Fig 14 - Inter-relationships of some plant alliances, structure and environment in south-western Victoria (25-29 
inches 



E. camaldulensis (red gum) is restricted to wet sites of moderate to high soil fertility and all associations in which it is present are 

grouped into a series of E. camaldulensis alliances. Part of the environmental range of red gum overlaps with parts of the ranges of 
all five species which are present in the series of E. viminalis-E. ovata alliances (Fig. 12.). Therefore, some associations of the E. 
camaldulensis series of alliances are intermediate to the various E. viminalis-E. ovata alliances. 

In south-western Victoria, E. obliqua is characteristic of moderately fertile and moderately drained soils in areas receiving more than 
31 inches average annual rainfall. All communities in which this species is present are grouped into a series of E. obliqua alliances. 
E. vitrea, E. viminalis and E. ovata are commonly associated with E. obliqua in these alliances, which, consequently, may be thought 
of usefully as the appropriate E. viminalis-E. ovata alliance, but containing also E. obliqua. All possible combinations of these 
species have been encountered and recognized as associations. 

In the heath and mallee-heath formations, the various associations have been grouped into alliances according to the presence of 

species characteristic of particular environments. 

Significance of the Chief Alliances 

When the general relationships of the alliance to the environment are known, and also the environmental requirements of some 

particular land-use system, the alliances may prove useful indicators of the suitability of the land for that particular system of land-
use. Groupings of the alliances may therefore be made to indicate particular conditions or types of land. 

Such an approach has been made to indicate the suitability of areas of Crown land in the Follett and Kanawinka land-systems for 

development with pastures or plantations of pines. The classifications are presented in Tables 4 and 18 and the groupings presented 
there correlate closely with the zones of Fig. 14 according to fertility and wetness of site. The classification given in Table 17 is for 
pines. 

This kind of interpretation may be adopted for various purposes and the examples given here illustrate it. 

Table 4 - Alliances indicating the Suitability of Land for Pasture Development in the Follett and Kanawinka Land-
systems. 

 Category Alliances Involved 

1. Alliances characteristic of land which is 

probably unsuitable for pasture development 

(a) E. baxteri-L. juniperinum short dry} "a" sub-association only, 

sclerophyll forest alliance } containing bracken. 

in areas with less than 29 inches average (b) E. baxteri-L. juniperinum closed } 

annual rainfall heath woodland alliance } 

2. Alliances characteristic of land which is (a) E. baxteri-B. marginata-H. rostrata short dry sclerophyll forest alliance 

possibly suitable for pasture development (b) E. baxteri-L. juniperinum short dry sclerophyll } 

 with annual species. alliance } 

  (c) E. baxteri-L. juniperinum closed heath woodland }"b" sub-associations only, 

alliance } without bracken. 

  (d) E. baxteri-L. juniperinum heath woodland } 

alliance } 

3. Alliance characteristic of land which is (a) E. baxteri-B. marginata-H. rostrata closed heath woodland alliance. 

suitable for pasture development with annual (b) E. baxteri-L. myrsinoides heath woodland alliance. 

 species. (c) E. viminalis-E. ovata-B. marginata-L. juniperinum short dry sclerophyll forest 

alliance. 

  (d) E. viminalis-E. ovata-Leptospermum spp.-B. marginata closed heath 
woodland alliance. 

  (e) E. viminalis-E. ovata-Leptospermum spp.-B. marginata heath woodland alliance 

excluding associations containing E. ovata. 

  (f) E. baxteri-E. viminalis-E. ovata dry sclerophyll forest alliance excluding associations 

containing E. ovata. 

  (g) E. viminalis-E. ovata-P. australis savannah woodland alliance excluding associations 

containing E. ovata. 

  (h) E. camaldulensis-P. australis savannah woodland alliance excluding associations 

containing E. ovata. 

4. Alliances characteristic of land which is (a) E. viminalis-E. ovata-Leptospermum spp.-B. marginata heath woodland alliance (only 

suitable for pasture development with those associations containing E. ovata). 

 perennial species. (b) E. baxteri-E. viminalis-E. ovata dry sclerophyll forest alliance (only those 
associations containing E. ovata). 

  (c) E. obliqua dry sclerophyll forest alliance. 

(d) E. viminalis-E. vitrea-E. ovata dry sclerophyll forest alliance. 

  (e) E. viminalis-E. vitrea-E. ovata savannah woodland alliance (only those associations 

containing E. ovata). 



 
 Category 

 Alliances Involved 

  (f)  

(g)  

(h)  

(i)  

E. camaldulensis-P. australis savannah woodland alliance (only those 
associations containing E. ovata). 

E. viminalis-E. ovata L. myrsinoides-B. marginata mallee-wet heath alliance. 

L. juniperinum-B. marginata wet heath alliance. 

B. marginata-Casuarina spp. Wet heath alliance. 

5. Alliances characteristics of land which is 

suitable for pasture development with 

perennial species but which requires 

drainage. 

(a)  

(b)  
E. baxteri-M. squarrosa-L. myrsinoides wet mallee heath 
alliance. M. squarrosa-L. myrsinoides wet heath alliance. 

 

6. Present Use of the Land  

Tenure 

About 80 per cent of the area is held by private individuals, 10 per cent is unoccupied Crown land, 71 per cent Reserved Forests 

and 21 per cent is Crown land held under lease. Only small areas of unoccupied Crown land are in the County of Dundas, nearly 

all being in the Counties of Normanby and Follett in a broad band from west of Portland to north-west of Casterton. 

Systems of Land-Use Encountered 

Within the area, land is used for: 

Market gardening; 

Fruit growing; 

Intensive mixed farming with cash crops and a variety of stock 

Dairying; 

Beef cattle raising; 

Sheep raising- 
Cross-bred wool growing with fat lambs; 

Cross-bred wool growing and breeding; 

Merino wool growing; 

Forestry- 
Native hardwood production; Softwood production; 

Water catchments ; 

Wildlife, scenic, and nature reserves. 

Further discussion in this section will be based on these categories. 

In Tables 5, 6 and 7, there are presented statistical data taken from the March returns of 1955 and 1959 for the Countries of Follett, 

Normanby and Dundas. These data give information about the areas under various forms of land-use, the production obtained from 
them, and the numbers of stock, and allow the trend of development to be assessed. 

Sheep Raising 

By far the most important of the various systems of land-use is sheep raising. It probably produces more than 80 per cent of the total 
income of the area, and sheep outnumber all other stock by about twenty to one. 

(i) Types of sheep raising.-Over the area in general sheep raising for wool predominates, namely Merino wool growing and 

cross-bred wool growing and breeding, and accounts for 72 per cent of the sheep population. This emphasis on wool growing is 

particularly pronounced in the north-eastern parts which are drier and have colder winters, and where over 80 per cent of the sheep 

are of wool-breeds, that is Merino, Corriedale and Polwarth. In the western and south-western parts, however, sheep raising for meat 
is favoured, namely cross-bred wool growing with fat lambs. 

These geographical differences in the types of sheep raising are shown in Table 9, by considering the proportion of ewes mated with 
rams of the wool-breeds to ewes mated with the meat, or British, breeds. The latter group form a little over 50 per cent of the 

breeding population in County Follett which is in the south-west of the area, 30 per cent in County Normanby, but only 18 per cent 

in County Dundas which is in the north-east of the area. The preference for meat breeds in the south-westerly parts is similarly 

shown by considering the ram population. Over the whole area, the Merino, Corriedale and Polwarth rams together, that is, rams of 
the wool-breeds, form 73 per cent of the ram population, but in Counties Dundas, Normanby and Follett respectively, they form 83 
per cent, 70 per cent and 45 per cent. 

 



For wool production, the fine-woolled sheep are slightly favoured if the area is considered as a whole, and 55 per cent of the wool-
breed rams are Merinos. Again, there are disparities between the different parts. In the north-eastern parts there is a strong 

preference for fine wool, whereas the south-western areas favour the medium, rather than fine, wool. Thus, in County Dundas, 70 

per cent of rams of the wool breeds are Merinos, in County Normanby, 39 per cent and in County Follett only 34 per cent. 

In broad terms, the most important systems of land-use are Merino wool growing in the northern and north-eastern parts, crossbred 
wool growing and breeding in the central and southern areas, cross-bred wool growing with fat lambs in the south-western and 
western parts. 

(ii) Major trends.-The major trends are the development of improved pastures, the increase in sheep numbers and the 

changing pattern in the type of sheep raising. 

(1) Development of improved pastures. -The raising of sheep is based on permanent pastures, which form nearly 82 per cent 

of the total occupied area, and 94 per cent of the productive occupied area. The proportion which pastures form of the total occupied 
area is lowest in County Follett, that is, about 75 per cent ; it is higher in Normanby and it is highest, 86 per cent, in County 
Dundas. This difference between counties, however, arises because of the greater amount of unproductive land in Follett and 
Normanby, and all three counties have the same proportion, 6 per cent, of their productive occupied land under crops or hay. Every 
year, about 2.6 per cent of the permanent pasture, the total area of which is fairly stable, is being converted from native pasture to 
"improved" or grass-and-clover pasture. In 1959, about 60 per cent of the pastures in the whole area had been converted in this way. 
Although at first the County of Follett lagged behind the other counties in pasture improvement, the rate of conversion in that 
County in 1959 was about twice that in Dundas, with Normanby intermediate, and the difference which existed in 1955 between the 
counties has been lessened. In 1959, Normanby had 63 per cent conversion, and Follett had 57 per cent. 

(2) Increase in sheep numbers. -This swing to improved pastures, common to nearly all grazing areas in Victoria, is the 

outstanding trend in land-use development in the survey area, and is largely responsible for the considerable increase in sheep 

population. Over the period 1955-1959 the number of sheep increased by about 550,000-proportionally highest in Follett, and 

lowest in Dundas, with an average rate of increase for the whole area of 5.4 per cent a year. During the same time, the total area of 

permanent pasture remained the same, so that there was an increase in the overall stocking rate of more than 20 per cent over the 

four-year period. Moreover, the rate of increase in sheep population exceeded the rate of increase in improved permanent pasture, 

which was 3.3 per cent per annum. Accordingly, apart from the continued improvement in the carrying capacity of pastures already 
improved (a feature not considered in the statistics), the reason for part of the increased carrying capacity must be sought in the 
changes occurring in the small minority of lands that are not permanent pasture. This is considered later. 

(3) Changing pattern of sheep raising. -Associated with the increases in sheep numbers and area of improved pastures, are 

two trends in the type of sheep raising. One is from Merino wool growing to cross-bred wool growing in the wool breeds, and the 

other is away from wool growing alone to wool growing with fat lambs. Moreover, both of these trends are weakest in Dundas and 

much stronger in Follett, so that there is a widening of existing differences in systems of land-use between counties. 

Thus, for the area as a whole, during the period 1955-1959, the number of wool-breed rams increased as a result of the general 

increase in carrying capacity, but the proportion of Merino rams in those breeds decreased from 62 per cent to 55 per cent. For 

counties, the latter trend was most marked in Follett, where not only the proportion, but also the number, of Merino rams decreased. 

Similarly, the proportion of wool-breed to British-breed sheep dropped. Thus, for the area as a whole, the proportion of wool-breed 
rams dropped from 78 to 73 per cent of the total ram population during the four years following March, 1955. Conversely, of the 
total ewe population the proportion representing those mated with rams of the British breeds rose from 21 to 28 per cent for the area 
as a whole; on a County basis, the increase was only from 14 to 18 per cent in Dundas, but in Follett it was from 48 to 55 per cent. 

These changes, over a four-year period, in the systems of land-use practised in different areas arise basically from the wider range 

of choice of enterprise open to land-holders in south-western areas, because of the shorter dry period and warmer winters there. By 
the use of appropriate fertilizers, feed can be provided during much of the year in wetter and milder areas, whereas in inland parts, 
even with improved pastures, the choice of enterprise is still restricted by summer dryness and winter coldness. The differences 
between the potential growth-rate at Hamilton and Portland (Fig. 9) express just those differences in climate which control the 
degree of choice available to growers now that improved species can be grown. The drop in prices of wool, especially fine wool, 
during the period 1955-1959 has therefore discouraged growers from fine wool in those areas where a change to crossbred wool or 
fat lambs is practicable. 

(iii) Other trends. -As mentioned above, the reason for part of the increase in carrying capacity being achieved is in the 

changes occurring in the small minority of lands which are not under permanent pasture. 

 
The chief change in this regard is the increase, 52 percent over frour years, in the acreage of cropped land, namely crops, forage 
crops, meadow hay and fallow, and the fact that the overwhelming part of this increase is taken up by the increase in meadow hay. 



The conservation of meadow hay probably accounts for the higher numbers of sheep carried at the end of the summer than would be 
anticipated from a consideration only of the change in the types of permanent pasture. A further increase in the area used for 

meadow hay will be important for sheep-raising, particularly if by this means, higher-yielding perennials requiring close 

management can be grown instead of the annuals commonly sown when pastures are first improved. Soil features in relation to 

climatic conditions may largely control this development. 

Oats for grazing, lucerne for grazing, oaten hay and oats for grain, together contribute about a third of the cropped area, but only 

oats for grain shows promise of developing strongly, and that chiefly in Dundas. This increase in the production of oats for grain 

may be connected with attempts to combat wearier unthriftiness by better nutrition. On a few individual properties, however, crops 
other than meadow hay play an important part. 

The figures do not point to any consistent trends in the average amount of wool clipped per sheep. This is at variance with the 

findings of the Bureau of Agricultural Economics (1954) that the average yield of fine wool increases by about 3 lb. per head after 

pasture improvement. The explanation may be that the disproportionately high increase in sheep numbers is such that the amount of 
feed available is still limiting wool production as it was before. 

Dairying 

Next in importance to the raising of sheep as a system of land-use is dairying. Dairy farms are scattered throughout the area south of 
a line from Hamilton to Casterton, Dartmoor and Nelson, but are concentrated in a few localities. The chief of these are in the 

Merino-Coleraine-Casterton area where the soils are predominantly prairie soils and chernozems, around Heywood on meadow 

soils and leptopodsols, around Wallacedale and near Hamilton on prairie soils and peats, around Bessiebelle, and finally along the 

coast, especially near Portland, on a variety of soils with good rainfall. The County of Normanby thus contains most of the dairying, 
whilst the county of Dundas has a small area of dairying in the south around Coleraine and Casterton. 

Grass and clover pastures are the basis of the system in most areas, with some use of meadow hay, oaten hay, oats for grain and 

lucerne for grazing. The proportion of cows in milk is lowest at the end of the summer when feed is in short supply. This 

proportion, however, has increased over the four years considered and is probably a result of increased reserves of fodder. 

Pig rearing is linked with milk residues and milk products such as skim-milk. Ancillary industries-butter factories and cheese 

factories-are located at or near one or more centres in each dairying area. 

Beef Cattle Raising 

As a system of land-use, beef cattle raising is of less importance than dairying, but is growing quickly at the rate of 9 per cent per 

year in the area as a whole and more rapidly in the County of Dundas. In some areas of the State it is a separate, chief system of 

land-use, but in western Victoria it is usually closely associated with sheep raising on the grass and clover permanent pasture. 

Because cattle cannot graze as closely nor pick up nutritious seeds as easily as can sheep, beef cattle raising is more adversely 

affected by a dry spell. In the drier parts of the survey area, supplementary feeding must be relied on earlier in the dry season for 

beef cattle raising than for sheep raising. Also, as for sheep, the relative abundance of sappy feed in the cold wet winter can be used 
to greater advantage if accompanied by dry nutritious fodder ; the development of fodder conservation is therefore important for 
efficient beef cattle raising. Herefords are more favoured in the area than other breeds. The rapid growth of beef cattle raising can 
be attributed to the increasing meat prices during the four years considered, to the increased area of clover and grass pasture, and to 
its relatively low labour requirements. 

Mixed Farming, Fruit Growing and Market Gardening 

Although there are few farms in the area without subsidiary enterprises, intensive mixed farming with cash crops and a variety of 

stock is practised only in some areas particularly favoured by climate and soils. The chief of these are near Wallacedale on peaty 

soils, around Portland on basaltic soils, near Drik Drik on limestone soils in a high rainfall and near the coast on fertile sands. 

Potatoes are grown, roots for stock, green fodder crops and, where the soil is suitable, lucerne for hay and grazing, together with 

meadow hay. 

Orchards are virtually restricted to the well-watered and fertile area around Portland and Gorae. They are chiefly on the well-
drained soils developed on the Cobbobboonee basalt, and are associated with dairying or meat raising on the wetter soils or with 

intensive mixed farming. Apples are the chief crop. The area under orchards has decreased slightly over recent years. 

Market gardens are restricted to the environs of Hamilton on peaty soils and to the neighbourhood of Portland on sandy soils. There 
is little wheat grown for human consumption in the area, and the quantities grown for stock feed are also small. Recent years have 
seen a decline in wheat for both of these purposes for the area as a whole. Some individual farmers, however, who are diversifying 
their system of farming, are starting to grow it, as around Branxholme. 



Forestry 

Forestry is practised around Heywood, the Dartmoor-Rennick area and Casterton. The Reserved forests in the survey area are 

chiefly west and north of Heywood, west towards Nelson and with some areas west of Casterton. The timber resources of all Crown 
lands are also at the disposal of the Forests Commission. 

Extraction of native hardwoods is mostly near Heywood, the main forests being in the parishes of Cobbobboonee, Gorae and 

Annya. Chief species are messmate (Eucalyptus obliqua) and stringybark (E. baxteri) with some manna-gum (E. viminalis) and the 
timber is mostly of scantling quality. Sawmills handling these products are at Heywood, Milltown, Drumborg, Dunmore and 

Portland. 

Around Dartmoor are private plantations of pines (Pinus radiata) and around Rennick, the Forests Commission has plantations of 

pines (P. radiata and P. pinaster) on suitable sandy soils. 

Around Casterton, a substantial amount of scantling quality stringybark has been extracted for milling at Casterton in the years gone 
by, together with much red gum for posts, sleepers and stumps. Quantities of both have diminished and posts are the chief products 
now. Red gum and yellow gum were previously milled for sleepers and structural members at Cavendish, Balmoral, Chetwynd and 
Dergholm, but little is extracted now. 

The future of forestry in the survey area seems bound up with a large expansion of softwood plantations, together with the 

maintenance of the messmate and stringybark forests around Heywood, and the husbanding of diminishing areas of red gum. 

Water Catchments, Wildlife, Scenic and Nature Reserves 

The only water catchment in the area is that of the Konongwootong Reservoir, which supplies the townships of Coleraine and 

Casterton. Hamilton receives its water from a catchment in the Grampians, and Portland and Heywood from bores. 

National Parks, scenic and wildlife reserves total 1,618 acres and are in two proclaimed Parks, Mt. Richmond of 1,534 acres and 

Mt. Eccles of 84 acres. 

Summary 

About 80 per cent of the area has been settled and is used for a variety of purposes. 

By far the most important and widespread system of land-use is sheep raising, including Merino wool growing, cross-bred wool 

growing and breeding, and cross-bred wool growing with fat lambs. Merino wool growing predominates in the drier parts and 

cross-bred wool growing in the wetter and milder areas. Other systems of land-use are hardwood and softwood forestry, dairying 

and beef cattle raising, the latter often associated with sheep raising. Mixed farming, orcharding and market gardening are practised 
over small areas. 

The most important trends in land-use are concerned with sheep raising. The basic trend is the rapid swing from native to improved 
pastures, and most of the grazing land is now improved pasture. Following from this has been a rapid increase in sheep numbers, a 
trend away from fine wool towards medium wool, and from sheep for wool towards sheep for meat. Both the latter trends are more 
pronounced in the wetter and milder parts. This widens the existing differences 

Other changes are in the development of the meadow hay crop and fodder crops and also in the increase of beef cattle raising. 

Future changes will doubtless involve further swings to more intensive systems of land-use. 



Table 5 - Areas under various forms of land-use in the Countries ofFollett, Normanby and Dundas, together with yields of crops and quantities of fertilizers used for 

1954-55 and 1958-59. 

Follett Normanby Dundas Total 

Land-use Other Than Crops 

1954-55 1958-59 
1954-55 1958-59 

1954-55 1958-59 
1954-55 1958-59 

Average Rate of 

Change per 

Annum on 

1954-55 Value 
% 

Total area occupied acres 432,392 419,990 831,394 840,581 1,037,547 1,005,010 2,301,333 2,265,581 - 0.4 

Number of holdings .. 381 402 1,957 2,018 1,115 1,165 3,453 3,585 +1.0 

Average size of holding acres 1,135 1,048 425 417 931 863 666 632 -1.3 

Unproductive " 114,206 93,608 124,137 116,961 63,725 81,328 302,068 291,897 -0.8 

Pastures, total " 308,522 313,537 672,688 672,736 936,002 862,954 1,917,192 1,848,867 -0.9 

Pastures, native " 173,055 132,595 309,268 247,771 441,370 346,755 923,693 727,121 -5.3 

Pastures, grass and clover " 134,567 179,713 358,647 419,743 489,230 512,181 982,544 1,111,637 +3.3 

Pastures, grazing oats " 668 1,103 4,435 4,753 5,311 3,531 10,414 9,387 -2.5 

Pastures, grazing lucerne " 232 126 338 487 91 487 661 1,100 +16.6 

Fallow " 2,752 4,118 4,190 7,869 4,364 9,434 11,306 21,421 +22.4 

Superphosphate on pastures cwt. 160,049 179,722 436,239 484,776 528,685 547,993 1,124,973 1,212,491 +2.0 

Other fertilizers on pastures " 182 701 44,535 10,357 650 3,985 5,367 15,043 +45.1 

Area of pasture fertilized acres 156,007 181,819 376,816 430,268 507,295 555,203 1,040,118 1,167,290 +3.1 

Crops total " 6,912 8,727 30,379 42,997 33,456 51,293 70,747 103,017 +11.4 

Crops meadow hay " 2,277 5,049 14,599 27,502 11,217 29,516 28,093 62,067 +30.2 

Crops meadow hay tons 3,935 9,200 24,458 49,675 17,184 51,041 45,577 109,906 .. 

Crops meadow hay tons/ac 1.7 1.8 1.7 1.8 1.5 1.7 1.6 1.8 .. 

Crops oats for hay acres 1,575 1,003 6,033 5,861 8,860 7,840 16,468 14,707 -2.7 

Crops oats for hay tons 2,315 1,534 10,690 9,680 13,529 12,903 26,534 24,117 .. 

Crops oats for hay tons/ac. 1.5 1.5 1.8 1.7 1.5 1.6 1.6 1.6 .. 

Crops oats for grain acres 227 258 1,023 1,710 6,914 9,674 8,164 11,642 +10.7 

Crops oats for grain bushels 4,032 4,424 27,849 32,892 139,849 197,238 171,730 234,554 .. 

Crops oats for grain bus./ac. 17.8 17.1 22.2 19.2 20.2 20.4 21.0 20.1 .. 

Crops wheat for grain acres 74 43 248 265 1,560 348 1,882 656 .. 

Crops wheat for grain bushels 917 414 6,070 6,804 22,168 4,566 29,155 11,784 .. 

Crops wheat for grain bus./ac. 12.4 9.6 24.5 25.7 14.21 13.12 15.5 18.0 .. 

Crops Orchards bearing .. 38 18 534 458 8 30 580 506 -1.4 

Crops Orchards not bearing .. .. 13 14 41 .. 2 14 56 -1.4 

Crops potatoes acres 276 50 422 458 13 84 711 590 -4.2 

Crops potatoes tons 1,079 150 1,892 2,964 22 374 2,993 3,488 .. 

Crops potatoes tons/ac. 3.9 3.0 4.5 6.5 1.7 4.5 4.2 5.9 .. 

Crops roots for stock acres 643 1,143 1,779 1,691 576 325 2,998 3,159 +1.3 

Crops green fodder acres 1,245 466 3,355 2,786 1,685 1,169 6,285 4,421 -7.4 

Crops lucerne hay acres 325 467 361 405 172 320 858 1,192 +9.7 

Crops lucerne hay tons 592 927 731 858 637 200 1,960 2,485 .. 

Crops lucerne hay tons/ac. 1.8 2.0 2.0 2.1 3.7 2.2 2.3 2.1 .. 

Crops other acres 232 217 2,011 1,820 2,451 4,323 4,694 6,360 +8.9 



Table 6 - Percentage of area occupied, which is devoted to various forms of land-use, in the Countries of Follett, Normanby and Dundas, for 1954-55 and 1958-59. 

Land-use Follett Normanby Dundas Total 

 1954-55 1958-59 1954-55 1958-59 1954-55 1958-59 1954-55 1958-59 

Unproductive 26.4 22.3 14.9 13.9 6.1 8.1 13.1 29.9 

Pastures 
        

Total 71.4 74.6 80.9 80.0 90.2 85.9 83.4 81.6 

Native 40.0 31.6 37.2 29.5 42.5 34.5 40.1 32.1 

Grass and clover 31.1 42.8 43.1 49.9 47.2 51.0 42.7 49.1 

Fallow 0.6 1.0 0.5 0.9 0.4 0.9 0.5 0.9 

Crops 
        

Total 1.6 2.0 3.7 5.1 3.2 5.1 3.1 4.5 

Meadow hay 0.5 1.2 1.8 3.3 1.1 2.9 1.2 2.7 

Oaten hay 0.4 0.2 0.7 0.7 0.9 0.8 0.7 0.6 

Oats for grain 0.1 0.1 0.1 0.2 0.7 1.0 0.4 0.5 



Table 7 - Numbers of stock and yields of stock -products, in the Counties of Follett, Normanby and Dundas, for 1954-55 and 1958-59 

Follett Normanby Dundas Total 

Stock and Stock Products 

1954-55 1958-59 
1954-55 1958-59 

1954-55 1958-59 
1954-55 1958-59 

Average Rate of 

Change per 

Annum on 

1954-55 Value 
% 

Dairy Cattle          
Total 5,747 5,658 45,858 42,938 14,093 13,877 65,698 62,473 -1.2 

In milk 1,231 1,367 12,887 14,655 3,107 3,096 17,225 19,118 +2.8 

Dry (including heifers & bulls) 4,516 4,291 32,991 28,283 10,986 10,781 48,473 43,355 +2.6 

Beef Cattle 14,490 18,870 36,119 47,908 28,189 40,330 78,798 107,108 +9.0 

Pigs 409 479 4,617 4,299 1,025 1,324 6,051 6,102 +0.2 

Horses 1,016 1,511 3,395 2,466 2,490 1,797 6,901 5,774 -4.1 

Sheep 
         

Total 297,623 381,416 960,189 1,243,662 1,255,621 1,438,894 2,513,433 3,063,972 +5.5 

Ewes and wethers 248,888 302,488 763,665 989,828 999,999 1,150,002 2,012,550 2,442,318 +5.3 

Lambs below 1 year 46,083 75,180 187,864 241,992 244,962 274,901 478,909 592,073 +5.9 

Rams (total) 2,652 3,748 8,662 11,842 10,660 13,991 21,974 29,581 +8.7 

Rams Merino 612 576 2,991 3,276 6,996 8,078 10,599 11,930 +3.1 

Rams Corriedale 589 975 3,178 4,134 1,759 2,767 5,526 7,876 +10.6 

Rams Polwarth 112 156 609 905 330 724 1,051 1,785 +17.5 

Rams Dorset Horn 327 679 580 1,338 551 906 1,451 2,923 +25.4 

Rams Romney Marsh 598 842 663 1,222 435 934 1,696 2,998 +19.2 

Ewes mated to Merino Corriedale 5,418 62,060 245,080 306,403 332,983 386,426 629,481 754,889 +5.0 

Ewes mated to others 48,437 74,644 67,075 132,372 55,638 83,171 171,150 290,187 +17.4 

Wool clipped (total) lb 3,245,277 3,733,652 8,946,417 12,063,866 12,470,042 14,208,142 24,661,736 30,005,060 +5.4 

Wool clipped average/sheep " 10.01 9.26 9.45 9.56 9.64 9.46 .. .. .. 

Wool clipped average/lambs " 2.60 2.84 2.38 2.43 2.38 2.53 .. .. .. 



7. Present Condition of the Land 

Settlement and use of the land inevitably lead to changes in its condition, some of which may be for the worse. Examples are the 

decline in useful vegetation, deterioration in soil structure in some places, lowering of chemical fertility, loss of fertile top-soil by 

erosion and covering of top-soil with infertile deposits in other places, the lowering of the water-table or the creation of 

management problems by gullies and the accumulation of harmful salts in the soil. In this chapter the extent and severity of soil 

erosion and salting in the area as a whole are assessed. 

The erosion and deposition of soil material have always been normal geological processes usually occurring in times of 
instability, between periods of relative stability during which new soils were formed. The problem now is that the pressure of 
land-use which has brought on the instability and allowed erosion to occur does not permit fresh soil to form in the new 
environment. 

The three types of soil erosion, namely wind erosion, water erosion and mass movement, all have various forms, and degrees of 
each form are recognised according to the intensity and frequency of occurrence. 

 
Wind Erosion 

In the absence of protective cover or seal, strong winds cause the detached coarser soil particles to bounce along the surface to form 
dunes and sheets, the finer material having been winnowed away. 

In the survey area wind erosion is virtually confined to certain sandy soils in a zone of high winds near the coast. On these soils the 
re-establishment of protective vegetation is difficult not only because of sand-blasting but also because of the unusual chemical 

properties and excessively free drainage of the soil. The limited areas of calcareous and alkaline Discovery Bay sands therefore are 
the chief ones where wind erosion occurs, but there, such erosion is widespread and most severe, and the uneroded areas are 

precariously stable. Inland, extensive deposits of acid white sand have a moderate wind erosion hazard when cleared and kept 

cultivated, but bracken rapidly colonises these sands and provides protective cover. 

Water Erosion 

Water erosion which is the removal of soil by running water, has four forms they are sheet, gully, stream-bank and tunnel erosion. 

Siltation may be the consequence of them all. 

Sheet erosion is the removal of relatively thin sheets of soil over large areas, and is aggravated by an incomplete ground-cover, 

frequent sharp rain-storms and the disturbance of the surface between storms. It can be recognised by the pedestalling of tussocks, 

incrustation of the bare areas between, exposure of tree roots and the accumulation of soil on the upslope sides of obstructions. 

This form of erosion is or has been common on any sloping country north of a line from Rennick to south of MacArthur except 

where the surface soils are well structured clays or are deep and very coarse. It is both more common and more severe on solodic 

soils with sandy loam surface horizons and is also more common and severe to the north-east where the average annual rainfall is 

lower. It is most serious therefore on dissected country in the Cavendish, Balmoral and Harrow districts. 

As a result of surface-sealing following sheet erosion, run-off water may become concentrated in channels and remove soil material 
in them. The result is gully erosion and degrees are recognized as rills, minor gullies, small gullies and deep gullies, according to 
depth. 

In the survey area, gully erosion is found on areas with rolling topography north of the line from Rennick to south of MacArthur and 
may extend into undulating plateau areas by headward erosion. It becomes more frequent on similar slopes towards the drier areas 
of the north and north-east but it is deepest and most severe where the underlying material is soft or loosely consolidated as in the 
Merino Group of Mesozoic sediments around Casterton, Coleraine and Branxholme. Here, gullies up to forty feet deep are found 
and extend considerably by headward erosion and slumping. 

Stream-bank erosion is the name given to the widening of streams entrenched in alluvial flats or of gullies in their lower reaches. It 

is particularly severe on the lower slopes and flats of the areas of Merino Group Mesozoic sediments. It is also common, although 

less severe, on the lower slopes of the undulating and rolling country dissected beneath the level of the Dundas Tablelands. 

Tunnel erosion, which results in tunnels through the subsoil, has been shown by Downes (1946) to be associated with solodic soils 

with particular subsoil features. It has been found in the survey area only in a few localities steeply dissected beneath the level of the 
Dundas Tablelands. 



Gully erosion and stream-bank erosion add large amounts of soil in suspension to a stream, and when this load is shed siltation 

occurs. 

In the survey area, siltation is therefore closely associated with the deep gullying and stream-bank erosion and is found on the lower 
slopes of, and in the streams from, the dissected areas around the Dundas Tablelands and the areas of Mesozoic sediments, 

particularly where there is a sudden lessening of the grade of stream floors. The areas of Mesozoic sediments are characteristically 

steeply rolling with sudden changes to wide, flat valley floors and therefore suffer considerably from siltation. Because the bulk of 

the deposited material is sand, severe stream siltation may be expected below areas of sandy soils which have been gullied and this 

is so for the Koroite Creek and Wando River, which drain gullied granitic country. 

Mass Movement 

The term mass movement embraces the movement of large volumes of soil without the detachment and transportation of the 

individual particles. Costin (1950) has classified the various forms primarily into flowage and slippage movements. 

Soil flowage is movement by continuous deformation without a slip-plane. Solifluction and earth-lows are forms found in south-
western Victoria. 

 

Solifluction which is the imperceptible movement of soil under the influence of gravity, is restricted, in the survey area, to some 
steep slopes on Mesozoic sediments. Earth-flows, which result when a whole mass of soil, laterally-restricted, moves downslope, 
are found in the survey area only when soils develop from Mesozoic sediments on long slopes fringing the Dundas Tablelands and 
which are beneath seepage from the base of the lateritic cappings. In such places however, they are numerous (Blackburn and 
Leslie 1949). 

Soil slippage is movement by discontinuous deformation with a slip-plane. Slumping and caving are forms found in south-western 

Victoria. The former is restricted to the soils of the Mesozoic sediments and is an important process in stream-bank erosion and 

headward erosion there. Caving is the mechanism of collapse after undercutting in the processes of headward erosion and stream-
bank erosion, and as such is associated with these latter two forms. 

Soil Salting 

Soil salting is the accumulation in the soil to a harmful degree of soluble salts, particularly sodium chloride and the bicarbonates of 

sodium and magnesium. Two harmful effects result from this. One is the production of bad structural conditions because of sodium 
saturation, and this prevents adequate aeration and supply of moisture to the root zone. The other effect is the development of high 
osmotic pressures which prevent plant roots from absorbing water. 

Three types of salted areas have been recognised by Cope (1958). The first is "seepage salted areas" in which the surface soils are 

saline (containing over 0.1 per cent chloride or over 0.2 per cent total soluble salts) but not alkaline, and which receive seepage 

water continually. The second is "wet-pan salted areas" which are similar but do not receive seepage waters, "hard-pan salted areas" 
in which the surface soils are both saline and alkaline (with over 15 per cent sodium on the exchange complex). The difficulty of 
establishing plants increases through this sequence, the hard-pan areas being completely inhospitable to plant-growth. 

There are several ways in which salting can occur, and in the survey area, two are encountered, termed catchment salting and 

hillside seepage salting. 

Catchment salting is the accumulation of salt in lower topographic positions and is found in areas with a rolling to undulating 

topography, soils of the solodic general group (Order VB.), average annual rainfalls less than about 30 inches and where the water-
use has been decreased such as by the replacement of deep-rooted perennials (trees) by shallow-rooted annual pastures. In the 

survey area, these conditions are encountered increasingly to the north-east of a line from MacArthur to Branxholme, Coleraine and 
Dergholm. Catchment salting is therefore encountered in lower sites throughout that area and particularly in the shallow depressions 
on the Dundas Tablelands around and between Cavendish and Balmoral, where severely salted areas of the wet-pan and hard-pan 
types are frequent. 

Hillside seepage salting is the accumulation of salt at positions on a hillside where there is an outcrop of permeable strata, overlying 
an impervious stratum. In the survey area this condition is virtually restricted to the line of the base of the laterite in areas dissected 
beneath the level of the Dundas Tablelands. Consequently, hillside seepage salting, which produces salted areas of the seepage and, 
rarely, wet-pan types, is encountered only in the area of the sharply dissected Dundas tablelands, particularly around Harrow and 
Branxholme. Between Cavendish and Balmoral the depth of dissection is such that catchment salting and hillside seepage salting 
augment one another and produce salted areas of the wet-pan and hard-pan types in most shallow valleys. 



Summary 

The condition of the land has deteriorated in parts, particularly in the north-eastern half of the survey area and along a narrow 

coastal strip in the south-west. This has led to erosion. 

Wind erosion is virtually restricted to the calcareous and alkaline sands fringing Discovery Bay and Bridgewater Bay, but there, 

both the hazard and manifestation are severe. A moderate hazard exists inland in the west of the survey area but is unlikely to be 

manifested at present. 

Sheet erosion has been widespread on sloping country in the north-eastern half of the survey area and is increasingly severe towards 
the north-east. Its incidence has diminished with pasture improvement. Gully erosion and streambank erosion are similarly 
widespread but are most severe in the dissected areas of Mesozoic sediments around Branxholme, Merino, Coleraine and Casterton 
where most major drainage lines show deep, wide and spectacular gullies. Siltation is severe on the north-eastern fringe of the area 
of Mesozoic sediments and in granitic areas dissected beneath the level of the Dundas Tablelands. Earth-flows, stock terracettes and 
slumping are restricted to the areas of Mesozoic sediments but there the first-named is common and serious. 

Soil salting is generally to be found as catchment salting in the lower topographic sites over the north-eastern half of the survey area 
with the exception of the area of Mesozoic sediments, but is severe only towards the north-east. Salting is found also as hillside 
seepage salting around the edges of the Dundas Tablelands in the extreme north-east of the area; around Cavendish and Balmoral 
the two forms augment one another to produce severe and widespread salting in all drainage lines. 



PART III 
THE LAND-ZONES, LAND-SYSTEMS AND 
LAND-UNITS 



8. The Land-Zones, Land-Systems, Land-Units and their Distribution 

In the area of survey, nine land-zones, including twenty-one land-systems and one hundred land-units, with seven sub-
units, have been recognised and mapped. In Table 8, the land-zones are listed and the characteristic feature of each 
described, together with the lists of land-systems, and land-units. 

The location of the land-zones is shown in Fig. 15, and the distribution of the land-systems and land-units is shown on 
the accompanying map. 

Most of the land-zones and land-systems and some of the land-units also, are markedly orientated in a northwesterly 
or north-north-westerly direction. This is because of the influence of the direction of faulting on landscape features, 
which often define the various mapping-units. The most prominent line of faults is that of the KanawinkaBridgewater 
and associated faults, so that the most strongly orientated mapping-units are those near that fault-line and between it 
and the coast, which is sub-parallel to it. Thus, the Follett and Kanawinka land-systems, which make up the 
Kanawinka land-zone, and the Nelson, Long Swamp and Discovery Bay land-systems, which together make up the 
Nelson land-zone, all trend in a north-north-westerly or north-westerly direction. In the adjacent Strathdownie land-
system, the boundaries of some of the land-units similarly reflect the direction of the old shorelines as they retreated 
from the line of the Kanawinka fault during the Pleistocene and Recent Periods. On the Normanby Platform, the 
Heywood land-system, which with the Strathdownie land-system makes up the Heywood land-zone, also shows a 
general north-westerly orientation, but most land-units within it do not, because they reflect the riverine drainage of 
the Pleistocene period as well as the old shore-lines. The other land-zone on the Normartby Platform, the Portland 
land-zone, which comprises the Cobbobboonee, Greenwald and Drumborg land-systems, shows the north-westerly 
orientation only weakly, possibly as a result of the alignment of centres of volcanic eruption. 

The general area of the lateritised tablelands, which includes the Dundas land-zone and the Casterton land-zone, 

marks the area occupied by the Dundas Peninsula during Tertiary times, before the main period of faulting. Except on 
its western edge, therefore, where the Kanawinka fault-line broke up the surface at a later date, this general area shows 
no particular alignment. However, the drainage lines in this surface, and consequently the dissected areas, closely 
follow the directions of regional faulting. There are two chief directions ; one, expressed strongly, is north-north-
westerly, and the other, which is most marked in the centre and north of County Dundas, is north-northeasterly. Both 
directions are noticeable in the distribution of the shallow dissected areas of the Glenelg land-system in those parts, 
and the former direction is very obvious in the orientation of the tableland remnants, which belong to the Dundas land-
system, adjacent to the deeply-dissected Casterton land-zone. This latter land-zone, which consists entirely of the 
Casterton land-system, shows a general north-north-westerly orientation as a whole. That small area of the Grampians 
land-zone which is in the survey-area is also elongated in the same direction. 

Table 8 - The Land-Zones and their Land-Systems and Land-Units 

Land-Zones and Chief Features Land-Systems Land-Units 

NELSON - 

Land assodicatd with dunes of calcareous sand 

DISCOVERY 
BAY LONG 
SWAMP 

NELSON 

Discovery Bay, Baudin 
Tarragal Bung-Bung-, Long 
Swamp 

Allestree, Bridgewater, Dartmoor, 

Donald, Eumeralla, Grant, Kaladbro, 

Kentbruck, Moleside, Nelson, Mount 

HEYWOOD - 

Coastal plains with veneer of riverine and 

laucustrine alluvium 

STRATHDOWNI
E HEYWOOD 

Ardno, Ardno, Lindsay, Strathdownie, 

Strathdownie, Bessiebelle, Bessiebell, 

Codrington, Dunmore, Fitzroy, 

Heywood, Heywood, Homerton, 

Homerton, Margaret Rose, Saint 

Helen's, Shaw, Tyrendarra 

KANAWINKA - 

Land covered with dunes and sheets of acid 

white sand on which the chief soils are 

nomopodsols, and carry stringybark scrubs 

and heathlands 

FOLLETT  

KANAWINKA 

Dorodong, Killara, Malanganee, 

Myaring, Tooloy, Tooloy 

Bogalara, Cashmore, Kanawinka, 

Kanawinka, Kentbruck, Heath, 

Mocamboro, Narrawong, Richmond, 

Roseneath, Roseneath, Wataepoolan, 

Weecurra, Youpayang 



 
Land-Zones and Chief Features Land-Systems Land-Units 

DUNDAS - 

Lateritised tablelands which have been 

dissected in parts to varying degrees 

DUNDAS 

GLENELG 

Brim Brim, Brit Brit, Cavendish, 

Corndale, Dundas, Grassdale, Tahara, 

Winyayung 

Bahgallah, Chetwynd, Dergholm, Digby, 

Konongwootong, Mitchell, Stapylton, 

Wando 

CASTERTON - 

Steeply rolling and generally treeless grassland, 

with dark cracking clays developed upon 

Mesozic sediments. 

CASTERTON Casterton, Merino, Wannon 

HAMILTON - 

Basaltic plains, which have been dissected in 

parts 

HAMILTON 

BRANXHOLM

E 

DUNKELD 

GIRRINGURRU
P ECCLES 

Ardachy, Bochara, Greenhills, Hamilton, 

Monivae 

Branxholme, MacArthur, Morven, 

Yulecart 

Croxton, Dunkeld, 
Strathkellar Girringurrup 

Eccles, Napier 

Condah Swamp 

PORTLAND - 

Dissected basaltic plain in moderately high 

rainfall, with podsolic soils which supported 

a forest of messmate and peppermint 

COBBOBBOONEE 

GREENWAL

D 

DRUMBORG

Annya, Cobbobboonee, Gorae, Mount  
Clay, Portlands, Sinclair, Cape 

Bridgewater 

 Ettrick, Greenwald, Hotspur, 

Springbourne, Whittlebury 

Drumborg 

GRAMPIANS - 

Mountain range of Carboniferous sandstone 

GRAMPIANS Mount Dundas 

LOWAN - 

Plain with sliht rige-system occuping site of 

former Murravian Gulf, and with a veneer of 
estuarine deposits 

LOWAN Apsley 

 

By contrast, the Hamilton land-zone shows no such orientation and is but the western extremity of a much greater 

extent of such country to the east. The land-systems in this land-zone are linked with a particular age of basalt or 

alluvium and with the degree of dissection, and it is only these features which control their distribution. Orientation is 
noticeable only at the scale of components in some places. In this land-zone, the distribution of those land-systems in 
which the parent material is of comparatively recent age, is partly controlled by the previous landscape. In this way, 
the stony rises are partly confined to older valleys, and the Condah Swamp land-system is restricted to low 
topographic positions. Similarly, in another land-zone altogether, the sands of the Nelson and Discovery Bay land-
systems are found only on the prevailing lee sides of their source material. 

It is clear from this description of the distribution of the mapping units that for land-zones and land-systems, the factor 
which is most often adopted to characterise and separate them is geomorphology. For the land-units, however, this is 
not so. Climate, reflected by vegetation and soils, is used to characterise them, as often as is geomorphology. Thus, in 
the Follett and Kanawinka land-systems, most land-units are separated on the basis of climate and vegetation, whilst 
the interaction of climate, soil and topography, as manifested by the vegetation, is used as the basis of describing the 
pasture potential of the various land-units. This is shown on the detailed legend for these land-systems on the 
accompanying map. Similarly, in the Dundas and Glenelg land-systems, climate and vegetation, as well as soil and 
geomorphology, are used to separate and characterise the land-units, according to how important a particular factor is 
in the light of the likely use and hazards of the area. In this way, because the particular feature chosen is adopted as the 
chief basis for separating that area, the survey approach is seen to be flexible and comprehensive. In the following 
descriptions of the various land-systems, an attempt is made to place these aspects of the approach in their correct 
perspective, to point out the processes which operate in attaining stability and to assess the significance of the various 
features. 
 

The land-systems are described in the order given in Table 8, that is, the land-systems belonging to each land-zone are 
grouped together. 



 

Fig 15 - The Distribution of the Land-Zones in South-Western Victoria 



 

Plate 4 - The Discovery Bay land-unit consists of shifting calcareous sand, stabilised in parts by marram 
grass. It forms a strip next tot he coast and may stretch some distance inland 

 
 

 
 

Plate 5 - A cross-section of the Nelson land-zone. 

(The shifting sands of the Discovery Bay land-units, the heaths and sand-hills of the Bung Bung land-unit and the 
scrub-covered dunes o the Baudin land-unit can be recognised. These land-units are fringed by the cleared rolling 
country of the Nelson land-system and the Southern Ocean. [Photo: Vic. Lands Dept]). 

 
 



 Fig 16 - Land-system diagram 



9. Discovery Bay Land -System 

Victoria has a coastline which in many places is fringed with high dunes of recently-deposited sands, some of them actively 

shifting, but nowhere, however, are these dunes so extensive nor shifting so widely as along the length of Discovery Bay. 

There, the sand composing these dunes is highly calcareous, made up very largely of finely-broken sea-shells, with a small 

proportion of quartz grains. All the landscape which is covered by dunes of this kind of sand has been termed the Discovery 
Bay land-system. It occupies about 20,000 acres, 0.7 per cent of the area, and of this over three-quarters, 15,400 acres, is 
Crown land, the remainder being alienated. 

About 2,000 acres of the land-system is a long narrow strip just behind the beach itself, from Yambuk to the cliffs at 

Portland, but the greater part, 18,000 acres, lies between Cape Grant and Nelson near the South Australian border. 

The system contains three land-units which differ fundamentally in the period during which they have been stable. From this 
arise differences important for land-use, the chief of which are the native vegetation and the amount of organic matter 

accumulated in the soils. To these three land-units, the names Discovery Bay, Baudin and, Tarragal have been given. 

The Discovery Bay land-unit (plate 4) comprises those sand dunes which are bare except for scattered areas of marram grass, 
and of which the surface in most parts is drifting. Between Yambuk and Portland, the thin strip of the land-system along the 
coast belongs to this land-unit. Again, to the west of Portland are two distinct areas of this land-unit. One, of 1,500 acres, 
extends in a crescent inland from Bridgewater Bay, and the other is a strip up to three miles wide, adjacent to Discovery Bay 
and covering 9,500 acres. High, steep dunes are a feature of this, and also of the other two land-units in the land-system, and 
some are two hundred feet high. In parts of this land-unit, the sand has been blown up the escarpment of the Bridgewater 
fault and the dunes on the plateau surface may reach to four hundred feet above sea-level. As they are shifting now, there is a 
complex of encroaching dunes with steep slip-faces, and of degrading dunes with sand removed down to an erosion 
pavement. The erosion pavements may be former surface layers with enough organic matter to make them coherent, sand 
layers cemented by some other materials, or the core of dune limestone and coherent ancient red soils which underlie most of 
the land-system. Even aboriginal middens and artifacts, because of their coherence and size, may form small local erosion 
pavements. A few parts are covered with scrubby vegetation, but mostly the area is bare. 

Except for the erosion pavements, the "soils" throughout this land-unit appear similar. They are regosols and only the one 

type, Discovery Bay sand, has been encountered. In essence, they are just undifferentiated sand, without even any darkening 
by organic matter, although zones of marram grass roots may be seen at intervals and probably represent the surface before 
the next covering of sand. One feature however, is outstanding if not unique-the pH value is extremely high, above 9.0 
throughout the profile, and sometimes above 9.5. Quantities of the various nutrients are low to moderate, mainly low, but not 
as low as in nearby leached sands such as the sandy leptopodsols and especially the nomopodsols. 

The Baudin land-unit comprises dunes that are not shifting and are covered with a dry scrub of coast wattle (Acacia 

sophorae), muntries (Kunzea spp.), heaths (Leucopogon spp), occasional she-oak (Casuarina stricta), pigface (Carpobrolus 

spp.) and sand-spinifex (Spinifex hirsutus). This land-unit fringes the Discovery Bay land-unit inland from Bridgewater Bay 
and Discovery Bay. Its general topography is similar to that of the Discovery Bay land-unit, although erosion pavements are 
not obvious. Soils closely resemble the Discovery Bay sand, but have a slight darkening in the upper part as a result of 
organic matter accumulation, and have been named Discovery Bay loamy sand. The high pH is still a feature of the soil. 
Sometimes the surface may be covered by up to a few inches of lighter-coloured sand not darkened by organic matter and 
doubtless blown onto it recently. 

In the parish of Tarragal, the land-unit of that name consists of steep but smoothly-rounded sand dunes, rising gradually 

towards the centre of the unit, and culminating in some high and prominent peaks. Although now largely cleared, it appears 
to have been covered originally by a tall dry scrub of coastal tea-tree (Melaleuca pubescens), and she-oak (C. stricta) and 
has probably been stabilised for about 1,000 years on the basis of radio-carbon dating of similar soils at Warrnambool. This 
has resulted in the accumulation of much humus in the topsoil, and has produced a very dark brown layer, of thickness 
varying from 6 inches to 36 inches according to topographic position and aspect. The soil itself, named Tarragal sandy 
loam, is regarded as a brown earth of high base status, and although the lower layers retain the high pH values of the 
unaltered calcareous sand, the upper horizons show a marked decline in pH values to around 8.0 or less. When cleared, the 
Tarragal land-unit (plate 6) supports a reasonable although sometimes sparse sward of lime-tolerant native grasses, 
principally hare's tail or pussytail (Lagurus ovatus), except on eroded or disturbed areas, where marram grass is found. As 
with all land-units in this land-system, bracken is significantly absent, no doubt because of the high pH values of the soil. 
This land-unit can be readily improved to annual or perennial clovers and introduced grasses as the average annual rainfall is 
about 31 inches. To do so, however, not only superphosphate, but also copper and zinc are needed, together with cobalt for 
stock. Cash crops and fodder crops which can tolerate alkaline conditions should do well on this land-unit. 

The erosion hazard of the land-system is a cause for concern. Even on the Tarragal land-unit, although it can be satisfactorily 



improved, there are parts where the organic topsoil is thin. If, oil these parts, the underlying sand be exposed by rabbits' 
activity or the cutting down of tracks, then the sand blows readily, creating an eroded patch known as a "blow". This extends 
until it reaches an area where the depth of coherent surface soil is great enough to resist further removal. Blows, usually 
small, but also frequent, are therefore a feature of parts of this land-unit, particularly on the steeper slopes or ridges where 
the organic topsoil is thinner. 

The stability of the Baudin land-unit is extremely precarious however, and the Discovery Bay land-unit is in a complete state 
of flux. Although in parts the shifting dunes of the Discovery Bay land-unit are being stabilised by marram grass and shrub 
acacias, elsewhere on the Discovery Bay land-unit and in a few places on the Baudin land-unit, blows are developing and 
sand encroaches onto other parts of both units, and also onto adjacent land of higher agricultural potential (plate 7). 

 

Plate 6 - The Tarragal land-unit 

(Consists of dunes of calcareous sand which have been stabilised by dense scrubs of coastal tea-tree (Melaleuca pubescens) 
and she-oak (Casuarina stricta), now largely cleared. The soils are subject to localised patches of wind erosion, as shown 
here.) 

 
The rate of encroachment on to the Baudin or other units is uncertain. Steep slip-faces of active blows are covering living 

vegetation, but the rates of advance have not been measured. At Wilson's Promontory in south-eastern Victoria, certain 

blows have encroached at the average rate of 1-8 chains per year over the last sixteen years. However, a perusal of the 

original parish surveys in the Portland area, dating back over one hundred years, shows a variety of rates of advance, from 

0.01 chain per year to 0.8 chain per year. Moreover, the bare dunes of the Discovery Bay land-unit are directly menacing the 
better-class country of the Nelson landsystem along only part of their inland perimeter, but are mostly contained by the 

Baudin land-unit, so that it is ditficult to estimate just how serious is the hazard of the encroaching sands. 

The unusual features of the soil will require special consideration if reclamation is to be successful. The extremely high pH 

values must restrict the range of plants which can grow well. Furthermore, the sand lacks any colloidal matter, either mineral 
or organic, and is coarse and freely-drained. Consequently the waterholding capacity is low, the water reserves available for 
any plant except a deeprooted one are low, the sand is easily detached and it is highly erodible. The great importance of the 
organic colloid is well shown by the Tarragal land-unit, which, differing from the other land-units chiefly in the 
accumulation of organic matter in the surface horizon of its soils, can, with fertilisers, develop a pasture well, and can resist 
erosion, except where the organic horizon is thin. The absence of colloid, therefore, in the soils of the Discovery Bay land-
unit, is a most serious obstacle to any attempt to retain enough moisture in the topsoil in the early stages of plant 

development, and to the prevention of sand-blasting of young plants. There is some optimism in the district about the use of 
cereal rye as a cover crop for pasture seedlings, but experiments at Wilson's Promontory do not support this. Such optimism 
may be justified once pasture seedlings are established, but the problem lies in the prevention of sand-blasting and the 
retention of surface moisture during establishment. Fertiliser dressings would need to include phosphorus, potassium, copper 
and zinc. 

It may be possible to establish pines on the Discovery Bay and Baudin landunits, and there have been precedents for this on 

similar land overseas, such as the Culbin sands of Morayshire in the north of Scotland. There, expensive brushwood shelters 
were used to help in the establishment of seedlings, but here, such treatment may prove too costly. Also, the high pH values 
of the soils of the Discovery Bay and Baudin land-units may not suit pines. Whilst there are some undeveloped areas which 
can be developed safely without prior experiments, the unusual features of this land-system pose problems and uncertainties, 
and for this reason it would be worthwhile to start experimental plots on the Discovery Bay land-unit. 

The possible use of the Discovery Bay and Baudin land-units cannot be considered fully unless the great recreational value 

of their present condition is realised. There is a need in Victoria for remote solitudes and the best use of these land-units may 
well be to preserve them as such. 



 

Plate 7 - The sands of the Discovery Bay land unit 

(Actively shifting and slowly covering some land of higher potential.) 

What were the historical relationships of the land-units of this land-system? Because of the nature of the soils, it is evident 

that the Tarragal land-unit became stable earlier than did the Baudin land-unit, and this latter itself seems to have been stable 
for some time, to judge from the gradual merging of its edges with the clearly stable Long Swamp land-system. However, 
Grant's description of wooded hills gently rising from the shores of Discovery Bay and Bridgewater suggest that at the 
beginning of settlement, the Baudin land-unit stretched virtually to the coast. Therefore, the Discovery Bay land-unit has 
probably developed largely at the expense of the Baudin land-unit since settlement in the period 1840-1845. If this is so, then 
the evidence of the earliest parish plans of the period 1854-1860, which show the boundary of the shifting sands near its 
present position, indicates that the shifting sands must have developed shortly after settlement. 

How did the widespread destruction of the Baudin land-unit start? The resistance of the bare sand to detachment and 

movement by the prevailing high winds is so low that probably any destruction of the vegetation by fires, grazing or tracks 

would have precipitated movement of the sand. Because the high pH excluded bracken which can withstand sand-blasting 

and thus often can stabilise blowing sand, there was nothing to prevent the movement of sand from becoming widespread. 

The combination of low colloid-content and high pH thus created a severe erosion hazard. 

 
The Discovery Bay land-system is quite distinct, being the dunes formed from finely-broken sea-shells. The high pH values 
both of the material and of the soils derived from it, greatly restrict the range of vegetation which can grow. The wind-
erosion hazard is therefore high in inverse proportion to the coherence of the surface soil. On the most stable land-unit, 
Tarragal, the stability may be destroyed in many small patches where the topsoil is thin. On the Baudin land-unit, however, 
the stability is so precarious that any disturbance may result in widespread destruction, and has already done so over the part 
now mapped as the Discovery Bay land-unit. 



 

Fig 17/18 - Landscape diagram and Land-system diagram 



10. Long Swamp Land -System 
Parallel to the long line of Pleistocene aeolianite dunes, which are at or very near the coast, is a long line 
of poorly-drained country. It forms narrow swamps, marshes, fens, wet heaths and, in the lowest parts, 
lakes. Termed the Long Swamp land-system, it is one of the smallest of the land-systems in the survey 
area, occupying only about 8,000 acres, of which about half is Crown land and half is alienated. 

Nevertheless it is extensive, stretching in a long line from the mouths of the Shaw and Eumeralla Rivers, 
eastwards to the Surry River, with both the Eumeralla and the Fitzroy Rivers flowing along it for some 
distance before they break through to the ocean. It starts again at the Bridgewater Lakes west of Portland, 
extends intermittently to the shallow estuary of the Glenelg River at Nelson, and continues into South 
Australia as the more extensive Wyrie Association mapped by Blackburn (1959). 

For its whole length, it is flanked on the landward side by one of the Pleistocene aeolianite dunes of the 

Nelson land-system, whilst on its seaward flank, it is bounded either by another such dune or by the 

sands of the Discovery Bay land-system which frequently overlie a core of dune limestone. In places, the 
Discovery Bay sands have been blown across the Long Swamp land-system in narrow tongues (see plate 
5), forming an intricate pattern of steep sand dunes with corridors of the former Long Swamp. Such areas 
have been separated as the Bung-Bung land-unit and the rest of the land-system has been mapped as the 
Long Swamp land-unit. 

Sprigg (1952) considers that rises in sea-level to about thirty feet and later to about five feet above the 

present level occurred in this area during Holocene times, so that the swale now occupied by the Long 

Swamp may have been flooded by fresh water and possibly by salt water, and shell beds have 

accumulated in parts. The parent materials of the Long Swamp land-system, therefore, are threefold-
colluvial material from the Pleistocene aeolianite dunes, shell beds of varying age and a mantle of the 

Discovery Bay calcareous sands, of variable depth and as sheets or dunes. 

Soils formed from these materials show some variation, but apart from those on the superimposed dunes, 
they are all peaty to varying degrees because of their prolonged wetness, and most are calcareous and 
alkaline. In the wetter parts and near lakes, the soils are more peaty. The following vegetative units are 
encountered: a fen of reeds (Pharagmites communis) and rushes (Cladium spp) in the wettest parts, a wet 
heath of paper-bark (Melaleuca squarrosa) and wet scrubs of woolly tea-tree (Leptospermum lanigerum) 
where it is slightly drier and of Melaleuca pubescens on the edge of the swam. Salt water tea-tree 
(Melaleuca halmaturorum) has not been encountered but is probably there. The "South Australian Fen" 
described by Stephens (1943) is in the South Australian continuation of this land-system, and the soils 
there were identified as friable peats and fine and coarse fibrous peats. 

On the superimposed dunes, the soils are mainly the same Discovery Bay loamy sand widespread on the 
Baudin land-unit and support a dry scrub of coast wattle (Acacia sophorae), muntries (Kunzea spp), she-
oak (Casuarina stricta), and pigface (Carpobrotus spp). In moister positions on this Discovery Bay 
calcareous sand, however, such as on the low dunes and towards the base of the steeper ones, organic 
matter increases in the surface layers until in the wet corridors and flats, peaty soils are found. The 
changes in vegetation concomitant with the changes in soil are to dry scrubs of woolly tea-tree on the 
low dunes, and to a fen of rushes (Cladium spp.) in the swales. Fig. 18 shows the general relationship of 
these various features. 

The erosion hazard on this system is entirely confined to the superimposed dunes of calcareous sand, on 
which, however, the hazard of wind erosion is extremely high. Any disturbance by grazing or burning on 
these dunes, or even excessive track-making, can and will lead to widespread sand movement as it has 
done already on the Discovery Bay land-unit. Elsewhere, however, the hazard is small, although 
Blackburn (1959) reports wind erosion and loss by burning of the dried-out friable peats of the Wyde 
Association, following over-drainage and regular cultivation. 

There has been successful development of the low-lying soils over much of this land-system in South 

Australia and in isolated parts of the survey area, by drainage and the use of phosphate, copper, zinc and 
manganese. Because of the moist soil conditions, perennials like white and strawberry clovers, perennial 
ryegrass and Phalaris tuberosa can grow on these low-lying soils, which, therefore, are suited to 
intensive use. 



Only two land-units are involved in the land-system apart from the lakes, the Long Swamp land-unit and 
the Bung-Bung land-unit. The former is composed wholly of the low-lying areas, and the latter has the 
dunes of calcareous sand superimposed upon low-lying areas. 

The characteristics of the land-system may be summarised by saying that it is a series of long, narrow 

areas of poorly-drained wet and calcareous sands and peats supporting fens and heaths, most of which 

may be successfully developed after drainage. It is distinct from other swampy land-systems in the 

survey area, because other swampy areas which are sandy are nearly always acid, such as the Kentbruck 
Heath land-unit, whereas other swampy areas which are calcareous are heavy-textured, such as the 
Condah Swamp land-system. 



 

Fig 19/20 - Landscape diagram/Land-system diagram 



 
 
Plate 8. The limestone dunes of the Nelson land-system were among the earliest land to have been 
farmed in south-western Victoria 
 

11. Nelson Land System 

The Nelson land-system is associated with the limestone dunes of the coastal plains and the less-acid 

sands derived from them. 

In general, the indurated calcareous dunes are adjacent to the present coastline except to the west of the 

Kainawinka-Kentbruck line of faults. Consequently the Nelson land-system is formed as a thin strip next 
to the coastal dunes, namely the Discovery Bay land-system, westward as far as Kentbruck where it then 
expands inland over the coastal plains. In South Australia, the land-system is extensive and comprises the 
Caroline, Burrungule, Benara and Woakwine Associations mapped by Blackburn (1959). In Victoria, it 
covers about 180,000 acres; 74,000 acres remain with the Crown including about 54,000 acres of Forests 
Commission holdings. 

Climate 

Most parts of the land system are in a wet climate. The average annual rainfall varies from 35 inches in 

the parish of Kentbruck to 29 inches at Nelson with an isolated part at Kaladbro receiving 27 inches, but 
in most areas it exceeds 30 inches. Moreover, the seasonal fluctuation of the rainfall is not so severe as 
over most other areas nor are the seasonal temperatures so extreme. This is because much of the land-
system is near the coast or fringes the south-western edge of the Normanby Platform, receives the highest 
summer rainfall. The effect of these features on the balance of potential evapo-transpiration with rainfall 
and on the vigour of plant growth is such that over most of the land-system the season of active growth, 
particularly, for deep-rooted species, is longer than it is elsewhere in most of the survey area. The 
favourable growing conditions at Portland as shown for some species in Fig. 9 probably apply to much of 
the Nelson land-system. There is one adverse feature, however, namely the high winds which make local 
conditions much more severe near the coast, especially along the Bridgewater fault. 

Parent Material 

(i) Range encountered. - Indurated calcareous dunes are characteristically associated with the 

land-system and present over most of it. They may be exposed at the surface or may form a core 

underneath a mantle of sand. 

It seems that originally, the indurated dunes were similar to the dunes forming now in the Discovery Bay 
land-system, that is, often of' grand dimensions and of sand composed of finely-broken-down seashells 
with a small proportion of quartz grains. The original composition and shape of the dunes have been 
modified by weathering and the main process has been the dissolving, downward removal and re-



deposition of the calcium carbonate composing the sea-shells. Such a process has resulted in a general 

reduction of the surface level, a mild degree of cementation with calcium carbonate in the deeper layers 

of the dune, strong cementation and the formation of a massive hardpan in a zone nearer the surface, and 
finally in a residual sandy surface-horizon progressively less of carbonate and more of quartz. The sand 
of the Discovery Bay dunes has a content of quartz grains such that the weathering of about fourteen feet 
of material is necessary to produce a quartzitic sandy horizon three feet thick such as is found in the 
Nelson land-system. Removal of the surface sand by wind erosion during some later period has left 
calcareous dunes which are case-hardened or indurated by a massive hardpan of limestone, whilst the re-
distributed surface material has formed the associated dunes and sheets of sand. In some places the 
indurated dunes have been further modified by weathering which produces sink-holes and swales. 

The topography of the exposed indurated dunes is rolling. Re-distributed sands form dunes particularly 

near their presumed source, and sometimes form sand-sheets particularly at a distance from the source; 

their topography therefore varies from rolling to gently undulating. Their colour varies from red through 
brown and orange to light yellowish-brown and white; orange and white predominate, the sands of the 
latter colour being mapped as separate land-systems. In general, sands of the brighter colours, red and 
orange, are most closely associated with the indurated calcareous dunes and also have the most rolling 
topography whereas sands of the duller and lighter colours are furthest away and have the more gentle 
topography. Also, in examples examined microscopically, the content of broken-down shells in the sand-
fraction varies through the sequence red-orange-white sands, being approximately 10 per cent, occasional 
and negligible respectively. 

 
Land-forms less commonly found in the land-system are parallel small dunes or raised beaches formed 

by recent rises in sea-level of about twenty to thirty feet and also of about five feet above the present 

level. (Coulson 1940, Boutakoff 1963). Around Narrawong near Portland such beaches composed of 

broken shells and sand have been mapped as the Allestree land-unit. 

(ii) Geographical sequence. - The parent materials described above are frequently found in zones 

parallel to the coast line which is transverse to the prevailing southwesterly winds, for most of the land-
system. The complete sequence, including areas of sands mapped as other land-systems, consists of five 
zones. 

Thus, along the coast, there may be found unconsolidated calcareous sands composing the Discovery 

Bay land-system. This is zone one, which in places directly abuts onto the Nelson land-system or is 

separated from it by the Long Swamp land-system. The second zone is the seaward fringe of the Nelson 
land-system, where the indurated calcareous dunes are at or very near the surface. 

A short distance further inland there are orange and brown sands and a few areas of red sand. At first 

these sands are found only in the more sheltered spots such as the lee side of saddles and on lower slopes, 
but a little further inland they are also on the shoulders and summits of hills until, at a little distance from 
the zone of exposed limestone, the whole landscape is mantled with these sands. This is zone three. The 
sequence from zone two to zone three may be readily observed from the presence of bracken, which 
thrives on orange, brown or red sands more than about 12 inches thick but is sparse or absent on the 
shallow and more alkaline soils of the exposed limestone. Although the separation of the two zones is 
most noticeable along the coastal strip, a similar situation often occurs with any indurated calcareous 
dune which is far enough away from similar dunes to avoid complication by extraneous material. Thus, 
at both Malanganee and Kaladbro, the narrow strip of bare dune-limestone is on the south-western side 
of a zone of orange and brown sands. However, where indurated calcareous dunes occur close together or 
the area of dune limestone is wide, then the segregation of zones is less marked and there is a complex 
consisting mainly of overlying sands with some areas of exposed limestone. 

On the leeward, landward side of the zone of orange sands, there are nearly always areas of "white" or 

grey sands, the Malangance sands which form zone five. Areas of these acid white sands large enough to 
be mapped separately have been mapped as the Follett or Kanawinka land-systems, but small areas occur 
in the Nelson and other land-systems. Frequently, the transition from zone three to five is sharp and 
precise. Sometimes however, there is between them an extent of sands with intermediate characteristics, 
forming zone four. 

A sequence virtually identical to this has been described from the Swan Coastal Plain near Perth, 

Western Australia, by Bettenay, MacArthur and Hingston (1960), who separate the Quindalup, Cottesloe, 



Karrakatta and Bassendean Associations, progressively further inland from the coast. These Associations 
seem to correspond with zones one, two, three and five respectively. The sequence in Victoria is almost 
certainly the result of successive stripping of soils formed on the dune limestones, probably at quite 
widely different times, and the resultant sand deposits have been subjected to different regimes of 
climate, different periods of time, or both. 

(iii) Basis of subdivision of land-system. - The characteristic sequence across the land-system 

described in the fast paragraph forms the basis of subdivision. 

On the exposed, indurated calcareous dunes, zone two, is the Bridgewater sub-system and includes the 

Bridgewater, Eurneralla and Nelson land-units, totalling 22,800 acres. The greater part of the zone of 

orange and brown sands is the Kentbruck sub-system and has only one land-unit, the Kentbruck land-
unit covering 51,600 acres. Areas where there is a complex of orange and brown sands with some 

exposed indurated dunes compose the William sub-system of 72,000 acres extent and include the 

William, Donald, Dartmoor and Kaladbro land-units. The only occurrence of zone four is the Moleside 

land-unit which comprises the Moleside sub-system. Areas where there is a complex of dunes or sheets 
of the sands characterizing zones one, three, four and five together form the Grant sub-system of 8,700 
acres; Grant, Trewalla and Mount Richmond land-units comprise this sub-system. 

Soils 

Soils of the land-system are closely linked with the parent material. 
 

Thus, on the indurated calcareous dunes, restricted to the Bridgewater sub-system, zone two, and parts of 
the William sub-system, the only soils found are the terra rossa and rendzina groups with the rare 

exception of the prairie soil also. Most of the profiles of these two groups are sandy, but some heavier 

profiles are found, especially in the Dartmoor land-unit. The Nelson sandy loam and the Woakwine series 
are typical of the terra rossa and the Bridgewater sandy loam typical of the rendzina group. It is difficult 
to generalize on the conditions under which the one or the other of the two groups will form and 
sometimes there is no apparent reason for the difference between them. Microscopic examination showed 
that an example of the Bridgewater sandy loam had more than 20 per cent of broken-down seashells in 
the sand-fraction but that the Nelson sandy loam had less than half this quantity, Rendzinas are more 
frequent on the dune limestone near the coast than they are away from the coast, and the converse is true 
for the terra rossas ; also, terra rossas often give the appearance of being truncated, whereas the rendzinas 
usually do not. The terra rossas may be residual older soils than the rendzinas and have been subjected to 
different climatic regimes. A complicating feature is that the nearer they are to the coast, the darker the 
soils become on any topographic position, until those on sites receiving blown sea-sprays are simply 
black sandy loams for some depth, and of high pH-values. 

Orange and brown sands, found chiefly in the Kentbruck sub-system, zone three, and over part of the 

William sub-system, give rise to sandy iron-leptopodsols, exemplified by the Kentbruck loamy san. 

There is some variation in the types of this group, according to the hue, the coherence, and slight 

differences in clay content of what are essentially coarse textures. Some profiles examined have layers of 
these different features, and they have probably been formed from successive deposits of difrerent sands. 
Most profiles on the orange sand have a clayey horizon at depth, frequently at considerable depth as for 
the Kentbruck loamy sand, but sometimes, especially towards the north-west, nearer the surface as for the 
Caroline sand of Stephens et al (1941). Throughout zone three where the orange and brown sands are 
dominant, there are smaller areas where the limestone is at the surface. These usually support sandy 
rendzinas on the coastal margin of the zone, and sandy terra rossas elsewhere, with sandy brown earths in 
narrow strips between the leptopodsols and terra rossas. 

Acid white sands of zone five, typically mapped as the Follett and Kanawinka land-systems but which 

are sometimes in small areas intimately mixed with the orange sands, give rise almost invariably to 

nomopodsols. Orange and white sands occasionally grade into each other, and where they do so, either 

on the local scale or over substantial areas such as Moleside sub-system (zone four) the soils also have 

intermediate characteristics-intermediate between the leptopodsols and nomopodsols, -and include those 
mapped by Murray (195 8) as "grey-brown variants of Caroline sand (deep phase)". 

Horizons of nodular secondary carbonate from older soils are sometimes exposed at the surface 



particularly in the William land-unit and soils weathering from them are light grey sands with abundant 

nodular limestone. 

The nutrient status of the chief soils of the land-system, the sandy leptopodsols, terra rossas and 

rendzinas is considered in detail. In brief, none of the chief soils are well supplied with phosphorus, 

potassium or nitrogen, and trace elements are frequently lacking; nevertheless, they are not extremely 

impoverished like the nomopodsols on acid white sands. They vary in base status ; the "rendzinas" are 

base-saturated throughout, the terra rossas adequately supplied and the sandy leptopodsols have a 

satisfactory base status except for lime-loving plants. Most soils are sandy, and this feature results in free 
internal drainage but also in low water-holding capacity and inability to retain nutrients. It is important to 
build up the content of organic matter to reduce these disadvantages. 

Vegetation 

Vegetation is controlled mainly by the soil and partly by nearness to the coast. 

On the indurated calcareous dunes, found in the Bridgewater sub-system, zone two, and parts of the 

Williara sub-system, three situations are recognized. Small areas of black "rendzina" soils near the coast 
in positions exposed to the high winds and salt spray, carry only coastal tea-tree (Melaleuca pubescens) 
(plate 8), probably in a fairly dense dry scrub originally but now scattered and strongly distorted by wind. 
Elsewhere on the strip of exposed limestone along the coast, namely the Bridgewater sub-system and the 
coastal fringe of the William and Donald land-units, the original vegetation is always described on old 
parish plans as "timbered with gum, blackwood and she-oak" and also sometimes included cherry tree. 
The "gum" would certainly be manna gum so that the original vegetation was probably one of the 
associations of the Eucalyptus viminalis-E. ovata alliance. Most of these areas have now been denuded 
of native timber, although small paddocks of dense she-oak scrubs are seen, and the native grasses are 
chiefly white tussock (Poa australis) and hare's tail (Lagurus ovatus). This latter species, usually 
associated with alkaline soil conditions is the chief and characteristic grass species on the "rendzinas" of 
this zone and in positions exposed to high salty winds. Bracken is noticeably absent or weak where soils 
are of the rendzina group, probably because of both the alkalinity and shallowness of the soils; on terra 
rossas, bracken is usually present provided that the soil is not too shallow. The third situation is on the 
more inland exposures of limestone-both the minor components in the orange sand zone and the larger 
areas around Dartmoor, Malanganee and Kaladbro. These exposures, which give rise to terra rossas 
chiefly, supported a tall woodland of manna gum and bracken with some native grasses. An unexpected 
appearance is that of messmate (E. obliqua) in closed heath woodland formation on some of the 
limestone exposures in the William land-unit. The form of the trees, a bushy woodland type, is unusual 
and resembles that encountered on similar country between Nelson and Mount Gambier in South 
Australia. 

On the leptopodsols of the orange sands characteristic of the Kentbruck sub-system, zone three, and part 
of the William sub-system, the quite distinctive vegetation was a Call woodland or dry sclerophyll forest 
mainly of stringybark (E. baxteri) with manna gum usually, although not always, and with wattle, she-
oak and tall honeysuckle (Banksia marginata). In those areas of orange sands where native trees are 
found, this is still the association, although she-oak and honeysuckle are not common and bracken is 
widespread as a result of bush fires. In a few places, especially on the sandy brown earths between the 
leptopodsols and the terra rossas on outcrops of limestone, narrow-leafed peppermint (E. vitrea) is found 
and, very rarely, snow-gum (E. pauciflora) (Murray, Shepherd, priv. comm); this possibly is the most 
westerly occurrence of the latter species. 

Nomopodsols formed on the acid white sands of zone five characteristically carry a closed heath 

woodland of stringybark with yacca and stunted Banksia in the understorey and also bracken in the drier 
positions although not in the wetter. On zone four, the soils intermediate between the nomopodsols and 
leptopodsols carry a better stand of the same tree but without yacca in the understorey, in general. A few 
patches of Miocene limestone in the Donald land-unit towards the South Australian border, chiefly low-
lying flats, carry grass with a few eucalypts, including swamp gum (E. ovata) and snow gum. 

Land-use 

Apart from the small areas of acid white sand, the agricultural and pastoral potential of the Nelson land-
system was considered to be high in the early days of settlement, and some of the oldest farming areas 



were on the long strip of limestone mapped as the Bridgewater sub-system, together with some of the 
orange sands. There, the ruins of the old homesteads may still be seen, gaunt and lonely against the bare 
outline of the denuded dunes. The decline of some of these areas from prosperous mixed farming to 
virtual abandonment is probably the result of exhaustion of the meagre supplies of available nutrients, 
including trace-elements, the prevalence of "coastiness" in sheep and cattle, (a disease brought on by 
deficiency of cobalt) and infestation by rabbits. An understanding of the nutrient requirements of 
legumes and the better grasses has allowed the soils of this land-system to be brought back to 
productivity and there has been a marked upsurge in the use made of the land-system in the last ten years. 
This is a much later development than for similar country in South Australia. 

Copper and zinc in addition to phosphate are the chief requirements for pasture legumes, some crops and 
for pasture grasses on the sandy leptopodsols, terra rossas and rendzinas which cover about 85 per cent of 
the land-system. Cobalt is needed also for stock, particularly in the Bridgewater sub-system where they 
graze on alkaline or neutral soils. Potash is below requirements for all sandy soils, and will need regular 
replenishment when the soils are more intensively used. The potash-impoverishment of the chief soils 
however is not so severe as for the nomopodsols of the Kanawinka and Follett land-systems. 

Lucerne, because it must have lime, grows well on soils such as rendzinas and terra rossas where 
limestone is within the root depth; however, if the soils are too shallow which they often are, the water 
reserves needed for summer growth are restricted. On the sandy leptopodsols which are slightly acid, 
lucerne does better when the soils have received dressings of lime, as shown by plot work at Kentbruck; 
once limed, however, they are excellent for lucerne because they are usually deep and with a slightly 
heavier texture at depth, and thus have a moisture-storage capacity sufficient to allow a deep-rooted 
species like lucerne to meet its summer needs. The relative economics of the various groups of  soils for 
lucerne-growing is affected by the climate. In the highest rainfalls in the land-system, the disadvantage 
of the low moisture-holding capacity of the shallow limestone soils is offset by the better summer 
rainfall so that soils on limestone, shallow or deep, are the more favoured for lucerne. In the lowest 
rainfall zone, the advantage of the higher moisture-holding capacity of the leptopodsols can be exploited 
by the use of lime-coated seed, but the cost of broadcast liming may be uneconomic in view of the lower 
overall return. In the intermediate, moderately favourable, rainfall areas as around Bridgewater, the 
deeper limestone soils are favoured above the shallower and the cost of liming the leptopodsols is 
worthwhile for lucernce. 

Other species which can be grown and systems of land-use which can be adopted, depend largely on the 
climate. Those parts with average annual rainfalls above 30 inches, namely, the bulk of the land-system 
and particularly the well-watered areas around Kentbruck and Drik Drik, can support late annual 
subterranean clover and perennial shallow-rooted clovers and grasses on sandy soils, whilst deep-rooted 
perennials can grow with case, and cash crops like potatoes do well. The potential there is fairly intensive 
mixed farming with fodder and cash crops, including summer crops. This potential is more likely to be 
reached if the country can be used together with the wet heath components of the adjacent Follett and 
Kanawinka land-systems, as these heath components are essentially summer country whilst virtually the 
whole Nelson land-system, being very well drained, is primarily autumn, winter and spring country. It 
may be some time, however, before the full potential is achieved, and if pine growing does not take over 
in the meantime, the first stage is likely to be sheep-raising for meat, combined with beef cattle raising. 

In the drier parts of the land-system, perennial plants will grow well only if they are deep-rooted. Annual 
pasture species, fodder and cash crops can also be grown. 

The soil requirements of pine trees are discussed at length and the orange sands appear to be well suited 
for pines, (Pinus radiata), especially where there is clay at depth, but within the reach of pine roots. 
Shallow terra rossas and rendzinas however, are not suitable for pines on account of their low moisture 
holding capacity and, possibly, also their alkalinity. There is a demand for land for pines around 
Portland, and it is quite likely that the areas which are predominantly of orange sands, namely Kentbruck 
sub-system and the Trewalla and Grant landunits of the Grant sub-system, will be used for pine growing 
where they are not already being developed for agriculture. 

The relative merits of farming and pine growing are usually seen as a matter of present economics and 

anticipated demand. Their long-term effects however should not be forgotten. Mixed farming makes 

demands on the land which, although intensive, are varied and to some extent balanced. Pine growing is 



a monoculture and its demands on land of initially poor quality may be so exhaustive as to reduce the 

fertility to a very low level after one crop (Waring 1962). Whilst the soils of the Nelson land-system are 
not so infertile as those of the Kanawinka and Follett land-systems, they are nevertheless of inherently 
low fertility, as shown by their virtual abandonment after some decades of exhaustive use. It is a 
reasonable contention therefore that a high level of mixed farming with its regenerative treatments is a 
more soil-conserving and desirable use of this land than pine growing, where both are possible. 

Nature of the Individual Land-units 

Allestree. - In the Allestree land-unit, old shelly beach ridges from which are formed sandy brown earths 
are interspersed with areas of dune limestone carrying terra rossas with heavy-textured rendzinas in low-
lying parts. Major Mitchell (1839) recorded an open stand of she-oaks and good grass here originally. 
Dairying and cross-bred wool growing are practised now. 

Bridgewater. - This is a long thin line of indurated calcareous dunes near the coast. They are high and 

steeply rolling and support shallow sandy rendzinas and terra rossas. Average annual rainfall is 

moderately high, strong winds are common, and parts receive salt spray. Much of this land-unit is 

unused. 

Dartmoor. - An expansive land-unit of gently-rolling dune limestone country with scattered areas of 

orange sands supports terra rossas, some heavier rendzinas in the swales, and leptopodsols on the orange 
sands. Around Dartmoor, the land-unit is widely cleared for grazing, with pines on the orange sands; near 
Drik Drik it is intensively farmed and around Malangance and Rennick, most of the original manna gum 
timber and bracken remain. 

 
Eurneralla. - This is very similar to the Bridgewater land-unit but receives a lower rainfall. In contrast to 
the Bridgewater land-unit, it is all used, chiefly for sheep raising. Probably this is because it is not so 
isolated, nor surrounded by poor country. 

Donald. - The Donald land-unit is made up chiefly of exposed indurated dunes covered with a veneer of 
assorted sands. It contains areas of Miocene limestone in grassy flats, and supports a dry sclerophyll 

forest chiefly of stringy-bark. 

Grant - The soils of this land-unit are derived from acid white sands, orange sands and occasional high 

dunes of the calcareous Discovely Bay sand which overlie a core of basalt and indurated dunes. Near the 
coast itself, the vegetation is mainly heath, which degenerates to fieldmark in the most windswept spots, 
and gradually becomes a tangled scrub of Acacias, stringybark and heaths, away from the coast. The 
soap mallee E. diversifolia, makes its only Victorian and its most easterly appearance on the top of Cape 
Nelson in this land-unit. Soils are as varied as their parent materials, but the most frequent soils are sandy 
leptopodsols with dark-coloured top-soils and shallow stony rendzinas. 

Kaladbro. - This is virtually the northern and drier equivalent of the Dartmoor land-unit as found near 

Malanganee and Rennick. It closely resembles the Dartmoor land-unit in all features except the climate. 

Kentbruck. - This, the biggest land-unit in the land-system, is characteristically of orange sands 

supporting sandy iron leptopodsols, with small proportions of terra rossas on limestone, and 

nomopodsols on acid white sand. Somewhat less than half of it, chiefly south of the Glenelg, is almost 

completely cleared. This cleared section was, until recently, largely unused, and formed an impressive 

sight of seemingly endless dunes on the Kentbruck-Nelson road. The information given about the orange 
sands applies particularly to this land-unit. 

Moleside. - Like the Kentbruck land-unit, the Moleside land-unit forms a sub-system on its own. It is 

restricted to a stretch on both sides of the Glenelg River and is chiefly of sands intermediate between 

orange sands and acid white sands. Stringybark is the chief tree species throughout, and some of the 

sands are surprisingly good. In parts the sand is very coarse. 

Nelson. - Around Nelson, there is undulating to rolling country of dune limestone, supporting terra rossas 
and rendzinas. and largely cleared of timber. The rainfall is only about 27 inches, but some dairying is 
carried on. 



Mount Richmond. - A small area on the western flank of Mount Richmond is quite distinct country, 

consisting of a veneer of various types of sand, overlying volcanic material from the Mount. It carries a 
heath woodland of peppermint (E. vitrea) mainly, with stringybark and rnanna gum also. 

Trewalla. - In. this land-unit, a core of indurated dunes is covered with acid white sand, orange sand and 
in parts with the calcareous sand of the Discovery Bay land-system. The distribution of these sands is 
varied and complex, and quite steep dunes are typical. The soils are associated in the usual manner with 
all parent materials, and the vegetation is often a tangled scrub of the various coastal species. 

Williarn. - The William land-unit is rolling. with dune limestone near the surface, but thin veneers of 

orange sand are frequent. Horizons of nodular secondary carbonate from older soils are found throughout 
this land-unit, and also, at certain lower levels nearer the coast, there are some shell beds. Soils are terra 
rossas, light coloured sandy rendzinas, sandy leptopodsols and sandy brown earths. Stringybark, she-oak, 
yacca and in places a stunted, billowy and bushy form of messmate are the chief species. There is quite a 
variation in soils and in the depth of rock, so that any assessment of the suitability of the land-unit for 
pines must include an investigation of this variation. 



 

Fig 21/22 - Landscape diagram and Land-system diagram 



 

Plate 9 - The Strathdownie land-system 

(Coastal plain consisting of extensive swamps surrounded by woodlands of swamp gum and red gum 

and a few stringybark scrubs.) 

12. Strathdownie Land-System 

Early descriptions of the Western District made mention of extensive swamplands near the South 

Australian border where the regional drainage is so slow that in winter the numerous swamps coalesce to 
make the area virtually one huge swamp. A number of circumstances combine to give this picture. The 
regional drainage has been impeded by long lines of Pleistocene indurated calcareous dunes lying across 
the fall of the land; the local drainage is slow because the chief parent material, being Pleistocene and 
Holocene lagoon deposits, is relatively flat, and finally, the internal drainage of the chief soils, which 
have an impeding horizon at shallow depth, is so slow that most of the water is retained at or near the 
surface. The Strathdownie land-system is the country where all these conditions are typical. 

It covers about 160,000 acres, and 92 per cent of this, 147,000 acres, is alienated, and the rest is chiefly 

Crown land of various forms. Extending in a broad band in a generally north-westerly direction between 
the Nelson or Follett land-system on its coastal edge, and the main bulk of the Follett land-system on its 
inland edge, it comprises three land-units and two sub-units. The boundaries between these also tend to 
run in a north-westerly direction, so that a transect from south-west to north-east across the land-system 
would demonstrate various land-units and also their relationships. This is done diagrammatically in Fig. 
21, which shows the chief land-forms, and also demonstrates the relationship of the Strathdownie land-
system to the adjacent Nelson and Follett land-systems. 

The basement of the whole land-system is Miocene limestone. This limestone is covered by lagoon 

deposits and consequently does not outcrop except where there is dissection by the Glenelg River. The 

lagoon deposits are of an age extending from Early Pleistocene to the present, and have been termed the 
Malanganee Formation by Boutakoff (1963). These deposits are the chief parent material for the soils of 
this land-system. Also on top of the Miocene within the general area of the land-system is at least one 
long line of Pleistocene limestone dunes, and possibly more than one. In places over the whole area are 
dunes or sheets of acid white sand and some orange sand. The line of limestone dunes and associated 
orange sands have been mapped as the Kaladbro land-unit of the Nelson land-system, and where the 
associated acid white sand is massed and dominant, it has been mapped as part of the Myaring land-unit 
of the Follett land-system. Acid white sand, however, may cover some of the lagoon deposits as thin 
sheets forming the surface horizon of the soils, and where it does so, the country is regarded as the 
Strathdownie land-system 

On the south-western edge of the land-system is the Ardno land-unit, abounding with medium and large 
swamps in the lagoon deposits, and with a few sandy rises also. It carries a few swamp gums (E. ovata) 
on the flats amongst heaths and native grasses, and manna gums (E. viminalis) on the rises. Soils over 
most of this land-unit are solodic soils of the Follett family. On some of the rises, the thickness of sand 
exceeds 36 inches, and there, the soils are arbitarily regarded as of some other group. In some of the 
swamps there are meadow soils. A part of this unit with particularly big swamps has been separated as a 
sub-unit Ardno, and is the same as the Dismal Swamp Association of Blackburn (1959). 



To the north-east of the Ardno land-unit, red gums (E. camaldulensis) in sparse savannah woodland 

formation appear quite sharply on a long front, and the country which they cover has been mapped as the 
Strathdownie land-unit. The boundary between the Ardno, or Ardno1 land-units and the Strathdownie 
land-unit is the southern and south-western limit of red gums in south-eastern Australia, apart from a few 
isolated occurrences as at Rennick or down the Glenelg River. Some manna gums and swamp gums are 
on the rises and in lower areas respectively. They mix with each other, especially adjacent to the Lindsay 
land-unit and also with the red gums. Soils, again, are chiefly solodic soils of the Follett family, and the 
dominant type is the Kalangadoo sand recognized by Stephens et al (194 1) in the same sort of country 
in South Australia. Deeper phases, and even sandy iron leptopodsols are on the occasional rises, and 
meadow and marsh soils are in the swamps. Circular swamps are a feature of this land-unit, as for the 
Ardno land-unit, and most are of medium size, from about one quarter to one mile across. However, in a 
long strip stretching north-westerly within the unit, swamps are much smaller, and more numerous; the 
area covered in this way has been mapped as a sub-unit, Strathdownie1. 

At this point on the transect across the land-system, the long line of dune limestone and orange sands 
interposes, and along its north-eastern edge are areas of acid white sands interspersed with swamps. 
These formations are mapped separately as the Nelson and Follett land-systems respectively, but their 
influence extends to the north-east as a thin covering of acid white sands over low-lying parts, forming 
the Short sand soil type, as named by Stephens et al (1941), of the Follett family of solodic soils. Such 
soils are characterized by extensive low heaths of oak-bush (Casuarina spp.), with tea-tree 
(Leptospermum juniperinum, L. myrsinoides), paper-bark (Melaleuca squarrosa), Banksia marginata, 
Epacris spp. and a few scattered swamp gums, together with small swamps carrying a fen of reeds and 
rushes interspersed. Three large and separate areas of these soils together constitute the Lindsay land-
unit. 

Around and to the north-east of the Lindsay land-unit, the Strathdownie land-unit is found again, and 
here, the swamps may have quite large lunettes of acid white sand supporting stringybark (E. baxteri). 
Manna gum and swamp gum also grow, especially where the Lindsay and Strathdownie units merge. 
The land-unit persists for a short distance until the main mass of the Follett land-system in reached in a 
huge are roughly parallel to the Kanawinka fault and on the coastal side of it. 

 
Because of the wetness of the area and the moderate fertility, the land-system has a high potential, if 
drained, and much of it even without drainage is suited to grazing and pastoral pursuits, as is shown by 
the high proportion, 92 per cent, which is occupied. It is the most productive area in the County of 
Follett and the comparisons and trends of statistics for the County, such as the swing to fat-lamb 
predominance, apply particularly to the Strathdownie land-system. Solodic soils, chiefly Kalangadoo 
sand, carrying red gum or swamp gum can be easily improved by the use of superphosphate, and can 
support both sub-clover and some perennial clovers well, although white clover tends to dry off during 

summer. Strawberry clover flourishes around swampy areas, which have a high potential when drained. 
With a moderate capital outlay, the medium-sized and larger swamps could be transformed into the most 
productive areas of land by concentrating their storage into a ring-dam and irrigating the rest of the 
swamp from this during the summer. 

Soils of the Lindsay land-unit, chiefly the Short sand, which until recently have been largely neglected, 

can certainly be developed well with perennial pastures as shown by South Australian experience, but 

need copper and zinc as well as superphosphate, and drainage is desirable. Responses by pines to 

superphosphate have been reported by Blackburn (1959) for the Short sand. Fodder crops, particularly 

hay, are likely to do well in most parts, and greater intensification of farming will almost certainly 

include the policy of a greater reliance on fodder crops combined with the proper choice of improved 

perennial pasture species for different sites, together with drainage of some areas. 

Erosion hazard in the land-system is virtually absent, the only danger being in the movement of some of 
the lunette sands if disturbed. However, as bracken would almost certainly colonize these sands rapidly, 
the danger is not real. 

The Strathdownie land-system is a poorly-drained part of the Coastal Plains, with many shallow swamps 
and some small sandy rises, and where solodic soils of the Follett family predominate. The vegetation, 
apart from that of the swamps, is red gum and swamp gum woodlands, and heaths with scattered gums. 
With the application of fertilizers, and drainage in parts, the potential for meat and wool production is 
high and the erosion hazard low. 



 

Fig 23/24 - Landscape diagram and Land-system diagram 



 

Plate 10 - The Heywood land-system 

(Flat, low-lying of poor regional drainage. Most of the soils are reasonably fertile and support a swamp 
sclerophyll forest of this kind. 

13. Heywood Land -System 

There are two stretches of country in the survey area both of which are flat, low-lying, poorly drained 

and covered mainly with clayey deposits. One is that part of the Follett Plains - the country west of the 

Kanawinka fault - where dunes and sheets of sand are absent or very thin. It has been mapped as the 

Strathdownie land-system. The other is the eastern zone of the Normanby Platform. This platform was 

lifted up at its western edge to form a scarp along the line of the Kentbruck fault and has been covered 

subsequently in the west by Cobbobboonee basalt and slopes gently down to the east to form the 

basement of the coastal plains around Heywood and Bessiebelle. This latter stretch of country has been 

mapped as the Heywood land-system and may be defined as the coastal plains, the basement of which is 
the Miocene limestone of the Normanby Platform. 

The Heywood and Strathdownie land-systems which together form the Heywood land-zone, are similar 

in physiography and in some of the soil features, but they differ in regional drainage. In the Strathdownie 
land-system, because of obstruction by lines of Pleistocene dunes, this drainage is through parallel lines 
of swamps transverse to the direction of fall of the land. In the Heywood land-system, there is no such 
obstruction except along its coastal edge, and the drainage is by rivers which flow more or less directly to 
the coast. Consequently, the deposits in the Strathdownie land-system are lacustrine whilst in the 
Heywood land-system riverine deposits are more prominent and the topography is not so flat. Other 
differences are the greater influence of the Miocene limestone basement on surface features for the 
Heywood land-system and particularly the wetter climate of the Heywood land-system - above 30 inches 
as compared with less than 30 inches in the Strathdownie land-system. Ardno land-unit, a part of the 
Strathdownie land-system with 29 inches rainfall, is like the Homerton and Bessiebelle land-units of the 
Heywood land-system with 31 inches average annual rainfall. 

The Heywood land-system is more diverse in character than other land-systems in the survey area and it 
would be difficult to give a unified treatment in any comprehensive account. For this reason, further 

sonsideration of the land-system is on the basis of five sub-systems into which the land-units 

conveniently fall. 

Heywood Sub-system 

This comprises Heywood, Bessiebelle, Bessiebellel, Homerton and Shaw land-units and covers nearly 

half the total area of the land-system, 70,000 acres out of 160,000. 

Parent material is riverine or lacustrine alluvium of some depth overlying the Miocene limestone, and the 
upper layers of the alluvium are clayey and usually with ortstein (nodular ironstone) or mottled clay at 
shallow depth. Probably the ortstein and the mottled clay are relic formations of a wetter and colder 

period and were associated with swamps. Most likely, the ortstein is of similar origin to that frequently 



and characteristically found as a surface alteration of basalt in the Cobbobboonee land-system and of 

similar origin to that occasionally found in the Strathdownie land-system and the Hotspur land-unit of the 
Greenwald land-system. There are small areas where acid white sands form a veneer, usually thin. 

Vegetation in this sub-system is somewhat varied as to formation; heath woodlands, heath sclerophyll 

forests and heaths predominate, with some areas of savannah and tall woodlands and occasionally of dry 
sclerophyll forests. The chief species however are limited to swamp gum (Eucalyptus ovata) and a few 
heath species, particularly Leptospermum and Casuarina, in nearly all these formations; manna gum (E. 
viminalis) and peppermint (E. vitrea) are frequent on the slightly drier sites. One of the chief features of 
the original vegetation over most of this sub-system was the density and unpalatable nature of the 
ground storey, which allows no substantial use of the land until after almost complete clearing, and 
makes it difficult to clear the land and keep it cleared. 

Chief soils in the sub-system are medium-textured leptopodsols, meadow soils and some solodic soils 
where there is a sand veneer; prairie soils constitute a substantial minority of the soils. All of them are 
deep and are medium or heavy in texture in the subsoil and usually at the surface also; they usually show 
signs of being wet for a considerable part of the year in the lower horizons. Consequently, they have a 
high soil-water holding capacity, and, in the high average rainfall characteristic of the land-system, are 
well suited to deep-rooted perennials which require to be supplied with moisture throughout the season. 
Also, the nutrient status of these soils is usually moderately good, rarely low  and sometimes high. 
Because this is combined with the generally satisfactory moisture-supplying power for suitable species, 
there is a considerable agricultural potential over most of the sub-system. 

Some of this potential was developed some time ago when dairying was established around Heywood 
and Bessiebelle in parts of the land-units of those names and in the Homerton land-unit. Drainage was 
necessary around Bessiebelle, as Bessiebelle, sub-unit was originally very swampy. Elsewhere in this 
sub-system, land-use until recently has been restricted to fine-wool growing or cross-bred wool growing 
particularly in the Homerton land-unit, or else the land has remained undeveloped although capable of 
intensive use based on perennial pastures. A recent upsurge of development, around Heywood 
particularly, is a recognition of this potential, and forests of swamp gum or dense wet heaths have been 
transformed to dairy farms and to properties growing cross-bred wool and fat lambs. 

 

One reason for the late development of this country of high potential is probably that, because of the 

wetness and the soils, it is difficult to prevent cleared areas from reverting to dense wet heaths. To do this 
required intensive skilled management involving much labour and expenditure on improved species and 
fertilisers. Co~sequently, only enterprises with a high return per acre are economical, and despite a high 
potential productivity, development is restricted according to the ability of the landholder to obtain high 
yields with low costs of production. Recent intensive development of country in these land-units is a 
result therefore of a combination of present high returns and capital attracted by lower taxation in 
primary industry. The high returns arise from the ease of clearing this kind of scrub with modern 
machinery, improved local facilities for marketing dairy produce, the demand for beef and fat lambs, and 
the higher carrying capacities possible with improved species and fertilisers. 

Dunmore Sub-system 

A second group of land-units is characterised by numerous small swamps which may occupy up to a 

third of the immediate area. It includes the Dunmore, Saint Helen's and Tyrendarra land-units and covers 
46,000 acres. In Dunmore land-unit, the alluvium is probably early Pleistocene and has been strongly 
weathered during some previous climate to give a residual ortstein near the surface and rather more 
undulating topography which is further modified by small surface deposits of acid white sands. Swamps 
in Dunmore land-unit are about 200 yards across, oval in plan and point in a north-northwesterly 
direction; they may be a result of tectonic fracturing of the limestone bed, and percolation and solution at 
regularly-spaced points of weakness. Saint Helen's land-unit is similar, but Tyrendarra land-unit has 
Miocene limestone near the surface, is undulating, possibly because of solution of the limestone whilst 
the resulting swamps are subcircular and randomly distributed. 

In the Dunmore sub-system, the original vegetation was a complex, and much still remains. The chief 

type in this complex was a dry sclerophyll forest of messmate (E. obliqua), with which were mixed 



peppermint and stringybark (E. baxteri) in Dunmore and St. Helen's land-units, but manna gum and 

swamp gum in Tyrendarra land-unit. Scrubby dry sclerophyll forests of stringybark and scrubs or wet 

heaths are associated with the sands and swamps respectively, in the complex. Chief soils are medium-
textured leptopodsols, with nomopodsols on the sands, meadow soils and some solodic soils. The 

potential of the majority of the soils is similar to that of the soils of the Heywood sub-system, but the 

potential of the sub-system itself is not similar. This is not only because of the influence of the minority 
of infertile nomopodsols but also because, even where the soils are similar, the problems of development 
are greater because of the regular occurrence of small swamps with difficult drainage problems. 

The native timber resources of the land-system as a whole are virtually restricted to the messmate and 
stringybark of this Dunmore sub-system. Messmate requires moderately deep, moderately fertile and 
well-drained soils for good growth, and in the land-system these conditions are fulfilled only by the 
combination of the gravelly medium-textured leptopodsols on the ortstein of the older alluvium, with the 
more undulating topography of the Dunmore and Saint Helen's land-units namely, component seven of 
the land-system diagram. Elsewhere the soils are too wet owing to their character or location, or else too 
infertile for good messmate, whilst the native timber of those sites, chiefly swamp gum or scrubby 
stringybark, is no good for milling. In the Heywood land-system, component seven resembles the 
dominant component one of the Cobbobboonee land-system, which is the chief producer of native 
hardwood in the survey area. Pines (Pinus radiata) can probably grow in these parts of the Dunmore 
sub-system where messmate grows naturally. 

Fitzroy Sub-system 
A third group of land-units comprises areas where acid white sands cover the surface of other land-units. 
Fitzroy and Homerton, compose this sub-system and cover about 18,000 acres. In character they 

resemble wetter parts of the Follett and Kanawinka land-systems, and have similar soils and vegetation. 

The soils are chiefly nomopodsols and in the Fitzroy land-unit there are also acid marsh soils. The 

vegetation is of scrubby forests or heath woodlands of stringybark and also wet heaths. Like the wetter 

parts of the Kanawinka and Follett land-systems they can grow perennial pastures but with high costs of 
drainage, clearing and fertilizing. 

Margaret Rose Sub-system 

Two small land-units, Heywood, and Margaret Rose - so-called from the celebrated caves of that name 

near Nelson - compose this sub-system. Miocene limestone outcrops at the surface to give terra rossas 

which support manna gum and some peppermint in tall woodland formation. In Heywood, sub-unit sandy 
leptopodsols on orange sands are associated with terra rossas and carry similar vegetation, with more 
bracken, but the area mapped as Margaret Rose land-unit has but shallow terra rossas and bare rock is 
common. Soils are well drained where deep enough, but only moderately fertile. They are capable of 
supporting annual species where shallow, and perennial species where deeper. 

Codrington Sub-system 

The Codrington land-unit, which does not fall readily into the above-mentioned sub-systems, is distinct 

enough to form a sub-system itself. It is predominantly of shallow alluvium overlying Miocene limestone 
with restricted areas of Pleistocene dune limestone and veneers of Holocene sand. The chief soils are 
shallow prairie soils and shallow rendzinas and in wetter spots there are meadow soils; terra rossas and 
solodic soils of the Follett family are associated with the limestone and sand respectively. The original 
vegetation probably had a dense cover of low heaths, but may have contained stunted swamp gums ; it 
has been largely cleared and modified. Codrington land-unit, in geomorphology and soils, closely 
resembles the Furner Soil Association and much of the Millicent Soil Association of Blackburn (1959) 
which are found around Hatherleigh in the lower south-east of South Australia. There, the Millicent clay, 
the most widespread soil, can grow excellent strawberry clover for seed production as at Konelgin. 
Whether or not the Codrington landunit could be used for a similar purpose is not certain, because in the 
Furner and Millicent Associations, periodic flooding can play an important part in providing suitable soil 
moisture conditions and the incidence of such flooding in the Codrington land-unit is not known. 

Erosion 

In the Heywood land-system, both the hazard and manifestations of erosion are slight. A low relief 



reduces runoff and the concentration of run-off waters, whilst satisfactory rainfall allows a vegetative 

cover to be retained sufficient to further reduce the risk of sheet and gully erosion and prevent wind-
erosion of the sands. Drains are frequent in developed country, but there is little evidence of their 

erosion. 

Summary 

The characteristics of the land-system are somewhat diverse, but a broadly uniform physiography and 

generally good rainfall make for a fairly uniform potential. The landscape consists of coastal plains, with 
a basement of the Miocene limestone of the Normanby Platform, and superficial deposits. Where these 
latter are Pleistocene lacustrine or riverine alluvium as they usually are, there is a resemblance to the 
Strathdownie land-system. Five sub-systems are recognised on the basis of the occurrence and nature of 
the superficial deposits and of swamps. 

Soils generally are good, and in the prevailing climate make for a high agricultural or grazing potential 

with little hazard of erosion. Vigorous and dense ground-storey vegetation in one sub-system and 

regional drainage patterns in another sub-system cause problems in the development of this potential 

however, whilst in a third, the poorer soils make for higher costs in the attainment of the potential. This 
demonstrates the principle that even where the potential is dominated by certain over-riding factors, any 
one of the other features of the environment may modify, in a different way and to a different extent, the 
problems encountered in attaining the potential, and therefore may modify the economic potential itself. 
This further illustrates the need to consider each feature of the environment in relation to all the other 
features, when the area is being mapped. 

 

Plate 10 – The Heywood land-system is flat, low-lying and of poor regional dainage. Most of 
the soils are reasonably fertile and support a swamp sclerophyll forest of this kind. 

 



Fig 25/26 - Landscape diagram and Land-system diagram 



 
 

Fig 27/28 - Landscape diagram and Land-system diagram 



14. Follett and Kanawinka Land-Systems 

The words "expanses of poor white sand" or "stringybark scrubs and heathlands" sometimes lead Victorians to 

visualise an area where profitable farming is impossible, but on this very type of country, in South Australia, fertile 
farms are being developed. It may not be generally realised that there are considerable areas of similar land in 
Western Victoria, some under moderately high rainfall. Heaths and stringybark scrubs on white sand are by no 
means the chief type of country in those parts, nor are they restricted to them, but there is much more of such 
country near the Victorian-South Australian border than elsewhere in Victoria. It has been mapped there as the 
Kanawinka land-zone, and comprises the Follett and Kanawinka land-systems. 

Nature and Occurrence of Land-systems 

Acid white sands with their characteristic vegetation are minor components in a number of land-systems in the 

survey area, but their main bulk is concentrated in two adjacent and extensive land-systems, the Follett and 

Kallawinka land-systems. These two form a huge are stretching from near the coast at Kentbruck northerly and 

then north-north-westerly toward Penola and Naracoorte in South Australia, on both sides of the line of faults 

separating the coastal plains from the higher platforms to the east. This line of faults is the boundary between the 

two land-systems. In strict terms the Follett land-system is the area where dunes and sheets of acid white sands 

predominantly cover the Pleistocene and Holocene deposits of the coastal plain, and the Kanawinka land-system is 
where similar sand mantles overlie the other physiographic zones, chiefly the Normanby Platform with its surface 
of Cobbobboonee basalt and the Dundas Tablelands with their surface of laterite. The Kanawinka land-system also 
includes some areas where the acid white sand covers dissected slopes and such areas, whilst forming a minority of 
the land-system, are nevertheless often closely interspersed with the relatively flat platform surfaces and their sand 
veneer. 

The chief soils and their associated vegetation are thus the same for both land-systems, being those found on the 

dunes and sheets of sand. The minor soils and the small exposures of basement differ however in parts, the pattern 
and degree of drainage are unlike and the erosion hazards may be quite different. 

Basis of Subdivision of Land-systems 

The two land-systems are broken into sub-systems chiefly on the basis of landscape differences and these are 

further separated into land-units, six for the Follett land-system and eleven for the Kanawinka land-system, chiefly 
on the basis of climate. Landscape differences used are the nature of the basement, degree of dissection and the 
proportion of sand dunes and sand sheets. 

In the Follett land-system, the Dorodong, Tooloy and Killara land-units have sand sheets and some dunes 

predominating with frequent narrow parallel swamps and are grouped as the Tooloy sub-system. Malanganee and 
Myaring land-units are predominantly of dunes with a few large areas of swamps and thin sand-sheets and together 
form the Malanganee sub-system whilst Wanwin land-unit is predominantly of sand sheets and forms a sub-system 
of its own. 

In the Kanawinka land-system, the basement of the Kanawinka, Bogalara and Youpayang land-units is lateritised 

tablelands with only slight dissection whilst the basement of the Weecurra, Mocamboro and Wataepoolan land-
units is lateritised tablelands which are dissected to a greater degree. Cobbobboonee basalt underlies Cashmore, 

Kentbruck Heath, Narrawong and Richmond land-units. Groupings useful from the standpoint of erosion hazard 

could be made on the above basis but it is more important to consider the depth of the sand mantle because this 

closely controls the establishment of agriculture or forestry. Sand dunes predominate over Richmond, Narrawong, 
Mocamboro and Youpayang land-units and these together comprise the Richmond sub-system, whilst the 
Kentbruck Heath and Cashmore land-units are covered by sheets of sand and form the Kentbruck Heath sub-
system. The rest of the land-units, Kanawinka, Roseneath, Bogalara, Weecurra and Wataepoolan together make up 
the Kanawinka sub-system. 

Climatic differences are reflected in the nature and proportion of the different kinds of soils and also rather more 

sensitively by the vegetation; these differences affect the potential land-use. The following indicates the range and 
type of variation, resulting from climate, encountered within the land-systems. At the southern end of the 

Kanawinka land-system, the Kentbruck Heath land-unit, perched on the wettest and windiest part of the survey 

area, is poorly drained, has highly leached sandy soils with high accumulation of organic matter (acid marsh soils 

and humus nomopodsols) and carries wet heaths with stunted or mallee stringybarks (Eucalyptus baxteri) and other 
eucalypts (plate 39). By contrast the Weecurra land-unit further inland with 29 inches to 32 inches rainfall has less 
severely leached soils (humus and iron-nomopodsols and solodic soils) and supports heaths interspersed 



with heath woodlands of stringybark, peppermint (E. vitrea) and manna gum (E. viminalis). In the northernmost 

part of the land-system on the Kanawinka land-unit with 25 inches to 27 inches rainfall, heath woodlands of yellow 
gum (E. leucoxylon) and pink gum (E. jasciculosa) replace the rnanna gum and peppermint, and the minor soils 
begin to be of the solonetz rather than the solodic group. There is a similar sequence in the Follett land-system 
from the Wanwin land-unit in the south with 30 inches to 33 inches average annual rainfall through the Myaring 
land-unit to the Dorodong land-unit in the north. 

Soils 

In both land-systems, the acid white sand forms dunes and sheets of thickness varying up to about 40 feet; it thins 

away to nothing at the edges and sometimes within the area of the land-systems also. On the dunes, and the sheets 
also, where they are thick enough, the soils are typically nomopodsols; iron-nomopodsols (Kowree and Ross series) 
are in the drier positions, and humus-nomopodsols (Richmond series) in the wetter. In the north, as in the 
Dorodong land-unit, the iron-nomopodsols occupy most positions on the dunes including the swales, and the 
humus-nomopodsols are found only at the base of some dunes and on the sand sheets. Further south, the humus-
nomopodsols occupy more of the locally drier sites because of the higher rainfall and the ironnomopodsols are 
progressively restricted until in the extreme situation at Kentbruck Heath, they are represented by the Ross sand 
found only on the summits and sides of the steepest dunes, the humus-nomopodsols occupying all the lower dunes 
and swales. In the wettest parts of Kentbruck Heath, namely, at the foot of the dunes and on the sand sheets, the 
accumulation of organic matter in both A and B horizons of the humus-nomopodsols is great enough for acid 
marsh soils and even peats to be formed. 

Less common soils are those on restricted areas where the acid white sands are very thin or absent, exposing the 

basement. In the Follett land-system, the basement is mainly of clayey lagoon deposits and some dune limestone, 

so that these less common soils are similar to those dominant in the Strathdownie land-system, namely, solodic 

soils of the Follett family, meadow soils, peats and very occasionally terra rossas. Kanawinka land-system by 

contrast has a basement of Tertiary laterite which caps varied pre-Tertiary materials, or of basalt with surface 

alteration, or of the materials exposed by a dissection of these surfaces. In this land-system therefore, the less 

common soils are more varied than for the Follett land-system and include solodic soils of both the Follett and 

other families, medium-textured leptopodsols and meadow soils. In places, such soils are those with clay at shallow 
depth and are dominant over more than about 500 acres, which is large enough to warrant mapping at the published 
scale of survey. There they have been mapped as sub-units (e.g. Tooloy, and Kanawinka,), because they are more 
suitable for rapid agricultural development than are surrounding areas of the dominant soils. Land units of both 
land-systems near the coast, namely, Cashmore, Kentbruck Heath and Wanwin, sometimes have the slightly-acid 
orange sands typical of the Nelson land-system. 

In general, dominant soils of both Follett and Kanawinka land-sytems are nomopodsols of both Won and humus 

sub-groups with acid marsh soils in the areas of highest rainfall. Soils less common are mainly solodic soils and 

slightly acid sands in particular parts of the landscape. 

The characteristic feature of the, nomopodsols is their severely-leached nature, which arises from the combination 
of a coarse fabric and low base content of the parent material. Analyses of the group show this feature and the 
commentary points out the strong acidity, low content of exchangeable calcium and other basic cations, the high 
degree of base unsaturation, low content of phosphorus and potassium and usually of nitrogen also. Trace elements 
copper and zinc are in low quantity. Nomopodsols formed on acid white sand are also coarsely textured and 
therefore very freely drained, except where an impeding layer of coffee-rock has been formed. In areas of adequate 
rainfall, free drainage is a desirable feature, but where rainfall is low, such a feature has disadvantages for shallow-
rooted plants, as it results in low reserves of available water. For both land-systems, then, the dominant soils have 
very poor nutrient status and are very freely drained, excessively so in drier parts, except where hard coffee-rock 
has formed. 

Vegetation 

The native vegetation of the two land-systems is, as a whole, distinctive from that of other land-systems. Within 

the land-systems, factors causing variation are the wetness of the site and the nutrient status of the soil within the 

depth of rooting. These factors themselves vary according to the climate and the depth and coarseness of sand 

covering a heavier substratum. 

In both land-systems, the general pattern of vegetation with topography and soils is based upon a fundamental 

sequence of five land-components from the top of a sand dune to the lowest part of the adjacent sand sheet. 



Component one is on the deeper coarse sands of the dunes such as Kowree series and is a scrubby dry sclerophyll 

forest of stringybark with heath and bracken understorey. 

Component two is on the deeper coarse sands with impeding coffee-rock horizon at moderate depth such as 

Richmond series of the sand dunes or sand sheets. It is a moderately close heath woodland of stringybark with a 

heath understorey which does not include bracken. 

Further down the sequence is the third component, comprising heath woodlands of eucalypts with heath 

understorey not including bracken. It is on soils with coarse sand overlying an impeding horizon of clay at shallow 
to moderate depth, such as the Follett family. Where the site of component three is sloping or slightly dissected, 
that is, relatively dry, the eucalypts are in moderately close heath woodland formation and are predominantly 
stringybark with a few gums. With increasing wetness of site, however, as on the flat areas with shallow sand 
sheets, conditions become more severe, first for stringybark and then for gums, so that on the lower parts of 
component three, there are only gums scattered amongst the heath. 

In the lower sites, conditions are too wet for these gums and component four consists of short wet heaths with no 

trees at all. Where, in components three or four, the sand of the surface horizon is of finer texture, savannah 

woodlands of gums are found. There, a similar sequence of topography or wetness gives a sequence from gums 

such as pink, yellow or manna gum in the drier sites to red gum or swamp gum in the lower. 

In the lowest part of the landscape are swamps, which make the fifth component. They usually carry reeds and 

rushes, although tall wet heaths can also occur in very wet sites if there is deep sand. The sequence of components 
described here is shown in Figs. 26 and 28 and Plates 11 to 15. 

The climatic variation within the land-system modifies this general picture in three ways. The first is that as the 

climate becomes wetter, the vegetative units characteristic of situations of a particular degree of wetness or dryness 
are progressively more restricted to the drier topographic sites, so that in the land-units with the highest rainfall, 
wet heaths predominate over most areas except steep dunes. Secondly, climate may control which of the eucalypt 
species other that stringybark are present in the heath woodlands and savannah woodlands of component three, and 
at which position they occur in the topographic and soil sequence. Finally climate exerts an indirect effect on the 
vegetation through the soil. The more intense leaching to which sandy soils are subjected in a wetter climate 
produces more severe soil conditions such as low pH values and base-unsaturation, which, together with poor 
drainage conditions, restrict the few eucalypts which can grow on the land-systems to dwarf or specialised forms 
like mallees. 

 

Plate 12 - Where the sand is not quite so deep as in places like that shown in Plate 11, the 

stringybarks have a heath understorey which is more dense and does not contain bracken. 



 

Plate13 - In wetter sites, the stringybark cannot grow. Its place may be taken by manna, swamp, 

yellow or pink gums (plate 14), especially if there is clay at shallow depth; alternatively, these gums 

may not grow because of the infertility of the surface sand, and treeless heaths result as shown here. 

 

Plate 14 - Heath woodlands of manna, swamp, yellow or pink gums are found where the soil is 

seasonally wet because of an impeding horizon of clay at shallow depth. 

(This type of land is well suited for development, if extensive.) 

 

Plate 15 - Swamps, permanent or seasonal, occupy the lowest sites in the Follett and Kanawinka land-
systems. Where the sand-mantle is thin, these are surrounded by flats of red gum. 

(This is a view from a red gum copse across a heath to areas of stringybark on deeper sand.) 



Thus, as well as the fundamental pattern described above, in which scrubby forests or heath woodlands of 

stringybark predominate, the various land-units show the eucalypts indicated in Table 9 in the heath woodlands, 

savannah woodlands and mallee wet heaths. 

All of those eucalypts are in addition to the predominant stringybark. In the wettest land-units, Wanwin, Cashmore 
and Kentbruck Heath, scrubby forests and savannah woodlands virtually disappear from the landscape and most 
eucalypts are or the mallee form, so that wet heath and dense mallee wet heaths occupy most of these land-units. 

In the Kanawinka land-system, but not in the Follett land-system, there are also dissected areas with moderate 

slopes. Deep sands on these slopes carry component one, namely, dry sclerophyll forests or stringybark with 

bracken understorey. Shallower sands overlying clay or ironstone support dry sclerophyll forests or heath 

woodlands of stringybark with a sprinkling of the other eucalypts appropriate to the land-unit or topographic 

position, as described earlier for such soils. 

Table 9 - The Eucalypts which are present in different vegetative formations in the various land-units 
of the Follett and Kanawinka land-systems. 

Eucalypts (other than Stringybark) which are Present in - 
Land-Units 

Rainfall 

Belt 

(in.) Mallee-Wet-Heaths Heath Woodlands Savannah Woodlands 

Dorodong, Kanawinka, Bogalara 25-27 .. Pink gum, yellow gum Red gum 

Killara, Tooloy, Roseneath, 

Youpayang 

26-29 .. Yellow gum, 
manna gum, 
peppermint, swamp 

Red gum 

Myaring, Malanganee, 

Mocamboro, Weecurra 

28-32 .. Manna gum, 

peppermint, 
swamp gum 

Red gum, swamp gum 

Wataepoolan, Narrawong 32-33 .. Manna gum, 

peppermint, 
swamp gum, 

 

Wanwin 30-33 Manna 
gum, 

peppermint 

Manna gum, 

peppermint, 
swamp gum, snow 

 

Cashmore, Kentbruck Heath 32-36 Manna gum, 

peppermint, bog 
gum, swamp gum 

  



 

 

Plate 16 & 17 - On gentle slopes of the Kanawinka land-system where the sand mantle is thin, the heath 
understorey is sparse and contains species like ground yacca and duck bush. 
(Where the surface is infertile and the underlying material is ironstone the dominant eucalypt is stringybark 

(plate 16); where the surface sand and underlying clay are more fertile, scrubby tall woodlands of yellow gum, 

pink gum, manna gum or swamp gum are found.) 

 

Land-use 

(1) Previous land-use. - Until recently, both land-systems were either unused or used only for rough 

grazing with a little timber cutting. The exceptions were the savannah woodland flats which have been used for 

Merino wool growing and some of the soils of the Cashmore land-unit which have been used for growing potatoes. 

Soils of the savannah woodland flats are usually solodic soils with fine sandy A horizons. They are similar to the 

dominant soils of the Strathdownie and Dundas or Glenelg land-systems. Their agricultural development is similar, 
namely, the establishment of pastures of annual or perennial clovers and perennial grasses with the use of 

superphosphate, and the growing of fodder crops and possibly cash crops. Remarks made in the section on land-use 
for those other land-systems apply to this minority of soils. Such woodlands are not extensive and form significant 
proportions of the landscape only in the Kanawinka, Tooloy and Roseneath landunits where they have been 
mapped as sub-units. 

There was no intensive land-use, however, on the soils which are dominant over the greater part of these two land-
systems until recently. The areas of deep white sands were settled quite early but later were abandoned because of 
infertility and reverted to the Crown. Even now, the low agricultural and grazing value of the acid white sands, 
when not improved, is shown by the high proportion 44 per cent and 54 per cent of unoccupied land in the Follett 
and Kanawinka land-systems, respectively. In both land-systems, the proportion exceeds that for any other land-
system of substantial area, except Cobbobboonee, which is predominantly Reserved forest land. By contrast, the 
Strathdownie and Dundas or Glenelg land-systems, which are the respective counterparts, without the sand mantle, 
of Follett and Kanawinka are almost entirely occupied. 



(ii) Potential land-use. - The growth of plants depends upon a sufficiently long growing season and an 

adequate supply of nutrients. In an area over which the seasonal light and temperature regimes are similar, the 

length of the growing period in different parts is largely a matter of the supply of sufficient water and air to the root 
zone of the plants. The ability of the dominant soils of these two land-systems to supply, on the one hand, nutrients 
and, on the other hand, water and air to the root zone will now be examined for pasture species, both shallow 
rooted and deep rooted and also for pines. 

(iii) Pasture potential. - Pasture species vary in their requirements for nutrients and some better than others 

can survive on poor soils. The nomopodsols however are so poor in nutrients that only species which are adapted 

to low nutrient status can survive. Examples are stringybark, yacca and some heaths of the native flora and only 

very few introduced grasses, notably Yorkshire fog. 

Plots at various sites in these two land-systems have demonstrated the fertiliser requirements for establishing 

pasture species on most of the dominant soils (Margetts, Newman 1960). In general, phosphate is essential for all 
species, copper for legumes and frequently zinc for most legumes. On soils with surface horizons of low pH 

especially the acid marsh soils, lime is necessary for successful nodulation and establishment of clover and can be 
applied mixed with superphosphate, banded or broadcast according to the degree of acidity. Lucerne requires lime 
for its establishment on virtually all the dominant soils of these land-systems. In some instances, therefore, legumes 
will not grow without copper, zinc and lime as well as phosphate, and the key to pasture establishment as far as 
fertilisers are concerned is to know the correct combination. The importance of understanding the limitations of the 
soil is shown at Kentbruck Heath where white clover will not grow unless both copper and lime be supplied. 

Total nitrogen is usually low except in some of the marsh soils on which native heaths include legumes as at 

Kentbruck Heath. Nearly always, the C/N ratio is high so that adequate supplies of nitrogen for grass species must 
be met from introduced legumes, the successful establishment of which therefore becomes of great importance. 
The content of both total and available potassium in the soils derived from acid white sand is invariably very low 
except in the immediate surface horizons where, doubtless, it has accumulated from the heath litter or from the ash 
following bush fires. Quantities elsewhere in the coarse sandy horizons of the soil are so low, however, that once 
the reserves of the surface horizon have been removed by the sale of agricultural products off the farm, (hay in 
particular making heavy drains,) then recurring applications of potassium will almost certainly be necessary to 
preserve a suitable supply for plant growth. However, clayey horizons of soils in these land-systems nearly always 
have moderate levels of potassium, probably sufficient for the needs of the plant, so that where such a horizon is 
within the depth of rooting of whatever plant is growing, the need for potash will be diminished and possibly 
eliminated. The presence of a clayey horizon within the depth of rooting may well be the major economic factor 
influencing the development of these land-systems in those parts where, for reasons of water supply, the pasture 
potential is not high and the returns are therefore less. 

With adequate supplies of nutrients-phosphorus, potassium, trace elements and lime, improved pastures can be 

developed. Annual improved pastures based on subterranean clover, ryegrass and phalaris allow cross-bred wool 

growing; perennial improved pastures based on white clover, late varieties of subterranean clover, strawberry 

clover and red clover, perennial ryegrass and phalaris can support crossbred wool growing with fat lambs, beef 

cattle, dairying or a combination of these. 

The development of these pastures then depends upon the availability of water to the root zone of the pasture 

species. Since those species are mainly shallow-rooted, this varies inversely with the depth of sand above an 

impeding horizon if any, and directly with the rainfall and lower topographic position. 

In the lower rainfall areas of the land-systems, such as the Dorodong, Tooloy, Bogalara, Youpayang, Kanawinka 

and Roseneath land-units (25-21 inch rainfall belt), the soils of component one, namely, the deep coarse sands 

chiefly Kowree series are excessively freely drained. They do not have the water-holding capacity within the depth 
of rooting of shallow-rooted species sufficient to meet the needs of shallow-rooted perennials in the dry season. 
For the same reason, the period of active growth and production of shallow-rooted annuals is probably too 
restricted to warrant the cost of developing and maintaining the annual pastures. Deep-rooted species, annuals or 
perennials, can survive and produce for a longer period into the summer because they have access to the water 
available in a larger volume of soil . Whilst there are suitable deep-rooted grasses, legumes however are the 
prerequisite on account of the low nitrogen status of the soils and the basis of pasture development is the 

establishment of a legume. There is no suitable deep-rooted annual legume and the chief deep-rooted perennial 

pasture legume is lucerne which however, is difficult to establish on moderately-acid soils. Even on the less-acid 

soils which are sometimes found in the land-system, establishment will require the same careful attention to 



detail as is necessary for the sandy soils of the Bangharn Scrub in South Australia (Tiver 1958), but on the more-
acid sands, such as the deeper phases of Kowree sand and the Richmond sand, which are commoner, its 

establishment and maintenance will probably be difficult and uncertain. It is unlikely therefore that good pastures 
can be established and maintained economically over areas in this rainfall, which are substantially of the deep and 
acid coarse sands that is, component 1. Where this component occurs as a small proportion amongst a majority of 
components capable of economic development, the economic burden of development can be distributed 
satisfactorily over the wider area. However, where this component forms the majority of the landscape, as over 
most of Youpayang and some parts of Dorodong, Tooloy, Bogalara, Kanawinka and Roseneath land-units it would 
be better left alone. 

In the soils of component two and particularly in the soils of component three, the restricted drainage creates a 

perched water table. These soils are the moderately deep coarse sands above an impeding horizon, such as 

Richmond series and the shallow coarse sands above an impeding horizon, namely, soils of the Follett family. This 
restricted drainage has the same effect as an increase in the available water or the water holding capacity within the 
root zone. As shown in Figs. 7 and 8, an increased water holding capacity within the root zone in this rainfall will 
allow an annual to grow and produce much longer than it would otherwise, and a perennial to survive. On this 
basis, for the same land units as just discussed above, the soils of component two, chiefly Richmond series, can 
probably support annual pastures based on mid-season or early varieties of sub-clover economically. The soils of 
component three have a moisture status satisfactory for late annual pasture and possibly perennial pastures in 
suitable topographic situations, based on late-season varieties of subterranean clover, strawberry clover and even 
white clover, with perennial ryegrass and phalaris. 

Along the same lines, in areas of somewhat higher rainfall, (27-30 inches), including the Killara, Malanganee, 

Mocamboro and Weecurra land-units, deep coarse sands of component one may support annual pastures 

satisfactorily. The soils of component two, moderately deep sands such as the Richmond series, and those of 

components three and four, the shallower sands, will support late annual and perennial pastures, based on late-
season varieties of subterranean clover and on white clover. 

In the highest rainfall zone of the two land-systems (with rainfalls above 30 inches), as the Myaring, Wataepoolan, 
Narrawong, Richmond, Wanin, Cashmore and Kentbruck Heath land-units, the deep, coarse sands of component 
one, the Ross series are probably suitable for pastures based on late-season shallow-rooted legumes with deep-
rooted perennial grasses. Moderately deep sands such as Richmond series or sands in the lower topographic 
positions such as marsh soils can carry perennial pastures based on white and red clovers, perennial ryegrass and 
cocksfoot. The lowest sites, however, of whatever depth sand, may be too wet for development of any sort without 
drainage. 

Swamps in any part of the land system, when drained, will grow annual spring and summer fodder crops, 

particularly if the drainage can be controlled during the different seasons. 

A brief summary of the pasture potential on the chief components of the two land-systems follows. Component 

one, the deep coarse sands, Kowree and Richmond series, should be avoided for pasture improvement where it 

occupies large areas in the lower rainfall zone (Dorodong, Tooloy, Bogalara, Youpayang, Kanawinka and 

Roseneath land-units). Similar soils in the middle rainfall zone (Killara, Malanganee, Mocamboro and Weecurra 

land-units) are probably not suitable for development. On this basis, the whole of the Richmond sub-system in 

these rainfall zones namely Youpayang and Mocamboro should be avoided. Most other parts of the land-units 

mentioned above - except moderately deep sands on dissected slopes in the Kanawinka land-system - are suitable 

for development to cross-bred wool growing either alone or with fat lambs, and some settlement schemes have 

already been established, mainly in Kanawinka and Tooloy land-units. It should be remembered however that 

where the soils on which pasture is being developed are those with no clayey horizon within the rooting zone of the 
species used, then the economic burdens of fertiliser requirement will be severe in relation to the likely level of 
production. In the higher rainfall zone (Myaring, Richmond, Narrawong and Wataepoolan land-units) the deep 
coarse sands such as Kowree and Ross series may be suitable for annual pastures but fertiliser and development 
costs could be excessive. In the Wanwin and Kentbruck Heath sub-systems, however, namely Wanwin, Cashmore 
and Kentbruck Heath land-units, most of the area can carry perennial pastures to support cross-bred wool growing 
with fat lambs, beef cattle or dairying. Drainage will be needed in parts of these sub-systems particularly 
Kentbruck Heath land-unit, and cash-cropping is probably desirable to offset development costs. 

 
(iv) Pine growing potential. - Pines have been proposed for these two landsystems and some plantations of 
Pinus radiata and trial plots of P. pinaster established in the Myaring and Malanganee land-units. Recent 
information on the nutrient requirement of these species in Southern Australia is in papers by Hatch (1961), 
Hopkins (1960), Hall (1961) and Waring (1962), whilst Poutsma and Simpfendorfer (1962) and Gibbons, Si bley 
and Rowe (1957) have discussed the drainage requirements of P. radiata. Also, an examination has been made of 



plantations of P. radiata and their environment in both south-western Victoria and nearby parts of South Australia, 
on soils common in the Follett and Kanawinka land-systems. The conclusions from these various sets of evidence 
are now considered. 

The first group of papers show the invariable need for phosphorus applications on the poor sands, point out the 

increase in growth, sometimes considerable, from nitrogen applied in the early stages and show that copper and 

zinc may be deficient particularly in wet sites. Waring (1962) and Hatch (1961) have also demonstrated the 

considerable depletion of soil nitrogen from an already low quantity by one crop of P. radiata on a range of poor 

soils including deep coarse sands similar to the Richmond series, and stress the need to replenish the organic matter 
and nitrogen status if any further production is to be obtained. Hopkins' (1960) assessment of the economics of 
production, on sands in Western Australia similar to the Kowree series was that P. radiata was not suitable but that 
P. pinaster probably was, owing to its lower nutrient requirements, despite the much longer period, sixty years, 
needed to obtain a crop. However, the more severe seasonal moisture-deficit in Western Australia may mean that 
such a view would be too harsh an assessment of the position in the Kanawinka and Follett land-systems. Hall 
(1961) considers that growing P. radiata is a marginal enterprise on similar sands at Longford in eastern Victoria 
with a well distributed 28-inch average annual rainfall and emphasises the need to cut production costs; however, 
he also points out that there are substantial fertiliser costs which cannot be reduced. 

The poor growth without fertilisers on deep leached sands like the Kowree series of component one may be caused 
partly by dryness of the soil within the root zone during summer. This is because, although pine roots can grow 
deeply in loose soil, the poor nutrient status of these particular soils may so severely restrict such growth that the 
root zone is not great enough to tap an adequate reserve of soil moisture during the period of water stress. If this be 
so, then both the poor nutrient status and the excessively free drainage status of the soils are together responsible 
for the unsatisfactory growth of pines on these soils. By contrast, the orange sands or sandy leptopodsols of the 
adjacent Nelson land-system are suited to P. radiata, because they have a somewhat better nutrient status and their 
moisture holding capacity is greater because of their slightly heavier textures at depth. In the higher rainfall parts of 
the land-systems, soils similar to the Kowree series are the Ross series and they may be able to give better growth 
with lower fertiliser applications because the summer moisture stress is not so severe. 

Poutsma and Simpfendorfer (1962) found that soils with a perched water table caused failure of P. radiata in 

southern Victoria through poor subsurface drainage, a conclusion borne out by the observations of Gibbons, Sibley 
and Rowe (1957) who correlated poor pine growth at Longford with the closeness to the soil surface of an 

impeding horizon. The latter investigators thought that, in a 28-inch rainfall in eastern Victoria on a rolling 

topography, soils with an impeding horizon less than about 12 inches deep were unsuitable for P. radiata. 

The evidence from the plantations of P. radiata in south-western Victoria and nearby parts of South Australia 

(Chapter 33 and Appendix III) indicates that, with the distribution of rainfall and temperatures which is 

experienced there, the best sites are likely to be found in areas of high rainfalls on well drained, slightly acidic and 
strongly-coloured sandy soils with clay at between about 24 inches and 48 inches. Sandy soils which are deeper, 
coarser and light grey cannot be expected to grow good plantations of pines. 

 

Therefore on the one hand, the soils of component one, the Kowree and Richmond series, in the drier parts of the 

land-system, may not be suitable for P. radiata owing to poverty and low moisture-holding capacity, whilst on the 
other hand, most soils of the Follett series or any other soil with an impeding horizon near to the surface, are too 
poorly drained for P. radiata over all except the driest part of the land-system. The most suitable soils of the 

dominant sequence are probably those with an impeding horizon between about 24 and 48 inches from the surface, 
such as the shallow phases of the Richmond series and the deep phases of the Follett series and particularly the 
soils of component three. Such soils are continuously extensive only in the Myaring, Malanganee, Killara and 
Weecurra land-units and most of the existing plantations are there. In the wetter zone, the severity of seasonal 
fluctuation is less and the range of suitable soils may he widened to include deep coarse sands like the Ross series 
which are particularly widespread in the Richmond and Myaring land-units. In a few parts, sandy soils with richer 
colours or carrying better timber are common, particularly in the areas mapped as Tooloy, sub-unit, and these parts 
will probably grow plantations of Site Quality Rating VI or V (see Table 17). 

 
A brief summary of the likely pine growing potential of the two land systems follows.  The deeper impoverished 
coarse sands of component one such as the Kowree and Richmond series especially in the drier land-units holds 
very little promise for the satisfactory growth of P. radiata although P. pinaster may grow, whilst the soils with an 
impeding horizon less then 18 inches from the surface are too poorly drained. Only those soils with an impeding 
horizon at between 2 and 4 feet from the surface, chiefly on component three are likely to be satisfactory and soils 
with richer-coloured A2 horizons. Continuous large areas of these are few. The deeper coarse sands such as the 
Ross series in the better watered areas may be suitable. It would be most unwise to attempt large-scale plantations 



of any pine species in these two land-systems until favourable indications are much more plentiful than they are at 
present. 

Soil Erosion 

There is little soil erosion in the land-systems at present but some parts have low or moderate erosion hazards. A 

low to moderate wind-erosion hazard exists on the deeper sands after clearing and cultivation but is then rapidly 

reduced by the tendency of bracken to recolonise the surface. Strong winds on the dunes on the western escarpment 
of Kentbruck Heath land-unit create a hazard and have been responsible for some movement of sand following 
bush fires and the development of tracks. Elsewhere, bush fires do not seem to have caused wind erosion of the 
coarse sand and thin crusts have often been observed on the acid white sands. There is a moderate water erosion 
hazard on the few sloping areas of sonic land-units of the Kanawinka land-system, particularly Youpayang, 
Mocamboro, Weecurra and a slight hazard in Kanawinka. 

Summary 

The characteristic features of the two land-systems are their veneer of leached acid white sands as sheets and 

dunes, and the resulting impoverished sandy nomopodsols which carry a vegetation mainly of stringybark or 

heaths sometimes with scattered gums. Differences between the land-systems arise from the nature of the basement 
beneath the sand mantle, the one land-system being coastal plains and the other, tablelands which are sometimes 
dissected. Both land-systems show parallel variations with climate, made evident mainly by the native vegetation 
and potential land-use, and this, together with landscape variations is the basis of further subdivision into land-
units. 

At present these land-systems are largely unused and much of them, particularly those components with deeper 

coarse sand, is at present economically unsuitable for agriculture or pines. Nevertheless, by the use of trace-
elements, many areas can be developed satisfactorily to pastures according to the moisture status of the soils. The 
rationale of this in relation to climate, soils and topography has been given in this chapter. In some places the need 
to continually provide fertilisers may be a burden, and warrants care in selection of the land. Pines may grow 
satisfactorily on some land components but on most there is a considerable doubt which should be resolved before 
large scale plantings are made. 



 

Fig 29/30 - Landscape diagram and Land-system diagram 



 

Plate 18 - The Dundas land-system is a flat tableland supporting a savannah woodland-usually of red 
gum. 

15. Dundas Land-System 

Visitors to south-western Victoria who travel from Hamilton to Casterton or Harrow nearly always remark on two 
things-the impressive stands of spreading red gum and the remarkably flat plateau, sharply dissected in parts. These 
two features together are the chief characteristics of most of the Dundas land-system, although on its southern fringe, 
red gum (Eucalyptus camaldulensis) is replaced by other eucalypts. Strictly, the Dundas land-system is the area of the 
lateritised tableland, where it is not deeply dissected nor predominantly covered with acid white sands. 

Nature and Extent 

The land-system is restricted to the cast of the Kanawinka fault-line, becquse to the west of the fault the land has been 
covered by lacustrine and aeolian deposits. It is also restricted to the north-west of a line from Hotspur to Hamilton, 
because to the south-east of that line, basaltic flows of a later age cover the surface. Dissection of the tableland has 
been chiefly by the Glenelg and Wannon Rivers and their tributaries, so that the bulk of the land-system lies towards 
the centre of the huge circle enclosed by those two rivers. 

The dissected areas falling away sharply from the plateau constitute two other land-systems, the Glenelg and the 
Casterton. Both of these land-systems, although radically different in nature from the Dundas land-system, have some 
degree of inter-dependence with it, particularly in their hydrology; these aspects are considered in more detail in the 
description of the other two land-systems, but some of the remarks on the land-use of the Dundas land-system apply 
also to one or both of the other two land-systems. 

Dundas is the biggest single land-system in the area surveyed. It covers about 384,000 acres and is almost entirely 
alienated; only 2 per cent, about 8,000 acres, remain with the Crown. Together with the Glenelg land-system, the 
Dundas land-system provides the bulk of the data on use, area and production from the County of Dundas. 

Climate 

Average annual rainfall varies from 31 inches on the south-western fringe of the land-system to 24 inches on the north-
eastern fringe, with a local area of the Brim Brim Plateau receiving up to 33 inches; the greatest part of the land-system 
probably has between 26 inches and 29 inches. Evidence on pp. and shows that towards the north of this land-system 
not only is the average annual rainfall lower but also the temperatures have a wider daily and seasonal range than in the 
rest of the survey area. This feature probably reduces the total period during which there is plant growth in comparison 
with that in other parts. The seasonal rate of plant growth is probably less favourable than that presented for the climate 
at Hamilton in Fig. 9. 

Parent Material 

Laterite is the chief parent material of the soils on this land-system, apart from swamp deposits and small areas of blown 
sand. Within the boundaries of the land-system, the laterite is dissected to a slight degree, but, except for the Brim Brim 
land-unit where shallow drainage lines are formed, the dissection within this  landsystem does not go deeper than the 
base of the laterite; as mentioned before, if dissection be deeper, such areas have been separated out as other land-
systems. The laterite profile itself, has horizons of widely differing character. They are an upper reddened and iron-rich 
zone which is frequently indurated, a mottled red and white zone and a lower pallid zone wherein the clay is rich in 



kaolin. 

Soils 

The soils vary according to their topographic position, the laterite horizon upon which they are formed, and the nature 
of the material which was lateritised. 

Thus, on the upper, indurated zone of the laterite, and where slight dissection has left this in a well drained position, the 
soil is a red solodic soil with ironstone gravel throughout. On flatter positions, the most common soil is the Koroite 
series of Blackburn and Leshe (1958), with abundant ironstone gravel, and the lower parts of profiles of this series 
probably extend into the mottled zone of the laterite. Lower positions in drainage lines have soils where the mottling is 
duller and sometimes the subsoil is grey, suggesting the old pallid zone of the laterite. 

In the Brim Brim land-unit, the textural boundary of the A and B horizons of most soils is not so sharp, the soils being 
intermediate between solodic soils and medium-textured leptopodsols. This feature may result from the higher rainfall. 
Also in this land-unit, there is a more pronounced variation in the soils of different topographic positions owing to the 
gently rolling topography. 

Tableland material has been transported off the tableland itself to form the soils of the upper part of the steep slopes 
immediately beneath it. In swamps the soil is the Parkwood series, a heavy calcareous soil sometimes showing gilgai 
features. Apart from the swamps, gilgai soils are very rare in this land-system, except on part of the Dundas land-unit in 
the extreme north-east of the survey area, near Balmoral. Here, however, they are common, and in fact are co-extensive 
with large areas of similar gilgaied country in the Shire of Kowree. 

Blackburn and Leslie (1958) have described in detail the chief soils of small parts of the Dundas, Glenelg and Casterton 
land-systems around Coleraine, and their remarks apply to most of those land-systems. This and the Glenelg land-
systems are the chief areas of the solodic soils (except the Nornumby family) or shallow sands as contrasting with the 
deep sands on the one hand and dark clays or "earths" on the other. The remarks made there about such soils apply 
particularly to these two land-systems and may be summarised as follows : The nutrient status of the soils is moderate, 
and the chief physical feature of the soils, the presence of an impeding layer near the surface, has an advantage for 
shallow-rooted species in this climate because it retains the water within the root zone. 

Vegetation 

Most of the Dundas land-system, even now, presents a park-like appearance with spreading red gums scattered over the 
landscape, and old records suggest that the whole of the tablelands was originally covered with trees. It is likely that the 
structure of the original vegetation of most of the land-system was a savannah woodland except for the Brim Brim 
land-unit where it may have been a tall woodland. 

Red gum is the chief tree species of these woodlands over about four-fifths of the land-system, with occasional 
individual manna gums (E. viminalis) and, rarely, swamp gums (E. ovata). Elsewhere in the land-system, eucalypts 
other than red gum predominate-particularly manna gum and swamp gum. In the Brim Brim land-unit, these last two 
eucalypts are the chief tree species in the upper and lower positions of the landscape, respectively, with red gum and 
snow gum (E. pauciflora) fewer in number. On the southern fringe of the land-system, red gum is eliminated 
completely, whilst some snow gum occurs with the manna gum and swamp gum and, on leptopodsols, peppermint (E. 
vitrea) and even messmate (E. obliqua). 

The map of isohyets shows that the areas of this land-system where red gum is the chief species all have less than about 
29 inches average annual rainfall; where the rainfall is higher, red gum is a minor component or is absent, and the other 
eucalypts predominate. This relationship holds only for the dominant soils of the land-system such as the Koroite or 
Gritjurk series, and in many parts of the land-system, where the soils have deeper sandy A horizons, manna gum with a 
heath or bracken understorey is found, whilst soils of existing or former swamps are usually treeless. Major Mitchell 
(1839) describes heaths as fringing swamps on this land-system. Early accounts and the first parish plans consistently 
refer to honeysuckle (Banksia marginata) and often to the blackwood or lightwood (Acacia melanoxylon and A. 
implexa respectively) as prominent trees, but they are very rare now. 

 
Under the original tree cover, the chief ground species were native grasses, chiefly Stipa spp., Themeda spp., Poa 
australis and Danthonia spp. These were the main grazing species until introduced grasses and clovers were 
established recently. 



Land-Use 

(i) Early settlement. - Together with the Casterton and Glenelg land-systems the Dundas land-system 

was amongst the earliest land taken up in the settlement of the south-west. Because it was interspersed with the 
treeless or sparsely-timbered rich grasslands of the Casterton and Glenelg land-systems, which were the first 
pickings, the Dundas land-system was taken into such early runs as Merino Downs, Muntham, Roseneath and 
Konongwootong. Also, it was itself relatively easy to thin out to a wooded grassland, in contrast to the scrub and 
heathlands on which grassland could not be developed and which in large measure reverted to the Crown. The 
rather sparse native pasture of the semi-cleared woodlands was ideal for the grazing of Merino sheep and this 
was the main enterprise over the Dundas land-system for almost a century. 

 

 

Plate 19 - The sparse native pasture of the red gum woodlands was ideal for the grazing Merino 

sheep, and this was the main enterprise over0the Dundas land-system for almost a century. 

(ii) Present use and major trends. - About twenty-five years ago, that era ended, with the advent in 

western Victoria of subterranean clover and superphosphate. 

Since then there has been a swing towards introduced annual clovers and grasses, so that in 1959 about sixty per 
cent of the pastures was improved, and this trend is continuing to increase at an annual average rate of about 1.8 
per cent of the total area of pasture. This swing began earlier and until recently had gone further in the Dundas 
and Glenelg land-systems than in most other parts of the survey area, doubtless because the spectacular increase 
of production possible on solodic soils could be achieved easily because of the nature of the terrain and 
vegetation. 

Despite this, however, the change in the nature of the sward has not stimulated the change in the nature of the 

produce from it here to the same extent as elsewhere, particularly in the generally wetter and milder County of 
Follett. This is shown by the statistics for the County of Dundas which, for sheep and beef-cattle, can be 

regarded as reflecting fairly closely the situation on the Dundas land-system. 

Thus, in Table 10, where some changes occurring during the period 1955-1959 are shown, the Counties of 

Follett and Dundas are compared, and it is evident that in the County of Dundas, a particular degree of change in 
pasture improvement during that period has not been followed by as much change in the type of sheep raising, 
as in the County of Follett. 

Table 10 - Change in pastures and production in the Counties of Follett and Dundas during the 

period 1955-1959 

Percentage Follett Dundas 

Of pastures improved during 1955-1959 14 7 

Swing to meat breeds in lamb production 13.5 4 

Swing to medium wool from fine wool 25 9 



Fine wool always was more important in the County of Dundas than in the other two Counties, but the 
swing in the type of pastures has led to a widening of existing differences. Thus, in Table 11, where the 
Counties of Follett and Dundas are compared for 1959, the wide differences in the type of sheep raising 
then are emphasized, despite the close similarity which had then been reached in the degree of pasture 
improvement. 

Table 11 - Pastures and type of sheep in the Counties of Follett and Dundas in 1959 

Percentage Follett Dundas 

Pastures improved 58 60 

Wool breeds in lamb production 45 82 

Wood-breed rams 41 78 

Fine wool breeds amongst wool breeds 34 70  

As well as a greater production of feed, one important result of introducing clovers and grasses and 
correcting soil deficiencies is the greater flexibility in management. The reason for the relatively little 
change in land-use following pasture improvement in the Dundas land-system is probably that elsewhere 
in the survey area the generally more favourable climatic conditions give greater scope for exploiting this 
flexibility. 

(iii) Other trends. - In the Dundas land-system, the increase in improved pastures and the limited 
swing away from fine wool are the most important current changes in land-use. However, there have been 
also three other significant changes recently, and two of them have been more pronounced in Dundas than 
elsewhere. 

One change is the increase in the acreage given over to meadow hay, a 163 per cent increase over the 
four-year period ending in 1959, producing a threefold, i.e. 200 per cent, increase in yield. The actual 
proportion of land so treated is as yet small - 3 per cent in 1959 - -but if the trend continues, it may 
increase the carrying capacity considerably. 

The importance of the trend is connected with the chief climatic limitation in the Dundas area which, is 
the restriction of the growing season of the chief pasture species because of summer dryness. The effect of 
such restriction is that there is no green feed in the shallow rooted pastures from about the middle of 
November until the autumn break over most of the Dundas and Glenelg land-systems, except for the 
wetter Brim Brim or Tahara land-units where green feed may persist until the middle or end of December. 

There is not much opportunity for flexibility under these conditions. If stock are to be carried solely on 

standing dry feed during the summer without the risk of losing too much condition, then the number of 
stock carried during spring cannot use fully the nutritious lush growth of that season, and much of its 
value is lost during the summer. On the other hand, heavier stocking during spring may result in summer 
stocking raised to the point where, not only is the safety margin so small that an extended or dry summer 
may mean financial loss when disposing of stock, but also, that the land is brought much nearer to a state 
conducive to erosion. This bottle-neck under good farming, and hazard under bad farming can be lessened 
in two ways. The first is by extending the growing season. This can be done with deep-rooted perennials 
which tap a greater volume of soil-water reserves (see Figs. 7, 8 and 9), or with summer fodder crops 
which have been sown late on prepared fallows wherein moisture has been conserved and which are then 
in a position to respond to summer showers. The other way is by conserving fodder from the period of 
flush production. Relatively small areas used for such purposes have a disproportionately big effect in 
alleviating the difficulties of the dry period. Therefore in the drier land-systems, such as Dundas, Glenelg 
and Casterton, increases in the acreage of meadow hay or of cereal grains for stock-feeding are important. 

Another significant change in land-use in the Dundas and Glenelg land-systems is the increase in acreage 

under oats-for-grain, the grain being used as a stock supplement, during both the winter and dry periods. 

Higher stock maintenance requirements resulting from the low winter temperatures, together with the 
relative abundance of wet succulent feed, create a need for dry nutritious stock-feed particularly when 
lambing time is during the winter. Indeed, the climate of the Dundas area, as far as stock are concerned, 
goes from one extreme to another, and conserved grain or hay is a valuable supplement for both winter 
and an extended summer. 

Finally, a change more pronounced in Dundas than elsewhere is the larger numbers of beef cattle; these are 
increasing at the rate of 11 per cent per annum. Cattle, on account of their feeding habits, are more adversely 
affected by drier conditions than are sheep, and the increase in cattle numbers makes an expansion of fodder 
conservation more important. 



(iv) Potential. - The differences of potential within the land-system are largely a matter of average 

annual rainfall. Where this is below about 29 inches, that is, over the greater part of the land-system, improved 
pastures of late annual species mainly, with some perennials, can be established, and can form the basis of 
supplementary enterprises like grain crop production for stock feed and some summer fodder crop production. 
In the land-units with more than 29 inches average annual rainfall, particularly Brim Brim, farming can be 
based on perennial pastures, with greater possibilities for diversifying the system to include summer fodder 
crops, oats, roots, pulses-in fact any late annual cash or fodder crop-and specialised cash crops like seed 
production. 

Erosion and Salting 

Erosion in the Dundas land-system is slight. Except for the Brim Brim and Winyayung land-units, there is only 
incipient sheet erosion, which is confined to those few parts which are shallowly dissected. There is, too, salting 
in depressions, particularly in certain areas. 

Cope (1958) has suggested that four conditions are needed for catchment salting. These are a catchment 

sufficient to concentrate any mobile salts into a small proportion of the area over which they were originally 

distributed, soils showing a sudden increase of texture, that is, soils of the solodic general group, the 

replacement of the original cover by one which is sparser or transpires over a shorter period of the year, and 

average annual rainfall of less than 30 inches. In the occasional shallow drainage lines within the Dundas land-
system, the first three conditions are satisfied where the red gum has been cleared, but only towards the north-
east is the climatic requirement fully met. The tendency to salting, therefore, is more marked towards the north-
east, so that in the shallow drainage lines of the Cavendish land-unit, there is almost always some salting, 
sometimes severe ; this is the chief reason for separating out this particular land-unit. 

In the Brim Brim land-unit, drainage lines are deeper and sheet erosion and some shallow and moderately deep 
erosion occur ; here also, despite the higher rainfall, there is some salting because of the more pronounced 
drainage lines. Sheet erosion and shallow gullying occur also on the Winyayung land-unit too, where there are 
some gentle slopes on the eroded surface of the laterite plateau. 

Control measures for salting have been listed and discussed by Cope (1958 p. 81), together with species 

suitable for use on both salted areas and surrounding catchments (ibid. pp. 80, 61). A general recommendation 
for the control of incipiently salted areas on the Dundas land-system is to sow Wimmera ryegrass, cluster and 
strawberry clovers with Bacchus Marsh sub clover on the salted areas in the autumn, with a heavy dressing of 
superphosphate and sulphate of ammonia, and to fence off for two years. For severely salted patches, drainage 
and mulching together with gypsum may be required. To establish a full and actively growing cover for as long 
a period of the year as possible - that is, a cover which will obtain maximum transpiration - is, however, the 
chief means of preventing an extension or aggravation of the salting, not only on the tablelands, but also in 
parts of the adjoining Glenelg land-system. This is best done by pasture improvement provided that it does not 
then deteriorate to short-lived annuals, and by reestablishing trees. In this connection, it is interesting that 
Murray and Mitchell (1962) have found a higher level of fertility under remaining red gums than where they 
have been removed and they believe that removal of the gum trees has prevented the circulation of fertilising 
elements from the deep root-zone into the leaf litter. On account of both increased evapo-transpiration and 
fertility circulation, the re-establishment of red gums should be encouraged. 

 

 

Plate 20 - The Brim Brim land-unit, on the Brim Brim plateau, is the highest part of the Dundas land-
systems. 
(It is undualting, with a higher rainfall than the rest of the Dundas land-system, and supports manna and 

swamp gum, with some red gum.) 



Subdivision of Land-System 

A brief description of each of the various land-units follows. It is based upon three groups, termed subsystems, 
into which they conveniently fall. 

The first, the Brim Brim sub-system, contains the Brim Brim land-unit and occupies the undulating Brim Brim 
Plateau, that is, a lateritised tableland block-faulted above the rest of the Dundas Tablelands. It has shallow 
drainage lines, which are the headwaters of the valleys forming the surrounding Glenelg land-system. Average 
annual rainfall varies from 29 to 33 inches, soils are chiefly those intermediate between solodic soils and 
medium-textured leptopodsols and they originally supported a tall woodland of manna gum, swamp gum, red 
gum and snow gum. There is some salting and gullying of drainage lines, but perennial pastures, cash crops and 
fodder crops can be grown. The land-unit is more dissected than the rest of the land-system and its shallow 
valleys could logically have been mapped together with the Stapylton land-unit of the Glenelg land-system. 
However, the whole area was mapped as a unit because of the higher rainfall and different vegetation common 
to it, and its separation on the map illustrates the flexibility of the method of survey. 

The Brit Wit, Cavendish, Corndale, Dundas, Grassdale and Tahara land-units together form the Dundas sub-
system and all are lateritised tablelands at roughly the same elevation (500 to 650 feet) with their surfaces only 
very slightly dissected and with occasional swamps. Chief soils are solodic soils of the Koroite series, with the 
Follett series and meadow soils as minor groups. For the four land-units mentioned first, with average annual 
rainfalls less than about 29 inches, the native vegetation was probably a savannah woodland of red gum and 
native grasses with a little manna gum and swamp gum; these land-units can support annual or perennial 
improved pastures instead of the native pastures on which fine wool has been produced. Cavendish land-unit 
has salting, sometimes severe, in the drainage lines, whilst the others show incipient salting in the depressions. 
The Brit Brit, Corndale and Dundas land-units are separated on the basis of average annual rainfall, Brit Brit 
having the highest and Dundas the lowest of the three. The other two land-units in this sub-system, Grassdale 
and Tahara, with average annual rainfalls exceeding 29 inches, originally supported savannah woodlands of 
manna gum, swamp gum and some snow gum and native grasses. Because of their higher rainfall, they may 
have a potential approaching that of the Brim Brim land-unit, but they are flatter, have been more denuded of 
timber and are more exposed. 

Winyayung is the only land-unit in the third sub-system on the south-western extremity of the lateritised 

tableland, and is somewhat eroded to generally below tableland level. It has an average annual rainfall above 30 
inches and the soils are leptopodsols which support a tall woodland of manna gum, peppermint and occasional 
messmate. This land-unit can grow perennial pasture and possibly pines (P. radiata) but it is mostly under 
native forest now. 

Summary 

The characteristic feature of the Dundas land-system is that it is a lateritised tableland with only very shallow 
drainage lines. The exception is the Brim Brim land-unit where slightly deeper dissection may produce a 
locally gently rolling topography. The original vegetation was a savannah woodland, of red gum chiefly, and 
most of it even now has a park-like appearance. Solodic soils predominate and under the climatic and 
topographic conditions in which they occur, can be easily improved to support introduced late annual pastures 
and, where the rainfall is higher, perennial pastures, with scope for cash cropping or specialised crops. 
Generally, the erosion hazard is low except for some gullying in the Brim Brim land-unit. There is salting in 
the north-easterly areas, and changes in the hydrology may affect adjacent land-systems which have been 

exposed by dissection of the tablelands. 



 

Fig 31/32 - Landscape diagram and Land-system diagram 



 

Plate 21 - The Glenelg land-system is the sloping and dissected country beneath the level 
of the Dundas tablelands, and where most of the soils are sandy at the surface and carry 
red gum or manna gum. 

16. Glenelg Land -System 

When a landscape with a surface crust harder than the underlying material is eroded, the sides of the 

erosion channel are steep. On the Dundas Tablelands, the surface layers are of laterite which becomes 

hard when exposed, whilst underlying rocks are usually softer. Dissection of this plateau frequently 

results in steepsided valleys, and where the underlying rocks are particularly soft, especially in the 

lower reaches of the streams, these valleys may be deep and spectacular. Such valleys carved out of 

the Dundas Tablelands belong to two land-systems, depending on the rocks exposed. Where the rocks 

are chiefly Mesozoic sediments, the Casterton land-system is formed, and where other rocks 

predominate, the Glenelg land-system results. 

Distribution 

The bulk of the Glenelg land-system fringes and ramifies with the main mass of the Dundas land-
system, which, as described in the previous Chapter, lies towards the centre of the huge circle 
enclosed by the Glenelg and Wannon Rivers. A group of smaller areas is adjacent to the tableland 
remnants which fringe the Kanawinka fault, as around Dergholm, Casterton and Digby, and is 
separated from the main areas by the Casterton land-system. 

The Glenelg land-system is the third biggest in the survey area, covering 302,000 acres, and, like the 

Dundas land-system, is almost entirely occupied. Only 1 per cent remains with the Crown. 

Climate 

Average annual rainfall varies from about 24 to 30 inches, the wettest parts being those which fringe 

the Brim Brim plateau and those that lie around Digby. These are separated as the Wando and Digby 

land-units respectively. Temperatures, both seasonal and diurnal, are more extreme than those for the 

coastal areas. The length of the growing season, away from low topographic sites, varies from about 

five months at Balmoral to about eight months in the Wando, and Digby land-units. 

Parent Materials 

A variety of parent materials is exposed, but they are chiefly Tertiary sediments, acidic igneous rocks 

and glacial deposits of Permo-Carboniferous age, with small areas of Mesozoic sediments. The 

Tertiary sediments are exposed mainly in the western and south-western parts of the land-system, that 

is, the Dergholm, Bahgallah and Digby land-units where they overlie Mesozoic sediments. Older 
rocks are more common in the land-units which lie to the north-east of the Casterton land-system. 

Physiography 

(i)  Basis of physiographic subdivision of land-system. - The depth of dissection may be 
as much as 500 feet, but the heads of the valleys may be quite shallow. Deep or shallow however, they 
are nearly always separated from the plateau by an escarpment, the exception being when there are 
particularly hard rocks immediately underneath the laterite, as in some parts of the Wando land-unit. 
Depth of dissection is one of the criteria used for separating different land-units. Thus, the Stapylton 
land-unit comprises the relatively shallow head-valleys less than about 100 feet deep, the Chetwynd 
land-unit includes some of the downstream sections where valleys may be 300 feet deep, whilst the 



Dergholm, Digby, Baligallah and Wando land-units are dissected to greater depths. 

As the land-system is dissected by numerous streams, a useful approach to understanding it is as a 

number of entities each associated with a particular stream. 

The streams and their catchments can be considered in two groups. The main group, the catchments of 

which together comprise the Stapyhon sub-system, radiate from the uplifted and back-tilted Brim Brim 

plateau; they may be further divided into those draining the tilted plateau surface, those flanking the 

plateau and those draining the bluff along the south-western edge of the plateau. A second group, with 

catchments constituting the Dergholm sub-system, deeply dissect the western edge of the lateritised 

Dundas Tablelands fringing the Kanawinka and associated faults. A brief description of these catchments 
follows, on the basis of the sub-systems and in terms of the various land-units, which are usually whole 
catchments or a logical topographic subdivision of them. 

(ii) Catchments of the Stapylton sub-system. 

(1) Catchments draining the tilted plateau surface. 

Pigeon Ponds Creek is a long stream with an extensive catchment area. Both major and minor creeks of 
this basin are strongly orientated along the lines of the two chief regional directions of faulting-mainly 
north-north-westerly but also north-easterly. The reason, doubtless, is that early drainage of the plateau 
collected along lines of minor crustal disturbance - warping or faulting - and became entrenched along 
them, particularly where they wore also lines of crustal weakness. As dissection became deeper, the 
degree to which the direction of faulting controlled the drainage system became less. So, in the more 
deeply dissected parts of the basin, the orientation is weaker on the local scale although still pronounced 
on the regional scale. This situation applies generally in the land-system, the shallowly-dissected 
Stapylton land-unit nearly everywhere being strongly orientated, whilst the land-units which are more 
deeply dissected, are less orientated. 

In the upper reaches of the Pigeon Ponds Creek basin, dissection of the tableland has formed 

characteristic sharply-defined shallow drainage lines generally about one quarter to three-quarters of a 

mile wide. Although they are numerous, forming about 50 per cent of the area, these shallow drainage 

lines are yet sufficiently distinct, and the tableland areas sufficiently contiguous, for both tableland and 

dissected parts to be delineated separately. On this basis, the upper reaches of Pigeon Ponds Creek, 

together with the upper reaches of Schofield's, Mostyn, Mather's and Glendinning Creeks and the Dundas 
River, have been mapped as the Stapylton land-unit, whilst the adjacent tablelands have been mapped as 
the Dundas land-system. 

On the lower reaches dissection is moderately deep, although there are never any extensive areas where 

dissection is consistently below the tableland level as in the Wando land-unit or the Casterton land-
system. Escarpments to the tableland are common and characteristic therefore, and this feature is 

important as a cause of hillside seepage salting. This lower tract of the stream is very similar to the 

corresponding parts of the Chetwynd basin and the lower reaches of the adjacent Muryrtym, Schofield's 

and Mostyn Creeks described below. They have all been mapped as the Chetwynd land-unit as it was 

here that the landscape was described in eulogistic terms by Major Mitchell's lieutenant, Chetwynd 

Stapylton. 

A series of small creeks cuts back a short distance from the Glenelg River which flows westerly along the 
northern edge of the plateau. The chief of these are the Muryrtym, Schofield's and Mostyn Creeks. For 
most of their course they dissect the tablelands moderately deeply, because the nearby Glenelg River, 
from which they are cutting back, is deeply entrenched. Convex-shouldered hills and escarpments to the 
tablelands are common, therefore, and these tracts have been mapped as the Chetwynd land-unit, together 
with similar country in adjacent catchments. Salting often occurs on the steep shoulders at some distance 
below the crest. For short distances in their upper reaches, the drainage lines are shallow and narrow and 
have been mapped as the Stapylton land-unit. 

 
Mather's Creek, flowing generally to the north-east from the central block of the Dundas land-system, has 
the most extensive single catchment area, draining the greater part of the Brim Brim Plateau. In its upper 
reaches, it is identical with the upper parts of the Pigeon Ponds Creek, forming the same pattern of north-
easterly and north-north-westerly trending drainage lines and has been mapped as the Stapyhon land-unit. 
Lower reaches are more deeply dissected and have been mapped as the Chetwynd land-unit which they 
most closely resemble, although dissection is not so deep as in other parts of that land-unit. 



East of the Balmoral-Cavendish railway line, the series of generally northerly-flowing streams is 

continued in the Englefield and Glendinning Creeks. These, of moderate size, are otherwise similar to the 
rest of the series in general physiographic character, and comprise both the Stapylton land-unit upstream 
and the Chetwynd land-unit downstream. However, the climate is drier, there are marked changes in the 
species of vegetation and there is a greater tendency to salting. 

(2) Catchments flanking the plateau. 

Dundas River is the easternmost of these streams. Its catchment is a shallow drainage system fed by the 
areas east of the Dundas Range and has been mapped as part of the Stapylton land-unit. Skeleton Creek is 
a major tributary of the Dundas River, whilst the Mooralla and Redruth Creeks are similar, all flowing 
into the Wannon. Shallow escarpments fringing wide valley floors are characteristic. 

Immediately to the south-east of the plateau, the catchments of the Koroite River and Konongwootong 

Creek form a major basin. This is moderately deeply dissected except for its headwaters and taps the 

country between the Dundas Range and the plateau. Shallow, ramifying headwaters on the north-east of 
the catchment have been mapped as the Stapylton land-unit, because they are similar to other areas of 
that land-unit, but the main bulk of its central reaches, where granite outcrops are common, has been 

termed the Konongwootong land-unit from the parish of that name. The lower reaches, south of Gritjurk 
and the western branches of the whole of the Konongwootong Creek expose Wsozoic sediments, and the 
valley there is part of the Casterton land-system. 

On the other flank of the Brim Brim Plateau, to the north-west, is the Chetwynd River with its chief 

tributary, the Cairns Creek. These streams drain a moderatelysized catchment with upper reaches 

consisting of tablelands predominantly dissected to a moderate depth. Tableland residuals are present 

throughout, but are too small and scattered to be mapped separately at the scale of survey. The whole 

complex in the upper reaches therefore, has been mapped as another land-unit, the Mitchell land-unit, so 
named because it was to these parts that Major Mitchell applied his famous epithet "Australia Felix". In 
the lower reaches, dissection is deeper, to about 300 feet and valley walls are steeply shouldered; like the 
lower parts of the adjacent easterly tributaries of the Glenelg, such areas have been mapped as the 
Chetwynd land-unit except around the township of Chetwynd itself where Mesozoic sediments are 

exposed. 

The catchment of the Steep Bank Rivulet adjoins that of the Chetwynd River. In its upper two-thirds, it is 
of tableland country predominantly dissected to a moderate depth with scattered residual tablelands. It 
resembles similar tracts of the Chetwynd River basin and has been mapped as the Mitchell land-unit 

except near Warrock where it resembles and has been mapped as the Wando land-unit. Mesozoic 

sediments give rise to the Casterton land-system in the lower reaches. 

(3) Catchments draining the bluff. 

Den Hills Creek and Wennicott Creek flow south into the Wannon and Koroite Rivers respectively, near 
the junction of the latter. In the central and lower portions of their catchments, Mesozoic rocks are 

exposed and so only the upper portion is part of the Glenelg land-system. However, it is still deeply 

entrenched without shallow, ramifying headwaters, because the creeks are draining the bluff of the 

elevated Brim Brim Plateau which has caused a rejuvenation of the streams on its uplifted perimeter. 
Some harder rocks underlie the laterite and the junction of the basin and tableland takes the form of 
broadly rolling and sweeping slopes which have been mapped as the Wando land-unit. 

The basin of the Wando Vale Ponds Creek and its tributaries is also deeply entrenched, and like that of 
the Trangmar and Wennicott Creeks has virtually no intermingling with tableland areas. Thus, at the 
heads of the catchment, the topography is one of broadly rolling slopes sweeping away from the 
tablelands. This is in contrast not only with most other land-units of the Glenelg land-system where 
escarpmented valleys intermingle with the tablelands, but also with the Casterton land-system which has 
a rolling and hilly topography that culminates only infrequently in tablelands, but then always abruptly, 
with an escarpment. 

Upper parts of this basin are mapped as the Wando land-unit whilst the lower reaches, because Mesozoic 
sediments are exposed there, are in the Casterton land-system. An erosion survey of this catchment by 
Forbes and Leslie (1950) pinpointed the source of most of the sand covering the lower reaches of this 
creek and the adjacent Wando River, as the granitic soils of the Wando land-unit. 



The catchment of the Wando River is similar to that of the Wando Vale Ponds Creek, except, that the 

head of the chief stream has enflanked the main south-westerly bluff of the back-tilted Brim Brim Plateau 
and has breached it laterally from the north-west. It has thus captured an extensive system of shallow 
drainage lines on the tableland itself. In some places, the entrenchment of the drainage lines is just 
sufficiently deep for them to be separated out like the similar drainage lines at the head of the Pigeon 
Ponds Creek and Mather's Creek and to be mapped as the Stapylton land-unit. Nevertheless, because the 
pattern is intricate, and because the vegetation and climate of the area as a whole are different from those 
of other areas, they are mapped together with the adjacent areas of tableland as a pattern within the 
Dundas land-system, namely, the Brim Brim land-unit. Middle reaches of the catchment have been 
mapped as the Wando land-unit and the lower reaches, below Wando Station, as the Casterton land-
system because Mesozoic sediments are exposed. An erosion survey of this catchment by Mitchell (1958) 
showed that most of the siltation material above the junction with the Wando Vale Ponds Creek was from 
within the Casterton land-system and not the Glenelg land-system. 

(iii) Catchments of the Dergholm sub-system. - Stokes River with0Humpy's Creek flows west-
south-westerly along the line of regional fall and joins the Glenelg on the coastal plains. In doing so, it 

breaks through the western escarpment of the lateritic tableland and leaves the area, of the tableland 

altogether. It exposes rocks which have been mapped by Kenley (1955) as the Merino Group of 

Mesozoic sediments, but sandy deposits, possibly early Tertiary, are at the tops of the slopes and have 

imposed podsolic features on the soils at lower catenary positions. The catchment has long slopes of 

varying steepness, but beneath the escarpment these slopes do not have much change of grade, and 

extend to a fairly narrow drainage line, thus forming a wide, V-shaped valley. There are no ramifying 

headwaters like those found in the Stapylton land-unit and the whole catchment has been mapped as the 
Digby land-unit. 

Dwyer's Creek is dissecting back into the western edge of the laterite, not from the coastal plains, but 

from the Wannon River which is deeply entrenched to the east within the area of tablelands. The 

headwaters, which bear no resemblance to the shallow valleys of the Stapylton land-unit, have almost, 

but not quite, reached the western edge of the laterite at the Killara fault-line. Apart from the lower areas 
where the Mesozoic sediments are exposed, topography, vegetation and soils of the Dwyer's Creek 
catchments are similar to those of the Stokes River Catchment and the area has been mapped as the 
Digby land-unit. 

The Glenelg River itself breached the western edge of the laterite at an early stage and has become 

deeply entrenched in it south, west and north of Casterton, exposing early Tertiary sediments overlying 

Mesozoic sediments. Valley sides are escarpmented at the summit, steeply sloping throughout and prone 
to landslips. Those adjacent to the river and those where the soils have been influenced by the sandy 
sediments, have been mapped0as the Bahgallah land-unit. This deep dissection of the tableland by the 
Glenelg continues further north to near Dergholm. The main valley is very narrow with steep sides, but 
occasional side-valleys are dissected south-westerly and a shallow valley, the Salt Creek, extends north-
north-westerly to expose granite. North of Casterton, dissection by the Glenelg is shallower than in the 
Bahgallah land-unit, but deeper than in the Chetwynd land-unit into which the valley merges upstream; 
consequently the valley has been separated as the Dergholm land-unit. 

(iv) Summary of physiography. - In brief, the catchments of the Glenelg land-system can be 
considered in two sub-systems. The larger one, Stapylton sub-system, is associated with a series of 
streams radiating from the central uplifted and back-tilted Brim Brim Plateau. Of these streams, those 
draining the tilted plateau are typically shallow, escarpmented and strongly orientated in their upper 
reaches; they become more steeply entrenched near the main waterway, the two tracts being mapped 
respectively as the Stapylton and Chetwynd land-units. Those streams flanking the block have 
catchments which are moderately deeply dissected, e.g., the Mitchell and Konongwootong land-units. 
Those draining the bluff along the south-western perimeter of the plateau are deeply entrenched, not 

strongly orientated, and in their lower reaches expose Mesozoic sediments; upstream from these 

sediments they are mapped as the Wando land-unit. The second group of catchments, the Dergholm sub-
system deeply dissects the western edge of the lateritised tablelands and has long steep slopes to one 
main stream, exposing Early Tertiary sediments overlying Mesozoic sediments. The hazard and 

manifestation of erosion are closely related to the land-units and catchments. 

Soils 

Characteristic soils of this land-system are solodic soils and those intermediate between solodic soils and 
leptopodsols. These are soils of Orders V and IV respectively, in contrast to those of the 



physiographically-related Casterton land-system where Mesozoic sediments have produced soils of Order 
VII, chiefly prairie soils. 

Parent material, topographic position and to a lesser extent the rainfall determine the more precise nature 
of the soils within the land-system. With most of the parent materials encountered in the situations with 
higher rainfall, and in upper topographic positions the soils tend to be without sharp textural boundaries, 
that is, they have the podsolic rather than the solodic texture profile. Consequently, most of the Digby 
land-unit and the crests of hills elsewhere in the land-system often show these intermediate soils. This 
may not always be so, however, as shown by the mapped distribution (Blackburn and Leslie 1958) of the 
Konongwootong series (a coarse sandy brown earth) and the Hassall series (a solodic soil) on granite. 
Elsewhere, however, solodic soils are dominant. 

Parent material probably has the greatest effect on the soils, and Blackburn and Leslie (ibid) have shown 
how the six series which they mapped within this landsystem in the parishes of Konongwootong and 
Coleraine are closely linked with the rock type. Thus, the Hilgay series of solodic soils is restricted to 
Tertiary sediments in the parish of Coleraine, the Bryant series of solodic soils to Permian deposits, most 
likely, and the Konongwootong and Hassall series to granite. No other detailed surveys of the soils of this 
land-system have been made, but it is likely that the chief soils of most land-units in the land-system 
include one or more of the series grouped as "variable sandy soils below tableland level" described by 
Blackburn and Leslie (ibid). 

Soils of lesser importance are usually associated with parent materials of limited distribution and whilst 

such parent materials are sometimes distributed at random within the overall pattern of the land-system, 

they are more often restricted to particular topographic situations or associated with a particular rock-
type. In this way, the land-units with Tertiary sediments as a common rock, such as Dergholm, Bahgallah 
and Digby, have localised areas of sand blown therefrom and this sand gives rise to nomopodsols-iron-
nornopodsols in the Dergholm land-unit and both iron nomopodsols and humusnomopodsols in others 
with higher rainfalls. Also, lateritic material on escarpments or tops of hills which do not quite reach to 
tableland level usually produces a red solodic soil or clay leptopodsol. These latter soils, although they 
constitute a minor proportion of the whole, are distributed over appreciable areas in parts where there is 
shallow or narrow dissection as in the Stapyhon and Chetwynd land-units respectively. Alluvial soils and 
meadow soils are found also on flat valley floors. 

Vegetation 

The Glenelg land-system was wooded originally over most parts, eucalypts were lightly scattered, but on 
the drier sites there were she-oaks and wattles which were dense where the soil was rocky or lightly 

scattered where it was sandy. However, it is difficult to interpret the old records and parish plans 

accurately because of the intimate complex of radically different soils found on the borders of the 

Casterton and Glenelg land-systems. Also, the clearing for fuel of timber adjacent to naturally treeless 

areas may have changed the condition of the timber soon after settlement. In spite of this, what was said 
at the beginning of this paragraph probably applied to land-units with less than 29 inches average annual 
rainfall. In land-units with higher rainfall, such as the Wando and Digby, the original vegetation was 
almost certainly more dense than elsewhere and even now this is so in parts. This conclusion is supported 
by the marked infestation by bracken over these two land-units. Such a growth of bracken is most 
unusual on naturally treeless or sparsely timbered land in Victoria, but is common on land which was 
originally densely timbered. 

 
Where the average annual rainfall is less than 29 inches, red gum (Eucalyptus camaldulensis) is the chief 
tree, with some manna gum (E. viminalis). 

In the Wando land-unit, manna gum and swamp gum (E. ovata) are prominent and red gum less so, 

whilst in the Digby land-unit red gum is absent altogether, and snow gum (E. pauciflora) is present with 
the manna and swamp gum. 



 

Plate 22 - Snow gum (Eucalyptus pauciflora) is found in isolated and scattered patches in south-
western Victoria. 
(Most are where the rainfall exceeds 30 inches and on exposed sites, such as this at the crest of slopes in 
the Digby land-unit.) 

This sequence of vegetation resembles that found in the Dundas land-system. Robertson (1853) mentions 
blackwoods (Acacia melanoxylon) as once profuse, but then killed off. Those land-units in which the 
rocks exposed are chiefly Tertiary sediments, that is Dergholm, Bahgallah and Digby, have scrubs of 
stringybark or manna gum or both, on the minor soils, the nomopodsols. 

The dense growth of she-oak, and Acacia spp., on lateritic escarpments, may have had an effect on the 

usage of water seeping out at the base of the laterite. The presence of such a dense growth probably 

prevented the type of hydrologic problem which resulted later after clearing. 

Land-use 
The history of the type of land-use in the Glenelg land-system is much the same as over the Dundas 
land-system in broad outline. There is the same sequence of early settlement, almost a century of 
thinning out of the red gum and of grazing of Merino sheep, and in the last twenty years a gradual 
change to improved pastures followed by a moderate swing to medium-woolled sheep and a slight swing 
to meat breeds. The increase in meadow hay, grain oats and beef as disclosed by the statistics for the 
County of Dundas almost certainly applies to the Glenelg land-system as well as to the Dundas land-
system. 

The rolling nature of the Glenelg land-system makes it drier than the tablelands of the Dundas land-
system, and in the early days of settlement, the Glenelg land-system was the more favourably regarded 
of the two. This was because in the Glenelg land-system there was no occurrence of sheep disorders 
associated with the swampy conditions on the tablelands during winter and late spring. For this reason, 
development of the Glenelg land-system preceded that of Dundas. However, whilst this condition may 
be more healthy and congenial for sheep in the winter, the water is not available to meet the demands of 
evapo-transpiration by leafy late annual or perennial species during the drier and warmer parts of the 



year. When these predominate, therefore, as they do following pasture improvement, and now that sheep 
health is less of a problem, the potential of the Dundas land-system is probably higher than that of the 
Glenelg land-system. Also, where the need for cultivation becomes greater as it does with a more 
intensive form of land-use, then some features of the Glenelg land-system such as steepness or lack of 
easy access for machinery, formerly features of little consequence, are now disadvantages. 

Thus the removal of one or more limiting factors requires a re-appraisal of the relative merits of the 

various features of the two land-systems. Their potential is similar in a broad sense, but the Glenelg land-
system probably has the less flexibility owing to drier conditions and steeper topography. With this 
proviso, the remarks made for the Dundas land-system can be taken as applying here also. 

Erosion 

By contrast with the Dundas, however, the Glenelg land-system has a considerable erosion hazard. 

The free regional drainage leads often to dry conditions and bare pastures in the late summer and much of 
the land is steeply sloping, so that conditions have prevailed for sheet, rill, gully and stream-bank erosion, 
and these forms of erosion are widespread over most of the land-system. Sheet erosion, particularly, was 
widespread until about ten years ago, but its incidence diminishes as improved pastures extend and now it 
is encountered over only about forty per cent. of its former extent. For gullying and stream-bank erosion, 
however, the most severely affected areas are in the catchments where dissection is deep or at least steep, 
and where rocks producing coarse sand are exposed, that is granite and to a lesser extent Tertiary 
sediments. These conditions are fulfilled in the Konongwootong land-unit, parts of the Wando land-unit, 
especially the Wando Vale Ponds Creek catchment which flows through both granite and Tertiary sands, 
in the Pigeon Ponds Creek catchment and in the Digby and Dergholtn land-units. In the Chetwynd land-
unit also, along the lower tracts of the Chetwynd River and Muryrtym, Schofield's and Mostyn Creeks, 
many of the heads of creek-lines are actively gullying and there is some instability at the head of 
tributaries of Mather's Creek. 

One of the consequences of the gullying and stream-bank erosion of those areas is the severe siltation of 
parts of the lower reaches of the same streams. This has happened particularly in the Wando Vale Ponds 
Creek, Wando River, Koroite Creek and the Glenelg River itself, although gully erosion in the adjoining 
Casterton land-system has contributed siltation material in some places. Details are given in an early 
report by Forbes and Leshe (1950) for the Wando Vale Ponds Creek and later by Mitchell (1958) for that 
Creek and the Wando River. 

Deterioration following changes in Hydrology 

Also in this land-system are examples of deterioration induced by upsets in the hydrological balance on 

both the edge of the tablelands and in the valleys themselves. The top layers of the tableland are laterite 
with bases of kaolinised rock; seepage frequently occurs at the level of the base of the laterite, from 
which it is inferred that this kaolinised zone, at those points, is more permeable than the material beneath 
it, and this relationship may be general. It may be presumed that since replacement of the perennial tree 
cover by sparse annual pastures, such seepage has been initiated or increased. This is because the 
replacement would have resulted in less water being used by evapo-transpiration, and hence in a greater 
penetration of water to the deeper subsoil and below, as well as in a more prolonged saturation of the A, 
horizon of the predominantly solodic soils. 

This seepage from the base of the laterite has had two effects in the dissected areas - it has caused 
lubrication of the subsoils on steep slopes and started mass movement as earth flows or slumping, and it 
has brought soluble salts to the seepage area, to cause salting. Each of these two effects however is more 
prominent in one land-system than in the other. The reason for this is that the nature of the soil which is 
conducive to mass movement by lubrication is not conducive to salting, and soil features conducive to 
salting are not those favouring mass movement. Thus, in the Casterton land-system, the common soils 
are prairie soils and chernozems. These have permeable subsoils with high contents of exchangeable 
sodium, silt and fine sand, and such features aid the lubrication of large structural units ; their surface 
horizons have a high exchange capacity dominated by calcium and are therefore resistant to domination 
by sodium salts. Consequently, in the Casterton land-system, seepage along the base of the laterite has 
resulted in mass movements of the type requiring lubrication-slumping, earth flows and solifluction - but 
not salting. By contrast, in the Glenelg land-system, the common soils are solodic soils. In these, the 
subsoils have lower permeability and massive structure and are not easily lubricated, but the surface soils 
have a low exchange capacity and are easily dominated by sodium. In the Glenelg land-system therefore, 
seepage along the base of the laterite has resulted in hillside seepage salting. Only rarely has it resulted in 



 
 

mass movement and then only in those land-units where Mesozoic sediments occur somewhere on the 
slopes-namely, in the Dergholm sub-system. 

Salting has certain climatic requirements, and these are most prevalent in the north-east of the County of 
Dundas, so that, with a few exceptions, hillside seepage salting in the Glenelg land-system is virtually 
restricted to the escarpment of the Chetwynd land-unit near its junction with the Dundas land-system and 
to the north-eastern areas of the Stapylton land-unit. Where it does occur, however, it forms a prominent 
line of sheet-eroded dark patches somewhat below tableland level and conspicuous on the aerial 
photographs (plate 23). 

In the valleys, the lowering of the rate of evapo-transpiration as a result of cutting down trees has 

similarly resulted in greater amounts of water in the soil after the wet period. Because of the 

characteristic restriction of vertical drainage in the solodic soils, the A horizon is saturated for a longer 

period than before clearyng. This has resulted in increased sub-surface flow laterally through the A 

horizon, and this lateral flow has carried quantities of salt to the topsoils of the lower topographic 

positions and has induced catchment salting. Again, because of the climate, salting in the valley bottoms 
of the Glenelg land-system is generally restricted to the Cavendish-Balmoral area. 

If the valleys extend to only just beneath the base of the laterite, then catchment salting and hillside 

seepage salting augment one another. It may be expected therefore that where there are shallow concave 
valleys in the drier parts of the Glenelg land-system with predominantly solodic soils, that there will be 
such augmentation, and salting will be most severe. These conditions are met in the Stapylton land-unit 
of the Dundas River, Skeleton Creek and Mooralla Creek areas around Cavendish, and there, nearly 
every drainage line is severely salted. The Stapyllon land-unit is the most badly-salted part of the survey 
area, and. continues north-eastwards into the Glendinning area of the adjacent Grampians survey area 
(Sibley in preparation). This situation resembles the severe salting of the shallowlydissected lateritic 
landscapes in Western Australia. The chief difference is that the more seasonal nature of the rainfall in 
those parts of Western Australia makes curative measures more difficult because after clearing, contrary 
to the situation in Victoria, shallow-rooted perennials cannot persist into the dry period and thus increase 
evapo-transpiration. Around Cavendish, salting is probably the chief cause of the severe sheet erosion 
and shallow gullying which is associated with it. The remedial measures for both the short-term re-
establishment and long-term rehabilitation of salted areas apply here also. 

The Individual Land-Units 

Stapylton land-unit is restricted to the comparatively shallow valleys at the head of s me streams., 

particularly those draining large areas of tableland with only a slight grade; it encloses areas where 

dissection has not exceeded about 100 feet. Solodic soils end savannah woodlands of red gum 

predominate, with some alluvial soils. There are shallow gullies and salting throughout the entire land-
unit and some severe salting around Cavendish. 

Chetwynd land-unit includes areas of deeper dissection, up to 300 feet, and is often encountered in the 

lower reaches of those streams the upper parts of which constitute the Stapylton land-unit. There are 

prominent round-shouldered escarpments along the junction of this land-unit with the Dundas land-
system, and hillside seepage salting is common along these escarpments at the base of the laterite. 

Solodic soils, alluvial soils and savannah woodlands of red gum are characteristic. Sheet erosion, rilling 
and gullying are features of the minor creek lines, with stream-bank erosion and some siltation in the 
major streams. 
 
Mitchell land-unit is an intimate complex of moderately-deeply dissected country such as the Chetwynd 
or Wando land-units, and small plateau remnants, Solodic soils again predominate and support savannah 
woodlands of red gum, whilst there are a few local sandy areas supporting bracken. The various forms of 
water erosion are common but usually not severe. 

An area of moderately-deeply dissected country containing much granite, in the Koroite Creek 

catchment, has been mapped as the Konongwootong land-unit (plate 21) and supports sandy soils, some 
of them solodic soils such as the Hassall series and others brown earths like the Konongwootong series. 
Moderate slopes and red gum in savannah woodlands are characteristic. 
 



 

 

Plate 23 - The abrupt escarpment separating the Dundas and Glenelg land-systems is marked 
on this photo by the darker-coloured lines in brackets, the beginning of minor drainage lines, 
and differences in evenness of colour. 

(Salting can be seen along the base of the escarpment, sand deltas and the siltation, salting and gullying 
of the main drainage lines. [Photo: Vic. Lands Dept]) 

The Dergholm, Bahgallah, Digby and Wando land-units are all deeply dissected to about 400 or 500 

feet. The first three of these constitute the Dergholm sub-system and expose Tertiary sediments overlying 
Merino Group Mesozoic sediments, and the last-named, Wando, contains Tertiary sediments, granite and 
metamorphic rocks. This Wando land-unit usually has a rather diffuse separation from the Dundas 
tablelands with broad, convex slopes sweeping away from the plateau, whilst the land-units of the 
Dergholm sub-system tend to be sharply defined from the tablelands by an escarpment, and have long, 
moderately steep to steep slopes extending down to a narrow drainage line. Dergholm and Baligallah 
land-units, where the chief soils are solodic soils, supported a savannah woodland of red gum, originally. 
By contrast, Wando and Digby, with a wetter climate, have leptopodsols as well as solodic soils. These 
soils supported a tall woodland of manna gum and swamp gum mainly, with red gum also, in Wando, and 
snow gum also, in Digby. 

 
Summary 

The Glenelg land-system is an area dissected below the level of the lateritised Dundas Tablelands and 

Brim Brim Plateau, where the rocks exposed give rise to solodic soils predominantly and to leptopodsols. 
Two sub-systems are involved, each comprising a group of catchments. The main group, the Stapylton 
sub-system, is associated with streams radiating from the central uplifted Brim Brim Plateau which 
dissect it and the adjacent Dundas Tablelands, to expose mainly Palaeozoic acidic rocks with some 
Tertiary sediments. The other group, the Dergholm sub-system, deeply dissects the western edge of the 
Dundas Tablelands where steep slopes cut through lower Tertiary sediments overlying Mesozoic 



sediments. Dissection may be shallow, with relatively wide valleys, or deep with relatively narrow valley 
floors and most land-units are recognised on the basis of dissection. 

Red gum in savannah woodland formation is the most common tree except in wetter areas where manna 
gum and swamp gum intermingle with it and where snow gum may replace it. Sheet erosion is common 
throughout, with rilling and shallow gullying a feature of many tributary creek lines, and stream-bank 
erosion and siltation frequent in major streams, especially where soils are formed from granite or Tertiary 
sediments. In this land-system, earth flows and slumps are restricted to the Dergholm sub-system, and are 
not common. Salting is present as hillside seepage salting on escarpments at the base of the laterite and 
also as catchment salting; it is much more common towards the drier north-east, especially around 
Cavendish, where the shallow valleys allow the two forms to augment one another. 

The potential land-use of this land-system, for the most part, is based on late annual pastures. So that 

erosion may be avoided, the pressure of grazing on the land during late summer must be relaxed. 



 

 
Fig 33/34 - Landscape diagram and Land-system diagram 



 

Plate 24 - The Casterton land-system is where dissection of the Dundas Tablelands has exposed Mesozoic 
sediments 

(Most of it is naturally treeless except for red gums along water-courses. Heavy black soils predominate, and the 

land-system is intensively used for mixed farming or dairying. Deep gullies are frequent along drainage lines.) 

17. Casterton Land-System 

In this study, certain land-systems are discussed in more detail than others and the Casterton land-system is one of 

them. It is a good example of a landscape in which one particular factor of the natural environment, namely, the parent 
material, interacting with the other factors, has dominated the development of the landscape and the nature of the soils 
and vegetation, has dominated the history of land-use and the erosion hazard, and has a big influence on potential land-
use. The factual data on the environment is presented in such a way that this dominance of a distinctive parent material 
is evident. This has been done because an understanding of the processes operating within the system provides a better 
appreciation of the difficulties, treatment and potential productivity of the land. 

Nature and extent of Land-system 

Where the Dundas Tablelands are dissected, the rocks exposed may be considered conveniently in two groups. One 

contains a variety of chiefly acidic rocks-acidic igneous rocks and Tertiary sediments, mainly and the areas where these 
are exposed are grouped together collectively as the Glenelg land-system. The other is of predominantly fine-grained 
calcareous sedimentary rocks and on these areas the landscape has been mapped as the Casterton land-system. The 
features of this landscape are the generally treeless dark heavy soils, a sharp escarpment at the junction with the 

tablelands, deep valleys with concave lower slopes and flat valley floors. 

The Casterton land-system extends over most of the area between and around Merino, Coleraine and Casterton and 

separates the two sub-systems of the Glenelg land-system so that to the north-east, the Glenelg land-system is mainly 

of earlier Palaeozoic rocks, whilst to the south-west, it is mainly of later rocks, early Cainozoic capping upper 

Mesozoic. It may be seen that the dissected rocks show an age sequence along a west-south-westerly line, transverse to 
the general direction of faulting which is north-north-westerly. The Casterton land-system is simply those dissected 

areas where the exposed rocks of this age-sequence are predominantly soft, lime-rich and high in clay-forming 

materials, namely the Mesozoic sediments together with small areas of calcareous Permian glacial rocks, for it is these 

rock characteristics which eventually lead to the typical features of the land-system. By contrast, the Glenelg land-
system with its different pattern of soils, topography and vegetation, is found where other kinds of rock have been 

exposed. 

Parent Material 

The Mesozoic sediments of this area were originally considered to be only Jurassic. Kenley (1953) showed that they 

extend, without change in the overall lithological pattern, into the early Cretaceous and he has named the whole 

Jurassic and early Cretaceous sequence in this area the Merino Group. These sediments consist, as do most areas of 

Jurassic rocks in Victoria, of interbedded mudstones(claystone and siltstone) and arkose (felspathic sandstone) with 

occasional beds of breccia, conglomerate and impure coal. Mudstones predominate, forming about60 to 80 per cent of 
the thickness and are composed of clay, some of it capable of base-exchange and of the swelling type, quartz of the 

size of silt and fine sand and some felspars (Edwards and Baker 1943). Arkoses consist of fresh felspars, fine sand, 

some biotite and fragments of intermediate lava, all in a matrix of chlorite which has sometimes been replaced by 

calcite, giving bands of calcareous arkose and cannon-ball limestone. Edwards and Baker (ibid) remark on the high 

quantities of lime and soda in both mudstones and arkose, of high phosphorus in the arkose, although not in the 

mudstone, and of the potassic nature of the mudstones. Both Kenley and Boutakoff refer to the soft nature of the 

Merino Group sediments. From all this, it is clear that the Merino Group rocks are soft, rich in lime and soda, and high 
in clay-forming minerals, lack a coarse fabric, are well supplied with potassium and moderately supplied with 

phosphorus. These features together are chiefly responsible for the character of the landscape, soils, erosion status and 
land-use of the Casterton land-system and their influence is traced below. 



Influence Of Parent Material On Development Of Landscape 
 

The softness of the rock allows a rapid rate of down-cutting in relation to the rate of widening of the valley. There are a 
number of consequences of this for regional landscape formation. 

The first is that in the early stages of dissection of a land-surface, streams can become easily entrenched in any surface 

weakness and the resultant direction of flow is imposed on the later history of those streams. The chief regional 

direction of faulting is north-north-westerly and the regional fall of the land in the Casterton-Merino area is transverse 

to it, namely, west-south-westerly and it may be expected that the influence of the direction of tectonic weakness on the 
streams dissecting up along the line of fall would be strongest where the underlying material is relatively soft. This is so 
for the two chief streams of the survey area, the Glenelg and Wannon Rivers, the beds of which, within the area of 
Mesozoic sediments, extend in the direction of faulting departing from this only after leaving the area of Merino Group 
formations. Their chief tributaries within the Casterton land-system, the Wando River and Miakite Creek do this also. 
As a result, the land-system shows a generally north-north-westerly orientation, apart from an extension up the valley of 
the Konongwootong Creek, where it is formed on calcareous Permian glacial deposits. Isolated tableland residuals 
within the land-system and the fringing tablelands show this orientation most markedly. 

A second consequence is that the sides of the valley are steep in the juvenile stages of erosion, particularly where the 

hard capping remains. After the capping has been removed, senile stages of erosion can develop quickly, the topography 
becoming progressively subdued to rounded hills with convex upper and concave lower slopes. Another result of rapid 
down-cutting is that the maximum depth to which dissection can proceed is quickly reached, and is controlled by the 
level of the chief stream after it has left the area of soft rocks. Therefore, the landscape is deeply dissected in relation to 
nearby areas of other rocks. Finally, once entrenched within softer rocks, the beds of the streams tend to develop within 
the boundaries of those rocks as these allow a greater rate of headward erosion and so a relatively high proportion of the 
streams' courses is confined to such rocks. This, together with the fact mentioned above that the similar, maximum, 
depth of dissection can be quickly reached within the area of softer rocks, results in a low grade of the main streams 
within that area ant induces the formation of flood plains, meanders and alluvial deposits. In the Casterton land-system 
these are sufficiently distinct and important to be mapped separately as the Wannon land-unit of the Casterton land-
system. 

All the features mentioned above-deep valleys with steep sides and escarpments adjacent to the tablelands, rounded hills 
with concave lower slopes, wide flood-plains and occasional strongly orientated tableland residuals - are characteristic 
of the land-system. They are the results primarily of the softness of the rock underlying the hard laterite, although, as 
Marker (1959) suggests, the tendency of the soils to slumping has augmented this, and such a tendency arises from the 
nature of the soils and thus indirectly from the characteristics of the parent material. 

Influence of Parent Material on development of Soils 

A high content of calcium has two important effects in the soil; it favours the formation and preservation of a swelling 

type of clay mineral and it flocculates soil suspensions. 

The soft and calcareous nature of the Mesozoic sediments, weathering quickly to provide much calcium in the soil, has 
encouraged the formation of this type of clay mineral from the unweathered felspars, augmenting the already weathered 
clay which Edwards and Baker (1943) consider to be of the swelling type. 

Flocculation of soil colloids affects the texture profile by retarding the downward movement of the colloids so that in 

soil material lacking an open fabric, flocculation results in a soil with a uniform texture profile. If the amount of clay or 
clay-forming material be substantial, as in the Mesozoic sediments, then the soil is uniformly heavily-textured. 

Flocculation also affects soil structure. Dispersed colloidal suspensions, such as those saturated with a monovalent 

cation like sodium, dry out to massive structure with a non-swelling colloid, or large massive blocks with swelling 

colloids. These re-wet only slowly, forming in the first stage amorphous slippery surface on any large blocks. Colloidal 
suspensions flocculated with a divalent cation like calcium, dry out to moderately sized structural units, owing to 
rupture along lines of weakness between aggregates. Such structural units in the dry state are strongly formed, 
especially with a swelling clay, although in the moist state they close up. 

However, salt of calcium and sodium can themselves be leached by rainwaters, sodium salts the more quickly and more 
deeply because they are more soluble. As a result, under rainfalls where the salts or ions of sodium are appreciable only 
in the subsoil, calcium salts or ions, provided that they were originally present in substantial amounts, as they are in the 
Mesozoic sediments, are still present in appreciable proportions in the upper part of the profile. 

Thus, in an area of moderate rainfall, where the parent material is Mesozoic sediments, which are calcareous, soda-rich, 
without an open fabric and containing abundant clay-forming minerals or clay particles, the soils have the following 
features : 



uniformly heavy texture down the profile ; swelling clay throughout and therefore deeply cracking when dry 
but tightly closed when wet ; strong medium-sized structural units at the surface due to calcium 

larger, well-formed units in the subsoil, because of sodium on the exchange complex, the faces of the units 

being slippery when first wetted. 

Soils Encountered 

The features enumerated above are in fact the important characters of the chief soils of the Casterton land-system and 

are summarised by Blackburn and Leshe (1958) as the common features of "the black earths below tableland level." 

On the Mesozoic sediments, the chief soils comprise three series of prairie soils or chernozems in topographic 

association or catena. They are the Coleraine series on the convex or upper concave slopes, the Whyte series in drainage 
lines in concave slopes or on colluvial outwash and fan deposits, and the Wannon series on the alluvium of the flood 
plains of major streams. A description of the Whyte series exemplifies the chernozem group, whilst analytical data for 
the same profile and for representatives of the Coleraine and Wannon series are presented in Appendix II. Analyses 
show that the three series differ somewhat in clay content and pH values, these criteria being greater and higher, 
respectively, in the series with lower topographic position. Otherwise, however, they are similar in having the features 
mentioned above, together with a high status of nitrogen and a favourable C/N ratio at the surface, a high status of 
potassium in all horizons and a moderate supply of total phosphorus. The content of this latter element, however, is still 
higher than for most other soils of the survey area, except for the brown earths on the younger basalt flows. 

The Permian deposits along the right bank of the Konongwootong Creek, being calcareous and fine-grained, give rise to 
chernozems or prairie soils named by Blackburn and Leslie the Bellwyn series. Whyte series soils again form on 

colluvial and outwash fan deposits from areas of the Bellwyn series, which closely resembles its analogue on the 

Mesozoic deposits, the Coleraine series. 

Earth flows commonly develop on the dark clays where slopes are steep enough and some of the present soils in such 

places are formed from old earth flows. Such soils are mainly of Order VII ("The Earths") and usually are prairie soils 
or chernozems; Blackburn and Leslic map them as Soil Complex 4. Localised areas of solodic soil,. and leptopodsols, 
some of them mapped as the Hilgay series by Blackburn and Leslie now occur on the tops of some hills eroded to just 
below tableland level. They are derived from the thin veneer of Tertiary sands which overlies some areas of Mesozoic 
beds at about tableland level. Also restricted to similar positions are gravelly red soils formed from lateritic material, but 
mostly such soils fringe the tablelands at the top of the escarpment and have been mapped with the soils of the 
tablelands. Occasional areas of volcanic rock occur within the boundaries of the land-system and they produce either 
soils of Order VII or skeletal soils, according to topography. 

For the land-system in general, by far the greatest proportion of the soils are of Order VII and most of them are either 

prairie soils or chernozems of moderately high chemical fertility. Of these, the Coleraine, Whyte and Wannon series are 
the most common. They are the chief examples in the survey area of the "black earths" and of Order VII. 

Influence of Soils and Climate on Native Vegetation 

Most of the land-system was a treeless grassland before white settlement. The only eucalypts found now are red gums 

fringing creek lines except in the extreme south-west of the land-system where they extend onto the slopes, possibly 

because of the higher rainfall there and it is on this basis that the Merino land-unit has been separated. This accords with 
early records and the early parish plans and is not the result of clearing. The first survey of the parish of Merino in 1855 
records, for the area south-east of the township, "land of superior quality not timbered", and for that north of the 
township, "land of good quality lightly timbered with blackwood", with gums pinpointed near creek lines. Robertson 
(1853) described land near the Wannon as having only blackwoods and another acacia "in every sheltered nook". 
Scattered she-oaks are found now on the small areas of sandy sediments on the Hilgay series or on red soils on lateritic 
remnants adjacent to the tablelands. The bulk of the land-system however, was a grassland of perennial grasses, mainly 
Stipa spp., Themeda spp., Poa spp. and Juncus spp. 

Doubtless the reason for the absence of eucalypts over most of the land-system is the physical nature of the soils 
combined with the wet cold winters and the hot dry summers which create in the plant a high demand for water. In the 
drier parts of the survey area during summer the potential evapo-transpiration greatly exceeds rainfall and to survive, 
plants must explore with their roots a volume of soil with a reserve of available water sufficient for their requirements. 
Non-aestivating perennials therefore must have a deep-rooting system, except where special conditions of slope and 
soil allow a perched water table to persist well into the summer.rigid and extensive root system such as that of trees; 
during winter, however, the same soil is badly aerated because it swells when wet, and the cracks and pores become 
closed. 

A wide range of soil conditions in the area will allow deep-rooted perennials to survive, but some soils impose stresses.  
Thus, a soil which has wide and deep cracks when dry, puts a mechanical strain furing the summer on a rigid and 
extensive root system such as that of trees; during winter, however, the same soil is badly aerated because it swells 



when wet, and the cracks and pores become closed. 

The most serious aspect of such a soil, however, is that it severely curtails the ability of deep roots to continue supplying 
the water needs of perennials during the summer, because of the high tension at which water in the soil is withheld from 
plants. In sandy soils, because they have large pores, a small quantity of water can lower water tension swiftly to the 
point where water is available for plants and there is a quick response to summer showers. By contrast, silts and clays 
because of their smaller pore sizes can develop high water tensions. In these cracking soils evaporation can dry out the 
soil to below the wilting point and, because small quantities of water will not lower the water tension significantly, there 
can be no quick response to light summer rains. Consequently, once the soil dries out to the point where wide and deep 
cracks form, there is no further plant growth until after substantial rains, which in the climate of the Casterton area, will 
not normally occur until the break of the season. 

Furthermore, plant growth may stop quite suddenly in these soils. This is because plant roots cannot usually penetrate 
pores of diameter less than about 5

1
0inch, the pore size commonly associated with the coarser grades of fine sand 

(Russell 1953), and water held in pores of that size or less is unavailable. In these soils, with a high content of silt and 
fine sand, there is a sudden change in the proportion of pores in that range of size, and consequently a sudden and 
drastic change in the availability of water during the drying-out period. 

All these features which impose stress on deep-rooted perennials are characteristic of the dominant soils of the 
Casterton land-system. The moderate to high contents of a swelling-type clay, capacity for forming wide, deep cracks, 
high content of silt and finer grades of fine sand and the virtual absence of coarse sand and the coarser grades of fine 
sand, all combine to create difficult conditions for non-aestivating deep-rooted perennials in the climate of the 
Casterton-Coleraine district. 

None of the eucalypts native to the region are fully adapted to such conditions, and it is interesting that it is only along 

some of the creek lines or bigger water-courses that red gums grow. These creeks are usually slightly entrenched so that 
the water-table fringing them is not at the surface for a long period during winter to thus induce badly-aerated 

conditions; yet, because of the topographic position, the deep subsoil remains moist during the summer. A likely 

explanation for trees fringing creeks therefore is the absence of wide fluctuations between lack of aeration at the surface 
during winter and high water tensions extending into the deep subsoil during summer. A relatively shallow-rooted 
eucalypt like swamp gum is excluded from the whole landscape by its inability to withstand high water tensions at the 
surface during the summer. A deeper-rooted species like red gum is excluded from all except the creek-lines, where 
water is available within the depth of the rooting system, both, by an inability to withstand high water tensions and 
probably also, in contrast to swamp gum, by an inability to withstand lack of surface aeration during winter. 

It is interesting that where summer stress on such soils is eliminated as at Heywood with a 32 inch rainfall and more 

frequent summer showers as well as a wetter topographic position, similar soils with a swelling clay support only 

swamp gums and shrubs like Melaleuea spp. and Leptospermum spp. which can survive badly aerated conditions during 
winter. They do not, however, support red gum, which tolerates such winter wetness less than does swamp gum - a fact 
which can be demonstrated around the edges of any swamp in the Strathdownie land-unit. 

Significance for introduced Vegetation 

The matter of soil physical conditions in relation to native plants in the Casterton land-system bears also on the growth 
of crops, pasture species and on the establishment of trees as conservation measures around gullies. 

As an example, the chief difficulty in establishing trees is the generation of high water-tensions because of the drying 

out of a swelling-type clay. The effect of this can be ameliorated by raising the watertable through pushing in the sides 
and heads of the gully, and by lowering the ill-effect of the high swelling capacity of the clay through planting in sand. 
Also, species capable of rapid deep-rooting to reach zones of moisture quickly may be useful. Some species from the 
drier areas are better able to withstand the high water tensions of cracking clays in summer than can red gum but they 
also have a moderate degree of tolerance to water-logged surface conditions during winter. Such species may be 
suitable, provided that low temperatures or frosts do not inhibit them. 

Influence of Soils, Vegetation and Climate on Land-use 

The treeless and grassy nature of the Casterton land-system with the fertile appearance of the soils made it the most 

attractive for settlement, easiest to develop and most quickly rewarding country in the first days of settlement. The first 
eight inland stations in Western Victoria, all settled from Portland, were on the Casterton land-system. Merino Downs, 
Muntham, Sandford and Connell's Run were the settlements of the Henty family, and then came Murndal, Tahara, 
Hilgay and Wando Vale. The five settlements following these, at Dunrobin, Nangeela, Warrock, Cashmere and Wannon 
Falls are on the periphery of the land-system and included parts of adjacent land-systems, particularly 



Glenelg and Dundas. By the time the stream of settlement from eastern Victoria arrived in 1840, virtually the whole of 
the Casterton land-system, but not much outside it, had been taken up, and those settlers just arriving occupied the 

remainder of the Glenelg and Dundas land-systems, 

The grasslands were eminently suitable for the grazing of fine-woolled sheep and some cattle. This was the main 

enterprise of the land-system until the end of the First World War when some of the land as around Paschendale, was 

subdivided into dairy farms for soldier-settlers. Further subdivision after the Second World War has made dairying the 
dominant land-use over about one-third of the land-system, mainly to the north and east of Merino. Elsewhere, cross-
bred wool growing with fat lambs is important, with some beef cattle raising. Dairying is based mainly on pastures of 
perennial ryegrass and subterranean clover with fodder crops like rape and chou-moellier to provide late summer and 
winter supplements. 

However, the combination of soils and climate brings the active growth of many species to an abrupt end at about the 

middle to the end of November, without much likelihood of its starting again until the autumn break. Consequently, 

many cows are dried off or become dry during summer, as shown in Table 7. In the cold and wet winter, however, cows 
in milk have high food requirements for both maintenance and production, often more than can be provided by the feed 
which, at that time of the year, is sappy and, if the break be late, is in short supply also. Therefore, the area cannot be 
considered ideal for dairying for which a growing season of nine months is desirable. The answer to the problem may 
depend upon fodder conservation-hay and silage-fodder crops, forage crops and the use of very deep-rooting aestivating 
perennials like lucerne which can respond to the surface-moistening effects of slight summer rains as well as tapping 
deep-seated moisture reserves. In this way, by placing a higher demand on it, use can be made of the high level of soil 
fertility, for this is the chief asset of the soil and should be used more. 

Beef cattle raising has its problems too. This rapidly growing industry is sensitive to a long dry summer and it is certain, 
also, that without supplementary feeding of stock, the cold wet winter seriously retards the achievement of condition in 
the animals. Greater use of fodder crops qnd fodder conservation will relieve some uncertainties and allow the earlier 
production of better stock condition. 

Difficulties remain because both the time of cultivation and the moisture content of soil at cultivation are critical. 

Nevertheless, the soils have the capacity to sustain a more intense level of farming than is common at present without 

incurring excessive economic burdens of replacing nutrients or repairing structure. This could be decisive in a 

comparison of the potential land-use of this land-system with that of others where the soils are very low in nutrients. 

Influence of Landscape and Soils on Erosion 

Soil erosion in the land-system presents an unusual picture; sheet erosion is very restricted, yet there is some deep and 

spectacular gullying, localised severe siltation, frequent earth flows and virtually no salting. This arises from the 

unusual features of the soil and landscape, briefly summarised as follows. Escarpments fringe the tableland residuals, 

carrying red solodic soils or red leptopodsols. At a lower level, hills occur with steep convex upper slopes and gentler 

concave lower slopes; soils on the hills are heavy-textured prairie soils or chernozems with strong surface structure and 
sodium-saturated blocky subsoils, underlain, generally, by soft and loose sediments. Major streams and rivers are on 
very low grades and flood deposits abound. 

It is on the escarpments or isolated areas of Tertiary sands with solodic soils or leptopodsols that sheet erosion occurs 

because sheep often camp there and severely tread soil of low coherence on a steep slope. Such areas are restricted, and 
despite severe erosion probably make little contribution to surface run-off lower down the slope. 

Elsewhere, on the prairie soils and chernozems, there is but little evidence of sheet erosion, because the surface soil, 

when dry, has structural units too coarse for transport and strong enough to resist breakdown by abrasion or raindrop 

splash, and when wet is coherent enough to resist detachment. However, despite the absence of widespread sheet 

erosion on the catchment, run-off waters have still concentrated in sufficient volume and velocity to cause gully erosion 
and many drainage lines in the lower concave slopes are cleft by a deep and sometimes wide gully which often extends 
uphill into the zone of convex slopes. (Plates 25 and 27). 

Three factors have contributed to this. Surface run-off has followed low surface infiltration rates which were caused, not 
by compaction associated with the processes of sheet erosion but by the swelling of the surface soils after rain and the 
closing of the surface cracks and pores. The original dense cover of perennials was replaced by annuals, as a result of 
grazing, and these died off in the summer, leaving the surface bare. This allowed run-off water to concentrate quickly 
and acquire the velocity to dislodge the structural units of the soil at a point of disturbance such as an entrenched 
drainage line, a wide crack, old ploughland, or deep wheel ruts. Finally the normal processes of headward and gullyside 
erosion, namely undercutting and caving, have been augmented and hastened by the process of slumping. This has been 
caused by the slippery surface of large subsoil structural units arising from the sodium saturation of the swelling clay or 
kaolintic material and also from the prominent content of silt in the chief soils of the land-system. Slumping has 
contributed particularly to lateral erosion and gullies are, often wide. 



 

 

Plate 25 - Severe gullying is often found in the drainage lines of the Casterton land-system especially in the soils of 
the Whyte series, underlain by unconsolidated sediments 

Sediments beneath the heavy black soils are soft and frequently unconsolidated gullies may become much wider and 

deeper by undercutting of the sediments with concentrated and turbulent flow or with waterfall splash, and then 

slumping or caving. Such severe gully and stream-bank erosion are characteristic of the zone where considerable runoff 
has been concentrated, namely the concave lower slopes in the Casterton land-system, just above the flat valley floors. 
From these places, considerable quantities of sedimentary and soil material have been removed. 

The sudden change to the low grade of the major streams caused the deposition of the flood deposits of pre-settlement 

days, upon which the rich Wannon series of soils has developed. The same conditions cause the deposition now of large 
quantities of infertile debris produced by gully and stream-bank erosion, and serious and detrimental siltation is 

common along the major streams where they are near the zone of lower slopes. Siltation material is from one or other of 
two sources - the soils and underlying sediments within the Casterton land-system and eroded areas of the adjacent 

Glenelg land-system. Deposits from the former source are found most frequently in the drier parts of the Casterton land-
system, where gully and stream-bank erosion are more severe; the siltation of the Wando River above its junction with 
the Wando Vale Ponds Creek is an example. Deposits from the latter source are found where a major stream drains 
sandy or granitic areas of the Glenelg land-system before entering the Casterton land-system ; examples are the siltation 
of the Wando Vale Ponds Creek, the Koroite Creek and even the Glenelg River itself. 

The Coleraine, Bellwyn and Whyte series when lubricated, as well as being prone to slumping (a form of slippage), are 

also susceptible to those forms of mass movement in which the continuous deformation of the soil mass is involved, 

namely, the flowage movements. These take place when the soil is in the plastic state, and it may be significant that 

swelling clays and sodium-saturated clays are in the plastic state over a wide range of moisture conditions. The two 

types of flowage movements are solifluction of which stock terracettes are examples (Plate 26) and earth-flows, 

commonly termed land-slips. The latter are common on any steeply sloping area of the black soils as well as on or 

immediately beneath the escarpment fringing the tablelands. Earth flows in these two situations have differences ; in 

both instances slippage is involved at the head of the flow and flowage lower down, but slippage assumes a more 

important role in the earth flows along the escarpments. Lubrication is required for these forms of erosion and seepage 
along the base of the laterite capping following clearing of timber from the tablelands has certainly been responsible for 
initiating some escarpment flows. 

Robertson of Wando Vale, settler and historian, writing in 1853, mentions the great increase in the number of earth 

flows on the middle and lower slopes shortly after settlement, but he also states that there were flows before settlement. 
It is clear from this and from the number of ancient earth flows now mantled with modern soils that the landscape has 
an inherent degree of instability even in the natural state, and earth flows have undoubtedly been a major factor in the 
rapid development of deep valleys in the Mesozoic rocks. Marker (1959) considers this point in detail. Events since 
settlement have merely hastened the processes involved in the instability. Robertson recounts that all drainage lines 
except the Glenelg and Wannon were originally sound, rarely entrenched and permanently covered right across with 
large tussock, and how these tussocks were eventually eaten out and replaced by annuals which dried off in the spring, 
to leave the ground bare and cracking in the summer. He talks of incipient salting and small gullies in drainage lines, 
then of large gullies and stream-bank erosion and finally of earth flows on all steep hills. His letters are a graphic 
statement of how, ten years after settlement, deterioration first appeared and two years later, most of the erosion forms 
with which we are familiar were widespread. 



 

Plate 26 and 26A - In the Casterton land-system, the soils are prone to mass movement on steep slopes.  

(The two most common forms are earth -flows, known locally as "landslips", and stock terracettes, which are pictured 

here.) 

 

Summary 

This chapter is an attempt to show the coherent and inter-related nature of one natural environment and to suggest a 

rational development of the various land-use features from the independent factors of the environment, chiefly parent 

material. Soft Mesozoic sediments, capped by harder Tertiary laterite have allowed senile landscape features to develop 
quickly with dissection whilst at the same time, wherever tableland cappings remain, features of a very juvenile 
topography have been preserved. Consequently, steep escarpments beneath the plateau surface, steeply-rolling hills and 
flat-floored valleys have been formed. Because of the lime-rich and fine-grained nature of the parent material and the 
prevailing climate, prairie soils and chernozems have been formed on most topographic positions-dark, heavy-textured, 
cracking soils, well structured at the surface and well supplied with most nutrients. 

These features have been largely responsible for the grassy vegetation and the lack of trees except along creek-lines, 

owing to the lack of moisture available to plants during the summer. The land-system was the first to be settled after 

Portland because of the attractive appearance of the soils and the open nature of the vegetation; the same reputation of 

being good land has led to closer settlement being much earlier on this land-system than on others. Some of the 

difficulties encountered with dairying however on the fertile-looking prairie soils and chernozems arise from those very 
features which have been largely responsible for the open grassy nature of the landscape; nevertheless the chemical 
fertility is an advantage which can be used to offset the physical disadvantages. 

The unusual picture of erosion in the Casterton land-system is of limited areas of sheet erosion, some very severe gully 
erosion and stream-bank erosion with slumping aiding in their extension, severe local siltation and abundant earth-flows 
with some solifluction. This can be traced to the nature of the soils and thereby indirectly to the parent material in the 
climate and topography of the land-system. 

 

An understanding of the history of the land-system and of the processes involved in its development has aided in 

suggesting measures of amelioration and development. 



 

Plate 27 - This aerial photograph shows the Casterton and Dundas land-systems an the sharp boundary between 
them. 
(The Dundas Tablelands are more uniformly grey and are timbered. The deep gullying of drainage lines is 
characteristic of the Casterton land-system, and landslips just beneath the tableland level are common. [Photo: Vic. 
Lands Dept.]) 



 

Fig 35/36 - Landscape diagram and Land-system diagram 



 

Plate 28 - The Hamilton land-system is typically an undulating basaltic plain with remnants of a 
formerly extensive woodland of swamp gum. 

18. Hamilton Land System 

The western extremity of the extensive volcanic plains of western Victoria covers about 600 square miles 
in the south-eastern part of the survey area. Of the various flows found there, the earliest and most 
widespread forms a landscape mapped as the Hamilton land-system. Where this flow, the Hamilton 
basalt, has been dissected deeply enough to expose underlying materials, the landscape has been mapped 
as the Branxholme land-system. Frequently, dissection has produced an escarpment and the two land-
systems are sharply demarcated, but sometimes, especially in the west, the slopes are long and 
continuous and the boundary of the land-system less precise. 

Physiography 

The basalt forming the parent material of this land-system is probably late Pliocene in age (Gibbons and 
Gill 1964) on the basis of evidence mentioned later in this chapter. The surface has been subject to deep 
kaolinitic weathering which extends to over thirty feet in places. Thickest parts of the flow seem to be 
just to the north of Tarrington, east of Hamilton, where it has been dissected to a rolling topography. To 
the west it quickly becomes thinner and there its edge is difficult to determine because the weathering has 
affected the whole thickness of basalt whilst the underlying material is frequently laterite which is also 
the product of deep weathering. To the north of Tarrington, it is at the surface for only a short distance 
and is then covered by a later flow, the Dunkeld basalt. To the south, however, the flow is extensive and 
forms a relatively flat peneplain surface except where deeply dissected as in the valley of the Condah 
Swamp and proceeds at least as far as the escarpment from Annya towards Lake Condah and as far as 
the stony rises from Mt. Eccles. To the south-east it fringes the coastal plains between Bessiebelle and 
Orford and easterly it continues beyond the survey boundary. 

The land-system is subdivided chiefly according to the variations in geomorphology mentioned above 
and also to a lesser extent on vegetation as reflecting climate. Thus the Hamilton sub-system includes the 
area around Tarrington where the flow is thick, the topography rolling, and where cinder cones are 
present. It contains only one land-unit, Hamilton. However, the bulk of the land-system has a generally 
flat to undulating surface and is the Monivae sub-system containing four land-units. The Ardachy land-
unit is on the western perimeter of the land-system and there the basalt surface is slightly undulating and 
the flow thin. There are many shallow swamps elongated in a north-north-westerly direction. These are 
in depressions caused by minor faulting or warping of the Dundas Tablelands, on which the basalt lies, 
at the time of the general break-up of its western edge. In Monivae land-unit, south-west of Tarrington, 
the surface again is slightly undulating in parts and although there are no frequent elongated swamps, 
there are some large circular or irregular ones, possibly formed by solution of the limestone which here 
underlies the basalt. Bochara land-unit is somewhat similar in topography but lacks the large swamps 
and supports red gum. Most of the sub-system is in the southern parts where the surface is generally flat 
to slightly undulating with broad shallow drainage lines but few swamps; it is mapped as the Greenhills 
land-unit. 

The deep kaolinitic weathering of the surface of the flow is characteristic of this Hamilton basalt. It 
strongly resembles a classical laterite profile, and has an upper strongly-reddened and friable zone, an 
intermediate mottled zone and a lower pallid zone above the altered rock. No indurated horizon 



characteristic of the top of the typical laterite profile has been found however, and the basalt appears to 

overlie the lateritised material in a number of places. These facts lead to the belief that the basalt was 

extruded during a lateritising climate which then persisted long enough to cause the deep weathering. 

However, the lateritising conditions were either not sufficiently intense or lacked the proper topography 
to produce the indurated zone at the surface. Hallsworth and Costin (1954) and Gibbons and Gill (1964) 
think that there were such conditions at the end of the Tertiary, particularly the middle and late Pliocene, 
and this is supported by the evidence, based on fossils in underlying strata at Grange Burn near Hamilton 
(Gill 1957), of a late Pliocene age for this particular basalt. 

In many parts, the kaolinised surface has been removed by erosion but it is prominent around Tarrington, 
being characteristic of the Hamilton sub-system, and frequently remains as a capping of variable 
thickness on rises throughout the Monivae sub-system. Where the road running cast-west through 
Knebsworth forms cuttings in the escarpments of the valley of the Condah Swamp, there are good 
examples, not only of the various zones of the kaolinised surface and their relationship to the underlying 
fresh basalt, but also of the fundamental pattern of soils on the slightly-dissected Hamilton landscape. 

Soils 

The fundamental pattern. is shown in the land-system diagram (Fig. 36). 

On the kaolinitic zone soils are either transitional krasnozems (Hamilton series) or more frequently red 

solodic soils (Monivae series) or their intermediates. The former series closely resembles the Sherburn 

series of the Portland area but because the parent material is bauxite it has no freshly weathering basalt 

boulders in the profile as has the Sherburn series. The red solodic soils have a sharp texture contrast in 

the upper horizons and soils intermediate between them and the transitional krasnozems are common. 

They form on a slightly lower catenary position from the transitional krasnozems, and are essentially 

intermediate in position and character between the transitional krasnozem and the widespread Normanby 
family of solodic soils, mentioned below. Soils of the Monivae series, therefore, are common where the 
surface of the kaolinised zone is undulating, the transitional krasnozems being restricted to the tops of the 
more sharply dissected parts of the kaolinised zone. In both series, the subsoil usually has a high content 
of clay which is not friable. The series are most common in the Hamilton sub-system. 

Middle and lower slopes which are usually beneath the level of bauxitic weathering and form the greater 
part of the gently-dissected Hamilton landscape, support brown solodic soils. These are usually gilgaied 
and chiefly of the Normanby family with structure and consistency which are unusually good for the 
surface horizons of a solodic soil. Irregularly-shaped kaolinitic nodules are found throughout the profile 
but are fewer and smaller in positions furthest away from the bauxitic residuals, whilst nodules of 
buckshot become increasingly frequent in the A, horizons, in lower sites. Unusually deep A horizons are 
sometimes encountered and, like the A horizon of soils on all the areas covered by the Normanby family, 
may be composed in part of material blown out of cinder cones and deposited over the landscape; 
Leeper, Nicholls and Wadham (1936) postulate such an origin for the A horizon of similar soils near 
Winchelsea in western Victoria. The Normanby family is most common in the Monivae sub-system. 

Limited areas of prairie soil and occasionally chernozems are in lower topographic positions, and in the 

wettest sites, along drainage lines and in swamps, particularly in the Hamilton sub-system, these merge 

into peats. Large areas of peat have been mapped separately as the Condah Swamp land-system; 

examples are Buckley's Swamp south-east of Hamilton and the flats south of MacArthur. 

The kaolinitic zone has a lower content of bases than has the fresh basalt consequently on the plateau 

surface in the wetter and colder parts of the Greenhills land-unit, where there is little opportunity for the 
accumulation of bases, solods have been formed in place of solodic soils. 

 
In general, the nutrient status of the soils of the land-system is moderately good, especially towards the 

lower sites, where they are influenced by freshly-weathering basalt. Although the Normanby family is 

better than other solodic soils, phosphate is in low supply. 



Vegetation 

Most of the land-system, except the Bochara land-unit, where red gums remain, gives the impression of 

having been either treeless or very sparsely timbered originally; even the stock routes usually have but 

little timber. There are, however, a few odd paddocks which have not been cleared, and old records show 
that the greater part of the land-system, particularly the Greenhills land-unit, was originally a tall 

woodland or dry sclerophyll forest of swamp gum (Eucalyptus ovata) with some lightwood (Acacia 

implexa), she-oak (Casuarina stricta) wild cherry and honeysuckle. In other parts such as Monivae and 
Hamilton land-units, the density of timber seems to have been less, forming a savannah woodland. This 
was especially so on heavier soils in lower sites where the gums were sparsely distributed with 

intervening areas of native grassland, and doubtless encouraged the early settlement around Hamilton. 

There was probably a sparse cover of swamp gum and red gum in the Ardachy land-unit with native 

grasses abundant. Small stands of red gum which remain in this land-unit near Branxholme are the most 
southerly occurrence of red gum in the survey area except for some stands near Dartmoor. Blackwood, 
rather than lightwood, is recorded for the Hamilton land-unit, but neither of these closely-related acacias 
are seen now in the district. 

Small local areas of scattered sandy country carried a dry sclerophyll forest of swamp gum and 

stringybark, much of it remaining uncleared because of the poverty of the soils. Characteristically, 

however, apart from the north-western parts, this land-system carried tall woodlands or forests of swamp 
gum with a scattering of Acacia and Casuarina, and these stands have now virtually disappeared. 

It is useful to consider the reason for this almost wholesale disappearance of an originally quite dense 

cover of timber, in contrast with the preservation of much of the red gum woodlands of the lateritised 

tablelands. 

Swamp gum is not a useful timber and therefore on land of good grazing potential it was ringbarked and 
burnt indiscriminately, and regeneration was not encouraged. Apart from the grazing of stock, probably 
the chief reason for its disappearance is the difficulty of natural regeneration under the local conditions. 
A general consideration of the ecological niches occupied by the various eucalypts in south-western 
Victoria suggests that the typical soils of the Hamilton land-system the red solodic soils and the 
Normanby family - are not ideal for swamp gum which tolerates wet conditions in winter very well but 
cannot withstand dry summer conditions unless on deeper friable soil which encourages its otherwise 
shallow rooting system and allows it to penetrate a zone of greater soil moisture capacity. The former 
widespread distribution of swamp gum over the, Hamilton land-system is probably less an indication that 
it is well suited to the conditions there than that it existed in the absence of severe competition from other 
species. Red gum and yellow gum are restricted to less exposed and possibly somewhat drier areas, and 
messmate requires more friable sub-soils and higher rainfall. Stringybark is undoubtedly excluded by the 
heavy subsoil, whilst manna gum which otherwise might survive in the landscape, probably was 
prevented from growing in the community by surface water-logging during the winter. Therefore, 
although swamp gum was dominant over the Hamilton land-system, its existence was precarious and it 
did not regenerate strongly in the exposed conditions after widespread clearing. 

Land-use 

The removal of the timber left a pasture of native grasses growing under somewhat exposed conditions 

very suitable for Merino wool production, which became the dominant land-use. Big grazing stations 

were established, mainly by Scottish settlers, particularly in the Ardachy, Monivae and the northwestern 
parts of the Greenhills land-units, where the timber was originally less dense ; many of these stations 
have remained until quite recently. In the Hamilton land-unit, the diversity and nature of the soils were 
more suitable for a range of agriculture and under the stimulation of the Hamilton market, a community 
of German settlers around Tarrington developed some cereal growing, fat-lamb production and dairying. 
Near Hamilton itself, there was market gardening in the lower parts of the landscape on the dark peaty 
clays. 

 
Whilst the pattern of soils elsewhere in the land-system is not so diverse nor so favourable for intensive 

farming as in the Hamilton land-unit, there is little doubt that more intensive and diverse forms of land-
use are possible over the land-system in general. In northerly parts, especially in the Bochara land-unit, 

late annual improved pastures can be developed easily to support cross-bred wool growing with fat lambs 
and beef cattle raising. Elsewhere, as in the Ardachy, Monivae and northern parts of the Greenhills land-
units, similar enterprises can be based on late annual and perennial improved pastures and carrying 
capacities can be high with fodder crops and fodder conservation. This has been shown by individual 
farmers and also by the findings from the Hamilton Pastoral Research Station at Monivae. Information 



from there applies particularly to these latter areas, as the pattern of soils on the Research Station (Newell 
1962) is typical of the range encountered in the Ardachy, Monivae and the northern parts of Greenhills 
land-units. The southern parts of the Greenhills land-unit are wetter, the average annual rainfall being 
about 31 inches, and perennial pastures can be grown. These permit dairying, fat-lamb raising and beef 
cattle grazing. As virtually all of the land-system has already been taken up, there is no scope for land 
settlement schemes except by division of the big estates, and this has been done by the Soldier Settlement 
Commission in various projects. 

Erosion 

Soil erosion is not severe over the land-system as a whole; the hazard is low because of the generally 

slight relief. Over most parts where the topography is undulating, there has been sheet erosion caused by 
runoff following the widespread sealing and loss of structure of the surface soils. Gullying, however, is 
rare within the land-system, as those parts of the landscape where the slopes are steep and long enough 
for deep gullying have usually been separated out as the Branxholme land-system. In a few areas, 
particularly in Ardachy land-unit, drains leading from swamps on the plateau surface have scoured out to 
form gullies. In those areas pasture improvement, because it reduces surface scaling and restores soil 
structure, may stop sheet erosion, and also reduce the runoff to be carried by drainage lines of the 
adjacent Branxholme land-system. In the Hamilton land-unit, the topography is steeper and there is some 
gullying especially along roadsides. 

Summary 

One of the earliest of the basaltic flows which have given rise to the volcanic plains of western Victoria 

has been deeply weathered at the surface and moderately dissected in parts. Those areas where any 

dissection has not been deep enough to expose underlying rocks have been mapped as the Hamilton land-
system. The chief soils are solodic soils of the Normanby family, with lesser areas of transitional 

krasnozems and red solodic soils on the remnants of weathered basalt, and prairie soils and peats in the 

lower positions. Tall woodlands, mainly of swamp gum, once covered most of the land-system, but these 
were destroyed and replaced by grasslands of native grasses which supported Merino wool growing. The 
moderate fertility of the soils allows high carrying capacities of sheep and cattle to be attained, based on 
late annual and perennial improved pastures, fodder cropping and fodder conservation. 

 

Plate 29 - The Hamilton basalt has been dissected in parts to depths of up to two hundred feet to form 
the Branxholme land-system. 
(Here, one such valley is seen, and down it have flowed the recent lavas from Mount Napier in the 

distance.) 



 

Fig 37/38 - Landscape diagram and Land-system diagram 



19. Branxrolme Land-System 

Extending westwards from Melbourne to Hamilton, a distance of about two hundred miles, large areas of 
volcanic plains form the third most extensive cntinuous sheet of basalt in the world. I is made upup of a 
number of flows, the earliest of which was extruded during the late Pliocene. In parts, this earliest flow 
has been moderately dissected and areas where the dissection has been deep enough to expose underlying 
rocks have been mapped as the Branxholme land-system, which may be briefly characterised as the 
rolling country carved out of the volcanic plains of the far Western District. Where the basalt, the 
Hamilton flow, has not been dissected sufficiently deeply, the landscape has been mapped as the allied 
Hamilton land-system. 

Geomorphology 

An escarpment sometimes marks the boundary of dissected areas, especially if the dissection be deep, 

and such a boundary is precise as near Knebsworth, cast of Condah, cast of MacArthur and around 

Arrandoovong. Elsewhere, the escarpment is lacking and a continuous slope stretches from a zone of 

kaolinitic weathering which caps the basalt, to the valley floor beneath the level of the basalt. Boundaries 
are then arbitrary and some of the basalt could be included within either the Branxholme or Hamilton 
land-system. 

Rocks exposed beneath the basalt are varied and in many places their identity could not be readily 

ascertained. Laterite is presumed to underlie the basalt in many areas, particularly in northern parts of the 
land-system because there the extrusive basaltic landscape is slightly higher than the flat lateritised 

tableland nearby which, it is inferred, continues beneath the basalt for an uncertain distance. 

No sections showing the basalt undoubtedly overlying laterite have been observed yet, but a number of 

examples show soil which is apparently derived from laterite at positions just beneath the basalt 

escarpment. In the Morven land-unit, the beds exposed are probably the Mesozoic Merino Group 

because the area is adjacent to a catchment in which they have been mapped and some of the soils 

encountered are similar to the Whyte series found on such beds elsewhere. Consolidated sandy rocks are 
found in the Branxholme and MacArthur land-units and these are probably Tertiary in age. Late Tertiary 
deposits (Miocene and early PlioceneGill 1957) are exposed in the Yulecart land-unit and Miocene 
limestone has been observed just south of Branxholme. Quaternary fill-deposits are deep in most valleys 
and the rocks contributing to these are varied, probably including basalt, laterite, sandy sediments and 
calcareous deposits of a range of textures. 

Soils 

Soils are as varied as the parent materials and topography. 

Normanby family solodic soils are restricted to those parts of the land-system where the slopes are on 

basalt or to some lower topographic position influenced by basalt. They are more prevalent in the 

Morven land-unit and the southern part of the Yulecart land-unit on fairly gentle slopes which shelve 

away from the basalt peneplain. In these land-units, prairie soils and chernozems occupy the lower 

topographic positions in the long gentle parallel valleys and may be derived in part from Mesozoic 

sediments. Over the Branxholme and MacArthur land-units, however, solodic soils predominate which 

have coarse sandy loam A horizons and are not of the Normanby family. There are local areas of red 

solodic soils evidently associated with lateritic outcrops and small occurrences of the Normanby family. 
Prairie soils or chernozems are characteristic of the valley floors, terraces and the creek-lines which 
extend up the slopes ; these latter soils grade into peats in the drainage lines at low positions. As in the 
Hamilton land-system, where the areas of peat or peaty prairie soils are big enough, they have been 
mapped as the Condah Swamp land-system. The two chief examples of this within the Branxholme land-
unit are the Condah Swamp itself and the Louth Swamp, and they occupy parts of major drainage lines 
which have been blocked by the basalt flows from Mount Eccles and Mount Napier respectively. These 
areas of the Condah Swamp land-system are continuous with the narrow bands of peat or peaty prairie 
soils ramifying up various valleys in the Branxholme land-system itself. 

No chemical analyses of soils from this land-system have been done. Examples from other land-systems 
of soils of the Normanby family and prairie soils show moderate and high levels respectively of most 
plant nutrients and these results almost certainly apply to similar soils in the Branxholme land-system. 
Sandy solodic soils are known to require phosphorus for their successful development and are probably 
inferior to the Normanby family in nutrient status and structure. 



There are small salt patches in or fringing drainage lines and the high salt content of the peat sample from 
Condah Swamp demonstrates the substantial amount which must have moved in from the catchment in 
the Branxholme land-unit. Further extension of the salting will depend on the extent of water use in the 
catchment by vegetation. This may have already reached a low level, as widespread clearing took place 
some time ago; however, if improved pastures, which are continually increasing, deteriorate and develop 
a high proportion of short-lived species, then the resulting low water-use may lead to a greater tendency 
to salting. 

Vegetation 

In many respects, the original vegetation over most of the landscape closely resembled that of the 

Hamilton land-system. The chief community was one or other of the associations of the Eucalyptus ovata 
(swamp gum) alliance in either tall woodland or savannah woodland formation. As in the Hamilton land-
system red gum (E. camaldulensis) was present towards the north. Also, towards the north and north-
west of both land-systems, the density of the timber appears to have been less than elsewhere; this was 
especially so on the heavier soils of the lower slopes where the sparse timber thinned out in places to a 
grassland. The characteristic timber of the bulk of both land-systems however, was a tall woodland of 
swamp gum and other species. 

The main difference between the vegetation of the two land-systems was in the minor tree species 

associated with swamp gum and in the greater range of plant communities resulting from the greater 

range of topographic position. On the solodic soils of the Normanby family in the Hamilton land-system 
and also where these soils occur in the Branxholme land-system, there was a tall woodland of swamp 
gum with blackwood (Acacia melanoxylon) or lightwood (Acacia implexa) and sometimes a little she-
oak (Casuarina stricta), honeysuckle (Banksia marginata) and wild cherry (Exocarpus cupressiformis). 
On the solodic soils derived from sandy sediments however, which are the more common soils in the 
Branxholme land-system, it seems from the old records that blackwood or lightwood was absent and she-
oak and honeysuckle more abundant. Furthermore, although wet scrubs of tea-tree (Melaleuca 
pubescens) occasionally occupied the wetter drainage lines in the Hamilton land-system, they were much 
more common in the southern parts of the Branxholme land-system where the rainfall is more than 28 
inches and in fact were typical of the drainage lines. They still remain in many places. In this feature is 
seen the affinity with the wetter areas further south as around Heywood where such vegetation is 
widespread and contrasts with similar landscape positions further north where grasslands were 
characteristic.  

More specifically, the vegetation over most of the Branxholme and MacArthur land-units was originally 
a tall woodland in which swamp gum was the dominant species. On solodic soils derived from sandy 
materials she-oaks and honeysuckle were the associated minor species whilst on the smaller areas of 
solodic soils derived from clayey materials, or on the heavier textured soils in lower positions, 
blackwood or lightwood were the associated minor species. The density of timber was less on heavier 
soils in lower positions, forming a savannah woodland. Scrubs of tea-tree characterised the drainage lines 
in southern parts of these land-units with average annual rainfalls more than 28 inches. In the Morven 
land-unit, tall or savannah woodlands of swamp gum with blackwood probably occupied the slopes and 
grasslands the drainage lines; in the Yulecart land-unit with an average of 26-27 inches annual rainfall, 
red gum and swamp gum intermixed in a savannah woodland formation. 

Much of this estimate of the original state of the vegetation in the Branxholme land-system has been 

pieced together from a study of the old parish plans together with the observation of vegetation which 

still remains. On this estimate there must have been the same widespread clearing of timber without 

regeneration as in the Hamilton land-system, for little remains now except the tea-tree scrubs. 

Land-use 

The early history of land-use was much the same as in the Hamilton land-system. The grasslands 

produced after clearing carried Merino flocks on relatively few large properties. 

 
The pattern has gradually changed, particularly in the Branxholme and MacArthur land-units, with a 
swing awat from Merino wool growing toward cross-bred wool growing, but not towards fat lambs. On 
some properties, beef cattle raising has become important and there is sonic fodder cropping and cash 
cropping. 



These changes point the way to a greater intensification of land-use throughout the land-system, made 

necessary by increasing pressure on the land and greater subdivision of the properties. All the land-units 
have a potential for cross-bred wool growing and beef cattle raising on late annual and perennial 

improved pastures; in southern parts, cross-bred wool growing with fat lambs on perennial pastures is 

possible and dairying on the wetter parts of the landscape. Beef cattle raising particularly, with a 

relatively hardy breed like the Hereford, has considerable possibilities. These land-use systems require 

fodder conservation and fodder cropping; cash cropping also is practicable. Problems exist with the more 
intensive land-use, such as the more exacting cultivation requirements on the solodic soils in the 

comparatively wet winter and spring as compared with drier areas. In general, the land-use potential is 

similar to that of the Hamilton land-system, but a little more diverse. 

Erosion 

Contrary to the situation in the Hamilton land-system, soil erosion in the Brauxholme land-system cannot 
be dismissed as light. Moderate sheet erosion exists throughout the land-system but is being diminished 
with increasing pasture improvement. The resulting surface run-off, together with some from the 
Hamilton land-system, has not produced widespread gullying as in the Glenelg land-system nor deep 
gullying of most drainage lines as in the Casterton land-system. However, some deep and wide gullies 
have been formed. It is a feature of the land-system, as well as of the sloping parts of the north-western 
areas of the Hamilton land-system, that most of them run quite straight and, clearly, are entrenched in old 
drains. It seems that the hazard of gully erosion is not so severe as in the Casterton land-system, because 
of better rainfall and more gentle and shorter slopes, so that gullies only originate from man-made drains. 
Nevertheless, where these drains have been made, the same processes of slumping as operate in the 
gullies of the Casterton land-system can produce the same startling results because soils in such low-
lying areas are similar. Fundamentally the answer to the problem is the establishment of better cover on 
the catchment and diversion of run-off from the drains with subsequent disposal at safe points. 

Salt patches are found at the bottom of some slopes and these probably would have been more severe had 
the soils in the lower positions been solodic soils rather than the prairie soils, chernozems and peats 

which they usually are. Amelioration of the salting is a matter of fencing off the salt patches, drainage 

and sowing the appropriate species. 

Summary 

Branxholme land-system is the rolling and undulating country where dissection of the earliest basalt flow 
of the Western District volcanic plains exposes underlying rocks. The chief soils are solodic soils 

including a minority of the Normanby family, with prairie soils, chernozems and sometimes peats in 

drainage lines. As in the Hamilton land-system, which forms the adjoining undulating plateaux, tall 

woodlands mainly of swamp gum were once widespread, but with grasslands or scrubs of tea-tree in the 
lower positions of the landscape. These woodlands were destroyed and replaced by grasslands of native 
grasses which supported Merino wool growing. The land is capable of being used more intensively for 
cross-bred wool growing, fat lambs, beef cattle raising and cash cropping; dairying is practicable in the 
south. On some properties this potential is being developed. Sheet erosion has been widespread and there 
is some gullying in old drains. In general, the greatest affinities of the Branxholme land-system are with 
the Hamilton land-system, but the features and potential of the former are somewhat more diverse. 



 

Fig 39 - Land-system diagram 



 

Plate 30 - Dunkeld land-system consists of undulating basaltic plains with occasional swamps, and 
formerly carried a woodland of red gums 

20. Dunkeld Land-System 

The greater part of the basaltic plains of western Victoria has a flat to broadly undulating surface, few 

swamps, occasional subdued stony rises and is only slightly dissected except near a few major drainage 

lines. In the survey area, about 20,000 acres to the north and 3,000 acres to the south-east of Hamilton are 
of this character and have been mapped as the Dunkeld land-system. The parent material for this system 
is Dunkeld basalt which extends beyond the area of the survey around Dunkeld, Penshurst and Mortlake 
to the east, and around the Grampians to the north. 

The parent materials are different from those of the Hamilton and Cobbobboonee land-systems, but 

similar to the Girringurrup and Eccles land-systems. There is no evidence of previous deep or intensive 
weathering of the basalt surface which later dissection has exposed as a remnant, and consequently there 
is no zoning of such parent material down a dissected slope. In contrast to the Girringurrup and Eccles 
land-systems however, there is evidence of different conditions or a longer period of soil formation 
because there is a greater difrerentiation of the horizons of the soil profile, and frequent accumulation of 
buckshot (ironstone) gravel. It is on the basis of this evidence and the relative degree of dissection that 
the Dunkeld basalt is considered to have been extruded later than the Hamilton and Cobbobboonee 
basalts but earlier than the Girringurrup and Eccles basalts. 

Freshly-weathering Dunkeld basalt, especially as floaters, may be present at the surface over the whole of 
the gentle slopes except in alluvial depressions or swamps. On the occasional stony rises, reddish 

chocolate soils are usually found, and in low sites, prairie soils, but most of the landscape carries solodic 
soils of the Normanby family, typically with abundant buckshot in the upper part of the profile. In many 
places, these solodic soils are gilgaied and an undulating boundary may be encountered between the A 
and B horizons. Dark cracking clays then appear on the surface, whilst basalt floaters are likely to be 
throughout the profile, and boulders are scattered over the surface. 

Grasslands or sparse savannah woodlands are typical of the Dunkeld land-system over the broader area 

of the Western District plains. In the survey area, however, sparse savannah woodlands with grassland 

understorey were the original vegetation-red gum (Eucalyptus camuldulensis) in the Croxton and 

Dunkeld land-units and swamp gum (E. ovata) in the Stratlikellar land-unit. Most of the trees have been 
cleared, leaving a grassland. 

Three land-units are mapped. Croxton land-unit is a flat ridge elevated above a swampy area within the 

Hamilton land-system and as mapped includes the escarpment of underlying material. Dunkeld and 

Stratlikellar land-units north of Hamilton are differentiated by the Dunkeld land-unit having in-frequent 

swamps, very slight dissection to the Wannon River and a different original vegetation. 



After settlement, the sparse savannah woodlands were dieal for Merino wool growing and much of the 
land-system is still used in this way.  Some areas are developed more intensively with annual and 
perennial pastures based on late annual sub-clover and perennial ryegrass, with fodder cropping and 

fodder conservation. Cross-bred wool growing and beef cattle raising may be practised when the land has 
been improved in this way, and these enterprises may become more general over the land-system. The 
soils have a good chemical status in general and good moisture holding capacities. In contrast to the "red" 
land of the adjacent Hamilton land-system, namely the areas of Hamilton loam and Monivae loam, the 
more subdued topography of the Dunkeld land-system, the generally heavier surface textures of its soils, 
and the impeded internal soil drainage combine to make it slower to respond in the spring, but it retains 
green feed for longer into the summer. Cultivation of the soil is more difficult than in the Hamilton land-
system. 

Because the slopes are subdued in the Dunkeld land-system the erosion hazard is not high. In the 

Dunkeld and Stratlikellar land-units, some sheet erosion on the slopes concentrates water in shallow 

drainage lines, and the danger of scouring is aggravated by the presence of salted areas. For reasons 

already explained, the worst incidence of catchment salting may be expected in the Cavendish-Balmoral 
district in shallow catchments where solodic soils are common. This district contains most of the 
Dunkeld land-system, and in that part there is some severe salting. Salt-affected areas could be improved 
by the establishment of a denser perennial cover on the catchment, the fencing of the affected areas and 
the sowing down of the incipiently salted part with the appropriate species. 

To summarise, the Dunkeld land-system is gently undulating basaltic country of the Western Plains with 
a few swamps and occasional creek-lines. It originally carried a sparse savannah woodland of red gum 
and native grasses ideal for Merino wool growing. Because the chief soils are fertile well-structured 
loams overlying clay, or dark cracking clays, annual and perennial pastures can be developed, with some 
fodder cropping to support cross-bred wool growing and beef cattle raising also. Erosion hazard is low 
but in some places there is salting of the soil. 



 

Fig 40 - Land-system diagram 



21. Gibbingurrup Land-System 

"Stony rises" is the term given to fairly recent flows of basalt which, on the local scale, have a rolling, 

rough and rugged topography and with surfaces, on the rises, which are covered by large boulders of 

basalt. The difference in height between the hollows and the rises may be up to thirty feet, and the 

distance between adjacent rises may be anything up to a few hundred yards but are often about fifty to 

one hundred feet. Some stony rises are very rugged and contorted, with unweathered basalt blocks 

prominently strewn over the surface; the Eccles land-system is an example. Others have smoother, more 
gentle topography and the boulders are rounded, partly weathered and less prominent. Stony rises of this 
latter type associated with Mount Rouse near Penshurst, south-east of Hamilton, have been called the 
Girringurrup land-system. 

They extend from around Penshurst southerly towards Port Fairy, and are bounded on the west for some 
distance by the Eumeralla River. Their western portion is in the survey area, covering about 21,000 acres 
in the parishes of Tallangoork and Clonleigh, all alienated, and there, only one land-unit of the same 
name as the land-system has been recognised. 

The land-system has been formed by flows of the Girringurrup basalt, presumably from near Mt. Rouse, 
covering a basement which towards the cast is Dunkeld basalt and towards the west is bauxitised 
Hamilton basalt. Between the rises of the Girringurrup basalt, the basement is close to the surface and 
where it is exposed and can be recognized over a big enough area, has been mapped as the appropriate 
land-system, but small areas may be exposed within the Girringurrup land-system as mapped. The 
basement is flat, so that although, locally, the Girringurrup land-system is quite rolling, regionally it is 
flat and therefore the drainage is internal and the original dissection has been modified only by very local 
downslope movement of weathered material and by infilling, but not by dissection. 

The pattern of components is simple and is based on the catena* of soils which is similar to part of a 

sequence described by Leeper, Nicholls and Wadham (1936) from a survey of basaltic country near 

Winchelsea. On the rises are reddish chocolate soils (Corangamite stony loam) first named from 

Winchelsea, with abundant roundered basalt boulders half buried in the soil, and abundant floaters. 

"Onion weathering" is a feature of the boulders. On the sides of the rises, the soils become darker until in 
the swales between the rises, they are black, heavy and cracking, sometimes with calcium carbonate ; 
they fall into the prairie soils or chernozem groups and are very similar to the Mooleric clay of Leeper, 
Nicholls and Wadham (ibid). In the wetter parts are meadow soils, similar to the Mooleric clay but 
having gley features also. The catena described above is similar to one commonly found on basalt in 
moderate rainfall areas, and the soils of the lower topographic positions can be interpreted simply as the 
infilling of internal drainage basins with the products of decomposition from higher catenary positions. 

The vegetation now is a grassland with only an occassional tree here and there, but the original parish 

plan of Tallangoork compiled in 1862, records for the part occupied by the stony rises the following 

description: "stony rises and marsh land; fair pasture; wooded with Acacia and Gurn". This probably 

means that the prairie, chernozem and meadow soils supported a wet tussock grassland, possibly of white 
tussock or snow-grass (Poa australis) and the stony rises a sparse savannah woodland of manna gum 
(Eucalyptus viminalis) and blackwood or lightwood (Acacia melanoxylon or Acacia implexa 

respectively). These relationships are shown diagrammatically in Fig. 40. 

Nearer to the presumed source of the rises, around Mount Rouse, the rises themselves are closer together, 
and the infilled swales occupy a smaller proportion of the whole. 

Chemically, the soils are fertile, particularly those in the hollows, which have large reserves of potassium 
and calcium, and are well supplied with nitrogen and organic matter. The Corangamite stony loam, 
although it has lower quantities of nutrients in the soil material itself, has abundant surfaces of freshly-
weathering basalt upon which the plant roots may feed. The stoniness of the rises, however, prevents 
cultivation of the Corangamite stony loam, except where much labour has been spent in gathering the 
surface stones together. Even on these areas the shallowness reduces the water-holding capacity of the 
soils resulting in lack of moisture during the summer. Moreover, the heavy texture of the periodically 
cracking soils in the swales restricts the period during which they may be cultivated and makes for severe 

                                                 
 Catena is a term introduced by Milne (1936) for a topographic association of soils, and is restricted here to a topographic 
association of soils on the one parent material and in the same climate. 



conditions for surface-rooted species at the end of the summer owing to lack of available moisture. 

Previously, Merino sheep thrived on this country and for much of it, fine-wool growing is still the chief 

land-use. However, parts of the land-system, particularly outside the survey area and to the south where 
the proportion of flats is greater, have been converted to farms carrying cross-bred sheep for wool 
growing and fat lamb production. Subterranean clover and ryegrass are the chief species on such parts 
with white clover as well, where there is dairying. 

Sheet erosion occurs on the rises, where slopes are steep but gully erosion and siltation are absent 

because the slopes are short and there is no drainage system. 

The land-unit and land-system may be summarised as smoothly-rounded stony rises with Corangamite 

stony loams and onion-weathered rounded boulders on the rises, with the swales filled in with clayey 

material which gives rise to prairie soils, chernozems and meadow soils. Erosion hazard on these soils is 
slight and in the climate of the area where they have been mapped, they can support cross-bred wool 

growing with fat lambs and dairying in parts. 



 

Fig 41/42 - Landscape diagram and Land-system diagram 



 

Plate 31 - The surface of the Eccles and Napier land-units is strewn with large boulders of basalt 

22. Eccles Land-System 

The most recent of many flows making up the huge areas of basalt in Western Victoria are some rugged 
stony rises associated with Mount Eccles and with Mount Napier. Stony rises are flows of basalt, the 
original configuration of which has not been much modified by weathering and which therefore have a 
rolling, rough and rugged topography on the local scale and basalt boulders covering the rises. Some 
examples which have been slightly weathered, such as those of the Girringurrup land-system, are 
correspondingly smoothed, with the hollows partly infilled. Others, subject to little weathering because 
of recent origin or climate, may be extremely rugged and contorted, with boulders strewn over the entire 
surface. The Eccles land-system is such, and forms a characteristic landscape known locally as "The 
Stones". There are two land-units, the Eccles and Napier. 

Eccles land-unit covers about 35,000 acres, of which 14,000 acres is Crown land and Forests 

Commission holdings. It forms a broad arc south-east, south and west of Mount Eccles, with a long 

tongue protruding southwards from Lake Condah, and finally becoming submerged by the sea near 

Tyrendarra. The Napier land-unit occupies over 20,000 acres; 7,000 acres is Crown land and Forests 

Commission holdings and the rest is alienated. It forms a rough circle of country around Mount Napier, 
with a long thin tongue extending westwards down a valley, to become submerged in the Louth and 
Condah swamps. The total area of the system therefore is about 55,000 acres, of which 34,000 acres is 
alienated. 

In places, the stony rises have an extremely rough and rugged topography on the local scale, and the 

surface is predominantly strewn with large boulders of basalt up to three feet across. Where the local 

topography is rugged, there are sudden rises and hollows up to thirty feet deep and up to one hundred 

feet across. Sides of the rises and hollows are very steep and sometimes nearly vertical. 

Several explanations have been offered for the contorted topography of parts o f the surface. E. S. Hills 

(1940 p. 189) postulates a "lava tunnel" under the newly formed skin of the basalt flow and its 

subsequent collapse after the molten lava had flowed out. He also considers that some of the ridges are 

the tongues of lava flows, whilst Boutakoff (1963) believes that pressure ridges "have formed on the 

sides of some of the flows". Lava blisters small domes of boulders, are thought to have been caused by 

the pressure of entrapped steam which lifted the congealing surface of the flow. Convincing examples of 
all types of suggested modes of formation have been seen in one or other of the land-units. These 

features have been preserved because of the very recent origin of the lava flows; this recent origin is 

shown by the surface boulders being angular and fitting closely into each other, by the boulders having 

been only slightly decomposed into soil with no filling-in of the swales, and by the fact that some trees 

appear to be the original colonists, as suggested later in this section. For the main part of the Eccles land-
unit, collapsed lava tunnels seem to have played the most important part, with pressure ridges locally 
important near restrictions to the course of flow. On the other hand, edges of lava tongues seem to be 
important in producing the ruggedness of parts of the Napier unit, as one has the impression of a series of 
steps away from the Mount. These features are portrayed in the landscape diagram, Fig. 41. 

 
The nature of the rock on the stony rises shows some variation (plate 39). At one extreme is moderately 
vesicular basalt, with the vesicles of varying size and discontinuous and the vesicle walls usually more 
than about 10 mms thick. The individual boulders of this type of basalt are generally fairly large, solid 



and blocky, and fit into each other very closely, in the flow. At the other extreme is scoriaceous olivine 
basalt, moderately to highly vesicular, with vesicles of varying size, generally continuous, but with a 
majority or the vesicle walls very thin, less than 5 mms and frequently less than 2 mms. The individual 
boulders of this material are rarely, more than 18 inches in diameter, usually 6 inches to 9 inches, of low 
density, jagged or roughly rounded and not fitting in with neighbouring boulders. Ropey lava, pahoehoe, 
is often found associated with this latter type. Between these two extremes is a continuous range of 
intermediates, but by far the greater part of the rocks examined during field traverses falls towards one 
extreme or the other, and in roughly equal proportions in the Eccles land-unit and possibly the Napier 
land-unit also. These differences in the rocks are chiefly physical, and hand-specimens show no obvious 
chemical differences, and all appear to be of the same composition as olivine basalt. 

There are two further land forms of small extent. One is the scoria cones small, steep-sided convex hills 
of which Mount Napier and Mount Eccles themselves are the highest, rising to about 350 feet and 250 
feet respectively above their surroundings; the others are smaller satellites of the Eccles group. These 
cones are composed of loose scoria of varying size, tuff and ropey lava, all interbedded, and some have 
craters and others have vents. Mt. Napier is the source of the surrounding stony-rise lava and it is 
possible, but by no means certain, that Mt. Eccles is on the site of the source of the stony-rise lava of the 
Eccles land-unit. The second land-form is the deposits of diatomite found on a few former lake beds 
amongst the stony rises, adjacent to Lake Condah. They form slightly elevated, springy banks of light 
grey silty material of very low density, and may be 6 feet or 7 feet thick. Surrounding such deposits are 
areas where the diatomite is thinner and mixed with soil weathering from the basalt. Before Lake Condah 
was drained, the seasonal water-table was higher than at present, and some adjacent areas of the stony 
rises, now dry, were swampy and water backed up the lava tunnels for some distance towards Mount 
Eccles. At some stage prior to white settlement, however, the regional water-table must have been much 
higher still, as shown by the deposits of diatomite, a lacustrine formation. 

Apart from the brown earths of very limited extent on the cinder cones and diatomite, the chief soils of 

the land-system are restricted to a fairly narrow range between two extremes. The extremes are both 

brown earths, the Napier stony loam and the Dunmore organic loam. Shallow and normal phases of the 
former type are arbitrarily separated by a depth of 9 inches to the solid bottom of tightly-packed basalt 
boulders. The Napier stony loam is found only on the blocky basalt with thick walled vesicles, whilst the 
Dunmore organic loam is found only on the scoriaceous basalt with thin-walled vesicles, except on the 
very steep sides and troughs of collapsed tunnels or flows, where it can be formed from the blocky basalt 
as well. Consequently, since the two types of rocks are the extremes of a range, so also are the Napier 
stony loam and Dunmore organic loam the extremes of a range of soils. Intermediate soils therefore are 
found, and the above descriptions should not be regarded as representing self-contained groupings. 
However, just as for the rocks, by far the greater part of the profiles seem to fall towards one extreme or 
the other, and in roughly equal proportions, at least in the Eccles land-unit. The shallow phase of the 
Napier stony loam forms a scattered small minority of the whole. It has been separated because the depth 
of soil is likely to be an important feature for the growth of pine trees. Information is lacking as to the 
precise depth which is critical, so an arbitrary depth of 9 inches, found to be critical for bracken, which 
occurs naturally, was selected to allow an easy preliminary assessment of the situation. 

Throughout the whole land-system, the vegetation is restricted to one association of one structural sub-
formation, namely, the manna gum (Eucalyptus viminalis) association of the tall woodland sub-
formation. The sole exception to this is the long thin tongue extending down the Byaduk valley to Louth 
and Condah swamps, and this tongue, apparently, has always been treeless. Blackwood (Acacia 

melanoxylon) and wild cherry (Exocarpus cupressiformis) are the only other trees in the association, and 
they occur sporadically but constantly throughout the land-system. Bracken (Pteridium aquilinum) and 
snow-grass (Poa australis) are the chief species of the understorey. The system is interesting in that it is 
the harbour, in the lava tunnels and caves, of rare ferns which have disappeared elsewhere in the Western 
District. For example, the fern Athyrium australe has been recorded only once previously in the Eccles 
land-unit, once in the Napier land-unit, and not at all elsewhere in western Victoria (Beauglehole and 
Learmonth 1957). Because of the disrupting effect of their boles and roots on the surface of the flow and 
the lack of similar disturbance between the trees, it seems that in some parts, the existing trees are the 
original colonists on the basalt. 

 
The climate of the land-system varies only slightly, from about 30 inches average annual rainfall for 

most of the Eccles land-unit, to about 27 inches for the Napier land-unit. Most of the Eccles land-unit 

would have a growing period of seven and a half to eight months for a shallow-rooted species, including 
three months, June, July and August with temperatures too low for vigorous growth, whilst the Napier 
land-unit probably has about a month less of growing period. 



Erosion hazard on the stony rises is completely absent except for the possibility of drastic mechanical 

disturbance of the Napier stony loam when exotic trees are planted. Should this happen, on the shallow 

phase of that type, the first few rains would wash the soil from the rocks downwards between them, 

leaving a jumble of boulders. 

Less certain is the potential of the land-system. It is an example of land which in the early days of 

settlement carried abundant grass and afforded good grazing, but which now has worsened to a stage 

where it is difficult to see a return to the former state. The great amount of work put into the building of 
dry stone walls which criss-cross the land-system is an indication of the value of the grazing in the early 
days. Repeated burning however, combined with the free drainage and high fertility of the soils, 

encouraged bracken, which can withstand burning and requires good drainage, at the expense of the 

white tussock grass (Poa australis) and probably of perennial herbs as well. Almost the whole area is 

now bracken dominant, and sheep do not get much more than a picking. Nevertheless, the land-system is 
still valued locally as country on which to run dry Merino sheep. 

Pines can probably be grown quite successfully. 

This land-system is one of those which have been examined later in this report in further detail to 

illustrate the application of the survey methods at the more detailed stage. The potential land-use is 

considered more closely in that section of the report. 

Both land-units, together with the stony rises around Camperdown and Colac, form a landscape which is 
unique in Australia. There are reports of the survival of koalas in the Napier land-unit. The best use of 
this country would be as a scenic, scientific and wild-life reserve. 



 

 
Fig 43 - Condah Swamp Land-System 



23. Condah Swamp Land-System 

In landscapes developed from volcanic rocks in south-western Victoria are drainage lines which have 

become blocked. The resulting swamps and lakes, if not too deep, support water-loving vegetation, the 

remains of which cannot be fully decomposed because of water-logging, and the soils which develop are 
peats. Areas of such peats have been mapped as the Condah Swamp Land-System and it includes about 
32,000 acres of land within the survey area, most of which is alienated. 

There is a number of separate areas of this land-system. The chief is the Condah Swamp, now drained, 

between Condah and MacArthur. It covers about 9,500 acres and occupies part of a major drainage line, 
deeply entrenched in the Hamilton basalt and regarded by Boutakoff (1963) as that originally carrying 
what is now the Wannon River before its capture by the Glenelg River. Stony rises of the Eccles land-
unit have blocked the channel just to the south of Lake Condah, which itself is simply the lowest and 
wettest part of the swamp. Lava flows extend up the valley for some distance and are mostly covered by 
the swamp deposits. Peats ramify up all the tributary drainage lines north of Wallacedale and merge 
imperceptibly with the long tongues of peaty prairie soils and chernozems typical of the valleys of the 
Branxholme and Hamilton land-systems. Elsewhere, however, the system is sharply-demarcated from the 
surrounding Branxholme land-system, the boundary being very clear on the aerial photographs. 

A nearby smaller area of 1,000 acres is the Louth Swamp west of Byaduk in one of the tributary valleys 
of the Condah Swamp. The blockage here is caused not by the stony rises of the Eccles land-unit, but by 
lava from Mount Napier which flowed down the Byaduk valley and backed up the Louth valley. A 
perusal of the map of the land-units makes this clear. 

Another major area is the large semi-circular Buckley's Swamp about six to ten miles south-south-west 

of Hamilton; together with adjacent swamps to the north, it covers about 10,000 acres. Blockage in this 
instance is probably by the eastern lava-flows from Mount Napier and a westerly tongue of the Dunkeld 
basalt in the parish of Croxton West which further curtails an already slow and internal regional 
drainage. 

Gorrie Swamp is a further example of the land-system just to the north of Bessiebelle. It extends up the 
valley of the Eumeralla River to become a narrow tongue below MacArthur and eventually merges with 
the lower components of the MacArthur land-unit. As mapped, it covers about 4,500 acres. The naturally 
poor drainage of the Heywood land-system around Bessiebelle has been even further impeded by the 
eastern tongue of lava flows from Mount Eccles, to form this swamp. 

Isolated small patches of the land-system are along the Eumeralla River, where the drainage has been 

blocked by the Girringurrup basalt, Whittlebury Swamp near Lake Condah, and Homerton Swamp. The 
latter is where the Fitzroy River and Darlot's Creek, draining the Cobbobboonee and Eccles basalts 

respectively, are impeded by the Tyrendarra flow of Eccles basalt. 

In all these areas, the topography is flat or almost so, with a slight rise towards the edges, although in 

some parts, the tops of lava flows may protrude. Most areas are now cleared and drained, but the original 
vegetation seems to have been a dense wet scrub of woolly tea-tree (Leptospermum lanigerum) and this 
is still found in some of the valley bottoms of the surrounding Branxholme and Hamilton land-units. 

Most soils fall into a range between the dominant carr peats on the one hand and prairie soils and 

meadow soils on the other, with occasional chernozems. The dense scrubs referred to above have formed 
the parent material for the carr peat, which is a rare soil in Australia, as most peats are fen peats or bog 
peats formed from reeds and mosses respectively. Surface horizons of this soil are the more peaty, 
mineral matter increases with depth and is virtually always of the very fine fraction because the soils of 
the catchment are volcanic. The transition to the prairie soils and meadow soils is marked by the mineral 
part of the soil becoming more important and the peat becoming more decomposed and smaller in 
quantity until it is represented by the high content of organic matter characteristic of surface horizons of 
chernozems and prairie soils. 



As discussed in the chapter on soils, the peats particularly, and the prairie soils also, are high in the 
nitrogen and potash and are reasonably well supplied with phosphorus. 
 
Minor components are the tops of stony rises protruding through the swamp deposits and the soils 

formed on them are usually brown earths. An unusual formation encountered elsewhere in the survey 

area only in the Eccles land-unit and found in the Condah Swamp system only near the junction with the 
stony rises, is diatomaceous earth, sometimes pure enough to be diatomite. This material is the massed 
skeletal remains of small diatoms which flourished in shallow lakes associated with basaltic rocks; the 
"soil" formed on the deposits is a grey laminated silt with some incorporation of organic matter in the 
surface. Diatomaceous earth may also be incorporated with the other soils of the land-system. In the 
Lake Gorrie Swamp, Boutakoff (1963) records volcanic ash as contributing to the soil material. 

The general relationships described above are shown in Figure 43. 

Little or no erosion hazard exists in this land-system, although the Condah Swamp is subject to 

occasional very severe floods, as run-off waters from a large area to the north are confined to its channel, 
and both siltation of the swamp and streambank erosion of the main drains may occur. When the peat is 
drained and becomes dried out, burning also is a hazard and a slow gradual humification is inevitable in 
any case. Nearby landholders report that already the surface level in the centre of the main Condah 
Swamp has been lowered by three feet since draining. Also, soil samples show a high salt content which 
is not surprising considering the area draining into the land-system; however, the very high exchange 
capacity of the upper horizons probably nullifies the danger. 

When drained, this land-system is of high productivity because of the richness of the soils, the abundance 
of moisture at depth, and the moderate and reliable rainfall which most parts of it enjoy. The Homerton, 
Gorrie and Whittlebury Swamps have about 30 inches average annual rainfall, the Condah Swamp 
between 28 inches and 30 inches and Buckley's Swamp about 27 inches. Nevertheless winter 
temperatures may be somewhat severe around Wallacedale and at Buckley's Swamp, owing to the low 
positions and distance from the coast. 

Condah Swamp itself was subdivided for close and intensive settlement, and some of the farms seem to 

have been too small, because they have since been consolidated into bigger holdings providing 

summer0grazing for cattle from the adjacent Branxholme land-system. Around Wallacedale, however, 

the original small-holdings persist, and here is one of the few localities in the survey where intensive 

mixed farming with cash crops and a variety of stock is practised. Dairy cattle and pigs are raised, onions 
are grown and roots for stock, and the grazing is based on perennial clover and ryegrass. On the 

consolidated areas used for summer grazing, the main problem seems to be to control the growth of rank 
species in the autumn and spring. Buckley's Swamp has been subdivided for dairying, and the Gorrie 
Swamp is similarly used. There may be room for more intensive management of high-grade pastures and 
a shift to meadow hay in some parts, but the difficulties of winter conditions on the peaty soils, even with 
drainage, are severe. 

The land-system may be usefully thought of as the distinct, swampy and low lying parts of a basaltic 

landscape where the soils vary from black cracking clays to black peat rich in bases. In country with slow 
regional drainage, the land-system takes the form of rounded swamps, and in dissected country, it 

occupies filled-in former drainage lines that have been blocked. After drainage, areas of this land-system 
have a high productive potential; however, there is a hazard of salting, the prospect of loss of material by 
humification or even by burning, and problems of management under severe winter and spring 
conditions. It differs from all the other peaty swamp land-systems by being essentially part of a basaltic 
landscape and with soils of a fertility in accordance therewith. 



 

Figure 44/45 - Landscape diagram and land-system diagram 



 

 

Plate 32 - A forest of messmate an narrow-leafed peppermint is characteristic of the Cobbobboonee 
land-system. It is a valuable source of hardwood timber 

24. Cobbobboonee Land-System 

The timber resources of south-western Victoria are limited. One hundred and twenty years ago, mature 

woodlands of almost pure red gum (Eucalyptus camaldulensis) stretched over big tracts of land, but such 
country was easy to develop into land ideal for Merino wool growing, and in the process virtually all of it 
has been alienated and most of the trees destroyed. Stringybark (E. baxteri), an excellent timber, grows 
extensively, but unfortunately chiefly on soils of low fertility, the nomopodsols, which produce a scrubby 
tree suitable only for posts and firewood. 

Messmate (E. obliqua) is the only other native species of milling quality in western Victoria. It requires 
moderate soil fertility, good soil drainage and high rainfall, and in the survey area this combination is 
found chiefly on the Cobbobboonee basalt to the greater part of which therefore the chief stands of native 
hardwood and the only substantial source of milling timber are restricted. 

Characteristic patterns of soil and vegetation are found on the Cobbobboonee basalt and the 

Cobbobboonee land-system is defined as the land which is predominantly covered by Cobbobboonee 

basalt and which receives average annual rainfalls exceeding 30 inches. Most of it is characterised also 

by dry sclerophyll forests in which messmate is a major species. 

Climate 

All the land-system receives more than 30 inches average annual rainfall and most of it more than 33 

inches whilst in some western parts the rainfall exceeds 35 inches. These latter parts, together with 

limited areas of adjacent country, probably comprise the only part of the survey area where rains 

sufficient for the growth of deep-rooted summer annuals can be expected. An assessment of the effect of 
the climate at Portland, which is in the land-system, on the growth-rate and production of some species, 
is shown in Fig. 9. Over most of the land-system the climate would be at least as favourable as at 
Portland and for the western parts, more so. 

Parent Materials 

Cobbobboonee basalt has been extruded over the west and north-west of the surface of the Normanby 

Platform forming a wide and stretching north-north-west from Portland towards Dartmoor. North of 

Heywood, the basalt covers the junction of part of the southern boundary of the Dundas Tablelands with 
the Normanby Platform. It caps Mount Clay and a small patch is exposed on Cape Bridgewater. Round 
swamps are occasionally found on the basalt but in two localities, around the township of Gorae and 
about nine miles north-west of Heywood, they are numerous and close together. 



Ortstein, a nodular ironstone, is common on the surface of the basalt, particularly in the upper parts of the 
landscape. This ortstein (plate 33) is rarely more than two feet thick, is pisolitic and sometimes the 

pisolites are cemented together to form a hard mass. In some places the ortstein is exposed at the surface 
in a massive form, but this is not common and the ortstein is more often found as a zone of loosely 
cemented and decomposing pisolitic ironstone gravel in the soil. Unweathered basalt may directly 
underlie the ortstein, but usually between the two is a zone of mottled clay merging into decomposing 
basalt. Even where there is no ortstein, there is often a distinctly and finely-mottled red clay with weak 
ironstone concretions. The ortstein is probably residual from a previous age when it formed a capping 
over at least part of the basalt. Neither the coarsely-mottled zone and pallid zone typical of classical 
laterite nor the deep kaolinitic weathering characteristic of the Hamilton basalt flow has been encountered 
beneath the ortstein. Dissection is generally slight and exposes fresh basalt. The inference from the lack 
of deep weathering and deep dissection is that the Cobbobboonee basalt was extruded after the period of 
lateritisation and also later than Hamilton basalt, whilst the presence of the ortstein and its position in the 
landscape suggests (Hallsworth and Costin 1953) an early or mid-Pleistocene age. 

 

Plate 33 - The basalt of the Cobbobboonee land-system has been weathered 
(probably during the early or middle Pleistocence, to give an ironstone formation known as orstein. This 
ironstone is the parent material for some of the soils of the land-system, and is shown here in the parish 
ofBalrook.) 

Beneath the basalt are the basement rocks of the Normanby Platform. These are chiefly Miocene 

limestone but north of Heywood there is a greater range of Tertiary rocks including sandy sediments and 
early Tertiary deposits. Dissection through this country therefore exposes, progressively, a thin capping 
of ortstein, basalt and finally Tertiary sediments, chiefly Miocene limestone. 

Basis of Subdivision 

Subdivision is according to the materials exposed and the presence of swamps. 

Since the Normanby Platform slopes gently down to the east, most of it is drained by easterly-flowing 

streams with headwaters well to the west. Dissection by these streams is mild and has not penetrated 

beyond the basalt into the Miocene beds except on the east or in the main stream lines. Areas where they 
have done so are similar to the shallowly-dissected parts of the Greenwald land-system and parts of the 
Heywood land-system; such areas have been mapped separately only where they form the greater part of 
the landscape as in the Springbourne land-unit. By contrast, on the western escarpment of the Normanby 
Platform, streams dissecting the basalt are short and deeply entrenched and the dissected areas, where 
extensive enough, have been mapped as the Crawford sub-system of the Greenwald land-system. 

North of Heywood the basalt generally slopes south from the Dundas Tablelands to the Normanby 

Platform, but on the northern perimeter of the basalt the slopes are towards the Crawford valley. Chief 

streams therefore flow south and because of the grade moderately dissect the landscape to expose a range 
of Tertiary sediments. 

 
Three sub-divisions of the Cobbobboonee land-system are recognized on the above basis. Cobbobboonee 
sub-system is generally slightly dissected and has frequent remnants of ortstein. Gorae sub-system is 
characterised by swamps and the Portland sub-system has more prominent slopes and few ortstein 
remnants. Further discussion is on this basis. 



Cobbobboonee Sub-System 

Three land-units compose the Cobbobboonee sub-system, namely, Cobbobboonee, Annya and Mount 

Clay. 

Cobbobboonee land-unit is the largest (115,000 acres) and is that part of the sub-system which is on the 

Normanby Platform proper. Belonging to the sub-system which is only slightly mildly dissected, the 

Cobbobboonee land-unit occupies the elevated perimeter of the tilted plateau on the west and southwest, 
stretching eastward and north-eastward until it encounters the more deeply-dissected Portland sub-
system. 

Cinder and lava cones such as Mount Kincaid occasionally stand up above the basalt flow. In a few 

scattered areas, low dunes and thin sheets of acid white sands cover the soils on basalt, and small 

amounts of such sand may have influenced the top soils over most of the land-unit. 

The characteristic and widespread feature of the land-unit however is the presence of ortstein or of 

strongly mottled red clay with weak concretions, in the upper parts of the slightly-dissected landscape. 

There, the Gorae and Cobbobboonee series of soils are common and frequently associated with ortstein 

and mottled clay respectively. They are medium-textured leptopodsols, the former with much gravel in 

the A horizon and in the top of the B horizon whilst the latter has less gravel and is redder or browner. 

Gorae series is the better drained because of the gravel, despite the redder hues of the Cobbobboonee 

series. Included in the Gorae series are profiles each with a thin veneer, less than 4 inches, of acid white 
sand, presumably wind-deposited and usually mixed with the surface horizon to form a greyish-brown 
gravelly sandy loam. Lower in the landscape are small areas of soils developing on freshly-weathering 
basalt away from the influence of the ortstein and mottled clay. Soils there are transitional krasnozems 
(see p. 281) named the Sherburn series. Fertility of these soils - the chemical status is moderately good 
except for a low phosphorus content, and the water-holding capacity is high. 

On these three series, the vegetation is closely related to the drainage and fertility status of the soil under 
the high rainfall of the land-unit, 32-35 inches. Apart from blackwood (Acacia melanoxylon) and wild 
cherry (Exocarpus cupressiformis) which are scattered over the whole land-system, there are five tree 
species, all eucalypts, in the land-unit and land-system. These are stringybark (E. baxteri), messmate (E. 
obliqua), peppermint (E. vitrea), manna gum (E. viminalis) and swamp gum (E. ovata) and their 
increasing tolerance of poor drainage is in the order in which they are named. Only the first two species, 
stringybark and messmate are likely to produce good milling timber. 

On the Gorae series, the first four of these species form a good tall dry sclerophyll forest with a sparse 

dry heath understorey including bracken; originally, messmate was probably dominant but much of both 
the Messmate and stringybark has been cut out for milling. Cobbobboonee series carries similar 

vegetation except that the first species, stringybark, does not grow because the series has a slightly more 
impeded internal drainage. The transition from the Cobbobboonee series to the Sherburn series in lower 
and wetter positions of the landscape is marked by the elimination of the second of the five species, 
messmate, owing to wetter conditions. This leaves only peppermint and manna gum in the association, 
the former dominant. In the Sherburn series, conditions are moist enough for manna gum to be dominant 
and also for the fifth species, swamp gum, to grow also; the heath understorey is thicker and contains wet 
heath species. In the lowest positions of the landscape (in the swamps or on the meadow and prairie soils 
developed from alluvium which covers the Miocene basement) only swamp gum and sometimes 
peppermint are found, together with a dense wet heath understorey, and form a swamp sclerophyll forest. 
This is a common component in the Heywood land-system. In the few places where dissection is deep 
enough to expose slopes, but not flats, of Miocene limestone, the vegetation is a dry sclerophyll forest 
dominated by peppermint; such a component is characteristic of the Greenwald land-system. 

Veneers of acid white sands odify this picture of the vegetation.  Wherey they are thin, the chief effect is 
to induce a denser heath undersorey but where they are thick they give rise to nompodsols.  As in the 
Kanawinka and Follett land-systems, these nomopodsols support a scrubby dry sclerophyll forest of 

stringybark, heath woodland of stringybark, or wet heath, with increasing wetness of site respectively. 

On the occasional cinder and lava cones, chocolate soils which cover the summit and upper slopes carry a 
tall woodland of manna gum; on the lower slopes are black cracking clays, namely prairie soils, which 
carry a forest or tall woodland of swamp gum. 



These relationships of geomorphology, soils and vegetation are shown in the land-system diagram (Fig. 

45) and the resulting components serve as a basis for considering land-use. 

The high rainfall of the land-unit, 32-35 inches, and the moderate fertility and reasonable drainage status 
of most of the soils have allowed good timber to grow, especially on the components characterised by the 
Gorae and Cobbobboonee series. Originally, practically all the land-unit was used for hardwood 
production, mainly messmate and some stringybark, and most of it still remains as State forest. It is the 
biggest single area, 37 per cent of the Reserved forests, in the survey area. 

For the same reasons of soil and climate, however, perennial pastures, some crops, fruit trees and exotic 
timber can grow forming the basis for intensive grazing of sheep and cattle, fruit growing, mixed fanning, 
and softwood forestry. Apple trees require soils of moderate fertility and reasonable drainage, and pines 
(Pinus radiata) need good drainage so that of the chief components, those carrying the Gorae and 
Cobbobboonee series are the best for fruit growing and pine production, the components with the Gorae 
series probably being superior for pines. Both components can support good perennial pasture and are 
therefore suitable also for fat lamb production, beef cattle raising and dairying. The component carrying 
the Sherburn series is probably unsuited to pine growing but can be used for fruit growing, intensive 
grazing and mixed farming. Those components in which the chief timber is swamp gum-the swamps or 
drainage lines are not however suitable for enterprises such as fruit growing, timber production and 
perhaps mixed farming owing to wetness, but they are most suited to intensive grazing, especially of 
cattle on perennial pastures, the more so if drained. 

It is interesting that in the high rainfall and subdued relief of this land-unit, where the chief soils are of 

moderate chemical fertility, their most important feature is the same as the most important soil feature in 
humid and temperate lands elsewhere, such as the British Isles, that is, the degree of natural drainage. 

Mount Clay land-unit resembles Cobbobboonee land-unit but it has more slopes. Also, Mount Clay has 
spread tuff over the landscape. Annya land-unit is more diverse and has a greater proportion of 

components which in Cobbobboonee land-unit, are present only occasionally. This is because it straddles 
the escarpment between the Dundas Tablelands and the Normanby Platform, and so has a steeper grade 
than the Cobbobboonee land-unit. Dissection is usually deeper and exposes not only Miocene limestone 
but also other beds, some of them sandy clays and some with deep red weathering. Consequently, as well 
as the Gorae and Cobbobboonee series, there are medium-textured leptopodsols developed on other 
materials, supporting the vegetation appropriate to the drainage status and fertility of the soils. The 
identity or affinity of these latter soil and vegetative components with some of those of the Greenwald 
land-system has led in some places to an arbitrary boundary between Annya land-unit and adjacent parts 
of the Greenwald land-system; the deeper valleys such as Sunday Creek are identical to the Greenwald 
land-system. Sheets of acid white sand are common in the Annya land-unit and some of the exposed 
basalt supports brown earths and not transitional krasnozems. 

Gorae Sub-System 

Large semicircular and shallow swamps surrounded by Cobbobboonee basalt are found in two localities. 
One is around the parish of Gorae, south of the Surry River, and has been mapped as the Gorae land-unit; 
the other is about nine miles north-west of Heywood and constitutes the Sinclair land-unit. The latter 
area is between the Springbourne land-unit and the Heywood land-system and is on the site of the 
previous course of the, Crawford River when it flowed through the channel of the Fitzroy River. 

In the Gorae land-unit, between the swamps carrying swamp gum and heath the land is mainly of the 
Gorae and Cobbobboonee series of soils with their characteristic vegetation. Apple orchards have been 
developed on these components whilst the swamps are suitable only for intensive grazing on annual 
pastures. The land-unit is therefore a complex of the extremes of drainage status. Sinclair land-unit has 
not been developed intensively, possibly because veneers of acid white sands are more common there 

and the land-unit is remote from the Portland market. 

Portland Sub-System 

In the Portland sub-system there are few ortstein remnants and the topography is rolling. The flow on the 
Normanby Platform contains two such areas and another is associated with the flow in the Annya land-
unit. Of the former areas, one is around Portland itself oil the eastern extremity of the flow and the other 
is between the Cobbobboonee land-unit and the Springbourne land-unit, south-east of Dartmoor. The 
third area is on the south-western edge of the Annya land-unit. All three localities are mapped as the 
Portland land-unit and the last two at least can be interpreted as being the result of dissection which has 
removed a former ortstein capping. Around Portland, sink-holes about 100 yards across are found where 



the limestone is near the surface. 

Transitional krasnozems (Sherburn loam) are the characteristic soils, developed on basalt and with 

freshly-weathering basalt boulders and floaters in the profile. There are some profiles with A horizons 

which are lighter-textured, greyish and contain buckshot. In the low parts of the rolling landscape, soils 
are darker, and in the lowest parts are prairie soils and meadow soils. As on similar soils in the 

Cobbobboonee sub-system, the vegetation is a dry sclerophyll forest of manna gum and peppermint with 
some swamp gum; there is some messmate on locally dry sites and swamp gum is frequent in low sites. 

Fruit growing, fat lamb production, beef cattle raising, dairying and mixed farming are practised in this 

land-unit which probably has the most versatile potential in the survey area. 

A further area of the land-system with closest affinities to the Portland subsystem is on Cape 

Bridgewater, and is named the Cape Bridgewater land-unit. There, the Cobbobboonee basalt which 

apparently underlies most of the areas of Kanawinka, Nelson and Discovery Bay land-systems 

immediately west of Portland, is exposed on the surface as well as on the cliff-faces. It is thick and the 

surface rises to more than 400 feet at the summit, forming a gently rolling topography. Indurated 

calcareous dunes flank the basalt and in a few places there is a thin veneer of calcareous sand from the 

adjacent Tarragal land-unit. Soils on the basalt where not covered by sand are chocolate soils; where 

covered, it is usually by layers of brown or black sand which if thick enough can be regarded as sandy 

rendzinas or sandy brown earths. The original vegetation, which was probably a scrub of coastal tea-tree 
with manna gum has been largely cleared; the land-unit is farmed and has been since the early days of 
settlement. 

Erosion 

The high rainfall of this land-system and the moisture-retentive soils combine to encourage a protective 

vegetative cover. Only with severe topography is serious sheet or gully erosion likely, but dissection in 

the land-system has been, at the most, moderate. In contrast to the situation on the more steeply-dissected 
Greenwald land-system, a hazard of gully erosion exists in the drainage lines where there is steeper 
dissection than usual, but except for drains and roadsides, is of little consequence. 

Summary 

Cobbobboonee land-system has a high rainfall, all of it with more than 30 inches and most with more 

than 33 inches. Chief parent material is Cobbobboonee basalt and the land-system is co-extensive with 

the area of that basalt flow. The basalt covers the western and south-western parts of the Normanby 

Platform and part of the southern edge of the Dundas Tablelands where they drop onto the Normanby 

Platform north of Heywood. A feature of the basalt is the widespread occurrence of remnants of ortstein-
nodular ironstone and finely mottled red clay with weak ironstone concretions. These materials 
contribute largely to the dominant soils of the land-system which are gravelly mediumextured 
leptopodsols (Gorae and Cobbobboonee series). There are a few transitional krasnozems (Sherburn 
loam) on basalt and meadow soils in depressions, and nomopodsols are on scattered areas of windblown 
sand which also has affected the surface horizons of the chief soils. Three sub-systems are recognized on 
the basis of the material which is predominantly exposed and on the presence of swamps. Native 
vegetation on the gravelly leptopodsols is a good quality tall dry sclerophyll forest of messmate, 
peppermint and manna gum and in the lower sites of manna gum and swamp gum. 

 
The high rainfall and moisture-retentive soils allow perennial pastures to be developed on nearly all 

components; intensive grazing can therefore be practised, but the drainage status of the soils is the most 

important feature which differentiates the value of the components for other enterprises. This is indicated 
well by the native vegetation. Thus, those components carrying messmate are suitable for fruit growing, 
native hardwood, forestry, softwood forestry and mixed farming as well as for grazing; the components 
with peppermint or manna gum, but not messmate, are suitable for fruit growing and mixed farming as 
well as grazing, whilst the components with swamp gum and wet heaths are suitable only for intensive 
grazing. The common features of high rainfall and retentive soils on all components create a low erosion 
hazard. 



 

Fig 46/47 - Landscape diagram and land-system diagram 



25. Greenwald Land-System 

In south-western Victoria, there is rolling sedimentary country under moderately high rainfall, with soils 
of moderate fertility and which carries forests or tall woodlands of peppermint and manna gum with 
some swamp gum and messmate. This situation is virtually restricted to where the Normanby Platform 
(Fig. 10) or the southern edge of the Dundas Tablelands are dissected to expose early and mid-Tertiary 
sediments. Consequently, examples of such country may be found scattered through the Cobbobboonee 
and Heywood land-systems and southern parts of the Branxholme and Glenelg land-systems. Where this 
kind of land forms the greater part of the landscape, however, it has been mapped as the Greenwald land-
system. The name is taken from a small hamlet between Heywood and Dartmoor. 

Cobbobboonee basalt covers the higher, western part of the Normanby Platform and part of the southern 
fringe of the Dundas Tablelands, and the Greenwald land-system is defined as areas beneath the level of 
the Cobbobboonee basalt where underlying sediments, chiefly early and mid-Tertiary, are exposed. 

Cobbobboonee basalt is hard and not easily weathered whereas the underlying sediments are soft and 

quickly dissected. Consequently, as for the Glenelg land-system, an escarpment is formed along the edge 
of this land-system where it joins the basalt or tablelands, and the steep slopes of the juvenile stages of 
dissection persist until the hard capping has been removed. The land-system has been subdivided 
according to steepness of dissection into two sub-systems. The first is Crawford, characterised by 
juvenile dissection with prominent escarpments, generally narrow valleys and by many of the slopes 
being steep and long; and the second is Springbourne with more mature dissection, gentler slopes and 
wider valleys. The land-system is discussed further on this basis. 

Crawford Sub-System 

The long and steep slopes typical of the Crawford sub-system are found in three localities within the 

Greenwald land-system. 

(i) The western edge of the Normanby Platform overlooks the Follett Plains by an escarpment 

about 400 feet high which has resulted from the Kentbruck and Drik Drik faults. The Crawford 
River flows along the junction of the northern flank of the Normanby Platform and the southern 
edge of the Dundas Tablelands, onto the Follett Plains, and has cut a valley nearly 300 feet 
deep in the northern part of the escarpment. There, however, the valley is narrow, despite its 
being wide upstream. This is because, as shown by Kenley and described by Boutakoff (1963), 
the original course of the Crawford was not onto the Follett Plains, but was south from what is 
now Lower Crawford Homestead through a series of swamps to link up with the valley of what 
is now the Fitzroy River. This stream was subsequently captured just south of Lower Crawford 
by a tributary from the Glenelg at Dartmoor which was dissecting rapidly upstream. 
Consequently, the section of the present Crawford River below the point of capture and above 
the fault escarpment was and still is much more juvenile and the dissection therefore much 
steeper. The Greenwald land-unit includes this juvenile section of the Crawford River together 
with a small section above Lower Crawford and some of the fault escarpment itself. The 
Crawford catchment upstream however, with more senile topography, is in the Springbourne 
sub-system. 

(ii) A second locality is south of Whittlebury Swamp in the parish of Condah and is mapped as the 

Whittlebury land-unit. Here, the escarpment of the presumed fault, marking the southern edge 

of the Dundas Tableland at its junction with the Normanby Platform, shelves rather gently to 

the south. Steep and deep dissection, comparable to the steepest parts of the Greenwald land-
unit, has resulted from the Whittlebury Creek cutting back from a well-entrenched valley on the 
east (the continuation of the valley of the Condah Swamp which now carries flows of the 

Eccles basalt). However, some of the dissection on the cast of the land-unit, including the old 

Aboriginal Reserve, is more mature and the gentle southerly slopes of the escarpment are less 

severely dissected. Deep weathering of the sediments of these latter slopes is a prominent 

feature; it may be a relic of late Tertiary weathering preserved by the locally gentle topography. 



(iii) The slopes around Mount Clay form the third locality, mapped as the Ettrick land-unit. Faulting, 
not dissection, is the cause of the escarpment, and dissection has been purely local on the 
escarpmented slopes. In contrast with other land-units in the sub-system, the slopes of the Ettrick 
land-unit have been influenced by tuffs and local lava flows from Mount Clay and also by some 
acid white sands; these deposits cover the sediments in parts. 

These three land-units together form the Crawford sub-system of 26,300 acres extent. Their common 

features are geomorphological. The physiography is broadly similar-escarpments are prominent, valleys 
narrow and most slopes steep and long, resembling the southern land-unit (Digby) of the Glenelg land-
system and parts of Branxholme land-system. Tertiary sediments which are exposed have a consistent 
range of lithology including sandy sediments and limestone although there are differences in the minor 
parent materials. Over all the sub-system the average annual rainfall exceeds thirty inches, reaching 
thirty-five inches in part of Greenwald land-unit. 

The narrow range of rainfall and a consistent range of lithology result in a limited range of soils. The 

chief soils are medium-textured leptopodsols and in a few localities, soils intermediate between these and 
solodic soils. Minor soils are usually of Order VII and include brown earths with chocolate soils and, on 
the basaltic tuff, transitional krasnozems; meadow soils are frequent on the valley floors and sometimes 
contain ironstone. The nutrient status of most of these soils is moderate and certainly not low; this is 
important because the combination of climate and soil physical features allows prolonged seasonal 
growth and therefore intensive farming with its heavy demand on soil nutrients. 

The combination of wet climate and moderately fertile and deep soils has also produced the characteristic 
vegetation of this sub-system a dry sclerophyll forest dominated by peppermint (Eucalyptus vitrea) with 
manna gum (E. viminalis) and messmate (E. obliqua) as the chief associated tree species and with swamp 
gum (E. ovata) in the wetter sites such as drainage lines or valley floors. Messmate is in drier sites, 
particularly on the well-drained soils with clayey subsoils and manna gum is on soils of good fertility if 
they are well-drained. Blackwoods (Acacia melanoxylon) may be associated with swamp gum in wet 
positions especially on fertile soils of Order VII (the Earths). In the most favoured parts, these latter 
species form a luxuriant wet sclerophyll forest, and tree-ferns (Dicksonia antarctica) are found, although 
very rarely, in sheltered and fertile sites in the Glenaulin Lower Crawford area. Woolly tea-tree 
(Leptospermum lanigerum) is also present in the wettest sites and after the landscape has been cleared it 
regenerates, to form thickets in drainage lines and soaks, the whole appearance of the landscape being 
reminiscent of parts of the Otways or Strezlecki Ranges. Messmate is the chief commercial timrer of 
these species and is milled, although there is not much of it in the sub-system, a good deal of which has 
been cleared for grazing. 

The most important feature for land-use is the climate, in conjunction with the soils, particularly for the 

Greenwald and Ettrick land-units. There, not only is the rainfall high but the chances of receiving 

summer showers are higher than for most other places in the survey area. The effect of this is that not 

only can perennial pastures contribute feed throughout the summer months but also that summer fodder 

crops can be grown if they can tap sufficient reserves of soil moisture. For this, deep-rooted species and a 
moderately deep soil containing, some clay in the subsoil are needed. Such soil features are common in 
the sub-system. 

Much of this sub-system therefore has a high potential. Originally, cleared areas were used for Merino 

wool growing, cross-bred wool growing and some dairying, on native pastures. Improved perennial 

pastures can be established, particularly on the gentler slopes, to support cross-bred wool growing with 

fat lambs, beef cattle raising and dairying. On cropping areas on gentle slopes or valley floors, summer 

fodder crops and cash crops can be grown. 

It is not difficult to maintain a vegetative cover with the high rainfall, and the erosion hazard after 

clearing is correspondingly low. Long and steep slopes however create a hazard despite the favourable 

climate, and in the steepest parts of Greenwald and Whittlebury land-units, there is a moderate gully 

erosion hazard, manifested on cleared areas, and occasional earth flows. In Ettrick land-unit, there is 

some roadside erosion. 

Springbourne Sub-system 

Land where dissection beneath the level of the Cobbobboonee basalt has produced gentler slopes than in 
the Crawford sub-system is identified as the Springbourne sub-system. 



An undulating to gently-rolling topography is typical, apart from the escarpment adjoining the tablelands, 
and in the Hotspur land-unit, there is also a wide main valley. There is a number of such localities 
throughout the Cobbobboonee landsystem where it is dissected more deeply than usual, particularly the 
Sunday Creek Valley near Annya and in the north of the parish of Cobbobboonee. These could logically 
have been mapped as the Springbourne sub-system at a larger scale of mapping. Extensive continuous 
areas however are found in parts of the catchments of the Crawford River above its point of capture and 
these, totalling 47,000 acres, make up the sub-system. 

Two distinct areas are involved. The smaller is the catchment of the Springbourne Creek, south-east of 

Lower Crawford, mapped as the Springbourne land-unit. Most of this land-unit has a gently-rolling 

topography with occasional small remnants of basalt. It carries medium-textured leptopodsols, some soils 
intermediate between these and solodic soils and brown earths on the basalt remnants. A dry sclerophyll 
forest of peppermint and swamp gum is typical, with manna gum on the richer and drier sites and 
messmate on the drier sites. Tall and dense scrubs of woolly tea-tree follow drainage lines and other wet 
spots. In the north-east of the land-unit, towards the Annya escarpment, are sheets of acid white sands 
with nomopodsols supporting heath woodlands of stringybark. Much of the land-unit is uncleared, but 
there is no doubt that in the 32-33 inch rainfall those parts not covered with acid white sands, can be 
developed to cross-bred wool growing with fat lambs, beef cattle raising or dairying on perennial 
pastures. 

The larger part of the subsystem is the main valley of the Crawford River around and beyond Hotspur as 
far as the plateau of the Hamilton land-system; it includes the area between the right bank of the Upper 
Crawford River and the Dundas Tablelands in the parish of Winyayung. All of this has been mapped as 
the Hotspur land-unit but it is rather more diverse in its features than the other land-units and overall is 
somewhat different. The escarpment is usually distinct but not prominent and sometimes is absent as to 
both the south-east and north-west of Hotspur. Any steep slopes are confined to the peripheral 
escarpment itself and elsewhere most slopes are gentle. In the north-east, the land-unit merges into the 
Morven land-unit of the Branxholme land-system and the river is an arbitrary boundary. In fact, the 
Hotspur land-unit is itself transitional in character between the rest of the land-system and the 
Branxholme land-system. Scattered areas of acid white sands are near the Winyayung land-unit. A 
distinctive feature of the land-unit is the wide main valley in which there are remnants of old alluvial 
terraces. On parts of these are boulders of ortstein (nodular ironstone), probably representing a former 
swampy valley floor or lake-bed. It may be similar in origin and age to the ortstein sometimes found in 
the Heywood land-system and perhaps also to that associated with the Cobbobboonee basalt. 

Some of the Hotspur land-unit, which has an average annual rainfall as low as 29 inches, is drier than 

other parts of the land-system, and this may be responsible for the differences in soils and vegetation. 

Solodic soils, and soils intermediate between these and the leptopodsols of the other land-units, dominate 
most sites away from the low positions where there are meadow, alluvial and prairie soils. Originally, the 
vegetation was probably a tall woodland of manna gum, swamp gum, some peppermint and snow gum 
(E. pauciflora) on the gentle slopes. It thins to a savannah woodland on the wetter parts of the valley 
floor. On steeper parts, the association becomes more dense, forming a dry sclerophyll forest and 
includes messmate but not swamp gum. The undulating old terraces with ortstein boulders, intermediate 
solodic-podsolic soils and remnants of woodlands of snow gum and swamp gum strongly resemble the 
Homerton land-unit of the Heywood land-system. 

Much of this land-unit, particularly the valley floor, was cleared early after settlement and was used for 

Merino wool growing. Pastures of perennial and late annual species can be established for cross-bred 

wool growing with fat lambs and for beef cattle raising. 

In the Springbourne sub-system, although the gentle slopes are less conducive to erosion hazard than are 
the steep slopes of the Crawford sub-system, thu lower rainfall, by contrast, accentuates the hazard. 

Consequently, in both sub-systems, the range of erosion hazard is similar. Thus, Hotspur land-unit, with 
gentle slopes but the lowest rainfall of the Springbourne sub-system, has a moderate sheet and gully 
erosion hazard, similar to the hazard in Greenwald land-unit, which has the steepest slopes in the well-
watered Crawford sub-system. Most other parts of both sub-systems, however, have a low hazard of 
sheet and gully erosion. 



Summary 

Rolling country of Tertiary sediments exposed by dissection or faulting, in moderately high rainfall in 

south-western Victoria, once supported forests or tall woodlands in which the chief species was 

peppermint. Manna gum, swamp gum and sometimes messmate were associated with the peppermint, 

with woolly tea-tree in the wet sites. Such country occurs in small areas in low parts of the 

Cobbobboonee land-system but where it forms a continuous stretch it has been mapped as the Greenwald 
land-system. Soils are mainly medium-textured leptopodsols and soils intermediate between these and 
solodic soils. Brown earths and meadow soils are less common. 

Two sub-systems, the Crawford and Springbourne, are steeply rolling and gently rolling respectively and 
are linked with the history of faulting and dissection. Most parts except the driest or steepest have a high 
agricultural potential based on perennial pastures, and the best-watered localities can grow summer 
fodder crops. There is scope for development. Sheet and gully erosion hazard varies from low to 
moderate according to steepness of slope and dryness of climate and is manifested in a few parts. 

In brief, the land-system is well-watered and well-timbered, rolling, sedimentary country with moderately 
good soils, fairly high agricultural potential and low to moderate erosion hazard. 



 

Fig 48 - Drumborg Land-system 



26. Drumboug Land-system 

Just to the north of Heywood and rising about 450 feet above it is Mount Eckersley, a volcanic hill 

composed of lava, cinders and tuff. It merges into surrounding rolling areas which are sharply defined 

from the flat Heywood land-system on the south and east but which themselves merge into the 

Cobbobboonee land-system on the north and west. Mount Eckersley and its surrounding rolling areas 

constitute the Drumborg land-system. 

This land-ystem is closely associated with the Cobbobboonee land-ystem and could logically have been 

mapped as a sub-system of the latter because Mount Eckersley is essentially similar in character to 

smaller volcanic hills, such as Mount Kincaid, in the Cobbobboonee land-system. It is sufficiently 

extensive however, to warrant being mapped separately at this scale of survey. 

On Mount Eckersley itself, there are steep concave slopes and the chief soils are reddish and normal 

chocolate soils, frequently thin, and with lava sometimes exposed at the surface. According to local 

residents the original vegetation, very little of which remains, was a tall woodland of manna gum 

(Eucalyptus viminalis) with scrubs of she-oak (Casuarina stricta) on the drier and stonier sites. This 

vegetation resembles that originally described by Mitchell (1839) for Mount Napier, which is another 

volcanic cone of lava, cinders and tuff. 

The chief soils of the rolling areas surrounding the hill are krasnozems or transitional krasnozems. The 

latter however, are not the Sherburn series but are developed on previously-weathered red clay, as are 

also a minority of the transitional krasnozems in the Cobbobboonee land-ystem. In depressions and in the 
concave drainage lines, are prairie soils. No analyses have been made of soils from this land-system but 
similar soils from nearby have moderate levels of nutrients and good water-holding capacity. Original 
vegetation on the rolling areas was probably a dry sclerophyll forest of manna gum, peppermint (E. 
vitrea) and some swamp gum (E. ovata) with swamp gum predominating in the low or wet sites. Some of 
this vegetation remains. 

Where the land was cleared it was used for Merino wool growing and is now used for Merino and cross-
bred wool growing. Most parts are probably capable of supporting cross-bred wool growing with fat 
lambs or beef cattle raising. 

The climate favours a good vegetative cover but steep slopes create an erosion hazard, both because the 

soil and herbage dry off more quickly and because the run-off can accumulate with greater volume and 

velocity. There is a moderate gully erosion hazard therefore on the slopes around Mount Eckersley and 

this is manifested particularly along roadsides. 

In brief, the Drumborg land-system is a volcanic hill with surrounding rolling country composed of lava, 
cinders and tuff, giving rise to moderately fertile soils and carrying a forest of manna gum mainly. It is 
capable of moderately intensive grazing and the steeper parts have an erosion hazard particularly along 
roadsides. 



 

 

Fig 49 - Lowan Land-system 



 

 

Plate 34 - The Lowan land-system is a plain abounding with swamps, has some low parallel ridges 
and supported woodlands of gums 

27. Lowan Land-System 

In the extreme north-west of the survey area is the south-westerly extremity of a land-system which is 

extensive in tile Shire of Kowree, the Lowan land-system. 

Where it is widespread, as in the Shire of Kowree, the Lowan land-system is a regionally flat plain of 

Miocene limestone abounding with circular swamps and carrying parallel ridges running in a north-
north-westerly direction. Regional drainage is very slow and is confined to the lines of circular swamps, 
or through the swamps into the underlying limestone, thus feeding the artesian basin of southern South 
Australia. The only dissection pattern is a very weak one on the south-western edge, back from the 
Kanawinka fault. The ridges, composed of sandy material, are fairly prominent in the north and east of 
Kowree Shire, and evenly spaced at intervals of about one mile, but further west they become less 
prominent, and further south they are more diffuse and irregular. Consequently, in the part of the land-
system lying within the survey area, the slight irregularities of relief can barely be recognized as part of 
the ridge system, which in fact they are. Moreover, in this part of the land-system, there is weak 
dissection back from the Kanawinka fault by streams such as Mosquito Creek. 

All that part of the land-system which is in the survey area falls into the Apsley land-unit. This, as 

described in a previous report on the soils of Kowree Shire (Blackburn and Gibbons 1956), is a generally 
flat plain, elevated above the coastal plains to the west and separated from them by the Kanawinka fault. 

This particular part of the land-system therefore may be regarded as a slight but extensive plateau. It has 
numerous shallow swamps, slight rises, and is weakly drained by streams from the west. In the survey 
area, it occupies about 52,000 acres, virtually all of which has been alienated. 

Soils are chiefly brown solodic soils and solodised-solonetz, developed upon either the limestone or the 

Pleistocene veneer covering it. In the swamps, some of the soils are gilgaied solodic soils and others are 
mottled organic sands and sandy clays, which come into the category of meadow soils. On the slight 
rises are brown solodic soils with rather deeper A horizons. 

Vegetation is fairly uniform throughout the Apsley land-unit, and is predominantly red gum (Eucalyptus 
camaldulensis) in savannah woodland formation. Yellow gum (E. leucoxylon) is found also and the pink 
gum (E. Jasciculosa) is occasional on drier sites such as the deeper solodic soils on rises. Heath species 
are generally absent now, and grasses, both native and introduced, are dominant under the red gum; 
honeysuckle (Banksia marginata), according to early records was prevalent in the under-storey or 
ground-storey but is now rare. The whole land-unit is the more northerly counterpart of the gum flats of 
the Rosencath and Kanawinka land-units. In these gum flats, grasses are characteristic of the ground-
storey, as opposed to heaths for other components of the Kanawinka land-system. 



The pastoral potential of the unit has always been regarded as high, as shown by the very high 

proportion, 97.5 per cent, of occupied country and by the generally extensive clearing. Until about fifteen 
or even ten years ago, most of the grazing was on native pasture. However, the soils respond quickly to 
improvement with superphosphate and clovers, and now there are only small areas left of native pastures. 

The soils are moderately fertile and quite capable of easy development to grass and clover pastures and 

to crops, in the moderate but reliable 24-inch rainfall. Kybibolite Research Station in South Australia is 
on somewhat similar country, and has demonstrated the capabilities of the area; most of the findings 

coining from that Station would apply to the Apsley unit. Beckwith and de Vries (1959) have shown the 
low reserves of potassium and copper in the surface of the solodised solonetz soil of the Kowree Shire 
part of this unit, and this probably means that these elements will become deficient when farming 

becomes more intensive. These workers found reserves of potassium in the clayey subsoil, but 

considered that poor aeration in the A, horizon would prevent pasture species from using these reserves. 
These views may not apply to deep-rooted species. 

Cultivation or cropping is not widely practised but as the area is suitable for the production of meadow 

hay, fodder crops and even cash crops, it is likely that these enterprises will become much more 

important. Low-lying areas and swamps, which do not produce much now, can become an asset if sown 
to perennial clovers such as strawberry clover. The suggestions made for the Strathdownie land-system 
regarding impounding of swamp water and irrigating of the swamp beds apply equally to this land-
system. 

The erosion hazard of the north-eastern land-units of this land-system is moderate. It decreases to the 

south and west, however, so that in the Apsley land-unit it is very low because here, the slopes are 

neither steep enough nor long enough for concentration of rapidly moving water, nor is there a sufficient 
source of sand capable of being blown. The Mosquito Creek is an exception, and is slightly eroded. 

To summarise, the Lowan land-system is a regionally flat plain of Miocene deposits covered with a 

veneer of Pleistocene deposits, and the Apsley land-unit at its south-western extremity forms a slight 

plateau bounded by the Kanawinka fault line. It abounds in numerous shallow, seasonal, circular 

swamps, has a few slight rises and is characteristically timbered with red gum. The solodic and 

solonetzic soils and moderate but reliable rainfall combine to make it excellent grazing country capable 

of more intensive farming. There is very little erosion. 



 

 

Fig 50 - Grampians Land-system 



 

Plate 35 - Mount Dundas, with the Grampians in the background, viewed from the eastern edge of the Brim Brim 
plateau across the rolling Glenelg land-system 

28. Grampians Land-System 

North-east of the survey area lie the Grampians Ranges, rearing abruptly from the plains in a striking series of peaks 
stretching away to the north. They have a number of westerly outliers of diminishing size, and the most south-westerly 
of those, the Dundas Range, is in the area covered by this report. It is regarded here as a single land-unit belonging to 
the Grampians land-system which is much more extensive in the Grampians Ranges themselves and was first 
identified and mapped there by Sibley as the Grampians Ranges land-system. 

Dundas Range is similar to the main Grampians Ranges in its rock, soil and to a certain extent, vegetation. It lacks, 
however, the characteristic "cuesta" of the main ranges, that is, the long gentle dip slope parallel to the tilted strata, 
with a steep escarpment and scree-slope on the other side. The Range rises above the surrounding lateritised 
tablelands. Steep slopes on the side of the Range become more gentle towards its base which then gradually merges 
with the tablelands. It is about eight miles long, two miles across at its widest point, and extends in a north-north-
westerly direction. The centre is a low saddle between a ridge to the north and a higher peak to the south, the latter 
about 700 feet above the level of the surrounding plains, and the highest point in the survey area, 1,535 feet. The land-
system covers about 5,200 acres in the survey area, half of it Crown land, and half of it alienated. 

Upper Devonian to Lower Carboniferous sandstones are the chief rock type and the soils to which they give rise are 
lithosols and leptopodsols. The former, consisting largely of greyish-brown sandy loams overlying broken or solid 
sandstone, are found more frequently towards the higher parts and on the steeper slopes of the range, whilst the 
leptopodsols are on the lesser slopes, nearer the base of the range. The soils support chiefly a short dry sclerophyll 
forest which, on the rockier or more exposed places is lower and more open, forming a dry scrub, and in the better 
situations becomes taller to form a dry sclerophyll forest. Stringybark (Eucalyptus baxteri) and some long-leafed box 
(E. elaeophora) are the chief tree species, with wild cherry (Exocarpus cupressiformis) in places. Red gum (E. 
camaldulensis) on the surrounding plains extends up the slope somewhat, and intermediate between it and the heath 
woodland is swamp gum, especially in the wetter places such as soaks. Many of the heath species common in the 
Grampians are found, particularly Leptospermum juniperinum, L. myrsinoides, Platylobium obtusangulum, Astroloma 
conostephioides and Xanthorrhoea spp. 

No analytical data are available for soils from this range, but similar soils from the Grampians Ranges themselves 
show low quantities of most plant nutrients. It is possible that improved pasture may be established on the 
leptopodsols, but annual clovers would probably have to be the basis of them. These soils should also be able to 
support pines. 

The hazard of water erosion on slopes exceeding 7 per cent is severe, despite the possibility of establishing improved 
pasture on the leptopodsols. On the lithosols, the hazard is more severe. 



PART IV 
THE DETAILED APPLICATION OF THE SURVEY 
METHODS FOR SPECIFIC PURPOSES 



29. The Use of the Survey Methods for Specific Purposes 

When a survey of land-systems or land-units has been made, further detail can be obtained quickly in any 

particular area. This more detailed study need be undertaken only where it is needed for some particular purpose 
of land-use and only to the degree of detail required. Limited survey resources are thereby used more efficiently 
to promote the best use of limited resources of land. 

Four examples of more detailed study of parts of the area are provided. 

1. The preliminary stages of the land-system survey drew attention to a substantial area of what was then 

under-developed land at Kentbruck, between Portland and Nelson. More detailed investigation of this land 

provided a precise delineation of groups of land-components on which experimental plots were later established. 

2. The Forests Commission wished to expand its programme of planting pines in south-western Victoria. 

The only areas available were Crown land. Two areas of Crown land near MacArthur, belonging to the Eccles 

land-system, were examined in rather more detail than usual for a land-unit stage of survey, to elucidate the 

inter-relationships of the land-components and the various features of the environment. Recommendations were 
made to the Forests Commission on the basis of such an investigation, without further delineation within the 
land-unit. 

This particular project is an excellent example of how this method of land study can, for the following reasons, 

facilitate detailed investigations. In the stony rises of the Eccles land-systern there are two chief rock types, two 
chief soil types, three major topographic situations and three vegetation sub-associations. In one way or another, 
each of these features is significant for land-use, and if it were decided to map them all, provision would have to 
be made for the thirty-six possible combinations of the various features. However, because of inter-relationships 
of the various features, most combinations do not exist; in fact, only five have been encountered, and they can 
be indicated on the land-system diagram. In this way the diagrams can, without obscuring the inter-relationships 
of the environment, form a simple basis for considering the suitability of the area for pines. (Fig. 42). 

3. Around Dorodong, to the west of Dergholm, an area of Crown land had already been selected for 

subdivision into a settlement. At the time, a land-system survey of the general area was in progress, and it was 

possible to use the information obtained from some experimental plots in the same land-systems, but located 

outside the area proposed for settlement. This information, together with the experience of local settlers and an 

examination of the soil features, allowed the potential of the various components to be gauged. After groups of 

components had been delineated for the area proposed for settlement, it was then possible to recommend certain 
changes to the proposed subdivision. 

4. The final example of the detailed application of the methods of survey is provided by a brief account 

of the way in which a request was met for an assessment of the capability of all Crown lands in south-western 

Victoria to grow pines and pastures. 

In the rest of Part IV, the four examples mentioned here, Kentbruck, the stony rises, Dorodong and the Crown 

lands assessment, are discussed to show the detailed application of the methods of survey. 

 
Plate 36 - The Kentbruck Heath land-unit is a large and elevated sandy plain of scrubby heathlands, with 

numerous swampy depressions. 

 
 



30. An Investigation of the Potential Land-use at Kentbruck 

by 

Frank R. Gibbons, Alex. Mitchell and R. G. Downes. 

The land-units concerned in this investigation are the Kentbruck land-unit, which is part of the Nelson land-
system, and the Kentbruck Heath land-unit which is part of the Kanawinka land-system. Both lie to the north-
west of Portland about half way to Nelson. The road from Portland to Nelson skirts the southern edge of 

Kentbruck Heath about 25 miles from Portland, descends the escarpment at the western edge and winds its way 

across the rolling Kentbruck land-unit towards the South Australian border. 

The Kentbruck Heath land-unit is a large sandy plain of scrubby heathlands perched on the uplifted south-
western extremity of the Normanby Platform, overlooking the rolling dunes of the Coastal Plains about 300 feet 

below, to the west and south-west. It occupies nearly 24,000 acres, and of this, 6,000 acres is alienated. 

The rolling dunes immediately surrounding the escarpments make up the Kentbruck land-unit, which extends 

from near Bridgewater Lakes in a thin strip and widens near Kentbruck on both sides of the Glenelg River. It 

occupies nearly 52,000 acres, of which more than 22,000 acres is alienated. 

Miocene sediments, chiefly limestone, form the basement throughout this part of the survey area, but this 

basement has been broken into two quite separate levels by the Kentbruck fault which runs southward, and by a 

south-easterly continuation of it, known as the Bridgewater fault. 

The higher level is to the east, forming the Normanby Platform, and Parts of it have been covered by flows of 

Cobbobboonee basalt which, in the northern parts of the Heath, extend westward to the edge of the escarpment 

itself. Swamps have been formed on both the basalt and the Miocene sediments of the Normanby Platform, and 

so swamp deposits now remain. 

To the west and south-west of the escarpment are the Follett Plains and there indurated calcareous dunes overlie 
the Miocene basement. Acid white sands, probably originally derived from the calcareous dunes, have been 
blown up the scarps of the Normanby Platform and spread out as dunes and sheets over the plain on top of it to 
form the greater part of the present surface cover of the Kentbruck Heath. Orange sands, also derived from the 
calcareous dunes at a later stage, have been piled up as steeply-rolling dunes on the Follett Plains and form the 
chief parent material of the Kentbruck land-unit, covering both dune limestone and acid white sands. They 

extend to the base of the escarpment, and sometimes to the top of it, but rarely onto the heath itself. 

The two land-units differ, the Kentbruck Heath being flat, poorly-drained and of strongly acid sands, whilst the 

other, Kentbruck, is rolling, well-drained and predominantly of sands which are only slightly acid. 

The Kentbruck Heath is the wettest part of the survey area; it receives more than 36 inches average annual 

rainfall (Fig. 2) mostly in the winter but there are significant summer showers. The Kentbruck land-unit does 

not receive as much rain as the Kentbruck Heath land-unit, but virtually all of it has an annual average of more 

than 30 inches and most of it more than 32 inches. Winter temperatures are more moderate than those of inland 

areas, and the effect of both the rainfall and temperature regimes is that active growth can be expected for at 

least eight months over most of the Kentbruck land-unit on moderately-drained sites. On wetter sites, the 

growing period is later but shorter. 

Because Kentbruck receives more rain than Portland and has similar temperatures, the curves of potential 

growth-rate at Kentbruck are likely to be at least as favourable as those estimated for Portland (Fig. 9). The area 
around Kentbruck probably has the most favourable climate for the growth of leafy perennials in the whole 

survey area. 

Kentbruck Land-unit 

The features of the Kentbruck land-unit which makes up the Kentbruck sub-system, or zone three of the Nelson 

land-system. Here the chief features are briefly described again. 

(i) Topography, Soils and Vegetation. - The Kentbruck land-unit consists of steeply-rolling dunes of 

orange sand. Dune limestone is exposed sporadically on the upper slopes; travertine (a carbonate horizon from 

former soils) is found at the surface in places and acid white sands or intermediates between them and orange 

sands may occur in low sites. 



Soils in the land-unit vary with parent material. The chief soils are sandy iron leptopodsols which have been 

derived from orange sands. Although these soils vary slightly in their degree of leaching, texture, and in the 

presence and depth of clay in lower horizons, the Kentbruck loamy sand is typical of them, with an A horizon 

about nine inches deep and with a clay layer at about ten feet below the surface. Soils of this group with clay 

nearer the surface, such as the Caroline sand, are found mainly towards the north-western part of the land-unit. 

Analyses indicate that the soils are not well supplied with nutrients and need phosphorus and most likely 

potassium. On the dune limestone are terra rossas, mostly sandy such as Nelson sandy loam, with somewhat 

higher nutrient content, whilst the acid white sands give rise to sandy nomopodsols which are very poverty-
stricken. On the intermediate sands, the soils which have been developed, such as the greybrown variant of 

Caroline sand, (deep phase), (Murray 1958), have properties intermediate between the leptopodsols and 

nomopodsols. 

The original vegetation of the land-unit was a dry sclerophyll forest or tall woodland in which the chief tree 

species are stringybark (Eucalyptus baxteri) and manna gum (E. viminalis) with some peppermint (E. vitrea). 

Manna gum is more frequently encountered than stringybark on the neutral or alkaline soils, whilst the reverse 

is true on acid and poorer soils, provided they are not too wet. There is a sequence therefore from manna gum 

and some peppermint on the terra rossas, through stringybark and manna gum on the sandy leptopodsols, to 

stringybark alone on the nomopodsols, and the nature of the soil is indicated fairly well by the timber. Bracken 

is prominent in the understorey, particularly on the leptopodsols and nomopodsols. 

Only part of this land-unit retains the original timber as some areas were once farmed and since abandoned. 

Since about 1950, as a result of the eradication of rabbits, the regeneration of wattle and shrubs has been rapid, 

and by 1960 these species virtually covered what was unused treeless country ten years previously. In 1961, 

only about 9,000 acres of undeveloped, cleared or regenerating land remained in this land-unit, and of that 3,000 
acres was Crown land, 2,000 acres Reserved forest and 4,000 acres alienated. 

To summarize, the biggest part of the Kentbruck land-unit consists of the slopes of rolling dunes where orange 

sands have given rise to sandy leptopodsols. These originally carried a tall woodland or dry sclerophyll forest of 
stringybark with some manna gum and an understorey in which bracken was and still is prominent. 

(ii) Experimental work. - In the part of the land-unit south of the Glenelg River, most of the cleared 

country was unimproved until a few years ago and was used only as rough grazing or winter country for stock 

from properties elsewhere. Carrying capacities were low, establishment of the better species almost impossible, 

and coastiness, a stock disease caused by lack of cobalt, was prevalent. The land is now being reclaimed. 

Experiments were begun in 1954 on the chief land-component to find out which species of legumes and of 

grasses would grow and the fertilizer and cultivation treatments necessary. The main findings are briefly given 

here. 

(1) Pasture establishment. - Clover can be established and will grow satisfactorily with the addition of 

the nutrients copper and phosphorus. Potassium gives a significant added growth response. Zinc has a restrictive 
effect without copper, but has a markedly beneficial effect when used with copper. This effect is noticeable only 
after the first year because it affects the setting of the seed. 

Potash deficiency is probably marginal because, although responses are obtained to applications of potassium 

sulphate at 56 lb per acre, there is no further response from an application at 112 lb per acre. This accords with 

the analyses, which suggest marginal quantities, but which also show very little reserves. White clover 

(Trifolium repens) persists; but it is not nearly so vigorous as the Mt. Barker and Bacchus Marsh strains of 

subterranean clover (T. subterraneum). In the first year of establishment, response to fertilizer is most marked 

by the growth of cluster clover (T. glomeratum), and it is not until the second year that subterranean clover 

dominates. 

By contrast with the clovers, lucerne (Medicago sativa) responds to dressings of lime, as well as to 

superphosphate and copper on the sandy leptopodsols. Where lime has been applied, it is a prolific perennial 
species which can tap the water in the deeper horizons. It does well without lime, however, on the deeper terra 
rossas. This situation arises from the slight acidity (pH 6.6) in the surface soil of the sandy leptopodsols, which, 
although not inhibiting the growth of lucerne, restricts it. The deep-rooted perennial grass, cocksfoot (Dactylis 
glomerata), grows well and persists. 

Establishment does not need much seed-bed preparation, and although best results would follow light cultivation 
after burning, satisfactory establishment can he achieved by sowing with a combine directly into the undisturbed 
sand, or simply by broadcasting the seed and fertilizer and then harrowing lightly to cover the seed.Bracken may 
be a problem in some areas, but generally it is not very vigorous and would be controlled by competition from 



sown pasture and by stock trampling it ; bracken benefits the clover in the early stages of establishment by 
providing shelter. 

Summer showers and sub-surface moisture keep lucerne growing throughout the summer, and cocksfoot also to a 
lesser extent. In autumn, annual clovers can respond quickly to the break of season because of the sandy nature 
of the soil. The break usually occurs in late March in this area, but can occur as early as late February. Growth, 
although at a reduced rate, still continues throughout the winter because of the relatively mild temperatures 
coupled with adequate moisture and good drainage. In spring, however-about mid-September to early October 
there is a flush of growth as the well-drained and light-textured soil is quick to respond to rising temperatures. 
Thereafter, growth diminishes, as shown by the curves of estimated potential growth-rate for Portland (Fig. 9), 
until late summer, when green feed is limited to that from the deep-rooted perennials only, such as lucerne and 
cocksfoot. 

With the correction of soil deficiencies, the land-use can be diversified towards, mixed farming, the rotation 

being based on the regenerative phase of improved pasture. Cash crops like potatoes can be grown if nitrogen, 

phosphorus and potassium be applied, and indeed, to grow them before pasture establishment may pay for the 

cost of fertilizers, the residual effect of which remains for subsequent pasture regrowth. Peas, roots and other 

fodder crops, especially lucerne on limestone soils, are all practicable. 

(2) Pines (Pinus radiata.) - Information on the requirements of P. radiata is reviewed on, and it may be 
concluded that soils like the Sandy leptopodsols are suitable at Kentbruck where the rainfall exceeds 32 inches. 

 

 
 

 
 

Fig 51/52 - Landscape diagram and land-unit diagram 



On top of the plateau, acid white sands form sheets and low dunes. Higher dunes, exceeding twenty feet, are 

formed only near the source of the sands and where winds are strongest, such as towards the western escarpment 
and on the edges of the wind tunnel formed by the valley of the Moleside Creek. This pattern is portrayed by the 
landscape diagram (Fig. 51) which emphasizes that the chief characteristics of the land-unit are the regional 
wetness and the poverty of the surface sands. 

The acid white sands are the chief parent material of the Kentbruck Heath; some of the sheet-sands however are 

brown and less acid. Therefore the range of soil and site conditions on the heath can be shown by two 

sequences. One is on the acid sands from the top of one of the high dunes through low dunes to the middle of a 

swamp which may contain clayey deposits, and the other is on the less-acid sands through a smaller range of 

slopes. Such sequences are shown diagrammatically in Fig. 52, with seventeen land-components numbered. 

Components 1 to 12 are the fundamental sequence on the acid sands, and components 13 to 16 are on the less-
acid sands. Component 17 is widespread on the Cobbobboonee land-system and is found as isolated patches in 

the east and north of the Kentbruck Heath land-unit. 

Iron nomopodsols are restricted to the steeper dunes, humus nomopodsols to the slopes and at the foot of the 

lesser dunes, and the widespread sheet-sands have produced marsh soils. Where the sheet-sands are acid white 

sands, the soils are acid marsh soils as in components 7 to 10, but where they are less acid, the normal marsh 

soils are formed, as in components 13 to 15 which are more common on the eastern side of the land-unit. 

Prolonged seasonal water-logging is a characteristic feature of all the marsh soils. The chief of these are the 

strong acidity and the extreme poverty in phosphorus, calcium and potash in all horizons except the surface 

horizon, where there may be an accumulation of potash. 

Minor soils on the heath are brown earths, near Mt. Kincaid, and some acid brown earths. 

The vegetation association provides a close guide to the soil and site conditions, and the land-unit diagram (Fig. 

52) shows the details of the correlation between the vegetation and the components. 

Some individual species are also useful indicators. Oak bush (Casuarina distyla) seems to be restricted to soils 

which are not strongly acid, and may indicate areas where lime is not needed. Paper barks (Melaleuca squarrosa 
and M. squamea) grow chiefly on soils which need drainage for most pasture species, especially if the paper 
barks are the dominant species of the association; button grass (Dactyloctenium spp.) on the; other hand, 
indicates wet conditions, but probably not the need for drainage. Yacca (Xanthorrhoea australis) grows over a 
range of water conditions, but never in the wettest sites, Tea-tree (Leptospermum juniperinum) has a wide range 
of conditions of wetness and fertility, but L. myrsinoides avoids the drier sites. Sphagnum moss which is very 
rare in western Victoria, is found in permanently wet sites in the course of the upper reaches of the Moleside 
Creek in this land-unit. 

The prevalence of stunted forms of the eucalypts (Plate 36) reflects the severe conditions of wetness, soil 

acidity, exposure, or a combination of these. When approaching the limit of tolerance of severe conditions, E. 

baxteri, E. vitrea and E. kitsoniana, and to a lesser degree E. viminalis, assume the forms of mallees and 

whipstick mallees, resulting in the community having the structure of a mallee heath. Bush fires have probably 

imposed a further strain on the eucalypts, and a combination of exposure and fires may account for the mallee 
form of the eucalypts in some situations and their absence from the windward side of the steep dunes. 

(ii) Experimental Work. - Experiments were begun in 1953 to determine the suitable species for pastures, 
best methods of clearing, methods of seeding, fertilizer requirements and optimum rates of fertilizers. The 
experiments were carried out on components 7 and 8 (acid marsh soils carrying wet heaths and mallee wet 
heaths of grass tree, tea-tree, button grass and stringybark or peppermint) and on component 14 (normal marsh 
soils carrying wet heaths of tea-tree, grass tree, button grass and oakbush). The chief conclusions are given here. 

(1) Cultivation and nutrient requirements of pasture: A vigorous sward of perennial grasses and clovers 
can be established on component 7 by the use of superphosphate, lime and copper. All these three fertilizing 
elements are essential for pasture growth on these soils. The necessity for lime can be contrasted with the 
situation on the orange sands where lime is needed only for the establishment of lucerne. The reason is  the high 
acidity of the Kentbrutk Heath sandy loam (pH 4-0-4.6), compared to the slight acidity of the Kentbruck loamy 
sand (pH 6.6). 

Much preliminary cultivation is needed, and the best method appears to be the use of a large disc plough in the 

autumn and the leaving of the vegetation to dry out during the following winter and spring before burning in 

summer. With this method, re-ploughing early in the second autumn is followed by working-down with a disc 

cultivator and harrow prior to sowing. A delay of a year is essential between the first cultivation and sowing to 

allow the excess organic matter to decay and the carbon-nitrogen ratio to drop. 



The best method of sowing is to drill the seed and fertilizer in; this may not be practicable however, because of 

the amount of trash on the ground. Alternative methods are to use a drill with the boots removed and hoses 

trailing to band the seed and fertilizer, or simply to broadcast the seed and fertilizer onto the ground with a 

spinner; light harrowing completes both the latter methods. 

 

Initial rates of fertilizer required per acre when broadcast-sowing are 4 cwt. of superphosphate, 7 lb. of copper 

sulphate and 15 cwt. of high grade crushed limestone. With drilling or banding a better seedling establishment is 
obtained when a 50-50 lime and superphosphate-with-copper mixture is used at the rate of 4 cwt. per acre with 
the added broadcasting of 2 cwt. of superphosphate. With this method however, the application in the second 
year of 10 cwt. of lime is required to prevent pasture deterioration. 

 

Plate 37 - Pastures of white, red and strawberry clovers, cocksfoot and ryegrass can be developed on the 
Kentbruck Heath. 
(Compare with plate 36) 

Subsequent annual topdressing with superphosphate at the rate of 2 cwt. per acre has been found necessary to 

maintain the vigour of the sward. 

A marked response to potassium occurred in experimental plots sown in 1954. However, although further plots 

were established to determine the most effective rate of potassium application, no further response occurred nor 

were deficiency symptoms prevalent. In spring 1960, on a plot which has been grazed by sheep and cattle for 

several years, there were general symptoms of potassium deficiency in the clovers. This is in accord with the 

analyses (Appendix II), which show that whilst there may be an accumulation of that element in the surface six 

inches, there is nevertheless a dearth elsewhere in the profile, and in some seasons the marginal deficiency may 

be more apparent than in other seasons. There is no doubt that regular additions of potassium will be needed 

after a short time of intensive farming on this soil. 

On component 14, that carrying the normal marsh soil, experiments have similar results except that lime was not 
required for clover establishment although a growth response was obtained to lime in the first year of 

application. In later years lime had no effect on total growth but altered the composition of the pasture by 

increasing red clover (Trifolium pratense) as opposed to other clovers and grasses. A similar effect was recorded 
when zinc was added. The addition of lime and zinc may be worthwhile to increase the growth during late 
summer by stimulating the development of the late-flowering red clover. 

An analysis of the composition of the sward on this soil strikingly demonstrated the capacity of lotus major 

(Lotus uliginosis) to grow and dominate the pasture where no copper is added. The main effect of copper is to 

allow clovers to replace lotus major. A practical significance of this is to include a small proportion of this 

species in the seed mixture to overcome any uneven distribution of copper and because it can withstand wet 

conditions. 

 
(2) Moisture status for pasture of the various components:  With these treatments, perennials such as 
white, red and strawberry clovers (T. fragiferum) cocksfoot (Cadtylis glomerata) and ryegrass (Loloium 
perenne) can be grown but some parts are too wet for strawberry clover, and the wettest parts require drainage 

even for that species. The components of the sequence where drainage is needed are numbers 10, 11 and 12 (see 
Fig. 52). Components 1 to 5 are much drier, probably too dry for shallow-rooted perennials, and much poorer in 
nutrients than the similarly-drained orange sands. Annuals, may grow on components 4 and 5, but probably are 
not satisfactory on components 1, 2 and 4, as the sands of these latter components dry out completely during the 
summer because of their low water holding capacity-the result of lack of clay or organic matter in the profile. 

(iii) Erosion hazard. - On components 1 to 5, particularly components 1, 2 and 3, some wind erosion may 

follow cultivation. Bracken is absent on the white sands of the heath, even on the drier sites, and cannot protect 



the surface. On the other components, the hazard is slight except where water is concentrated on tracks or in 

drains. In these places, however, even on slight slopes, gullying can occur because the structure of the coarse 

sandy soil disintegrates easily. 

(iv) Detailed mapping of coinponents. - Although most of the individual components can be delineated 

with the aid of stereo-pairs of aerial photographs and check visits to the field, it is much quicker to recognize and 
map groups of components with similar land-use features. 

This has been done for the whole heath (Plate 38) in five groups as follows : 

a. - components 1, 2 and 3, chiefly. 

b. - components 4 and 5, chiefly. 

c. - components 5 and 7, 15 and 16, chiefly. 

d. - components 8, 9, 13 and 14, chiefly, with some 6, 7 and 15. 

e. - components 10, 11, and 12, chiefly, with some 9 and 13. 

 

Plate 38 - Map of the Groups of Land-Components on part ofKentbruck Heath 

The land-unit diagram (Fig. 52) gives the relevant details of these groups, but the chief land-use features are 

summarised in Table 14, together with the approximate area of the Heath which they occupy, in the Crown land 

portion only. The distribution of these groups of components over the south-western part of the land-unit has 

been mapped directly onto the aerial photographs and is shown in Plate 38. It should be noted that the soils 

which do not require lime (mostly in group d), are not separated from those which do. This is an inherent 

deficiency in the method of photo-interpretation for this particular land, and only a ground survey can separate 
them. If, however, as seems likely, oak bush (Casuarina distyla) is an indicator of soils which are not strongly 
acid, then such a ground survey can be done easily. 
 
(v) Potential of land-unit. - Pastures developed on the low-lying soils covering the bulk of the land-unit 
respond quickly to any late summer showers and to the autumn break, much as do the perennial grasses on the 
orange sands. However, owing to their poor drainage, they become too wet and cold for much growth in winter 
and remain so well into spring; they only start to respond to the higher temperatures at about the time when the 
pastures on the orange sands have reached their zenith. Once the excess moisture has gone, there is a vigorous 
growth and soil moisture supplies are sufficient to keep the pastures green well into the summer; after this, they 
dry off gradually, responding to any of the summer rains which are a feature of the area around Kentbruck, Drik 
Drik and Lyons. 

The land-unit, therefore, is essentially spring, summer and autumn country as far as feed is concerned, and the 
conditions for stock are also easier then. 



Need for Integration of the Land-units 

The Kentbruck land-unit has the disadvantage of drying off in mid and late summer, whilst the Kentbruck Heath 
land-unit is excessively wet during winter and early spring with little growth and bad conditions for stock. On 
the other hand, the Kentbruck land-unit has reasonable conditions for stock and growth of feed during the winter 
and early spring, whilst the Kentbruck Heath land-unit has a high summer potential. They are complementary 
therefore, and used together can produce more than if managed independently. Also, the key to successful 
farming on the Heath may well be fodder crops and cash crops, and in the early stages at least, these can be 
raised more easily on the orange sands. 

Any settlement scheme for Kentbruck Heath would certainly be the better if as much as possible of the 

Kentbruck land-unit and other drier and neighbouring land-units such as the Richmond and Gorae land-units 

were included even if this entails resumption of those parts which have not been acquired for pine plantation. 

The result could be an area of balanced mixed farming based on rearing sheep for meat, cattle, and the milking of 
dairy cows. Fodder crops like meadow hay, lucerne and roots, with cash crops of potatoes and peas, could be 
raised. The size of blocks depends upon whether or not the two types of country are included. If the heath alone 
were subdivided, then about 320 acres would be a fair average for a living area, it would be less with the groups 
d and e, whilst on the orange sands alone, about 500-600 acres would be sufficient. An ideal combination, 
however, would be 100-150 acres of the heath with about 300 acres of the Kentbruck or other bordering land-
units. 

It may be that the demand for softwoods will lead to much of the orange sands, which evidently are very suitable 
for pines, being used for plantations. It would, however, be unfortunate if so much of the Kentbruck land-unit 
were taken over for pines, that there were not enough left nearby to complement and benefit the agricultural 
development of the heath. It appears that this situation is likely to arise. 

In any development plan for the Kentbruck area, consideration should be given to the need to reserve some of it 

as parkland. The Kentbruck Heath is unusual on the Australian mainland. Sandy heathlands are extensive in 

southern Australia, but most are in fairly dry country; at Kentbruck they are found in wet and exposed conditions 
and there the soils, vegetation and ecology are quite different from those of most other sandy heathlands. Sandy 
acid marsh soils are uncommon elsewhere in the mainland, and some plant species found on the land-units, such 
as the tree ferns, sphagnum moss and bog gum (E. kitsoniana) as well as the unusual formations of vegetation are 
rare in western Victoria. An area on the west, to include the headwaters of the Moleside Creek, would retain 
these features without preventing development of the normal marsh soils and other less acid soils on the eastern 
and south-eastern sides. 

SUMMARY 

This chapter has attempted to show how the geomorphological history has led to the formation of two adjacent 

but quite different types of country, unused or but little used. One is flat, swampy and heathy, with poverty-
stricken and strongly acid sands, and the other is rolling, well-drained and of slightly acid sands which are 

deficient in some nutrients. 

The methods of survey described earlier have led to the two areas being recognized as land-units of two different 
land-systems, and have allowed the chief components of each to be defined. Further investigations, including 
experimental work and more detailed mapping, have been on the basis of the components recognized during the 
broader-scale survey. They have given enough information for methods to be worked out for developing land-use 
to higher levels of productivity, based on improved pastures, fodder crops and cash crops. An integration of the 
two land-units seems to offer the best land-use. 



Table 14 - Land-use features of groups of components in the Kentbruck Heath Land-unit 

Of Crown Land Part of Unit 

Mapping 

Unit 

Symbol 

Land-components 

Involved 

General Land-use Features 

Percentage 

Approximate 

Acerage 

A Chiefly 1, 2 and 3 Unsuited for pasture, owing to a combination of dryness, exposure and low fertility; pines 
very doubtful; some erosion hazard from wind; best left undisturbed or used for homestead 
sites 

3.9 550 

B Chiefly 4 and 5 

Possibly suited for sub-clover but with high fertilizer costs; possible carrying capacity when fully 

improved, two sheep/acre; phosphorus, copper, zinc, potash and possibly lime needed; a slight 
wind erosion hazard along tracks; good for sheep-camps and homestead sites 

20.6 2,900 

C Chiefly 6 and 7 

Satisfactory for perennial clovers without drainage; phosphorus and copper needed; carrying 
capacity when fully improved, three sheep; no erosion hazard, probably not too wet in winter, lime 
needed in some cases; fat lamb and dairying land 

10.8 1,500 

D 

Chiefly 8 and 9, 13 and 14 
(possibly some scattered 10, 
6, 7 and 15) 

Satisfactory for perennial clovers with drainage; although local areas may be too swampy; carrying 

capacity when fully improved, three sheep; no erosion hazard except along tracks; probably very 
wet in winter; phosphorus and copper needed, lime needed in some cases; fat lambs and dairying 
country 

55.1 7,700 

E 

Chiefly components 10, 11 
and 12, with some 9 and 13 

Drainage needed in general for satisfactory establishment of most perennial clovers, 
carrying capacity, three sheep; wet in winter even with drainage; phosphorus and copper 
needed, lime sometimes; no erosion hazard; fat lamb and dairying country 

9.5 1,300 



31. An Investigation of Stony Rises for Pine Growing 

In the Eccles land-system, which comprises stony rise country, are two areas of Crown or Forest lands. One 

occupies about 14,200 acres in the Eccles land-unit and the other about 7,400 acres in the Napier land-unit. 

Most of the Crown land of both land-units has been leased for grazing at some time, and old dry stone walls 

abound in it. There are abundant indications in the nature of the vegetation that fires have constantly ravaged 

both areas. The general ecology of the Eccles land-system has been described previously but some further detail 
is presented here. 

Features of the Environment 

The two land-units have similar parent material, chief soils and vegetation; the inter-relationships of these are 

the same also. The difference between the two land-units is largely a matter of the average annual rainfall and 

the proportion of the various land-forms. 

Although both land-units are predominantly of stony rises around a volcanic cone of scoria and lava flows, the 

Eccles land-unit has expanses of stony rises stretching away from Mount Eccles on a very gentle grade, whereas 

in the Napier land-unit, the elevation of the stony rises increases markedly towards Mount Napier, as also does 

the ruggedness of their topography. In the Eccles land-unit, the ruggedness seems to be chiefly the result of 

collapsed lava flow tunnels (see Plate 31) and the topography varies between a fairly smooth and flat flow 

surface, through a flat terrain with occasional collapsed tunnels, to areas with abundant collapsed flows and 

extremely contorted topography. Traverses through the land-unit show that most areas fall towards the one 

extreme or the other. By contrast, in the Napier land-unit, any ruggedness of the topography is more because of 

edges of lava tongues than of collapsed lava tunnels, and the general impression is of a series of steps leading up 
to the Mount. Nevertheless, collapsed tunnels are present, especially well away from the Mount so that in the 
western and south-western portions of the land-unit, much of the terrain is flat with occasional breaks, whilst to 
the east and north, around Mount Napier, it is contorted. 

Most of the Eccles land-unit receives about 30 inches average annual rainfall and the Napier land-unit about 27 

inches. Data on the effective rainfall suggest a growing season of about 71 months in the Eccles land-unit and a 

little under 7 1/2 months in the Napier land-unit, beginning about the middle of April but reduced by low 

temperatures in June, July and August. The seasonal growth rates for trees in these two land-units are likely to 

be intermediate between the curves for deep-rooted species (e.g., cocksfoot) at Portland and Hamilton (Fig. 9). 

The Eccles land-unit would resemble Portland most closely and the Napier land-unit, Hamilton. 

The chief soils, Napier stony loam and Dunmore organic loam, are brown earths, and formed from the basalts 

with thick-walled vesicles and thin-walled vesicles respectively (Plate 39). They differ chiefly in the free 

drainage and aeration and the superior water-holding capacity of the Dunmore organic loam (Plate 42), as 

compared with the restriction on these features caused by the tightly fitting blocks of basalt which form the 

basement of the Napier stony loam (Plate 40). As the restricting effect of this basement is largely a matter of its 

depth, which varies up to 24 inches, shallow and normal phases of Napier stony loam were separated (Plates 40 

and 41), as probably being important for pines. An arbitrary depth of nine inches was selected for this separation 
because changes in the ground flora allow this to be recognized quickly in the field. 

 

Plate 39 - The basalt of the Eccles and Napier stony rises varies from a type with fine vesicles and thin walls 
between the vesicles to a type with larger vesicles and thicker walls. 
(These types give rise to Dunmore organic loam and Napier stony loam respectively.) 



On the scoria and cinders of both Mount Eccles and Mount Napier, Eccles loam is a freely-draining soil with 

abundant scoria and cinders throughout; Murphy fine sandy loam is a laminated sandy loam restricted to small 

patches of diatomite. 

Only one vegetation association, the manna gum-blackwood (Eucalyptus viminalis Acacia melanoxylon) tall 

woodland association, occurs in both areas concerned, but there is a number of sub-associations according to the 
dominant species of the substratum. It is these sub-associations which are related to other features of the 

environment and to the land-use. They are: 

A. Bracken dominant, and tall or medium (Plate 31). 

B. Poa australis dominant, bracken sparse and tall. 

C. Forbs dominant, Poa present, bracken absent or very sparse and short 

The Land-components and the Inter-relationships of the Environment 

The various features of the environment show inter-relationships. Not only are these useful in mapping some 

particular feature but they also limit the number of land-components actually encountered from the number of 

possible combinations of the different environmental features. 

 

Plate 40 - Napier stony loam is a brown earth formed upon the thick-walled vesicular basalt. 

(The bottom of the profile is nearly always marked by a floor of interlocking basalt boulders.) 

(i) Inter-relationships of topography, rock and soils - Topography appears to be partly the result of the 

extent to which lava flow tunnels have collapsed, particularly in the Eccles land-unit. The likelihood of lava 

tunnels forming and then collapsing can be related, theoretically, to a low viscosity of the molten lava (which 

viscosity is in part the result of a high gas content) and possibly also to the regional slope. The degree to which 

the basalt has vesicles with thin walls is controlled by a number of factors, including a high gas content and a 
high rate of cooling. Furthermore, the soil is closely related to the nature of the basalt, the blacker, deeper soils 
being associated with the less solid and more vesicular basalt. 

In theory then, there may be some correlation between the Dunmore organic loam and the ruggedness of the 
topography, through the medium of high gas content. Such a correlation has not been definitely established, for, 
although the majority of Dunmore organic loams examined have been on the more rugged areas, and the 
majority of Napier stony loams examined have been on the regionally flatter areas, yet some sites have been 
seen where this relationship does not hold, although the relationships of soils and rock-type have nearly always 
held. However, there is certainly a greater likelihood of areas of Dunmore organic loam being rugged than 

being flat. This is an important correlation from the point of view of growing pines, as discussed later. 



 

Plate 41 - Napier stony loam (shallow phase) is where the floor of interlocking basalt boulders is less than 9 

inches from the surface 

 

Plate 42 - Dunmore organic loam is a brown earth formed upon the thin-walled vesicular basalt. 

(Rounded boulders and rubble may extend to some depth without any floor of interlocking boulders, and this 

feature makes it better than Napier stony loam for growing pines.) 

A reasonable explanation of the association between rock type and soils is that the basalt with thinner-walled and 
continuous vesicles presents a much greater surface area for weathering, and hence much more intense or rapid 
weathering per unit mass of rock, than does the more solid basalt. This leads to a greater release and 

accumulation of the divalent cations, which are frequently associated with darker soils, and considered to induce 
dark as opposed to redder colours provided there is a vigorous addition of organic matter to the soil. Analyses 
lend support to such a suggestion, as the amounts of all exchangeable cations, and calcium and magnesium in 
particular, are much higher in the Dunmore organic loam where they have very high levels than in the Napier 
stony loam. 

As well as these generalised relationships between soil, rock type and regional ruggedness, the Dunmore organic 
loam is found on the steeper sides of collapses or flows, if there be any soil between the boulders at all. Again, 
this may be explained by postulating a greater input of calcium brought by drainage waters from weathering 
material above. 



(ii) Inter-relationships of soil and vegetation - These relationships are close, particularly for the sub- 
stratum, that is, at the sub-association level. For the dominant stratum, all soils support only one association of 

the one sub-formation, but even within this one sub-formation, there is still variation of vegetation structure 

according to the soils, as described below. 

The chief soil feature which affects the vegetation is the depth of the soil to the solid basalt. The greater the 

depth, the taller is the bracken. This general relationship has been found invariably for each local group of sites 

examined, and in some places the relationship is almost linear when the height of the bracken is roughly the 

depth of the soil. The density of the bracken as distinct from its height seems to be affected by other factors, 

such as slope and fire history. Locally steep slopes or knolls discourage dense growth of bracken and allow Poa 
australis to become dominant, and areas which show signs of repeated burning usually have dense bracken, even 
if it is only short, unless the soil conditions prohibit bracken growth altogether. The effect of soil chemical 
fertility on the sub-stratum is not obvious, for although the Dunmore organic loam with its high content of plant 
nutrients usually supports the most vigorous bracken, yet the relationship could be attributed equally well to the 
soil depth, as already observed for Napier stony loam. Thus, a general correlation of soil and vegetative units 
may be made as in Table 15. 

Table 15 - General correlation of Soil and Vegetation Units in the Eccles Land-system 

Sub-Association of E. viminalis tall woodland 

assocation 

Soil type and phase, with associated topography 

A. bracken dominant  

(i) 24 inches tall and dense 

(ii) less than 30 inches 

 
Dunmore organic loam 

Napier stony loam, normal phase 

B. Poa australis dominant bracken sparse and tall or 

medium 

Dunmore organic loam on locally steep positions, 

knolls or lava blisters 

C. forbs dominant, Poa australis bracken absent, or very 
sparse ad short 

Napier stony loam, shallow phase 

 

The structure of the dominant stratum shows a change according to soil depth, as the shallower the soil, the more 
open the formation and the more spreading the tree, until on some areas predominantly the shallow phase of 
Napier stony loam, the structure could be described as a savannah woodland. Such a relationship cannot be used 
in the field however, as diagnostic of the soils, because fire and perhaps also the axe, have thinned out some of 
the stands, regardless of soil conditions. Therefore, the relationships of the sub-associations and soils, because 
they are more critical and less affected by man's interference, are more suitable for diagnostic purposes. 

(iii) Components encountered. - Excluding the cinder cones of Mounts Napier and Eccles, in this land-
system, there are two chief rock types, two chief soil types, three topographic situations and three vegetation sub-
associations. Now, if all combinations of these were possible, then thirty-six components would be found. 

However, because of the causal inter-relationships described above, most combinations do not exist and in fact 

only five components have been encountered as indicated in the land-system diagram, Fig. 42. In this way, in a 

particular area, the land-system diagram and land-unit diagram rationalize the inter-relationships of the 

environment to the point where a limited number of entities (land-components) can form a useful basis for further 
mapping, investigation or development. In this particular investigation, the five components form the basis for 
consideration of the suitability of the area for pines. 

Suitability of the Land-Components for Pines 

(i) As related to climate and soils - Pines (P. radiata) grow successfully at Rennick in a 30-inch average 

annual rainfall and in a temperature regime similar to that of the Eccles land-system; they grow at Longford with 
an evenly distributed 23-inch rainfall, at Mount Burr, South Australia, in a seasonal 25-inch rainfall and 

elsewhere in higher rainfalls. This is because a soil poor in nutrients can so restrict the growth of roots as to 

render the plant incapable of meeting the water demands imposed by the summer dry-period; also, poor soil 

drainage may restrict growth in even a low rainfall. 

Analyses of the two chief soil types are given in Appendix II. The pH is near to neutrality for both soils, 

exchangeable calcium figures are very high indeed, particularly for the Dunmore organic loam, salt figures are 

well below the limits normally considered as dangerous, and the contents of total phosphorus, total potassium 

and exchangeable potassium are extremely high by southern Australian standards. Figures for acid-soluble 

phosphorus are variable and somewhat below an arbitrary limit for the Napier stony loam but still much higher 

than figures commonly obtained on sandy soils. 



Since the analyses refer only to the fine earth, one complicating feature is the large quantities of rock in the 

"soil". Even when allowance is made for this, all nutrients except sometimes phosphorus are still adequate, and 

in any case, the pine roots are in contact with freshly-weathering rock and its rich supply of nutrients. It is 

interesting that in this land-system, manna gums of the first and second forms grow to about 60 or 70 feet in 

relatively closed formation, and without the form and the bark characteristics which they usually have on 

impoverished sands in south-western Victoria. It is suggested that at the worst, a response to phosphorus may be 
obtained on Napier stony loam, (components 1 and 3), but that in other respects the fertility of the soils is high 
enough to allow the pines to grow well enough to overcome any likely climatic strain. 

Soil physical features may restrict plant growth by inducing excessive waterlogging (insufficient aeration) and 

by restricting the water-holding capacity within the depth of the pine roots. The suggestion was made that, in the 
climate of western Victoria, an impeding horizon within 18 inches of the surface may cause a perched water-
table to form and result in conditions too water-logged for pines to grow. Consequently, here, on soils with solid 
basalt at shallow depth, the same difficulty might arise, particularly on the shallow phase of Napier stony loam 
on component 3. The situation may not be the same, however, as there are cracks in the basalt basement, and a 
perched water table may never last for very long. Indeed, the morphology of the soil does not show the features 
usually produced by a prolonged perched water table. 

As to water-holding capacity, the surface soils dry out during the summer and pine roots must go down deeply 

to draw upon a sufficient reserve of water. Dunmore organic loam although excessively freely drained, 

drainage-class 1, and not of high water-holding capacity, is nevertheless deep, and pine roots can go deeply 

enough for water. The shallower soils however may not have enough water-holding capacity to supply the needs 
of the pines unless the roots can penetrate the cracks between the boulders of the basement. On the other hand, 
the large proportion of non-absorbent surface rocks, by shedding the water from their surfaces, increases the 
effectiveness of small summer showers in wetting the soil. Also, on shallow soils where roots cannot penetrate 
deeply, pines can be blown over by strong winds. 

On any count of soil physical features therefore, the shallower soils are likely to be less suitable for pines than 

are the deeper soils, but they may still prove to be sufficiently suitable. Whether or not they are, can be found 

out only by experiment or by observation elsewhere. At this stage, however, the best basis for further 

consideration is that grouping of soils or components already given. 

A general conclusion of the suitability of components as related to climate and soils, is that component 3 

(Napier stony loam shallow phase) may be unsuitable for pines, although not necessarily so, component 2 

(normal phase of the Napier stony loam) is probably quite suitable although some doubt remains, whilst 

components 1, 4 and 5 (Dunmore organic loam) on account of their deep, friable, well-drained subsoil, and high 
content of nutrients, are suitable. 

(ii) As related to topography and management problems - The excessive local ruggedness of parts of 

the area-components 1 and especially 4 may well present problems for planting, management and harvesting. 

Mechanical levelling with powerful machines could be practicable, however, in view of the likelihood that such 

rugged areas have a high proportion of Dunmore organic loam with easily-moved basaltic rubble to some depth. 
One local landholder has found that a bulldozer could make a level track through quite rugged Dunmore organic 
loam much more easily than it could handle the basement and floaters of flatter areas on Napier stony loam 
(components 2 and 3). 

With regard to possible cultivation, it should be remembered that on components 2 and 3 the floaters, and 

particularly the basement of the shallower phase on component 3, may prove very difficult to handle. Excessive 

disturbance might only bring up huge blocks from which the soil would be washed at the first rain; if so, the 

state after cultivation would be worse than before. 

As related to topography and management, then, component 4 and perhaps component 1 offer problems of 

planting and harvesting, but suitable machines may overcome these problems. Component 3 certainly and 

perhaps component 2 present difficulties of cultivation and hazards of erosion. Component 5 has no insuperable 
problems. 

Conclusions and Recommendations 

Because of soil physical conditions and cultivation difficulties, component 3 is unlikely to be suitable for pines 

(P. radiata). Component 2 is probably suitable although it may suffer from the disadvantages of component 3. 

Components 1, 4 and 5 are completely suitable for the growth of pines but component 4 and perhaps component 
1 may offer management problems. 



On these indications, if a programme of pine planting were envisaged, it would be worthwhile to consider the 

two land-units further for pine planting, but more investigations would be needed to resolve certain points. 

The most important would be to establish trials of pines on small areas of components 2 and 5, particularly the 

former, to ascertain their suitability. 

Because a detailed map of the components has not been prepared, the approximate location of the major areas of 
components 2, 3, 4 and 5 would need to be determined and their proportion of the land-system. This could 

probably be done rapidly with the assistance of stereopairs of aerial photographs if these can reveal features 

which identify the areas of different components. Should this prove impossible, then use could be made, in a 

field survey, of particular features of the components, such as the three vegetation sub-associations, the two 

types of basalt, or a limited number of topographic classes as determined below, to speed up the work. A 

detailed survey would not be necessary, as the object would be rather to determine in what parts of the Crown 

land the proportion of suitable sites is high enough to warrant the planting of pines. 

Some indication of the magnitude of the management problems could be gained from a trial of mechanical 

levellers and other implements on areas of rugged topography. Two sites could be tested, one where the rock is 

scoriaceous, namely component 4, and the other where the rock is more solid and blocky, namely component 2. 

From the results of this investigation, the limited number of topographic classes mentioned above could be 

defined, and used in a field survey. 

In this way, the information obtained during surveys at the land-system scale and the land-unit scale, and the 

assessment of the significance of that information for a particular purpose, can be used with a minimum of 

further investigation and survey, in a scheme of development. 

An Investigation of the Potential Land-use around Dorodong 
by 

Frank R. Gibbons, Alex. Mitchell and R. G. Downes. 

The two land-systems to be examined in this chapter are Follett and Kanawinka. About 25,000 acres are 

considered here in four land-units, namely, Tooloy and Dorodong land-units in the Follett land-system, and 

Roseneath and Kanawinka land-units in the Kanawinka land-system. The situation is summarized as follows: 

The average annual rainfall varies from under 26 inches to over 27 inches and temperatures are low during June, 
July, and August. The seasonal growth rates of various species would closely resemble those estimated for 
Hamilton in Fig. 9. 

Dunes and sheets of acid white sand are the characteristic features. In the regionally-flat Follett land-system, 

these sands overlie clayey lagoon deposits, and in the Kanawinka land-system they overlie lateritised tablelands, 
sometimes dissected. The Kanawinka and Roseneath land-units are slightly dissected, and there, remnants of 
laterite are infrequent and the sands overlie clayey material and limestone. The acid white sands vary in 
thickness, and in parts thin away altogether to leave the basement exposed. The fundamental sequence in the 
pattern of soils and vegetation is from the top of a sand dune through the sand sheet to an area not covered by 
sand. Soils vary from iron nomopodsols on the dunes through humus nomopodsols in lower positions, then 
similar soils overlying clay at progressively shallower positions in the profile, to solodic soils and finally 
meadow soils of varying texture on swamps. Vegetation varies along a similar sequence from closed heath 
woodlands of stringybark (E. baxteri) with and without bracken, through heath woodlands of stringybark, heath 
woodlands of stringybark and gums, open heath woodlands of gums, open heaths or else savannah woodlands of 
gums, and finally swamps. 

The chief components encountered in the area are shown in the land-unit diagrams for the Tooloy and 

Kanawinka land-units (Figs. 53 and 54). These two diagrams closely resemble those for the Dorodong and 

Roseneath land-units respectively, and may be taken as representative of them. 

The grouping of the Land-Components and their likely Immediate Potential 

The chief outlets at present available in western Victoria are those for wool, meat, dairy produce and timber. 

Consequently, the forms of land-use considered initially in any settlement scheme are sheep raising for wool 

and meat, beef cattle raising, dairying and forestry. 



Apart from the very limited areas of red gum (E. camaldulensis) in component 7, the native timber of the frour 
land-units is a stringybark but of a form which renders it suitable only for posts and firewood.  Any 
development of the area for forestry must therefore be based on softwoods. The suitability of the Follett and 
Kanawinka land-systems for this purpose has been examined, and the conclusion was that pines (P. radiata) 
would be satisfactory only on continuous extents of some of the soils with an impeding horizon at between 2 
feet and 4 feet from the surface-chiefly only component 3. Such areas are mainly in land-units other than those 
considered here. Although pine growing cannot be discounted as a form of land-use in the four land-units 
concerned, it is likely to be of only limited importance and probably of no importance at all on component 1, the 
type of country which constitutes a big proportion of the area on which it is hoped to establish plantations of 
pines. 

The alternative immediate forms of land-use which are possible are all based upon grazing on pastures, although 
lit is desirable for any system to include the growing of crops for fodder conservation and also other enterprises 
such as seed production. The basis of pasture establishment in the Follett and Kanawinka land-systems. The 
chief conclusions are that successful pasture growth depends largely on the capacity of the soils to supply, on 
the one hand, nutrients, and on the other, water to the root-zone well into the summer dry period. Both features 
vary greatly with the depth of sand above a clay horizon and the latter feature also varies directly with rainfall 
and lower topographic position. In this area, where rainfall differences are slight, this means that the potential 
for pasture development is directly related to the sequence from the deep sands on the dunes to the exposed flats 
and furthermore the most suitable length of the life-cycle of shallow-rooted pasture species, from early annual to 
perennial, is similarly related to the same sequence. 

Consequently, as far as pasture potential is concerned, it is possible to group the various components according 

to landscape position, soil and vegetation into a limited number, the components of each group each with 

roughly similar properties. Seven such groups have been recognized, named colloquially after the vegetation, 

and their distribution mapped (Fig. 55). It is on the basis of these groupings and their distribution that the matter 
is considered further. 

A- Components 1, 1a, 15, 16 and 17 "Stringybark-bracken" 

B- Component 2 "Stringybark-heath woodland" 

C- Components 3, 3a, 11 and 12 "Gum-heath woodland" 

D- Components 4, 4a, and 4b "Heath" 

E- Components 7, 8, 9, 13 and 14 "Gum woodland" 

F- Components 5 and 6 "Swamps" 

G- Components 10 and lla "Stringybark-gum forests" 

As to the likely level of production or intensity of the potential land-use, and the precise species and fertilizer 

requirements of the different groups of components, information at the time of survey was limited to very few 

plots and the experiences of some nearby settlers. Plot work by the Soil Conservation Authority just outside the 

area at Drajurk (S.C.A. Annual Reports 1957, 1958) indicated the very great difficulty of establishing a 

worthwhile pasture on component 1; this difficulty was probably because of the combination of poverty, low 

moisture holding capacity and dryness of the soil. However, plots at Wilkin, nearby, (Newman, priv. comm.) 

showed the feasibility of doing so on component 2 with early and mid-season strains of subterranean clover, but 

the stock-carrying capacity was doubtful. All trials indicated the need for copper and zinc as well as phosphorus 
on soil horizons derived from acid white sands. Information regarding the need for potassium was lacking, but 
analyses (Appendix II) show this to be in low quantities except where there is a clay horizon; it is certain that 
applications will be needed after a short period of intensive grazing on such soils. These results confirmed the 
experience of nearby settlers on those components. The settlers also demonstrated that components of Groups C 
and E could be developed to support pastures based on mid-season and late-season annual clovers, and 
components of group D to support pastures based on annual and perennial clovers. Components of group G 
resembled or were a little better than Group B. Superphosphate was always used, copper and zinc sometimes 
and lime occasionally. The swamps, if drained, could support good perennial pastures or grow summer cash 
crops. The animal is the final indicator of the potential stocking rate of a pasture but no trials with animals had 
been performed in the Dorodong area at the time of the investigation, and the estimates of carrying capacity 
have been derived from the experience of local settlers. 



 
 

Fig 53 - Tooloy Land-unit 



 

Fig 54 - Kanawinka Land-unit 



On the basis of this evidence, the first assessment of the immediate potential of the various groups of 

components was made as follows: 

Group A - of doubtful potential ; if wool growing, then less than 1 sheep per acre. 

Groups B and G - cross-bred wool growing with or without fat lambs 1-1 to 2 sheep per acre. 

Group C - cross-bred wool growing with fat lambs, beef cattle raising 2 to 2-11 sheep per acre. 

Group D - cross-bred wool growing with fat lambs, beef cattle raising 2 to 3 sheep per acre. 

Group E - cross-bred wool growing with fat lambs, beef cattle raising, fodder cropping ; 2 to 3 sheep per acre. 

Group F - cross-bred wool growing with fat lambs, beef cattle raising, summer fodder cropping, dairying ; 4 to 8 
sheep per acre or 1 cow per acre. 

Methods and Costs in the First Stage of Development 

A number of methods of development is open to the intending settler, with corresponding variations in costs. 

The general objective of the settler with limited financial resources is to get the land into production as quickly 

as possible and at the lowest cost. To do this may involve short-cut methods of pasture establishment, the use of 
secondhand or co-operatively-owned machinery, the carrying out of repairs and maintenance by the landholder 
himself, long hours, use of second grade seed and the acceptance of minimum living standards for a short while. 
In this way, settlers can use more effectively the only assets they have in quantity their own labour and 
ingenuity. Costs are difficult to estimate for such a method of development. On the other hand, with a 

Government scheme or where a settler has ample capital for investment, it is more important to do a thorough 

job of clearing, cultivation and pasture establishment at the outset. This will mean much higher initial costs, but 
may be the cheapest in the long run. Costs are easier to estimate on the basis of minimum contract rates with 
this kind of development. In the subsequent assessment of costs, presented in Table 16 the range given for costs 
of clearing and cultivation is based, at the one extreme, on settlers' own figures for short-cut methods and at the 
other, on ruling minimum contract rates for a thorough job. 

On components of group D, the quick and cheap method of establishing pasture is to deal only with clover at 

first. This is achieved by pulling a disc cultivator over the heath in spring to kill most of the heaths, by leaving 

the vegetation to dry out during the summer and by burning in the autumn, when the ground is further worked 

with the disc cultivator and stump jump harrow. Heavy initial sowings of lower grade seed are broadcast, 

together with fertilisers, or dropped from a direct-drop spreader and covered by means of a brush harrow. Some 

regeneration of heath species may occur but recultivation in about four years, in order to introduce the grasses, 

controls the growth. For the more thorough preparation, a heavier disc and deeper plough would be used for the 
autumn cultivations, to prevent regeneration of heaths and to introduce the grasses (perennial ryegrass or 

phalaris) with the clover. Grazing is avoided or greatly restricted during the first year, to allow good seeding and 
to allow the full potential to be built up by the fourth or fifth year. 

On components of group C and on component 2, the cheap approach is to poison the trees and then to proceed 

as for the heath. Standing dead timber is left and can be removed later. A more thorough but expensive approach 
is to bulldoze the timber into windrows to be burnt when dry; this is followed by several deep cultivations 
before sowing both clover and grass. 

On components of group E, partial clearing, at least, is necessary before sowing, and for effective development, 

bulldozing, windrowing and burning probably are needed. 

Hazards and Problems 

The erosion hazard is low except for four components-1, 10, 11a, and 17. Clearing of component 1 would 

render it prone to wind erosion until bracken becomes re-established. The other three components are gently 

sloping country and the sandy topsoil is readily erodible by water. Excessive clearing of timber on components 

11 and 12 may upset the balance of water-usage at first to the detriment of the Dorodong Creek and its 

tributaries and possibly to the detriment of the badly-drained areas of the low-lying Follett land-system. 



 

 

Fig 55 - The distribution of the Groups of Components around Dorodong 



Table 16 - Summarized information n the Land-use and Potential Productivity of the Land-Components around Dorodong as at December, 1956 

Group A B C D E F G 

Land component 1 2 3 3A 11 12 4 4A 4B 7 8 9 13 14 5 6 10 11A 

Land-use Unused, shelter 

belts, possibly 

pines 

Cross-bred wool 

growing, with or 

without fat lambs 

Cross-bred wool 

growing with fat 

lambs, beef cattle 

raising 

Cross-bred wool 

growing with fat 

lambs, beef cattle 

raising 

Cross bred wool 

growing with fat 

lambs, beef cattle 

raising, fodder 

cropping, native 

timber 

Cross-bred wool growing with fat lambs, 

beef cattle raising, summer fodder 

cropping, dairying 

Cross-bred wool 

growing with or 

without fat lambs 

Potential carrying capacity per acre when 

fully improved 

Less than 1 sheep 1½ to 2 sheep 2 to 2½ sheep 2 to 3 sheep 2 to 3 sheep 4 to 6 sheep 6 to 8 sheep or 1 
cow 

2 to 2½ sheep 

Clearing and 

cultivation 

Dependent on 

method from ₤4 

10s. to ₤15 

Dependent on 

method, from ₤4 1 
0s to ₤11 1 0s 

Dependent on 

method from ₤4 1 
0s to ₤11 1 0s 

Dependent on 

method . ₤2 2s 6d 

to ₤3 17s 6d 

Around ₤15 per 

acre 

Dependent on 

method of 

cultivation, ₤2 to ₤5 

Dependent 
on method of 

cultivation ₤4 to ₤5 

Dependent on 

method, ₤5 10s to 
₤14 

Fertilizers ₤3 9s for P, Cu and 

Zn. Probable 

additional 

requirements K and 

Mo, and possibly 

lime for 

establishment 

₤3 9s for P, Cu and 

Zn. K and Mo 

would be possible 

additional 

requirements. Lime 

would assist clover 

establishment 

₤3 9s for P, Cu and 

Zn, K would be 

possible additional 

requirement. Lime 

would assist clover 

establishment 

₤3 9s for P, Cu and 

Zn. Lime would 

assist clover 

establishment 

₤2 15s for P and 

Mo 

₤2 14s for P. 

Would possibly 

require Cu and Zn 

₤2 14s for P. 

Would possibly 

require Cu and Zn 

₤2 15s for P 
and Mo 

Developmental 

costs per acre in the 

end of the first year 

Seeds 18s; mixed mid- 

season sub-clovers 

and phalaris 

tuberosa 

18s; mixed mid- 

season sub-clovers 

and phalaris 

tubrosa 

18s; late mid-
season sub-clover 
and phalaris 
tuberosa 

20s; late mid- 
season sub-clover, 
strawberry clover, 

and perennial rye- 
grass 

18s; late mid-
season sub-clover 
and perennial rye- 

grass 

20s; Late mid- 

season sub-clover, 
strawberry clover 

and phalaris 

tuberosa. 

Cocksfoot if used 

mainly for cattle 

₤1 10s; strawberry 

and white clovers, 
perennial rye-
grass, also 
cocksfoot if grazed 
with mainly cattle 

18s; mixed mid-
season sub-clover, 
and phalaris 

tuberosa 

Fencing ₤2 6s ₤2 6s ₤2 6s ₤2 6s ₤2 6s ₤2 6s ₤2 6s ₤2 6s 

Water supply 15s 15s 15s 15s 15s 15s 15s 15s 

House ₤3 10s ₤3 10s ₤3 10s ₤3 10s ₤3 10s ₤3 10s ₤3 10s ₤3 10s 

Other costs per 

acre. Fencing, 

water supply, 
house and sheds 

Sheds ₤1 ₤1 ₤1 ₤1 ₤1 ₤1 ₤1 ₤1 

Total costs to end of first year ₤16 8s to ₤26 18s ₤16 8 s to₤23 8s ₤16 8s to ₤23 8s ₤14 2s 6d to ₤15 

17s 6d 

₤26 4s ₤13 5s to ₤16 5s 

plus drainage 

₤13 15s to ₤16 15s 

plus drainage 

₤15 14s to ₤24 4s 

Hazards Erosion Wind erosion 

except for 
presence of 
bracken 

Low Low Low Moderately gully 

erosion hazard 

Low Nil Definite gully 

erosion 



Group A B C D E F G 

 Fertility Fertility already 
low 

Low Low Low Decline if cropped Decline if 
cropped 

i l

High is used for 

intensive 
i

Possible decline if 

cropped 

 Economic Considerably over- 

capitalization 

possible 

Possible over- 

capitalization 

Low Low Low Dependent on 
cost of drainage 

Low Possible over-
capitalization 

Special problems Establishment of 

clover and pines 

Precise 
fertilizaer 

requirements 

Precise 
fertilizer 

requirements 

Precise 
fertilizer and 
lime 

i t

Clearing Cost and feasibility 

of drainage 

Cost and feasibility 

of drainage 

Clearing 

Immediate Low potential; 

should not be used 

on present 

information 

5 4 3 2 6 7 1 Relative probably 

potential 

(1-highest 7-lowest) 

Long-term Low potential; 

should not be used 

on present 

information 

7 5 4 3 High: 2 (when 
costs of drainage 
met) 

Very High: 1 
(when costs of 
drainage met) 

6 



Consequently, if the farm does not contain sufficient of the more fertile country, there will be too much reliance 

on these less-productive components. The difficulties of usefully developing component 1 are known, but the 

long-term potential productivity and fertilizer needs, especially for potassium, on component 2 are much in 

doubt. Until these doubts are resolved by experiment, farms should he designed so that settlers do not put undue 
reliance on these less-fertile components. The way in which this kind of survey may assist in such a problem is 
shown below. 

Use of the Land-survey for a New Settlement 

(i) Assistance in planning the subdivision. - With preliminary information of the amount and kind 

described above for Dorodong, it is possible to offer assistance in two ways. 

The first is to make an assessment of the relative merits of the different kinds of country involved, on an 

immediate basis and also on a long-term basis, as shown at the bottom of Table 16. Allotments can then be 

planned which have a suitable balance of components with different potential or ease of development. Thus, an 

area of component 2 might be able to support 1,200 sheep eventually and thus have the same long-term potential 
productivity as a smaller area of group C components. It would not be considered fair, however, to provide one 
settler with a property which is composed mainly of component 2 and another settler with a smaller area of the 
more fertile component 11 because there would be a considerable difference in costs and speed of development. 

The second way is to make an assessment of the actual long-term carrying capacity so that there will be a degree 
of equality in the various farms, no one will be burdened with a farm which cannot be expected to provide a 
living area, nor will there be farms of so high a potential productivity that they are likely to remain undeveloped. 

To provide this sort of assistance requires delineations at the level of components or groups of components. For 

the area around Dorodong this was done by means of stereopairs of aerial photographs (Fig. 55) and 

constructive criticism of plans of subdivision for the Dorodong Settlement were made along both the, lines 

indicated above. 

(ii) Provision of the basis for considering further information - As further information becomes 

available from experimental plots, or from the experience of settlers, it may be applied, and also sought for, on 

the basis of the appropriate component. A knowledge of which components are involved is the most important 

requirement, but it is also useful to have the map showing their location. This survey of land-components 

provides this information. 

Summary 

An investigation of land for settlement around Dorodong involved a landcomponent survey, together with the 

compilation of available information on land-use from experimental plots and local fanning experience. On this 

basis, an interpretation of the land-use features of the various components was made, and used to assist in the 

settlement. This investigation shows how, as described on this page, a land-unit survey and land-component 

survey can assist in the planning of a new settlement. 

33. An Assessment of Crown Lands for growing Pines and Pastures 

An assessment was made of the potential of all Crown lands in south-western Victoria to grow pines and 

pastures. In this Chapter, only the Crown lands in the area covered by this study, and west of Branxholme, are 

considered. They occupy about 230,000 acres. 

This investigation was based on information assembled during the earlier stages of this survey. Thus, the chief 

components of the land-systems had been recognized, the inter-relationships of the various natural features 

established, and the correlations between some of the features and the pastoral potential worked out. Most of the 
field work for the particular investigation described in this chapter was applied to examining the evidence for 
the capability of land to grow pines and on check inspections to some areas of Crown lands. 

Approach Adopted 

Land varies in its suitability for both agriculture and pines, because each species of plant has its own 

requirements. What is unsuitable for agricultural development is not necessarily suitable for pines. 

* Acknowledgment is made of the co-operation of G T Sibley and R K Rowe in the field-work for this project and the assessment of the 

results 



Consequently, for each form of land-use, the capability of the land must be considered separately and the 

appropriate evidence sought. 

(i) Capability to grow pines (P. radiata). - There were three steps in this aspect of the investigation. 

First, the evidence for the capability of different kinds of land to grow pines was sought by considering the 

information presented and then by visiting a number of plantations in south-western Victoria and nearby parts of 
South Australia, including all known plantations in the drier areas. Individual trees, or rows of trees, were not 
admitted as evidence because of lack of competition; the outside few rows of plantations were rejected for the 
same reason. At these plantations, the quality of the pines was assessed according to the Site Quality Ratings of 
the Woods and Forests Department of South Australia and the Forests Department of Western Australia; also the 
characteristics of each site were noted, in terms of soil, topography, original vegetation and the quantity and 
distribution of the rainfall received. The information from the various sites was considered together, and an 
attempt was made to establish a general correlation between S. Q. Ratings and the soil, rainfall and native 
vegetation. The rationale of the correlation of S. Q. R. with soil is given in Appendix III and Fig. 57, and the 
chief correlations of S. Q. R. with both soil and vegetation are given as part of Table 17, for zones of different 
average annual rainfall. These correlations apply only to the general area of the investigation, and those for soil 
may also be affected by the local topography. 

Traverses were then made of the major groups of Crown allotments. This was done not only so that an 

assessment could be made on the ground, but also that the features of the environment significant for pine 

growing and hence the appropriate land-components, could be recognized from the aerial photomaps. 

 

Plate 43 - The chief soils which can grown pines on the Crown lands west of Branxholme in the area surveyed 
are sandy soils with and impeding horizon of clay at about 30 to 36 inches, and which are cream coloured or 
riches in the sub-surface horizons. 

Finally, the aerial photomaps of the Crown lands were inspected, and as far as possible, for those parts not 

traversed, interpreted to gain a detailed knowledge of the location of the appropriate land-components. On the 

basis of the correlations established earlier, the whole of the areas traversed were then assigned to the appropriate 
Categories of S. Q. R. 



(ii) Agricultural potential – A similar approach weas made, namely, the collection of the evidence for the 
potential of different kinds of land, from plot work and the experience of farmers, the traversing of the major 
blocs of Crown lands, and the assessment by photo-interpretation of those parts not traversed. The chief 

correlations of both soil and vegetation with agricultural potential are given as part of Table 18. 

Results 

(i) Pines (P. radiata). - The Crown lands have been put into three basic categories for pines (A, B and C), 

and two other categories D and E, where doubt still exists. Table 17 gives the definitions of these categories, a 

commentary on the capability of land in each of them, their correlations with soil and vegetation and the 

approximate area of land involved. 

It is considered that there are not any substantial areas of Crown lands which are undoubtedly in Categories A, 

and A, that is, land capable of growing plantations of pines (P. radiata) with high or even moderate growth rates. 
About 6,600 acres of Crown lands are capable of growing plantations of pines with a growth rate, which is just 
economical under present conditions. Of this, there are only scattered areas of Category A, (land on which 
moderately low but satisfactory growth rates are likely) about 2,000 acres chiefly near Nelson, and only one 
substantial area of Category B (land marginal for P. radiata), about 4,400 acres near Lake Mundi. 

 

Plate 44 - The native vegetation is a good guide to the capability of land for growing pines in south-western 

Victoria. The chief types indicating land capable of growing good plantations of pines are tall woodlands 

which contain manna gum, yellow gum, pink gum or messmate, tall shrubs of Banksia marginata and have 

prominent bracken. 

For about 70,000 acres, the capability for pines could not be assessed because of lack of evidence (Category E), 

but about 10,000 acres of such land around Hotspur in the parishes of Glenaulin, Curracurt, Hotspur and 

Winyayung, and also between Portland and Dartmoor, may yet prove suitable and should be examined further. 

All the rest of the Crown lands, much the greater part of them, is unlikely to grow plantations of pines with 

economical growth rates even where they can be established. This is undoubtedly so for the 60,000 acres of 

Category C; however, for the 88,000 acres of Category D, although the existing evidence points to a very low 

growth-rate, there is still some uncertainty. Into this Category D falls the bulk of the country with deep white 

sands to the south, west and north-west of Casterton, particularly the Follett land-system, on which it was hoped 

that pines of reasonable quality might grow. The areas of all these categories were detailed on County Plans in 

the report submitted. 

It should be noted that this assessment takes no account of the effect of fertilizers, because the evidence was not 

sufficient to show what it would be. Other investigations indicate that applications of superphosphate may raise 

the S.Q.~. by one unit, but on the other hand, there is evidence that the S.Q.~. of sandy soils in some places may 
be expected to have declined by one or two units by the time the first crop of pines has been removed, unless 
regenerative treatments are introduced into the rotation. The species P. pinaster may be suitable for areas of 
Category D, but little information was available; the current search for new varieties of that species may allow 
land in that category to be used in the future. 

(ii) Agricultural potential - The Crown lands have been put into four categories for this purpose, A, B, C 

and D. Table 18 gives the definitions of these categories, their correlation with soil and vegetation and the 
approximate areas of land in each. 

It is considered that about 58,000 acres of Crown lands can support improved pastures of moderately-high 
carrying capacity, about 54,000 acres can support improved pastures of lower carrying capacity, and on the rest 



of the Crown lands, it is unlikely that self-supporting farms can be established under present conditions. Of these 
latter areas, however, about 88,000 acres may form useful adjuncts to developed farms elsewhere. The 
distribution of areas of these categories was shown on County Plans in the report. 

This assessment takes no account of the economics of agricultural development. In south-western Victoria, the 

costs of development, which must be compared with the anticipated returns, are generally greater on land of 

lower potential, because of denser native vegetation and infertile soils. An exception to this is where drainage is 

necessary on land of high potential. Also, erosion and salting must be considered, particularly for areas within 

water-supply catchments. Because of costs and hazards, the development of some areas, mainly in Category B, 

may not be warranted at the present time. 

(iii) Alternative forms of land-use. - ln some areas, the land can support either pines or pastures; which 

of the two should be grown will depend on relative economics, the foreseeable demand for the produce and the 

claims of alternative forms of land-use. 

Although it was outside the scope of the direction, the authors pointed out in their report that the fundamental 

question was, what would be the best form of land-use for each area. In the long-term integrated development of 
western Victoria, other forms of land-use such as water-supply schemes, hardwood forestry, wildlife reserves 

and national parks have a necessary and valuable place. Some of the large part of the Crown lands which has 

been assessed as of very low potential for both pines and pastures could well be suitable for one or other of these 
purposes. 

Summary 

The chief areas of about a quarter of a million acres of Crown lands in south-western Victoria were considered 

on the basis of land-unit surveys made previously. 

Evidence for the capability of different kinds of land to grow pines (Pious radiata) was sought at a number of 

plantations within the area and in South Australia; the potential of different kinds of land for agricultural 

development was gauged from the results of plot work and the experience of farmers. The assessment of the 

chief areas of Crown land for pines and agricultural development was then made from ground-traverses and from 
an interpretation of aerial photomaps, together with the .use of information on land-components derived from 
previous surveys. 

The results, enumerated in the section above, indicate that useful detailed information about the capability of 

specific large areas for different kinds of developement can be obtained rapidly on the basis of previous surveys 

at the landunit scale. 

 

Plate 45 - Scrubby closed heath woodlands of stringybark and low heaths on deep white sands may support 

plantations of pines, but such plantations are most likely to have very low growth rates. Their agricultural 

potential is also low. 



Table 17 - Categories of land for pines (pinus radiata) in South-Western Victoria 

Soils Native Vegetation Category Definition Commentary 

In areas with more than 29" average 

annual rainfall 

In areas with 24" to 29" average 

annual rainfall 

In areas with less than 24" 

average annual rainfall 

In areas with more than 29" average annual rainfall In areas with 24" to 29" average annual 

rainfall 

In areas with 24" average annual rainfall Approximate 

Acreage 

A Land on which plantations of pines can 
be established with a satisfactory growth 
rate: Sub category -- 

A1 - Very high and high growth 
rate; 

=SQR I and II of WAFDcategory 
A2 -- Moderately high and moderate 

growth rate; 

= SQR III and IV 

A3 - Moderately low growth rate; 

= SQR V 

(i) Millable logs can be obtained 
with poles and posts at 
thinnings 

(ii) In the Mount Gambier district, 
land of sub-category A1 is rare, 
and in most of the plantations it 
is of sub- 

A2. In that district, SQR V, 
that is, sub-category A3 is regarded 

as the lowest-quality land on which 

a reasonable return is assured 

(i) Sandy soils, slightly acid 
to neutral, which are 
more than 12" deep, 
richly or darkly coloured 
in the sub-surface 

horizon and without an 

impeding horizon in the 
top 24". 

(ii) Sandy soils which are more 

than 12" deep, cream-
coloured in the sub-surface 
horizon and with an 
i di h i t

} 

} 

}A1 

}& 

}A2 

} 

} 

A2 

Soil group (i) as to the left above A2 

Soil group (ii) as to left A3 Soil group (i) as to left above A3 

Swamp gum -
bracken (tall 
woodland) 

Manna gum-
bracken (tall 
woodland) 

Manna gum-stringybark-bracken 
(tall woodland) 

Stringybark-manna gum-bracken 
(tall woodland)

A2 Bank

12" tall

A3 

marg
inata 

Red gum-bracken 

(savannah 
woodland) 

Swamp gum-
bracken (tall 
woodland) 

Manna gum-bracken 

(tall woodland) 

Manna gum-stringybark-
bracken (tall wdld or dsclf)

A2 Bank

10' tall

A3 

mar
ginat

a 

Yellow gum-pink 
gum- Manna gum-
bracken (tall 
woodland) 

Yellow gum-pink 
gummanna gum-
stringybarkbracken 

(tall wdld) 

 A3 Bank

6' tall
mar

ginat
a 

A1 nil 

A2 nil 

A3 2,200 

B Land on which plantations of pines can 
be established in seasons of average or 
better rainfall, but on which the growth 
rate is likely to be low; = SQR VI of 
WAFD 

(i) Seasons which are below 
average may cause failure of 
the pines, particularly in the 
early years, and this creates an 
economic hazard. 

(ii) With the unusual techniques of 

spacing and management, some 

would become millable logs, but 
the main produce would be poles 
and posts for which a market 
must be available. Modified but 
more costly technique may allow 
a greater proportion of millable 

(iii) Sandy soils which are 
more than 12" deep, 
cream- 

coloured in the sub-surface 

horizon and without an 

impending horizon within 
48" 

(iv) Sandy soils which are 
more than 12" deep, light 
grey in the sub-surface 
horizon and with an 
impending horizon 

between 24" and 48" 

} 

}
A
3 

}
& 

}
B 

} 

B 

Soil group (iii) as to left above B 

Soil group (ii) as to left above (in 
A3 21" to 24" rainfall) 

Soil group (ii) as to left above (in B 

21" rainfall) 

Stringybark-(manna 
gum)-heaths (short dry 
scl. Forect) 

bracken- low B Banksia 
marginat
a 3' tall 

Stringbybark-(manna gum)- 

bracken-tall heaths (tall wdld 
or dsclf) 

(Manna gum-

heaths) (Heath wdld) 

B Ban

ksia 

6' 

tall 

mar
ginat

a 

Stringybark-yellow 
gum- manna gum
(heath wdld) with cla

 
y 

horizon 

Stringybark (mallee 
heath wdld) with clay 
horizon 

 B

B

Ban

ksia 

6' 

tall 

mar
ginat

a 

B 4,400 

D Land which may be Category B but 
which is probably Category C (=SQR VI 

possibly, VII probably) 

(i) There is a dearth of evidence in the 

areas mapped as this category; 

where it exists, it is not yet 
complete 

enough to distinguish 
between SQRs VII and VI, 
but points to SQR VII for 
such land 

(v) Sandy soils which are more 

than 12" deep, light grey in 

the sub-surface horizon 

without impending 
horizon within 48" 

(x) All strongly-acid sandy soils 

which otherwise have 
no disability for pines 

} 

} 

}D 

} 

} 

D 

}Soil group IV as to left above D or B 

}Soil group (v) as to left D 

 Stringybark-low heaths 
with without bracken 
(short dsclf heath wdld) 

and 

or closed 

D Banksia 

marginat
a 3' tall 

Stringybark-low heaths-bracken 

(short dsclf or closed heath wdld) 

No bracken 

Open stringybark-heath wdld 

D Banksia 

marginat
a 3' tall 

    D 88,000 

C Land on which plantations of pines can 
be established, but on which the growth 
rate is likely to be low; and also, land on 
which plantations of pines cannot be 
established; = SQR VII of WAFD 

(i) Inability to establish pines may 
be a results of excessive wetness 
of site, too dry a soil (eg deep 
coarse sands in areas of low 
rainfall), too shallow a soil 
producing seasonal wetness and 
severity of terrain. 

(ii) Where the establishment and 

sustained growth is possible, the 

only produce would be posts and 

some poles, and the yield is 
unlikely to cover the minimum 

t d t diti

(vi) All sandy soils with an 

impeding horizon in the 
top 12" 

(xi) All soils of Drainage Classes 4 

and 5 

(ix) Moderately -alkaline soils 

shallower than 12" 

(vii) Sandy soils with an impeding 

horizon between 12" and 24" 

{ 
C 

{ 

C 

C 

}
 

Soil group (vi) as to left C 

Soil group (ix) as to left C 

Soil group (ix) as to left C 

Soil group (vii) as to left E 

}Soil group (v) as to left 

} above { C 

}Soil group (vi) as to left { 

Soil group (xi) as to left C 

Soil group (ix) as to left C 

Soil group (vii) as to left E 

Heaths with Melaleuca 
squarosa 

Swamps 

Peppermint and swamp-
gum wdlds 

heath 

C 

C 

 Heaths with Melaleuca squarosa 

Swamps 

Heaths with Hakea rostrata 

Peppermint and swamp gum 

heath wdlds with Hakea 
rostrata 

C 

C 

C 

 Stringybark-low heaths 

with and without bracken 

Yellow gum (hth 
wdld) Yellow gum 
(sav wdld) Red gum 
(sav wdld) Bull-oak 
(tall wdld) 

C

C

 C 60,000 

E Land, the potential of which for 
pines cannot be assessed 

(i) Most of the land in this 
category has soils which may 
be too wet or too shallow. 

(ii) The assessment could not be 
made because of the lack of 
plantations to provide the 
correlations which would allow 
an interpretation of the 

i

(xii) All neutral and slightly 
acid soils shallower than 
12" 

} 

E All neutral and slightly acid soils E 

shallower than 18" 

All neutral and slightly acid E 

soils shallower than 24" 

Any association containing 
peppermint (E. vitrea) if any one of 
the following is also present; manna 
gum messmate, bracken 

E 

Red gum-H. rostrata (sav. 
Wdld) Yellow gum-H. rostrata 
(sav or heath wdld) 

Manna gum-H. rostrata (heath 

wdld or dsclf) 

Stringybark-H. rostrata 
(closed heath wdld or dsclf) 
heaths without H. rostrata 

}
 

}
 

}
 

}
 

}
 
}

E 

  E 70,000 

 

Notes: (i) This assessment takes no account of the effect of fertilizers, because the evidence was not sufficient (ii) The species P. pinaster may be suitable for areas of Category D, but little 

to show what it would be. Information was available. The current search for new varies of the 

species may allow land in that category to be used for pine growing in the 

Investigations elsewhere on sandy soils indicate that applications of superphosphate may rise the SQR future. 

by one unit. On the other hand, there is evidence that the SQR of sandy soils in some places has declined 

by one or two units by the time the first crop of pines has been removed. 



Table 18 - Categories of land for Agriculture in South-Western Victoria 

Soil Native Vegetation Approximate 

Acreage 

Category Definition 

In areas with more than 29" average 

annual rainfall 

In areas with 24" to 29" average annual 

rainfall 

In areas with less than 24" average 

annual rainfall 

If areas with 29" average 

annual rainfall 

In areas with 24" to 29" 

average annual rainfall 

In areas with less than 24" 

average annual rainfall 

 
A Land on which improved pastures can be 

established, capable of carrying capacities 

exceeding about two sheep per acre 

Drainage required: 

(i) All soils of Drainage Classes 4 and 5 

Drainage not required: 

(ii) All soils of Drainage Class 3 

(iii) All soils which are richly or darkly 

coloured in the sub-surface horizon 

(iv) All sandy soils with an impeding 

horizon within 24" 

Drainage required: 

Soil group (i) as to 
left 

Drainage not required: 

(ix) Sandy soils with an impeding horizon 

of clay within 18" and of drainage 

Class 3 

(xiv) Sandy soils within an 

impeding horizon of clay 

within about 15" 

(xv) Sandy soils with darkly 

coloured sub-surface horizons 

Swamp gum (savannah 

woodland) 

Swamp gum (heath woodland) 

Manna gum-swamp gum (heath 

woodland) 

Manna gum-peppermint- 
messmate (dry scl forest) 

Manna gum-bracken (tall 

woodland) 

Swam gum (savannah 
woodland) Swamp gum-red gum 
(savannah woodland) 

Red gum (savannah woodland) 

Swamp gum (heath 

woodland) All wet heaths 

Bull-oak (tall woodland) 

Red gum (savannah woodland) 

Grey box or black box 
(tall woodland) 

58,000 

B Land on which improved pastures can be 

developed capable of lower carrying 
capacities 

(v) Sandy soils which are cream coloured 

or light grey in the sub-surface 

horizon and with an impeding 

horizon between 24" and 48" 

(x) Sandy soils with an impeding horizon 

of clay within 18" and of Drainage 

Class 2 

(xi) Sandy soils which are richly or darkly 

coloured in the sub-surface horizon 

and without an impeding horizon 

within 30" 

(xii) Sandy soils which are cream coloured 

or light grey in the sub-surface 

horizon and with an impeding 

horizon within 30" 

(xiii) Sandy soils which are 
richly coloured in the sub-
surface horizon and with 
heavier subsoil within 48" 

(xiv) Sandy soils which are cream 

coloured in the sub-surface 

horizon and with an 
impeding horizon of clay 
within 30" 

(xv) Sandy soils which are light 

grey in the sub-surface 
horizon and have an 

Stringybark-manna gum-
bracken (tall woodland) 

Stringybark-heaths (short dry scl 

forest) 

Manna gum-swamp gum 
(heath woodland) 

Manna gum-swamp gum (dry 
scl forest) 

Stringybark-gum-Hakea 
rostrata (closed heath woodland) 

Stringybark-Hakea rostrata 

(closed heath woodland) 

Yellow gum-manna gum (tall 

woodland) 

Yellow gum 
(savannah woodland) 

Yellow gum (heath 
woodland) Stringybark-gums-
Hakea 

rostrata (closed or mallee heath 

woodland) 

Stringybark-Hakea rostrata 

(closed or mallee heath 

woodland) 

54,000 

C Land on which it is unlikely that self-supporting 

farms, based on improved pastures, could be 

established; however, a limited area may form a 

useful adjunct to a developed property elsewhere 

(vi) Strong-acid sandy soils which are 

light grey in the sub-surface horizon 

and without an impeding horizon 

within 48" 

(xiii) Sandy soils which are cream- 

coloured or light grey in the sub- 

surface horizon and without an 

impeding horizon within 30" 

(xix) Sandy soil which are cream 

coloured in the sub-surface 

horizon and without a 
heavier subsoil within 30" 

(xx) Sandy soils which are light 

grey in the sub-surface 
horizon and with a heavier 
subsoil between 24" and 48" 

Stringybark-low heaths-
bracken (short dry scl forest) 

Stringybark-low-heaths 
(closed heaths woodland) 

Stringybark-low heaths-bracken 

(closed heath woodland) or 
(short dry scl forest) 

Stringybark-heaths 
(mallee heath woodland) 

88,000 

D Land of inherent infertility or difficult terrain on 

which self-supporting farms based on improved 

pastures cannot be established. 

(vii) Strongly-alkaline, coarse-sandy 

soils 

(viii) Soils which are less than 6" 

deep or excessively stony 
or rocky 

 (xxi) Sandy soils which are light 

grey in the sub-surface 
horizon and without heavier 
subsoil within 48" 

 Stunted stringybark-low 
heaths- bracken 

Stringybark-low heaths- 

bracken (stunted mallee 
heath woodland) 

35,000 



PART V 
GENERAL ASSESSMENT OF THE AREA 



34. Assessment of the various Land-Zones 

This survey has provided basic information about the land in the south-western part of Victoria. 

At the detailed levels, a study of land-components within the various land-units has proved valuable in assessing whether or not 

land may be used for specific purposes. At the land-unit level and also at the broader level of the land-system, the information 

provides an interpretation of the area which makes it possible to select those land-systems and the particular land-units within them 

which should be subjected to detailed study before further development is encouraged. On the broadest scale are the land-zones, 

which are groupings of land-systems into easily recognised different major units. They are useful for assessing the present and 

potential development of the area in relation to other parts of the State. Several distinctive land-zones can be defined for south-
western Victoria, and these are shown in Fig. 15. 

It is now proposed to conclude this report by summarising the information already presented, on the basis of the various land-zones 
and finally for the area as a whole. For each land-zone, the present land-use and development are outlined in relation to the ultimate 
potential productivity, and the significant problems and hazards of land-use in each of them are discussed. 

Nelson Land-zone 

Adjacent to the coast are dunes of calcareous sand. Further inland from them are similar dunes which, through the course of time, 

have become hardened by the dissolving and re-deposition of the calcareous material of which they are composed. This process has 
left behind orange or red sands which, in places, have since been blown away to form further dunes. Behind the coastal dunes are 
long narrow swamps parallel to the coast. 

Three land-systems constitute this land-zone. The Discovery Bay land-system consists mainly of the coastal dunes, which in some 

places are quite unstable; the Nelson consists mainly of the older stabilised and indurated dunes, together with the dunes of orange 

and red sands; between the two land-systems is the Long Swamp land-system, the nature of which can be gauged from its name. 

Of these three land-systems, parts of the Long Swamp land-system can be developed to a high level of land-use, but the area 

involved is small, and the only land-system which has a widespread potential for development is Nelson. Much of this has been 

used for grazing since the early days of settlement, but the Kentbruck land-unit, which constitutes the biggest portion of the Nelson 

land-system is deficient in copper and zinc, whilst the Bridgewater sub-system is deficient in cobalt and is therefore coasty country. 

In parts, the Nelson land-system has been cleared and so provides an opportunity for re-development and more intensive land-use. 

Over most areas of the Nelson land-system the rainfall is comparatively high and reliable and with significant summer showers so 

that this land-system is capable of much higher development than there is at present. With modern methods of pasture development, 
it could be improved at a low cost to grow good perennial pastures, but it is also excellent pine-growing country and much of it has 
been bought by private companies for that purpose. For pines or pasture, however, the potential for development is good and that 
development is now taking place. 

The Discovery Bay land-system provides a conservation problem of some magnitude. Between Portland and Nelson is a huge area 

of shifting dunes which are slowly encroaching upon the Long Swamp land-system and Nelson land-system. Within the area of the 

dunes the drifting sand is a severe problem and where it is stable, the stability is precarious, but it is not a serious hazard to adjacent 
areas of more fertile country, because the rate of encroachment is low. 

Heywood Land-zone 

The Heywood land-zone includes the Strathdownie and Heywood land-systems on the coastal plains. The Strathdownie land-
system is found in the western part of the area whence it extends into South Australia, and the Heywood land-system is in the south-
eastern part of the survey area. 

The common features of these two land-systems are their relative flatness and their poor drainage. The problem of drainage in the 

Strathdownie land-system is one of removing water from the large number of semi-permanent swamps in this flat landscape. There 

has already been some artificial drainage and the stage has been reached at which the conservation of some swamps must be 

considered to ensure the continued survival of some kinds of bird-life in the area. The potential productivity of the drained areas is 

high and the land-system as a whole is productive now. The Heywood land-system, on the other hand, with its higher rainfall, but 

generally less fertile soils, presents a greater need for drainage in parts and is generally less developed. Drainage of the area should 
not be particularly difficult because there is natural regional drainage to the sea by the Fitzroy River. 

The Heywood land-zone is generally flat or only gently sloping, and for this reason there is little hazard so far as erosion is 

concerned. When drainage and development proceed, hazards such as the scouring of drains may arise as a result of excessive 

drainage. 

 

At present the conservation problems are relatively insignificant by comparison with other parts of the area studied. 



Kanawinka Land-zone 

The Follett and Kanawinka land-systems, both of which are quite similar in many of their characteristics, together constitute this 

land-zone. It includes a large area of undeveloped country regarded by some people as having a high potential for development. 

The land-zone consists of gently-sloping dunes and sheets of acid white sand which overlie various materials. In the Follett land-
system, they cover clayey deposits of the coastal plain, and in the Kanawinka land-system they cover lateritised materials, basalt, 

calcareous dune material and limestone. 

An important limiting factor to development is the infertility of the acid white sands, which have an extraordinarily low content of 

the essential major and trace nutrients. Consequently, the suitability of an area in this land-zone for development depends upon the 

relative proportion of soils in which this infertile sand is deep, to soils where it is shallow and overlies a more fertile subsoil. 

Because the white sands are excessively drained and have low water-holding capacity, the moisture status of the soils depends not 

only on the average annual rainfall, but also on its relationship to the depth of sand overlying some impeding horizon. Thus, in some 
parts of the land-zone although the rainfall may be satisfactory, the moisture status of the soils will be poor if the mantle of sand be 
thick. 

Therefore, on account of both nutrient status and moisture status, the most suitable soils are those where a relatively shallow sandy 

horizon overlies a clayey subsoil, and during the past ten years, some development has taken place in areas where such soils are 

widespread within this land-zone. In these places, the vegetation tends to be a heath or heath woodland which is much easier and 

less expensive to clear than the stringybark forest which is on the deeper sand. These soils provide suitable moisture conditions for 
pasture growth in the drier parts of this land-zone and, where rainfall is higher, it is possible to develop areas having a somewhat 
greater depth of sand overlying an impeding horizon. For pasture development, it has been demonstrated that copper and, in some 
places, zinc, are required to overcome deficiencies. It is also likely that potash deficiency will show up fairly quickly on some areas 
which have been developed. 

In this land-zone, which covers about 600,000 acres, about 37 per cent, or, about 220,000 acres, is Crown land. Of this, about 

100,000 acres is probably suitable for further consideration for agricultural development, including about 50,000 acres where the 

potential productivity is not high. However, for those parts not themselves suitable for development, limited areas could form a 

useful adjunct to established farms. 

In recent years there has been some enthusiasm about the suitability of areas within this land-zone for growing Pinus radiata. 

Generally, the areas on deep sands are too infertile, and over most of the land-zone have too poor a moisture status for satisfactory 

pine growing. On the other hand the shallow sands are not suitable for satisfactory pine growing because during the winter months 

they are waterlogged. Furthermore, because of the infertility of the soils, some fertilizer treatment would be required, at least at the 
establishment stage. There are areas where the moisture status is suitable, but generally they are not sufficiently extensive to allow 
the establishment of commercial plantations. The problem of infertility however is common throughout the whole of the land-zone, 
and only one substantial areaabout 4,500 acres has been found on the Crown lands of this land-zone where the fertility is sufficient 
for reasonable plantations of pines. Land more suitable for pine growing can be found in some of the other land-zones, for example, 
in the Nelson land-zone. 

The development of the Kanawinka land-zone will depend mainly on further pasture improvement on suitable areas, and this 

development will depend on economic circumstances. When the population increases and the demand for certain types of products 
grows, some parts of this land-zone in the high-rainfall areas, and particularly those close to centres of population, will become 
suitable for intensive development. 

Dundas Land-zone and the Casterton Land-zone 

In the central part of the survey area are dissected tablelands represented by the Dundas, Glenelg and Casterton land-systems. These 
three land-systems differ in their degree of dissection, which, for the Glenelg and Casterton land-systems, is the result of differences 
in the rocks underlying the laterite capping. The same differences in the rock have also caused differences in the soils of the Glenelg 
and Casterton land-systems. Thus, at the one extreme, the Dundas land-system is virtually on the tableland itself with only gentle 
slopes to streams which have incised the landscape to only a small extent. The Glenelg land-system, where dissection has exposed 
harder rocks, is shallowly to moderately-deeply dissected and with solodic soils mainly. At the other extreme, in the Casterton land-
system, where the rocks underlying the former tableland are soft and calcareous, the dissection is deep and the slopes steep with 
only a few tableland remnants, and the soils are dark, well structured and fertile. The Dundas and Glenelg land-systems make up the 
Dundas land-zone, whilst the Casterton land-system is distinct enough to be regarded separately as the Casterton land-zone. 

 
In the course of such development many conservation problems have arisen.  Over the Dundas land-zone sheet erosion, gullying 
and salting have occurred, and in the Casterton land-system deep and spectacular gullies, earth flows and the results of other mass 
earth movement are seen in places.  The most widespread and severe erosion problem sare virtually confined to these two land-
zones. 



In the course of such development many conservation problems have arisen. Over the Dundas land-zone sheet erosion, gullying and 
salting have occurred, and in the Casterton land-system deep and spectacular gullies, earth flows and the results of other mass earth 
movements are seen in places. The most widespread and severe erosion problems are virtually confined to these two land-zones. 

Hamilton Land-zone 

In the eastern part of the survey area there is a broad expanse of land which is the western extremity of the vast basaltic plains of 

western Victoria. This area constitutes a land-zone within which is included the Hamilton, Branxholme, Dunkeld, Girringurrup, 

Eccles and Condah Swamp land-systems. 

Of these land-systems, the Dunkeld, and perhaps to a lesser extent, the Hamilton and Branxholme land-systems, have probably been 
developed by the better landholders to about the upper level of their potential productivity under existing economic conditions. The 
climate would allow some further development in the Hamilton and Branxholme land-systems by the introduction of some 
specialised crops into a more intensive farming system. 

The Eccles and Girringurrup land-systems are associated with the stony rises. The use and development of these areas is limited by 
the stoniness which is considerable in Eccles and less in Girringurrup. Although the soil between the rocks is shallow, it is generally 
of high fertility, and so the country provides good grazing during the moister parts of the year. The potential for further 

development is not particularly great. In the Girringurrup land-system, some pasture improvement is practicable, and in those parts 

of the land-system beyond the survey area, the land-use has been converted from Merino wool growing to cross-bred wool growing 

on smaller farms. In the Eccles land system, however, no improved pastures can be established because of the stoniness. 

The other land-system in this zone is the Condah Swamp, consisting of areas of fertile, peaty land most of which has been drained 

but not all of which at present is being used at its maximum productivity. When it was initially developed, areas of this land-system 
were subdivided into small farms. Some of these have subsequently been amalgamated into areas which are too large for the 
intensive kind of development which could be maintained on this land, and when economic circumstances and the pressure of 

population demand it, these areas will be capable of sustaining much more intensive development. 

Within this Hamilton land-zone, much land is being farmed at about the highest level of development economically feasible at 

present. However, there are many individual farms where considerable development could take place before reaching that level of 

development which is most economic in the prevailing circumstances. Because of the soils and topography of the country, the 

hazards of land-use are low and soil conservation problems are therefore relatively insignificant over most of the land-zone except 

for parts of the Branxholme land-system. 

Portland Land-zone 

To the north-west and north of Portland, there is a basaltic tableland on which are three land-systems, namely the Cobbobboonee, 

Greenwald and Drumborg. Together these three land-systems constitute Portland land-zone, where messmate (Eucalyptus obliqua) 

and peppermint (E. vitrea) are the characteristic and dominant species. 

The Cobbobboonee land-system occupies by far the greater proportion of this land-zone, and at present most of it is under native 

forest which consists mainly of messmate and peppermint with some stringybark, manna gum and swamp gum. 

The Greenwald, the next most important land-system, consists of areas where there has been dissection of the plateau formed by the 
basalt flow and where the soils are not quite so fertile and support peppermint and swamp gum. 

The Drumborg land-system is an isolated area around a prominent volcanic hill of lava, cinders and tuff, and is the largest of a 

number of such bills throughout the land-zone. 

In most parts of this land-zone, the rainfall exceeds 30 inches. For that reason and because the soils have generally been formed 

from basalt and therefore have a reasonable level of fertility, the potential productivity of the area is high. 

At present, however, where a large part of the area is covered by reasonably good forest, it would be unwise to suggest any change 

of land-use by development for agriculture. This is because good forest is required in this part of the State, and also it would be 

uneconomical at present to clear this kind of land for agriculture. Where the quality of the forest is not high, such as in the 

Greenwald land-system particularly, further development would be worthwhile. Some small areas close to Portland have already 

been cleared for intensive agricultural and horticultural production, and no doubt as the population of Portland increases and the 

demand for this kind of production becomes greater, then more of this land will be developed for intensive forms of agriculture. In 

both the Greenwald and Drumborg land-systems, the level of development by the best land-holders is as high as one would expect 

under existing economic conditions. The erosion hazard and conservation problems in this land-zone are relatively insignificant 

except for those parts of the Greenwald land-system which are very steep. 



Lowan Land-zone 

In the far north-west is a small area of a land-zone which is more extensive and important in the Shire of Kowree to the north. This 
land-zone, which is represented in the survey area by the Lowan land-system, occupies the southern periphery of the former Murray 
Gulf, and the materials from which the soils have been formed are calcareous and medium to heavy textured. These give rise 
typically to moderately-fertile solonetzic soils and, in low sites, to dark clays. Because of the 25 to 26 inch rainfall the potential 
productivity is limited to that based upon improved annual pastures. Many land holders have improved their land in this way, and 
within the area studied the productivity of this particular land-zone is approaching the maximum under the present economic 
conditions. 

Grampians Land-zone 

In the survey area this is represented by the isolated range of Mount Dundas. At present it would be best to leave it as it is. 

35. Assessment of the Area as a Whole 

Over the 4,500 square miles of land in south-western Victoria described in this report, the average annual rainfall varies from 25 

inches in the north-east to about 36 inches in favoured localities in the south-west. Most of this rain falls in the winter, so that in any 
part of the area, where the soils are not infertile and not excessively drained, conditions are suitable for the growth of a mid-season, 
shallow-rooted, annual pasture plant, and, in the wetter parts, of a perennial shallow-rooted plant. During the 130 years of 

settlement, therefore, any area with moderately good soil and without problems of wetness or dense vegetation, has been selected 

and developed. Not all of such areas have been developed to their full productivity, but the properties of the most efficient land-
holders have been brought near to that state. 

Consequently, the only extensive areas of unproductive land in south-western Victoria are those where the soils are unusually poor, 

or which require drainage, or where the vegetation has been too difficult to handle efficiently. Such areas are virtually confined to 

four land-zones in the south-western half of the survey area, namely Kanawinka, Heywood, Nelson and Portland, and in particular 

to the first of these. 

In the Kanawinka land-zone, which comprises the Follett and Kanawinka landsystems, most of the soils are low in plant nutrients 

and some have too low a water holding capacity for the rainfall. Areas suitable for agricultural development are restricted, and most 
of such areas are likely to have high fertiliser costs while some require drainage. In this land-zone about 220,000 acres is still 

Crown land, and of this, about 100,000 acres is suitable for further consideration for agricultural development, including 50,000 

acres where the potential productivity is not high. Only quite small areas are likely to be able to grow plantations of pines with 

reasonable growth rates. In the Nelson land-zone soil poverty has severely restricted development in some areas, but the problem is 
not so severe as in the Kanawinka land-zone, and the areas are well-watered. There is not much Crown land in this land-zone, and 
most of the land is being rapidly developed by private individuals, or else for pine production. The Heywood land-zone comprises 
the Heywood and Strathdownie land-systems, and much of the land there is poorly-drained, whilst in places the vegetation has 
proved difficult to handle. Parts of this land-zone, particularly in the Heywood land-system, are under-developed for these reasons, 
but there is little scope for a settlement scheme because not much Crown land is left. In the Portland land-zone around Portland and 
Heywood, the rainfall is high and the soils fertile, and cleared areas are highly productive. The uncleared but privately-held land 
offers some scope for development, but the areas of Reserved forest are productive of native hardwood and it would be wise to 
leave them so. 

The greatest scope for increasing agricultural production in south-western Victoria is not in the limited undeveloped areas 

mentioned above but in the old-established areas where the greater part can still be improved to the level of the best properties. 

With the exception of a very high hazard and severe incidence of erosion on the strip of coastal sands, the hazard and incidence of 

erosion are virtually confined to the three land-zones in the north-eastern half of the survey area and particularly to the Dundas and 

Casterton land-zones. In those land-zones, there has been severe erosion in a variety of forms but the problem is becoming less 

acute with the spread of erosion control measures and the adoption of better systems of land-use. 

Thus, although the south-western part of Victoria is often thought to be a relatively undeveloped part of the State, in fact, the 
most productive parts of the region are at a standard of development, at which there can be little further improvement by 

the most efficient land-holders, and the biggest opportunity for higher production rests in the adoption of similar methods by 

other holders of land. 
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APPENDIX 1 - DIAGNOSTIC FEATURES OF THE SOIL ORDERS, GROUPS AND SUBGROUPS 

In this appendix there is a generalised description of each of the Soil Orders and Groups encountered in the area and sometimes of 

Soil Subgroups also, together with a formal description of a specific example from south-western Victoria. A list of series and types 
is given where these have been recognized. 

Order 1. The Undifferentiated Mineral Soils 

In this Order, the common features are the absence of horizon differentiation in a mineral soil with very little organic matter 

accumulation. The two Soil Groups belonging to this Order which have been encountered are the lithosol, developed from 

consolidated parent material, and the regosol, from unconsolidated sandy parent material. 

(i). Lithosol- The profile consists largely of comminuted material only slightly weathered, with angular rock fragments of any size. 

Representatives of this Soil Group vary from predominantly rocky materials such as scree and mountain-top detritus to those 

showing rudimentary features of other Soil Groups. 

Grampians profile (series and type not named) 

Locality In scrub about four miles north-east of Moora Moora reservoir, Grampians Ranges. 

Environment 33 inches average annual rainfall; Grampians sandstone; prominently dissected dip slope, basin amongst 

rocky ledges; scrub of E. baxteri, E. elaeophora and heath species. 

Morphology 0-1 inch dark grey (2.5Y 4/0 dry, 3/0 wet) sandy loam, weak sub-angular blocky structure 

1-9 inches dark grey (10 YR 4/1 dry, 2/1 wet), sandy loam single-grain structure 

-9 inches sandstone. 

(ii) Regosol- A typical profile shows a single-grain-structured sand throughout, of varying colour, and undifferentiated except for 

stratification reflecting conditions of deposition, and the incorporation of organic matter. 

Discovery Bay profile (Discovery Bay sand) 

Locality About half a mile west of the old Methodist Church at Bridgewater, in the south-west of parish of Mouzie, 

County Normanby. 

Environment 33 inches average annual rainfall; parent material high and unstable dunes of sand composed mainly of 

finely-broken-down seashells and predominantly of calcium carbonate; slight depression between tussocks 
on top of a knoll on the highest part of the dunes; vegetation absent except for occasional clumps of marram 
grass and patches of Acacia sophorae. 

Morphology 0-72 inches light yellowish-brown (7.5 YR to 10 YR 7/4 dry, 6/4 moist) coarse sand; massive structure, 

breaking to very weak medium subangular blocky; loose; highly porous; organic matter absent; marram 

grass roots occasional in horizon 0-12, with layers of roots at 16 inches and 24 inches; laminations due to 

wind deposition faintly visible. 

Order II. The Peats 

The peats are soils in which the profile is dominated by organic matter of which the botanical features are partly visible. Only one 

Soil Group belonging to this Order has been encountered in south-western Victoria, the carr peat, in which the chief peat-forming 

species are woody, such as shrubs or small trees, and not mosses or sedges as in other peats. 

(i). Carr Peat- A typical profile consists largely of a fairly uniform deposit of peat formed from woody species. Peat is a dark-
coloured springy material, very light in weight for its volume, with the plant remains still visible in a semi-decomposed state. There 
is very little horizon differentiation, except for the transition into the material upon which it rests, usually water-deposited sands, 
silts or clays. The examples encountered, because they have been formed in wet areas on basaltic country, rest on very clayey 
deposits. Since the preservation of the organic matter as peat is due largely to its being submerged, the soils are restricted entirely to 
swamps or other areas of severely impeded drainage. 

Condah Swamp profile : (Condah Peat) 



Locality 200 yards west and 100 yards south of the bridge across the main drain of Condah Swamp, in allotment 7 

of 17, parish Greenhills, County Normanby. 

Environment 27.5 inches average annual rainfall, acidification index 5-3; parent material organic remains of 

Leptospermurn scrub resting on clayey alluvium on Eccles stony rises; regional topography a flat-bottomed 
north-south valley in rolling, dissected Hamilton basalt; local topographyjust off a slight rise of partly 
covered Eccles basalt; external drainage originally completely impeded, now drained; internal drainage free 
; vegetation originally a wet scrub, 10 feet tall and dense, of Leptospermum spp. and Galenia spp., now 
cleared to give a tussock grassland of introduced species. 

Morphology 0-3 inches dark brown (7.5 YR 2/2 dry, 10 YR 2/1 wet), dense mat of peat and roots; massive structure, 

held together by roots, breaking into moderate and fine subangular blocky; force 1 crumbly; extremely 

porous; predominantly organic matter, slightly moist, clear smooth boundary. 

3-24 inches black (7.5 YR 2/1) peat; moderate medium prismatic structure breaking into medium and fine 

subangular blocky peds, with occasional dark reddish-brown stains on their faces force 2 crumbly; porous ; 
roots and organic matter abundant slightly moist; the whole horizon spongy, springy and resilient to blows 
clear smooth boundary. 

24-54 inches finely mottled black (10 YR 2/1 wet) and brown (7/5 YR 4/2 wet) peat, with occasional large 
streaks of orange on roots channels or sinuses; massive structure with many very small empty rootholes, 
breaking into weak coarse prismatic; force 3 labile; less springy than horizon above; slightly porous; few 
roots; occasional large wet yabbie holes; saturated at 48 inches; texture becoming heavier with depth; 
gradual irregular boundary. 

54 inches decomposing vesicular Eccles basalt. 

Order IIII. The Ground Water Soils 

Ground water soils are those which show evidence of the presence of a water-table for a substantial part of the year. This evidence 

takes the form of "gleying" usually as a distinct gley horizon. A gley horizon is a pronounced mottling of light grey and either dark 
grey or dark blue, together with yellow and brown often, green sometimes, and orange and red only towards the aerobic border. 
Since this feature may occur in conjunction with features characteristic of other Soil Orders, a logical subdivision of the Order is on 
the basis of those features. The otherwise diverse features are brought together in this Order as it is considered that the wetness of 
the soil, indicated by the gley horizon, is the most important feature. 

Four Soil Groups belonging to this Order have been encountered in the survey area, the gley podsol, the meadow soil, the marsh soil 
and the alluvial soil. A fifth Soil Group, the gley-solodic soil, is probably present in swampy parts of the Coastal plains, but it has 
not been encountered. 

(i). Gley Podsol- A typical profile shows the characteristics of soils of Order IV (Podsols), together with gley features in the B 

horizon although but rarely in the A horizon where in any case they may be confused with the bleaching characteristic of the 

podsols. A B horizon of ferric oxide accumulation is always present, and sometimes of clay accumulation also; subdivision of the 

Soil Group is on the basis of humus accumulation in the B horizon. 

Heywood profile (series and type not named) 

Locality Surveyed road at south-eastern corner of allotment 6a of 5, parish Heywood, County Normanby. 

Environment 34.5 inches average annual rainfall, acidification index 6-7; parent material probably Pleistocene alluvium 

overlying Miocene limestone, and a veneer of Holocene sands; regional topography a slightly undulating 

plain, local topography a slight depression; regional drainage slow, internal drainage impeded at 18 inches; 
vegetation a heath sclerophyll forest of E. ovata, Melaleuca squarrosa, Leptospermum juniperinum, ground 
yacca and narrow-leafed sag. 

Morphology 0-6 inches black 10 YR 2/1 wet) loam containing come coarse sand; moderate medium and fine sub- 
angular blocky structure; force 3 crumbly; porous; abundant health and yacca roots; abundant organic 

matter; moist; gradual smooth boundary. 

 
6-18 inches mottled very dark brown (10YR 3/1 wet) and brown (10YR 4/3 wet) coarse sandy clay, with 
darker colour on ped faces; soft orange nodules present; weak coarse prismatic structure breaking to 
subangular blocky; force 4 crumbly; gradual smooth boundary. 

18-60 inches mottled dark greyish-brown (2.5 Y 4/2 wet) and yellowish-brown (10 YR 5/6 wet), heavy clay 
with darker colours on ped faces; this changes with depth to strongly mottled strong brown (7.5 YR 5/6 



wet) and grey at 60 inches; massive structure, breaking in parts to weak coarse prismatic; clay skins present, 
force 5 plastic (very tenacious); closed; roots infrequent and decreasion with depth; very little organic 
matter; moist; frequent soft iron-oxide nodules. 

(ii). Meadow Soil- A meadow soil is one which shows the features of some members of Order VII, the Earths, such as the Brown 

Earths, Prairie Soils, Chocolate Soils or Chernozems, together with a gleyed subsoil. In this way, a typical profile would show a 

moderate content of clay at all levels, dark brown to black at the surface and lightening in colour until the mottled gley horizon is 

reached, in the upper zone of which orange is a common colour. The structure of the topsoils is good and usually of the angular-
blocky type, and merges into coarser prismatic structures with depth. 

Mouzie profile (series and type not named) 

Locality Creek bank in allotment 5 of 8 parish Mouzie, County Normanby. 

Environment 35.5 inches average annual rainfall, acidification index 6.1; parent material alluvium overlying ortstein; both 
from basalt; regional topography gently rolling to undulating, local topography creek flood-plain, external 
drainage slow, internal drainage becoming slow from 9 inches; vegetation originally a wet tussock grassland 
probably of Stipa spp and Poa australis now ploughed for sowing to pasture. 

Morphology 0-9 inches black clay; fine and very fine angular blocky structure porous, roots and organic matter abundant; 
dry; gradual smooth boundary 

9-24 inches black heavy clay; small amount of gravel; medium and coarse angular blocky structure; roots 
decreasing, organic matter abundant; dry; gradual smooth boundary 

24-60 inches very dry greyish-brown heavy clay; coarse angular blocky structure, becoming prismatic with 
depth, roots and organic matter decreasing; moist; clear smooth boundary 

60-72 inches strongly mottled brownish-grey and orange heavy clay massive structure; roots very few; wet; 
abrupt smooth boundary 

72-78 inches ortstein (indurated, pisolitic-ironstone); abrupt smooth boundary 78 

inches iron-stained kaolin; abrupt smooth boundary 

84 inches basalt (Cobbobboonee flow). 

(iii). Marsh Soil- This Soil Group differs from the others in Order III by having a fairly high content of organic matter in the 

surface horizons which frequently extends to some depth, and by being gleyed throughout most of the profile, where riot masked by 
organic matter. A water table near to the surface for a considerable period of the year is responsible for both features, preventing the 
decomposition of the humus from equalling the rate of its accumulation. Three subgroups are recognized, according to the alkalinity 
or acidity of the saturating water, as salt Marsh soil, normal marsh soil, and acid marsh soil. The latter two have both been observed 
and sampled in the survey area, and the first, although not examined, is thought to occur near coastal swamps. The acid marsh soil, 
being of some extent and importance in one particular area (Kentbruck Heath) is described below. 

Kentbruck Heath Profile : (Kentbruck Heath sandy loam) 

Locality Southern edge of Crown land in parish Kentbruck, near the north-western corner of allotment 7 of 5, 
County Normanby. 

Environment 36 inches average annual rainfall, acidification index 6.4; parent material blown acid white sands; regional 
topography gently undulating sand sheet with occasional low dunes; local topography flat, towards lower 
portions; regional drainage very slow, internal impeded at 32 inches; vegetation a mallee wet heath (heath 
spp. 3 feet to 4 feet tall, mallees 3 feet to 8 feet tall) of Eucalyptus baxteri, E. vitrea occ., E. kitsoniana 
rarely, Melaleuca squarrosa, Xanthorrhoea australis, Leptospermum juniperinum, L. myrsinoides, 
buttongrass, all dominant heaths, and Banksia marginata, Hakea rugosa, Springellia spp., and Acacia 
oxycedrus present. 



Morphology 0-6 inches black (10 YR 211 wet) coarse sandy loam, with white sand grains; moderate fine sub-angular 
blocky structure; force 2 crumbly; very porous; roots and organic matter abundant; moist; diffuse smooth 
boundary 

6-32 inches dark grey (10 YR 3/1-2/1 wet) coarse loamy sand; weak medium sub-angular blocky structure; 
force 2 crumbly; porous; large roots and organic matter abundant; moist; clear wavy boundary 

32-38 inches black (10 YR 2/1 wet) coarse loamy sand, massive structure; force 4 brittle closed few roots; 
abundant organic matter (organic hardpan) moist clear wavy boundary 

38-50 inches faintly mottled black (10 YR 2/1 wet) and v. dark reddish brown (5 YR 2/2) loamy coarse sand; 
massive structure; force 5 brittle cemented iron-humus hardpan; dry; gradual wavy boundary 

50-84 inches coarsely mottled reddish-grown (5 YR 4/4 wet) and dark grey (5 Y 3/1 wet) loamy coarse sand; 
massive structure; force 4 brittle; slightly moist; gradual smooth boundary 

84-131 inches extremely coarsely mottled (6 inches wide) dark grey (5 Y 3/1), reddish-brown (5 YR 4/4 wet) 
and light grey (5 Y 611 wet) loamy coarse sand; single-grain structure; force 2 crumbly; wet; saturated at 8 
feet; roots not encountered, organic matter diminishing; gradually to light grey (5 Y 6/1) coarse sand at 11 feet. 

(iv). Alluvial Soil- The characteristic of alluvial soils is that, owing to the current periodic deposition of soil material onto their 

surface, their profiles are not differentiated into horizons resulting from internal alteration processes, but show stratification due to 

such a deposition of materials which vary widely in their character. Also, since they are nearly always near a stream or river, their 

profiles usually show a gley horizon in the deep subsoil. The period of time between successive depositions may be sufficient to 

allow the formation of a humus-rich topsoil or even profile differentiation, before it is buried beneath a later deposit. As the deposits 
themselves may vary greatly in texture, it is not feasible to describe a "typical" profile. Alluvial soils have been observed on the 
flood-plains of the major waterways in the area, particularly adjacent to the Glenelg and Wannon Rivers and some of their chief 
tributaries. None has been formally described in this survey but the "X" series of Blackburn and Leslie (1949) is an example of this 
group. 

Order IV. The Podsols 

There are three characteristic features of soils belonging to this order which includes those named in other classifications both as 

"podsols" and "podsolic soils". 

They all show a zone of accumulation of iron-oxide in the subsoil, whilst the A horizon is relatively depleted of this constituent. 

This feature usually shows itself as a bleaching of the A horizon and a reddening or yellowing of the B horizon in the zone of 

accumulation. Sometimes the bleaching may be masked by organic matter. Together with the accumulation of iron oxide, there may 
be accumulations of aluminium oxide, clay and humus also. The second feature is the severe base-unsaturation of the exchange 
complex throughout the profile, resulting in moderate to high degrees of acidity. A third feature, which is not always present, and is 
easily altered by disturbance, is a surface layer of acid organic matter of the raw or "mor" type. 

Four groups are recognized in this Order, according to the extent of masking by humus, the severity of differentiation and the 
nature of the subsoil. Only two of these soil groups have been seen in south-western Victoria, the nomopodsol and leptopodsol. 

(i). Nomopodsol.- Soils of this group show a marked development of the bleached A2 horizon, usually a prominent surface layer of 
acid humus, and are strongly acid and base-unsaturated throughout. A typical profile shows an A2 horizon of black greasy humus, 
overlying a dark coarse textured Al horizon, and a strongly-bleached A2 horizon of similar texture. The B1 horizon, of similar or 
heavier texture than the A2, may be coloured yellow, orange, dark reddish-brown or black, depending upon the relative abundance 
of iron oxide and humus respectively. Although the junction of the A2 and B horizons is always well-defined, it may be highly 
irregular, with tongues of the A2 horizon penetrating the B horizon. This latter becomes much paler in colour with depth, and 
gradually merges into the underlying material. Considerable variations in depth of the profile may be encountered. 

Two subgroups are found in the area. One is the humus nomopodsol in which both iron oxide (yellow, orange and red colours) and 
humus (brown and black colours) accumulate. The zone of iron-oxide accumulation extends lower in the profile than does that of 
humus accumulation. The other subgroup is the iron nomopodsol‡ in which there is only iron-oxide accumulation. In South-
Western Victoria, both subgroups usually occur on deposits of coarse sand which sometimes overlies a clay base. Sometimes the 
clay base approaches the surface, and where it is within four feet of the latter, the soil, despite the podsol features of the sand, is 

classified primarily with the members of Order V, and described in more detail there. The following descriptions are of the iron 

                                                 
 Synonyms are " ground water podsol " (Stephens 1953) and includes Uc 2,33 profiles of Northcote (1960). 
‡ Synoms are “podsol” (Stephens 1953) and Uc2.2 class of Northcote (1960). 



podsol and humus podsol respectively. 

William's Hillock profile: (Ross sand) 

Locality Summit of William's Hillock, centre of Kentbruck Heath, parish of Kentbruck, County Normanby. 

Environment. 36.5 inches average annual rainfall, acidification index 6.4 parent material Holocene acid soils; regional 
topography an undulating sand plain with occasional steep sand dunes, local topography summit of steep sand-
dunes; external drainage very free, internal drainage free; vegetation a low dry heath of Hakea rostrata Banksia 
marginata, Xanthorrhoea australis with some Casuarina distyla, Epaeris impressa, Isopogon spp. 

Morphology 0-18 inches grey (10 YR 511 wet) loamy sand; weak fine crumb structure; force 1 crumbly; very porous, roots 
and organic matter present; moist; becoming lighter in colour with depth; gradual smooth boundary 

18-20 to (30) inches light grey (10 YR 7/2 wet) sand; single-grain structure; force 2 crumbly; porous; roots 
decreasing - very little organic matter; moist; abrupt irregular boundary 

20 (30) to 22 (32) inches dark brown (10 YR 3/4 wet) loamy sand massive structure; force 3 crumbly; only 
slightly porous; few roots; some organic matter present; moist ; clear irregular boundary 

22 (32) to 60 inches yellowish-brown (10 YR 5/4 wet) sand; single grain structure; force 2 crumbly; porous; 
roots diminishing; moist; becoming gradually lighter in colour with depth, until yellowish-brown (10 YR 7/6) 
sand is reached. 

Costin's Hillock profile: (Richmond sand) 

Locality Costin's Hillock on southern boundary at Kentbruck Heath, parish of Kentbruck, County Normanby. 

Environment 36.5 inches average annual rainfall, acidification index 6.4; parent material Holocene acid sands; regional 
topography an undulating sand plain with low sand dunes; local topography summit of low sand-dune; external 
drainage free; internal drainage slightly impeded at 40 inches; vegetation a dry mallee heath of E. baxteri and E. 
vitrea (4 feet to 6 feet tall) with open dry heath understorey of Xanthorrhoea australis, Banksia marginata, 
occasional Isopogon, Epacris impressa and other heaths 

Morphology 0-5 inches grey (5 YR 6/1 dry, 5/1 wet) loamy sand with some similar-sized grains of black humus; weak fine 
subangular blocky structure force 1 crumbly; roots of heaths abundant; organic matter present dry; gradual 
smooth boundary 

5-30 inches very dark grey (10 YR 3/1 dry and wet), loamy sand; with some lighter grey (5 YR 6/ 1) sand 
grains; weak medium sub-angular blocky structure; force 2 crumbly; roots of heaths abundant organic matter 
abundant; dry; gradual smooth boundary 

10-30 inches weakly and coarsely mottled grey and lighter grey (10 YR 5/1 to 6/1 dry) loamy sand; massive or 
single-grain structure; force 2 crumbly; large roots present, small roots diminishing; organic matter diminishing; 
dry; gradually smooth boundary 

30-40 inches weakly and coarsely mottled off-white (10 YR 9/2 dry) and light grey (7.5 YR 7/1 dry) loamy 
sand; massive structure; force 2 crumbly, few roots; organic matter present; dry; abrupt irregular boundary 

40-48 inches strongly and coarsely mottled black (5 YR 2/1 dry) and pinkish grey (7.5 YR 7/2) loamy sands; 
("coffee-rock"); massive structure; force 3 brittle; organic matter present roots few dry; gradual irregular 
boundary 



(ii). Leptopodsol- Soils of the leptopodsol group show the general features of the Order developed only weakly to moderately. A 

typical profile shows a thin and poorly-developed A0 humus horizon overlying a grey to greyish-brown A1 horizon which may be of 

various textures. This merges gradually into a somewhat lighter-coloured, often yellowish, A2 horizon, which overlies, but not 

abruptly, a darker-coloured, or mottled yellow, orange and reddish-brown B horizon, relatively compact and of massive structure. 

Sometimes this B horizon is of heavier texture, and if so, the increase in texture is gradual, extending well into the B horizon. The 

subsoils grade into the underlying decomposing materials at depths usually not exceeding four feet. 

Two subgroups are recognized and both occur in the survey area. They are the iron-leptopodsol, wherein there is accumulation of 

iron oxide only, and the clay leptopodsol, which shows accumulation of iron oxide and clay also. The essential difference between 

the latter subgroup and some of the solodic soils of Order V is increase in sesquioxides and the gradual increase in texture of the 

leptopodsol with depth as compared with the sharper increase in texture of the solodic soils. Intermediates between the clay 

leptopodsol and the solodic soils have been recognized and so termed in the text of the report. The following descriptions are of the 
iron leptopodsol and the clay leptopodsol respectively. 

Kentbruck profile . (Kentbruck loamy sand) 

Locality Kentbruck Dunes upper plots, about 500 yards north-west of the north-western corner of allotment 2 of 3, parish 
of Kentbruck. 

Environment 34 inches average annual rainfall, acidification index 6.2; parent material is orange sands of Pleistocene or 
Holocene age derived from Pleistocene calcareous dunes; regional topography steeply rolling sand-dunes, local 
topography the easterly-facing 8 percent upper slope of dunes; external and internal drainage free; vegetation 
originally a tall woodland or forest of E. baxteri with some E. viminalis, Casuarina stricta and bracken, now 
cleared and dominated by bracken 

Morphology 0-3 (4) inches dark greyish-brown (7.5 YR 4/2 to 10 YR 4/1 wet) loamy sand; weak fine sub-angular blocky 
structure very friable; force 2 crumbly; very porous; frequent small roots moist; clear smooth boundary 

3 (4)-6 (9) inches dark yellowish brown (10 YR 4/4 wet, 1 dry) loamy sand; weak medium sub-angular blocky 
structure; friable; very porous; frequent bracken roots; organic matter diminishing moist; clear, smooth boundary 

6 (9)-48 inches distinctly mottled (due to occlusions) dark yellowish brown (10 YR 4/4 wet), brown (7.5 YR 4/4 
wet) and strong brown (7.5 YR 5/6 wet) loamy sand, grading into sand with depth; single-grained structure; 
loose; roots infrequent and ceasing at 36 inches; organic matter present only in 10 YR 4/4 occlusions; dry at 45 
inches; clear smooth boundary; 48-110 inches orange brown (5 YR to 7.5 YR 5/8 dry) loamy sand massive 
structure; porous; becoming gradually lighter in colour with depth; abrupt smooth boundary 

110 inches coarsely and strongly mottled grey and yellowish brown sandy clay. 

Cobbobboonee profile: (Gorae gravelly loam) 

Locality In Cobbobboonee forest, south-eastern corner parish Drik Drik, County Normanby. 

Environment 35 inches average annual rainfall, acidification index 6.0; parent material ortstein developed upon early 
Pleistocene basalt (Cobbobboonee basalt); regional topography gently rolling; local topography top of very gentle 
knoll; external drainage free, internal drainage slow at 15 inches; vegetation a tall dry sclerophyll forest of 
Eucalyptus viminalis, F. vitrea and E. obliqua occasionally, but which has probably been cut out, understorey of 
bracken 36 inches ball of moderate density, native grasses, occasional Xanthorrhoea minor, and few heaths. 

Morphology 0-6 inches dark brown (10 YR 3/3 wet) gravelly loam to gravelly clay loam; moderate fine and medium 
subangular blocky structure; force 1 crumbly; very porous; fine roots frequent and some heath, bracken and tree 
roots of medium size present; fungal hyphae frequent in top 15 inches; leaches present; moist to wet; some 4 inch 
concretionary ironstone present; gradual smooth boundary 

                                                 
 Synonyms are " grey-brown podsolic soil " (Costin 1954), " grey-brown podsolic soil (Stephens 1953) in part only, and include some Uc 3-2, Uc 3.3 and Gn 

profiles of Northcote 1959. 

 



6-15 inches greyish-brown (10 YR 4/3 wet, 5/2 dry) gravelly clay loam; moderate medium and coarse 

angular blocky structure breaking to fine; force 2 crumbly; porous; bracken and tree roots of medium size 

frequent to abundant; moist; fairly abundant quantities of non-concretionary ironstone of size less than 1 

inch clear, smooth boundary 

15-18 inches dark yellowish-brown (10 YR 4/4 wet) slightly gravel) clay; weak medium and fine angular 

blocky structure; force crumbly; porosity decreasing; roots diminishing; moist sort angular non-
concretionary ironstone of size less than 1/2 inch clear smooth boundary 

18-48 inches distinctly mottled red (2.5 YR 4/8 wet) and yellowish brown (10 YR 5/6 wet) slightly gravelly 
clay; medium angular blocky structure breaking to fine; force 4 crumbly (very firm) slightly porous; a few 
medium and larger tree roots; no, concretionary ironstone, i.e., fossil, present; diffuse boundary 

48-72 inches distinctly mottled red (2.5 YR 3/6 dry), orange (5 Y 5/8 dry) and light grey clay massive 

structure; force 5 brittle (very hard); slightly porous; dry stones absent. 

Order V. The Solodic Soils . 

Soils belonging to this Order have three characteristic features as follows: 

i. an horizon of clay accumulation sharply differentiated from the A horizon 

ii. a bleached A, horizon overlying the clay and often containing nodules of sesquioxide: 

iii. the exchangeable bases of the B2 horizon dominated by sodium-plus-magnesium. 

The six soil groups composing the Order are separated according to the chemical characteristcs of the exchange complex, the 

structure and thickness of the horizons and the occurrence of secondary chemicals. Three of these groups are found in the survey 

area, the solod, solodic soil and solonetic. The first and third of these groups are of restricted occurrence, but the solodic soils are 

common 

(i). Solod- The group shows a thick A, horizon, an irregular or plane surface of the clear horizon and is strongly acid throughout, 

with the exchange complex predominantly base-unsaturated throughout. In south-western Victoria, the group has been found only 

on the kaolinised Halnill basalt in the areas of higher rainfall. 

Greenhills profile (series and type not named) 

Locality On stock-route about 30 chains to the north-west of south-west con of allotment H of 10, parish Greenhills, County 
Normanby. 

Environment 291/2 inches average annual rainfall, acidification index 5.24; pan material probably towards the base of the 
bauxitic zone capping Hamilton basalt; regional topography an undulating plateau surface dissected by a wide 
valley (Condah swamp); local topography summit of sight rise about 50 feet below plateau surface; external 
drainage face, internal drainage impeded at from 9 inches to 17 inch (vegetation originally probably a woodland of 
Eucalyptus ovata some Acacia melanoxylon, now cleared to a dry tussock grassland of Themeda spp. and others 

 Morphology 0-3 inches very dark brown (7.5 YR 2/2 wet, 3/2 dry) slightly gravelly loam; weak medium and coarse sub-angular 
blocky structure; for 2 crumbly; porous; fine roots frequent; dry; clear smooth boundary 

3-6 inches mottled greyish-brown (10 YR 6/2 wet, 4/2 dry) with some brown (10 YR 5/4) gravelly loam; weak 
coarse sub-angular blocky structure force 3 crumbly; porous; fine roots present; dry abundant 1/4 inch gravel of 
buckshot and kaolinite; clear wavy boundary 

6-9 (17) inches similar coloured very gravelly loam; massive structure force 2 crumbly; porous; fine roots present; 
dry; abundant 1/2 inches gravel of buckshot and kaolinite; abrupt wavy boundary 

9 (17)-42 inches mottled brown (7.5 YR 4/4 dry) with some red (2.5 YR 5/4) heavy clay; moderate medium sub-
angular blocky structure very hard; slightly porous; few roots decreasing with depth; slightly moist; stones absent 
except for some 1 inch to 1 inch kaolin pebbles; gradual smooth boundary 



42-72 inches strongly mottled red (2.5 YR 3/6), grey (10 YR 6/1) brown (10 YR 5/4) heavy clay massive 

structure; very tenacious slightly porous; slightly moist roots not encountered; weathered kaolinite; 

changing to mottled grey and brown clay at 72 inches 

(ii). Solodic Soil 

Soils Of the solodic soil group show a thick A horizon, an irregular or plane surface of the clay horizon, are moderately acid and 

partially base-unsaturated in the surface horizons, but base-unsaturated elsewhere. The proportion of sodium on the exchange 

complex usually rises with depth to between about 5 per cent and 15 per cent in the B2 horizon Values of pH usually rise also with 

the proportion of sodium on the exchange complex, but where the amount of exchangeable magnesium is high and exchangeable 

calcium low, then pH values are low regardless of the proportion of sodium on the exchange complex. 

A median profile shows a brown sandy or silty loam Al horizon, sometimes gritty and of small or medium sub-angular blocky 

structure, overlying at from 6 inches to 12 inches a light grey, yellowish-grey or pinkish-grey sand or silt A2 horizon, sometimes 

gritty, of single-grain structure and often with gravel of broken-down parent material or ironstone nodules. When wet, this horizon 

may be soft and malleable, and even semifluid if completely saturated, as it often is during winter ; when dry, it may be extremely 

hard and powdery, with and "aero" structure due possibly to air-bubbles entrapped when the horizon was wet. This A2 horizon 

lightens in colour until at from 9 inches to over 36 inches, it is sharply differentiated from the brown clay B horizon, the structure of 
which is usually fine or medium angular blocky quickly becoming coarser with depth until it is prismatic or massive. Diminished 
quantities of ironstone gravel may be found in the top of the B horizon. When dry, it is usually quite hard, and at all times is of low 
permeability to water except down occasional cracks; it shows no evidence of columnar structure or of domed tops, but may be of 
irregular surface. The B1 horizon merges gradually into the mottled clay B2 horizon, browns, greys and oranges being common 
colours. This extends to the underlying material at variable depths. 

Three subgroups are recognized, and all are found in the area. The red solodic soil shows a light brown to reddish-brown A1 

horizon, a pinkish-grey A1 horizon, and B horizons in which reds, browns and oranges predominate. The brown solodic soil is as 

described above for the group, whilst the yellow solodic soil has predominantly yellow and grey colours. These subgroups often 

form a hydromorphic sequence, and in the area only the brown solodic soil is common. This subgroup in south-western Victoria 

however, has variations in depth, texture and structure which are sufficiently diverse and important geographically to warrant 

description. 

The first division of this subgroup in south-western Victoria comprises soils corresponding to the general group description. A 

second is of soils, restricted to basaltic areas, the A1 horizon of which is of a generally heavier texture than for first division, being 

loams, silty loams and even light clay loams, and also of strong small and medium angular-blocky structure, and with a dark colour 

sometimes obscuring much of the otherwise bleached horizon. On superficial acquaintance with these soils, the impression is gained 
of affinities with the prairie soils. To these brown solodic soils the name Normanby family has been given. The third division is 
markedly different, being essentially a soil whose A horizon is predominantly of coarse acid white sands overlying a clayey layer. 
To these soils, the name Follett family has been given, and they are characterised by the uniform grade of sands comprising the 
whole of the A horizon with virtually none of the finer fractions until the B horizon is suddenly encountered. Ironstone gravel may 
not occur at all in many profiles of this family, but where it does, it is not of buckshot, but either soft concretions of iron-cemented 
sand, or hard deeply-pitted iron-cemented sand rather like large zinc granules. Occasionally, the coffee-rock horizon characteristic 
of humus nomopodsols is found above the clay B horizon, and rarely the sesquioxide B horizon of iron nomopodsols. In this family 
the depth to the B horizon may vary widely, as may be expected, if the soils are simply sand-mantles over clay deposits. Because of 
land-use significance, an arbitrary depth of 48 inches to the B horizon has been selected to separate solodic soils of shallower B 
horizon, from regosols or podsols in the same material. 

The important difference between the solodic soils and the clay leptopodsols is the sharpness of the increase in texture with depth, 

and soils intermediate in this respect have been found. 

The five descriptions which follow are respectively, of the first division of a variant of the first division widespread on the Dundas 

tablelands, of the Normanby family and of shallow and deep phases of the Follett family. 

Bryant's Creek profile: (Bryant Series‡) 

Locality. Allotment 28 of section 23, parish of Konongwootong, County Dundas. 

 

                                                 
 Synonyms are "solod " (Stephens 1953) in part, " grey-brown podsolic . soil" (Stephens 1953, Costin 1954) in part only, " red podsolic soil " (Stephens 1953, 

ostin 1954) in part only, and some Dr, Db and Dy profiles of Northcote 1960. C
‡ This profile was described, named and mapped by Blackburn and Leslie (1950, 1958). 

 



Environment 26 inches average annual rainfall, acidification index 4.2; parent material Permian glacial sediments;regional 
topography steeply rolling, being the dissected country beneath the Dundas Tablelands, local topography middle 
catenary position, 6-10' slopes; external drainage free, internal drainage impeded at 16 inches; vegetation now a 
natural pasture which originally apparently carried some she-oaks as the only timber. 

Morphology 0-2 inches light grey loamy sand; single-grain structure; clear smooth boundary 

2-10 inches lighter grey loamy sand; single-grain structure; diffuse smooth boundary 

10-171/2 inches very light yellowish gray sand with occasional quartz grains towards bottom of horizon, abrupt 
smooth boundary 

171/2-28 inches mottled dark-grey, red and yellowish-brown clay weak coarse sub-angular blocky structure; some 
stones and gravel gradual smooth boundary 

38-49 inches mottled yellowish-grey and grey sandy clay loam; rock fragments present.  

Koroite profile (Koroite Series) 

Locality Roadside on south-east of allotment 56 of 22, parish Coleraine, County Dundas. 

Environment 25 inches average annual rainfall, acidification index 4.5; parent material possibly Tertiary alluvium; regional 
topography an elevated tableland, local topography flat external drainage very slow, internal drainage impeded at 
1212 inches vegetation now a savannah woodland of Eucalyptus camaldulensis, E. viminalis, Casuarina stricta 
and native grasses. 

Morphology 0.4 inches grey to dark grey fine sandy clay loam; smooth diffuse boundary 

5.9 inches faintly mottled grey and yellowish-grey light clay; occasional ironstone gravel; diffuse smooth 
boundary 

9-121/2 inches yellowish-grey fine sandy clay loam ; abundant ironstone gravel mainly up to 1/2inch diameter ; 
abrupt smooth boundary 

121/2-15 inches mottled greyish-yellow, yellowish brown and dark grey clay; abundant ironstone gravel 

15-26 inches mottled yellowish-brown, with reddish brown and dark grey heavy clay; friable; occasional soft 
ironstone gravel 

26-41 inches mottled yellowish-brown, red, light grey and bluish-grey heavy clay; slight hard ironstone gravel 

41-55 inches as above with light grey becoming more frequent.  

Gazette profile (Normanby family; series and type not named) 

Locality Surveyed road on south-eastern side of allotment 3 of F, parish Napier, County Normanby, about 200 yards from 
southern corner of allotment, adjacent to Gazette Station. 

 
Environment 28.5 inches average annual rainfall, acidification index 5.0; parent material Hamilton basalt, towards the base of the 

zone of alteration; regional topography broadly rolling, local topography middle of long gentle 2 per cent slope; 
external drainage free, internal drainage impeded at 24 inches; original vegetation probably a tall woodland of 
Eucalyptus ovata, with some Acacia melanoxylon and Exocarpus cupressiformis, now cleared to a sparse savannah 
woodland with Poa australis dominant in the herbaceous stratum. 

Morphology 0-12 inches very dark grey (10 YR 3/1 wet) loam to silty clay loam strong fine and very fine sub-angular blocky 
structure, weakly bonded to coarse sub-angular blocky; force 3 crumbly; very porous, fine roots frequent; abundant 
organic matter; slightly moist; gradual smooth boundary 

 
                                                 
 This profile was described, named and mapped by Blackburn and Leslie (1950, 1958). 



12-19 inches dark grey (10 YR 4/1 wet, 5/2 dry) loam to silty clay loam, with gravel towards 
bottom of horizon moderate medium and fine sub-angular blocky structure; porous roots and 
organic matter decreasing; gradual smooth boundary 

19-24 inches dark brown (10 YR 3/3 wet) gravelly clay loam; weak fine sub-angular blocky 
structure; force 4 crumbly porous; few roots, abundant concentric ironstone gravel 1/8 inch to 1/4 
inch diameter ("buckshot"), sometimes coalescing; clear smooth boundary 

24-48 inches faintly mottled yellowish-brown (10 YR 5/4) and dark greyish-brown (10 YR 3/2) 
heavy clay massive structure; slightly porous; gradually merging into 

48-60 inches strongly mottled red (2.5 YR 4/8) brownish-yellow (10 YR 6/6) and light grey (2.5 
Y 7.0) heavy clay. 

Killara profile (Follett family, shallow phase; series and type not named) 

Locality Centre of heath near south-western corner of allotment 1 of B, parish Killara, County Normanby. 

Environment 27 inches average annual rainfall, acidification index 4.9; parent material Pleistocene lagoon deposits 
with a mantle of blown Malanganee sand ; regional topography flat with low sand dunes, local 
topography flat sandplain; external drainage slow and impeded, internal drainage impeded at 21 inches ; 
vegetation a short wet heath of Leptospermum juniperinum, Banksia marginata, Casuarina spp., 
Springellia spp., Epacris spp. and other heaths. 

Morphology 0-8 inches grey (2.5 Y 4/0 wet, 6/0 dry) loamy coarse sand; moderate medium sub-angular blocky 
structure; force 2 crumbly; very porous; heath roots frequent; organic matter present; gradual smooth 
boundary 

8-21 inches light grey (2.5 Y 6/0 wet, 7/0 dry) coarse sand; weak medium sub-angular blocky structure, 
breaking easily to single-grain; easily crushed ; porous, small heath roots present ; organic matter low; 
abrupt wavy boundary 

21-30 inches light yellowish-brown (10 YR 514 wet, 6/4 dry) heavy clay with very dark greyish-brown 

(10 YR 3/4) colour on the faces of structural units; strong medium columnar structure, somewhat 
grouped into coarse columns; some white sand of A2 horizon intruding between columns; very stiff and 
tenacious; non-porous except down cracks between columns; a few fine roots on structure faces; humus 
deposits on faces of structural units for the top six inches of clay horizon; gradual smooth boundary 

30-42 inches light orange (10 YR 6/4 wet) sandy clay; massive; gradual smooth boundary 

42-72 inches mottled yellow (10 YR 7/6 dry) and white (8/2 dry) slightly sandy clay; massive; very hard 

and brittle. 

Tooloy profile (Follett family, deep phase, series and type not named.) 

Locality On edge of heath near south-western corner of allotment 1 of B, parish Killara, County Normanby. 

Environment 27 inches average annual rainfall, acidification index 4.9; parent material Pleistocene lagoon deposits 
with a mantle of blown acid white sand; regional topography flat with low sand-dunes, local topography 
flat sand plain ; external drainage slow and impeded, internal drainage impeded at 33 inches ; vegetation a 
heath woodland of Eucalyptus vitrea, Leptospermum juniperium, Banksia marginata and Xanthorrhoea 
minor. 

Morphology 0-18 inches brownish-grey (10 YR 511 wet), loamy coarse sand becoming a little lighter in colour with 
depth ; weak sub-angular blocky structure; very porous; loose; roots abundant; organic matter present; 
dry; clear wavy boundary 

18-24 inches mottled very dark brown (7.5 YR 2/2 wet) and some brownish-grey (10 YR 5/1 wet) coarse 
sandy loam (coffee rock horizon); massive; very hard; closed few roots; organic matter present; wet; 

gradual wavy boundary 

 
24-33 inches light grey (10 YR 6/1 wet) coarse sand; single-grain (massive) structure; slightly coherent; 



porous; roots not encountered; wet abrupt wavy boundary 

33 inches onwards coarsely and distinctly mottled orange (10 YR 6/6 wet) and grey (2.5 YR 6/2) heavy 

clay massive structure; stiff, tenacious; closed; moist. 

(iii). Solonetz and Solodised Solonetz. 

Soils of these groups show a columnar structure of the B horizon, frequently with rounded tops to the columns, and 
usually illuvial horizons of carbonate. The proportion of sodium on the exchange complex ranges from 15 per cent to 50 
per cent, the solonetz having the higher values; the latter group also usually has thin Al and A2 horizons. Gilgai features 
("crabholes" or "melon holes") are quite frequent in soils of these groups in the survey area. The examples below are of 
the solodised solonetz and solonetz respectively. 

Roseneath profile (Dergholm fine sandy loam). 

Locality Allotment 57, parish Rosencath, County Dundas. 

Environment 27.5 inches average annual rainfall, acidification index 5.0; parent material possibly Pleistocene lagoon 
deposits; regional topography slightly undulating surface of elevated tableland, local topography gentle 
slopes near swampy depression; vegetation a tall or savannah woodland of Eucalyptus leucoxylon and E. 
camuldulensis, with sparse ground cover of native grasses and a few heaths. 

Morphology 0-4 inches dull brown (10 YR 4/2 wet) with red sand grains, sandy loam; weak medium sub-angular 
blocky structure breaking easily to moderate fine crumb structure; friable; fine roots present, organic 
matter present ; moist ; clear smooth boundary 

4-131/2 inches pinkish-brown (7.5 YR 6/2 wet) mottled with orange (6/6) loamy sand; single-grain 
structure; firm; fine roots diminishing, little organic matter; moist; abrupt smooth boundary 

131/2-14 inches light pinkish-brown or stone (7.5 YR 8/2 wet) sand single-grain structure; firm; few 
roots; moist; abrupt smooth boundary 

14-24 inches mottled orange (7.5 YR 5/6 wet) and some greyish brown (10 YR 6/2 wet) clay, weak fine 
angular blocky structure; firm; few roots; some organic stains on faces of peds; moist; gradual smooth 
boundary 

24-48 inches coarsely and distinctly mottled red (2.5 YR 4/8 wet) and white (5 YR 8/2) sandy clay; 
massive structure; firm; moist; diffuse boundary 

48 inches mottled light grey and brown sandy clay; massive 

structure.  

Parkwood profile (Parkwood Series‡) 

Locality Allotment 26 of 24, parish of Coleraine, County Dundas. 

Environment 25 inches average annual rainfall, acidification index 4.5; parent material possibly lagoon deposits of 
Pleistocene age; regional topography peneplain tableland, local topography a depression therein; micro-
topography a gilgai complex; external drainage completely impeded, internal drainage impeded at 
depths according to position on gilgai complex; vegetation a sparse dry tussock grassland. 

Morphology puff:-calcareous clay soils. 

shelf: 
0-5 inches grey with yellowish-brown inclusions, clay loam, massive structure; abrupt boundary 5-26 
inches grey clay; prismatic or weakly columnar structure; diffuse smooth boundary 

26-35 inches mottled light grey and yellowish-grey clay; friable nodular carbonate present; diffuse 

boundary 

                                                 
‡ This profile was described, named and mapped by Blackburn and Leslie (1950, 1958) 



35-53 inches mottled yellow, yellowish-grey and grey clay. 

Order VII The Earths 

The Earths are a big Order, and include members with some chemical diversity. Their common features are little or no 
horizon of accumulation of sesquioxides, and either no or gradual accumulation of clay. 

Six sub-Orders with fourteen Groups are recognized, according to the acidity, the presence or absence of secondary 
chemicals and the structure of the surface horizons. Five sub-Orders with nine groups have been encountered in south-
western Victoria. 

(i) Sub-Order VIIa has members which are acid throughout, and with the exchange complex highly base-
unsaturated in the surface, and usually throughout. Two of the five groups present in this sub-Order are found in the area, 
and they are the transitional krasnozem and the acid brown earth. 

Transitional Krasnozem: Soils of this group show a friable, porous and well-structured dark reddish-brown 
loam or clay loam surface soil merging at from twelve to twenty-four inches into a reddish-brown and orange clay of 
almost massive structure and closed porosity. This horizon, often containing stones or floaters of decomposing rock, 
persists with some greying until the decomposing parent material is reached. In the survey area, this group has been found 
on two distinct parent materials, the Cobbobboonee basalt around Portland and the bauxitised surface of the Hamilton 
basalt; the following descriptions are of soils on such materials respectively. 

Midwood profile (Sherburn loam) 

Locality "Midwood" farm, on eastern edge of allotment E, section 14, parish Bolwarra, County Normanby. 

Environment 32 inches average annual rainfall, acidification index 6.0; parent material Cobbobboonee basalt, 
regional topography rolling, with some sink-holes, local topography middle catenary position; external 
drainage free, internal drainage somewhat impeded at about 18 inches; vegetation a dry sclerophyll 
forest of Eucalyptus viminalis, E. obliqua, E. vitrea and some E. ovata, with an open ground cover of 
heaths and bracken 

Morphology 0-9 inches dark reddish-brown (2.5 YR 4/2 moist) gravelly clay learn strong very fine sub-angular 
blocky structure; friable, moderately porous; grass and shrub roots frequent ants present; slightly moist 
becoming brighter in colour with depth gradual smooth boundary 

9-42 inches finely mottled reddish-brown (2.5 YR 4/4 moist) and orange (7. 5 YR 6/6 moist ) gravelly clay; moderate 
medium and fine sub-angular blocky structure, becoming weaker and coarser with depth until massive 
slightly hard; closed; shrub roots occasional; very slightly moist frequent ironstone nodules in upper part 
of horizon; occasional large floaters and boulders of freshly-weathering basalt present; merging into 
decomposing basalt at 42 inches. 

Hamilton profile (Hamilton clay loam) 

Locality Centre of allotment 4 of 12, parish of South Hamilton, County Normanby. 

Environment 27 inches average annual rainfall, acidification index 4-6; parent material the altered ("bauxitised") zone 
of the Hamilton basalt regional topography rolling, local topography top member of catena external 
drainage free, internal drainage impeded somewhat at 8 inches to 12 inches, vegetation originally a tall 
woodland of Eucalyptus ovata, now cleared to a dry tussock grassland of Poa australis chiefly. 

Morphology 0-3 inches dark reddish-brown (5 YR 3/2 wet, 3/3 dry) loam to clay loam; moderate medium sub-angular 
blocky structure; friable; porous, fine roots frequent; organic matter abundant, occasional small gravel; 
clear smooth boundary 

3-8 inches dark reddish-brown (5 YR 3/2-4/2 wet, 3/2 dry) gravelly clay loam; moderate to strong fine 
sub-angular blocky structure; friable; porous; fine roots present; abundant small gravel 1/4 inch diameter, 
mostly rounded buckshot, but also some irregularly-shaped weathering bauxite of size attaining a 
maximum of 1 inch at a depth of 6 inches; gradual smooth boundary 



8-12 inches distinctly mottled orange (5 YR 4/3 wet, 4/6 dry) and dark reddish-brown 
(2.5 YR 3/4 wet, 3/6 dry), light clay; weak medium and coarse sub-angular blocky 
structure, breaking to fine angular blocky units; firm; closed; few roots; occasional 
small pieces of inch to 1/8 inch to 1/4 gravel; gradually changing to, at 72 inches, 
coarsely and prominently mottled red (10 YR 3/6 wet, 3/6-4/6 dry) intergrading to 
light grey (7.5 YR 6/0) clay; massive structure; some pieces extremely hard and 
decomposing bauxite. 

Acid brown earth- This group of soils, which is most commonly found in mountainous areas, 
has members which are very friable at the surface, and become less so only gradually until the bottom of 
the profile is reached. They are usually brown or reddish-brown, darker at the surface with a uniform 
texture, or one which becomes heavier only gradually with depth. In the survey area they have been found 
only on the Kentbruck Heath in small pockets. 

Hannah's Rise profile (Hannah loam). 

Locality North-eastern corner of allotment 10 of 5, par. Kentbruck. 

Environment 36.5 inches average annual rainfall, acidification index 6.4; parent material uncertain, but 
probably mainly wind-deposited sand; regional topography gently undulating sand-sheet 
with occasional low dunes, local topography very slight local rise; regional drainage very 
slow, internal drainage free until about 72 inches; vegetation a tall dry scrub of Eucalyptus 
baxteri, E. viminalis, E. vitrea and occasional E. kitsoniana, with Xanthorrhoea australis, 
Leptospermum juniperinum and Banksia marginata, and occasionally some native grass. 

Morphology 0-6 inches orange (5 YR 4/8 wet) loam; strong fine crumb structure very friable; very 
porous; roots abundant, organic matter abundant; moist; gradual irregular boundary 

6-18 inches dark reddish-brown (5 YR 3/3) with occlusions, 2 inches across, of reddish-
brown (5 YR 4/4) loam to sandy loam; weak to moderate medium sub-angular blocky 
structure breaking to weak fine crumb structure; friable; roots diminishing, organic matter 
abundant moist; diffuse smooth boundary 

18-30 inches dark brown (7.5 YR 3/2) sandy loam with small occlusions of brown (7.5 
YR 3/6) weak medium sub-angular blocky structure; friable to very friable; few roots; 
organic matter diminishing with depth; moist; diffuse smooth boundary 

30-60 inches coarsely and faintly mottled dark yellowish-brown (10 YR 4/4) and 
brownish-yellow (10 YR 6/6) sandy loam changing gradually to faintly mottled very dark 
greyish-brown (2.5 YR 3/2) and yellowish-brown (10 YR 5/6) sandy clay loam at 60 
inches massive to weak medium sub-angular blocky structure; friable; few roots; moist; 

60-72 inches mottled very dark greyish-brown, yellow brown and dark brown sandy clay 
loam; massive ; hard incipient coffee rock. 

(ii). Sub-Order V11b contains members of the Order which are slightly acid to neutral in the 
surface with illuvial horizons of carbonate or gypsum, and with an A-C profile‡. Both of the two groups 
composing the sub-order, namely the terra rossa and the rendzina, have been encountered in the survey 
area. 

Terra Rossa and Rendzina soils are described together because sometimes, although not always, 
the difference between them reside only in the colour, other morphological or analytical features being 
quite similar. Both groups have surface soil of variable texture, and when moist, good crumb structure, 
porosity and friability; this extends downwards with but little change to abruptly overlie the parent 
material which is nearly always limestone. The terra rossas are brownish-red in the surface and sometimes 
a brighter red with depth, whilst the rendzinas may be black, brown or grey throughout, three subgroups 
being recognized according to the colours. Sometimes, especially with the rendzinas, there are fragments 
of parent material throughout the soil, and even protruding through the surface. The terra rossas 

                                                 
‡ This term means that there is no B horizon, the soil having an A horizon directly overlying the C horizon or decomposing parent 
material. 



encountered during the survey were nearly always of the coarser textures, but the rendzinas were both 
coarse-textured and medium-to-heavy textured. The examples below are of a rendzina and terra rossa 
respectively, both coarse-textured. 

Woakwine profile (Nelson sandy loam) 

Locality North-west corner of reserve adjacent to railway line, one mile cast of the South 
Australian border, parish Malanganee, County Follett. 

 
Environment 30 inches average annual rainfall, acidification index 5.5; parent material Pleistocenc dune 

limestone (Bridgewater Formation) of Mingbool dune age; regional topography 
undulating with occasional rises, local topography towards top of 10 feet rise; external and 
internal drainage free; vegetation a tall woodland of Eucalyptus viminalis, 40 feet to 50 
feet tall, with a ground cover of moderately dense, 27 inches tall bracken, and some native 
grass. 

Morphology 0-6 inches dark reddish-brown (2.5 YR 2/4-3/4 wet) sandy loam weak fine sub-angular 
blocky and strong fine crumb structure; loose to very friable; very porous medium and 
small roots abundant; organic matter high; moist occasional large floaters throughout 
profile, and rock at the surface, but none in column of sampling gradual smooth boundary 

6 inches onwards dark reddish-brown (2.5 YR 3/4 wet) sandy loam weak fine sub-angular 
blocky and weak fine crumb structure; friable porous; fine and medium roots present; 
abrupt irregular boundary 4 inches (or at surface) Pleistocene dune limestone. 

Bridgewater profile (Bridgewater sandy loam) 

Locality In the north-western corner of allotment 8 of 6 parish of Mouzie, County Normanby. 

Environment 33 inches average annual rainfall, acidification index 5.5; parent material limestone of 
indurated calcareous dunes (Pleistocene acolianite); regional topography steeply rolling 
dunes, local topography a 10 per cent. westerly-facing slope; vegetation originally 
probably a dry sclerophyll forest of E. baxteri and E. viminalis, then cleared to a grassland 
and now reverting to a scrub of sag, coast wattle and coast beard-heath. 

Morphology 0-3 inches very dark brown (5 to 7.5 YR 2/2 wet) sandy loam moderate medium crumb 
structure; friable; porous; roots frequent moist; clear smooth boundary 

3-22 (18) inches dark brown (5 to 7-5 YR 2/2 wet, 7.5 YR 3/2 dry) sandy loam; weak, 
medium, sub-angular blocky structure becoming massive with depth; friable (loose when 
dry); porous; roots diminishing; moist at top of horizon, sharply separated from dry zone 
at 12 inches to 18 inches; gradual smooth boundary 

22 (18)-36 inches brown (7.5 YR 4/2) loamy sand; weak medium crumb structure dry, 
soft; few roots; abundant floaters of soft white limestone gradually merging into 
decomposing limestone. 

(iii). Sub-Order V11e is of soils which, like those comprising sub-order b, are slightly acid to 
neutral in the surface, without illuvial horizons of carbonate or gypsum, but which have a B horizon. Of 
the four groups in the sub-order, two, namely the brown earth and the chocolate soil, have been 
encountered in the survey area. 

Brown Earth and Chocolate Soil are described together because they have many similarities, 
their chief differences being in structure and consistency. Both groups are predominantly brown 
throughout the profile tending to the yellower hues with depth. Variants of both tend slightly towards 
reddish-brown, and for the chocolate soils, three sub-groups, reddish, normal and greyish-chocolate soils 
are recognized on this basis, often related in a hydromorphic sequence. Both groups may be of medium to 

heavy textures, but show little if any increase in texture with depth. 

The structure of the brown-earths, at least in the surface horizons, is essentially crumb (sensu U.S.D.A. 
Soil Survey Manual 1951, p. 228), whereas the chocolate soils have structures which are essentially 



blocky. Sometimes the B horizon of brown earths have a weak coarse blocky structure, but when broken 
down, the smaller aggregates are crumb. Consistency is a difference between the groups, the brown earths 
requiring only slight finger pressures to disrupt the structural units, whilst much stronger forces are needed 
for the chocolate soils. In dry, moist and wet conditions the brown earths are loose, very friable and non-
sticky respectively, whilst the chocolate soils are hard, firm and sticky or plastic respectively. The 
influence of sodium and magnesium together usually predominates with depth in the chocolate soils, but 
this is not so for the brown earths. The three profiles described below are of two brown earths and a 
reddish-chocolate soil respectively, all very stony. 

Stony Rise profile (Napier stony loam). 

Locality Allotment 32 of 14A, parish MacArthur, County Normanby, 1.4 miles from Glenhuntley 
homestead along track to Lake Gorrie swamp. 

 
Environment 31.5 inches annual average rainfall, acidification index 5.7; parent material olivine 

basalt, moderately vesicular, with vesicles discontinuous and with impenetrable walls; 
regional topography flat with slight undulations about 1 foot to 2 feet vertical interval, 
and 21 to 40 yards apart, local topography flat; external and internal drainage very free; 
vegetation a tall woodland (50 feet) of Eucalyptus viminalis with understorey of 
moderately dense bracken 24 inches high. 

Morphology 0-4 inches dark reddish-brown (5 YR 3/2 wet) organic loam moderate fine crumb 
structure; loose, dry, highly porous; abundant fine roots; abundant floaters and boulders 
of diameter up to 6 inches, many protruding through the surface; clear smooth boundary 

4-20 inches brown (7.5 YR 3/2 dry) loam, gradually changing to orange (5 YR 4/8 dry) 
clay loam at 20 inches; weak coarse sub-angular blocky structure, breaking easily to 
fine crumb structure; soft, moderately porous; fine roots decreasing, medium roots and 
bracken roots frequent; abundant floaters and boulders 12 inches to 24 inches in 
diameter, some protruding through the surface ; abrupt smooth to irregular boundary 

20 inches closely interlocking large boulders of basalt, with narrow cracks between 
blocks, chiefly less than 11 inch, filled with soil and possibly extending to some depth. 

The proportion of boulders by weight of the whole solum roughly estimated in the field to be about 85 per 
cent. A shallow phase is similar, with the basalt basement at before Dine inches. 

Dunmore profile (Dunmore organic loam). 

Locality Allotment 32 of 14A, parish MacArthur, County Normanby, 2.0 miles from Glenhuntley 
homestead, along track to Lake Gorrie swamp. 

Environment 31.5 inches average annual rainfall, acidification index 5-7; parent material olivine 
basalt, highly vesicular, the vesicles composing over 60 per cent of the volume, 
ramifying through the specimen, and with the walls very thin; regional topography very 
contorted stony rise terrain, with lava blisters and collapsed flow tunnels 15 feet to 20 
feet deep; local topography flat shelf of flow surface; external and internal drainage very 
free; vegetation a tall woodland (60 feet to 70 feet) of Eucalyptus viminalis with 
understorey of dense bracken 30 inches to 48 inches high. 

Morphology 0-6 inches black (7.5 YR 2/1 dry) organic loam; moderate fine and very fine crumb 
structure; loose, dry, highly porous; abundant roots and organic matter; rubble of 
scoriaceous olivine basalt less than 12 inches diameter abundant throughout profile, 
forming by far the greater proportion of the column and decreasing in size with depth, to 
1 inch to 2 inches diameter at depth 36 inches; gradual smooth boundary 

6-12 inches very dark brown (7.5 YR 2/1 dry) loam; otherwise as above with stones 
decreasing in size; gradual smooth boundary 

12-36 inches brown to dark brown (7.5 YR 3/2-4/2 dry) silty loam weak coarse sub-
angular blocky structure, breaking easily to fine crumb structure; loose, dry, porous ; 



roots and organic matter decreasing stones decreasing in size and not closely fitting in 
to each other profile continuing probably for some depth, with a gradual decrease in the 
amount of weathered soil material. 

Dunkeld profile (Corangamite stony loam) 

Locality 4 miles north-east from Dunkeld. 

Environment 26 inches average annual rainfall, acidification index 4.4; parent material olivine basalt 
of Dunkeld surface; regional topography gently and broadly undulating plains, with 
occasional small rises and depressions, and very occasional cindercones; local 
topography edge of short sudden rise; external drainage free, internal drainage 
moderately free; vegetation originally probably a dry tussock grassland, and now a 
grazing sward. 

Morphology 0-5 inches dark reddish-brown (2.5 YR 3/4 moist) loam weak fine and medium sub-
angular blocky structure; firm; porous fine roots present; some boulders protruding 
through the surface; gradual smooth boundary 

 
5-18 (24) inches dark reddish-brown (2.5 YR 3/4 moist) clay loam becoming slightly 
heavier with depth to a light clay at 18 inches (24 inches); weak coarse sub-angular 
blocky structure, becoming massive with depth; firm to hard; roots decreasing; slightly 
porous; abundant basalt floaters and round boulders, some interlocking with main mass 
of flow, and frequently showing "onion" weathering i.e., decomposition between 
successive concentric layers; horizon probably extending downwards between cracks in 
rock. 

(iv). Sub-Order V11d is of soils, which, like those of the previous sub-order, are slightly acid to neutral 
in the surface, without illuvial horizons of carbonate or gypsum, with a B horizon, they are also heavy in 
texture throughout and have a strong angular or sub-angular blocky structure at the surface, often being 
self-mulching and developing coarser angular-blocky and prismatic structure with depth, before a massive 
horizon is reached. The only soil group in this sub-order is the Prairie soil, which typically has dark-
brown to black clay loam surface horizons, lightening gradually in colour with depth and having the 
structural features presented above, and hard or firm consistencies. In the example below, the self-
mulching features of the surface are obscured by an accumulation of peaty material. 

Eurneralla profile (series and type not named) 

Locality Drainage line in allotment 6 of parish Napier, County Normanby. 

Environment 28.5 inches average annual rainfall, acidification index 5-0; parent material colluvium 
from the Hamilton basalt; regional topography broadly rolling from old plateau surface, 
local topography a drainage line; external and internal drainage slow; vegetation originally 
probably a sod-tussock grassland or possibly a wet scrub, but now a dry tussock grassland 
of Poa australis and introduced clover. 

Morphology 0-5 inches grey (10 YR 4/1 wet) with brown (7.5 YR 3/4 wet) in root channels; peaty dry 
loam; weak coarse platy structure firm; highly porous; roots frequent and organic matter 
abundant slightly moist; clear smooth boundary 3-6 inches dark grey (10 YR 3/1-4/1 wet) 
with orange (5 YR 5/6 in root channels (peaty) clay loam; weak fine angular blocky 
structure; firm; porous roots frequent and organic matter abundant; slightly moist; clear 
smooth boundary 

6-12 inches very dark grey (10 YR 3/1 wet) clay loam; moderate coarse angular blocky 
structure; friable; roots frequent and organic matter abundant; moist; gradual smooth 
boundary 

12-36 inches very dark grey (10 YR 311 wet) with some brown (10 YR 4/3) gravelly light 
clay quickly increasing with depth to clay; weak to moderate prismatic structure; friable 

                                                 
 This soil type was first described and named from near Winchelsea by Leeper, Nicholls and Wadham (1936). 



becoming firmer with depth slightly porous, roots and organic matter decreasing; moist 
abundant gravel of size A inch to 1 inch at top of the horizon and thence decreasing with 
depth; diffuse smooth boundary 

36 inches onward finely and faintly mottled dark grey (2. 5 YR 4/1 wet) and greyish-
brown (2.5 Y-10 YR 4/3) heavy clay; massive structure; very stiff and tenacious, non-
porous; few roots; little organic matter; wet. 

(v). Sub-Order VIIe is of those soils which have generally similar features to those of the 
previous order, but with, also, an illuvial horizon of carbonate. Only one group, the chernozem is included, 
and this group has four sub-groups, the brown and black chernozems, and the brow and black chernozemic 
soils. The latter two sub-groups are separated from the former on the basis of coarser and harder structural 
units near the surface, sometimes coarser cracking feature a higher proportion of sodium on the exchange 
complex, and a lower organic content at the surface (less than about 5 per cent.). Below is described a 
profile of the black chernozem sub-group. 

Wootong Vale profile (Whyte Series∗) 

Locality Allotment 5, section 2, parish Konongwootong, County Dundas 

Environment 25 inches average annual rainfall, acidification index 4.2; parent material Pleistocene or 
Recent creek-alluvium and outwash-fans; regional topography steeply rolling, local 
topography a valley floor; external and internal drainage slow; vegetation a dry tussock 
grassland of Poa australis with some rushes. 

Morphology 0-4 inches dark brownish-grey (silty) clay; angular blocky structure; friable ; gradual 
smooth boundary 

4-6 inches dark brownish-grey clay ;coarse angular blocky structure; friable; clear smooth 
boundary 6-18 inches dark grey heavy clay; strong columnar structure; firm; gradual 
smooth boundary 

18-25 inches dark grey heavy clay; weak coarse columnar structure; plastic and sticky 
when moist 

25-43 inches dark yellowish-grey heavy clay; massive structure when moist; becoming 
lighter in colour with depth; clear boundary 

43-52 inches yellowish-grey heavy clay; massive structure; nodules of carbonate present; 
gradual smooth boundary 

52-72 inches mottled brown-yellow and yellowish-grey heavy clay; massive structure; 
carbonate decreasing; profile continuing 

                                                 
 Profile named and described by Blackburn and Leslie (1950, 1958) 



Appendix II - Analytical Features of the Various Soils 
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5 &9 

I Undifferentiated Soils 1A 2. Regosol Discovery Bay 184 Mean of 

sandy loam 184.1 0-6 59/345 to 347 yB Cos s Nil 48 7 0 3 9.2 52 0.001 0.03 0.008 3 0.031 12 0.014 3.9 1.3 1.2 Nil 0.01 0.07 94 1 5 Nil 
184.2 0-3 59/348 9.3 46 0.001 6.5 0.03 0.006 4 12 0.01 

184.4 3-6 59/349 9.2 47 0.001 0.03 0.024 12 0.012 5.0 

184.6 12-16 59/351 8.9 49 0.001 0.03 0.006 4 0.030 12 0.014 4.0 

184.9 20-24 59/353 9.0 49 0.001 0.03 0.003 9 0.32 12 0.014 0.01 3.8 2.8 0.9 0.8 Nil 0.01 0.06 92 1 7 Nil 
184.10 48-60 59/356 9.1 51 0.001 59 0.031 12 0.015 0.01 3.9 2.6 0.9 0.8 Nil 0.01 0.07 91 1 8 Nil 

60-72 59/357 Nil 46 7 0 1 9.4 95 0.001 0.03 0.003 9 

II Peats IIA 5 Carr peat Condah peat Mean of 

171 0-6 59/153 to 155 5.5 1500 0.237 17 1.86 10 0.082 11 0.14 1.34 

171.1 0-3 59/145 Bl Peat matte 5.1 1500 0.263 17 2.02 8 0.095 8 0.15 0.8 

Peat 
171.2 3-6 146 Bl Peat 5.3 2000 0.322 16 1.86 9 0.085 5 0.12 1.0 0.59 32.5 108.0 46.3 21.7 1.0 5.4 43 20 1 5 31 

171.5 24-36 149 Bl decomp. Nil 8 24 28 40 5.7 760 0.144 4.9 0.67 7 0.031 2 0.21 0.9 0.65 16.7 81.8 37.2 24.2 0.9 4.0 45 30 1 5 19 

1 71. 8 60-72 152 basalt 11 5 14 23 58 6.5 790 0.110 3.2 0.30 11 0.031 1 0.31 1.6 0.31 20.1 71.9 31.3 26.6 1.6 3.5 44 37 2 5 12 

III Groundwater Soils IIIA 9 Gley podsol Gley leptopodsol Mean of 6.3 120 0.011 3.5 0.19 18 0.014 2 0.107 1.4 

185 0-6 59/358 to 360 10 36 29 9 26 6.3 110 0.009 4.1 0.25 16 0.014 2 0.100 0.3 1.4 11.7 23.9 10.5 5.7 0.3 1.0 44 24 1 4 27 

     185.1  0-3 59/361 Bl l with 
cos s 

Nil       
185.2 3-6 59/362 Bl " 4 6.2 95 0.010 2.9 0.012 1 0.096 0.8 

     185.3  6-12 59/363 VdkB, B 

mot 
cos sc 13 6.3 80 0.008 1.3 0.11 12       

185.5 18-24 59/365 dkgB, yB hc 11 33 25 4 38 6.6 190 0.013 0.7 0.04 16 0.010 1 0.167 0.1 1.0 2.3 13.7 7.4 4.8 0.1 1.0 54 35 1 7 3 

mot 13.8 7.1 5.4 0.2 1.1 52 39 1 8 Nil 
185.8 48-60 59/368 " hc 10 29 19 2 50 7.1 130 0.013 

12 Marsh soil Normal Cobbobbonee Mean of 

sandy loam 27 0-6 58/292 to 294 6.2 107 0.015 2.4 0.112 20 0.007 0.035 0.18 20.1 10.9 3.85 1.45 0.18 0.32 35 13 2 3 47 

130.1 0-3 58/187 DkgB ltg sl Nil 55 35 2 8 6.4 110 0.016 2.2 0.003 0.025 0.18 25.1 9.9 5.36 1.28 0.18 0.30 54 13 2 3 28 

130.5 24-36 58/191 Bo mot G, clay sl Nil 55 32 5 8 6.4 59 0.008 0.003 0.028 0.12 16.7 4.4 1.88 0.64 0.12 0.14 43 15 3 3 36 
130.8 60-72 58/194 

dull B mot 

scl Nil 57 31 4 8 6.2 64 0.008 0.002 0.035 0.22 24.5 5.7 2.87 0.84 0.22 0.28 50 15 4 5 26 

Acid Kentbruck Mean of 

Heath sandy 28 0-6 58/295 to 297 4.7 72 0.011 7.6 0.290 26 0.004 0.015 0.30 78.0 32.9 4.61 2.74 0.30 0.54 14 8 1 2 75 

loam 131.1 0-3 58/195 B sl Nil 48 32 9 11 4.7 61 0.011 6.6 0.368 18 0.004 0.015 0.30 78.1 38.1 4.49 2.52 0.30 0.58 12 7 1 2 78 

131.2 3-6 58/196 B " Nil 47 40 4 9 4.6 63 0.009 5.4 0.216 25 0.002 0.007 0.16 71.7 28.8 2.56 2.38 0.16 0.50 9 8 1 2 80 

131.3 6-12 58/197 VdkG ls Nil 52 39 3 6 4.5 55 0.006 3.0 0.129 24 0.002 0.004 0.08 78.1 17.7 1.35 1.55 0.08 0.30 8 9 1 2 81 

131.4 12-24 58/198 VdkG " Nil 47 44 7 2 4.7 29 0.004 1.1 0.052 20 0.001 0.002 0.06 9.4 0.73 0.82 0.06 0.14 8 9 1 1 81 

131.5 24-30 58/199 B s Nil 48 43 7 2 4.7 26 0.002 1.1 0.039 27 0.001 0.003 0.06 75.8 7.0 0.47 0.66 0.06 0.12 7 9 1 2 81 

131.6 30-36 58/200 B sl Nil 48 46 3 3 4.5 37 0.004 2.0 0.064 31 0.001 0.003 0.06 75.8 19.2 0.64 0.90 0.06 0.28 3 5 1 1 91 

131.7 36-48 58/201 DkB ls Nil 46 41 2 11 4.5 65 0.005 4.4 0.144 38 0.001 0.003 0.06 75.8 40.3 0.41 0.63 0.06 0.28 1 2 1 1 96 

131.8 48-60 58/202 DkB " Nil 44 42 2 12 4.7 60 0.006 2.8 0.078 35 0.003 0.032 0.08 10.0 30.0 0.50 0.34 0.08 0.22 2 1 1 1 96 

131.9 60-72 58/203 BdkB s Nil 4.9 53 0.006 1.6 0.037 43 0.003 0.052 0.10 7.5 19.9 0.37 0.27 0.10 0.22 2 1 1 1 95 

IV Podsols IVB 16 Nomopodsol Humus Richmond sand Mean of 

nomopodsol 25 0-6 58/286 to 288 4.7 180 0.023 5.0 0.20 27 0.003 0.013 0.22 66.0 21.1 3.34 1.80 0.22 0.66 15 8 1 3 73 

128.1 0-3 58/170 LtG ls Nil 72 17 1 10 5.2 48 0.006 2.9 0.003 0.012 0.18 58.5 15.6 4.24 1.21 0.18 0.14 27 8 1 1 63 

128.2 3-6 58/171 DkG ls 4.6 140 0.017 0.14 13.9 3.18 1.11 0.14 0.25 23 8 1 2 66 

128.5 24-36 58/174 LtG, G mot ls Nil 75 24 Nil 1 5.3 12 0.001 0.3 0.001 0.004 0.02 19.5 1.0 0.38 Nil 0.02 0.02 37 Nil 2 2 59 

     128.6  36-48 58/175 

VdkB, 
Y&dk
B mot 

sl Nil 75 23 Nil 2 5.3 25 0.002  0.5   0.002  0.006 0.04  26.0 4.8 0.32 0.12 0.04 0.04 7 2 1 1 89 

Y&dkB 

128.8 60-72 58/177 mot sl Nil 75 20 1 1 5.4 27 0.003 1.2 0.003 0.007 0.01 5.6 7.4 0.41 0.05 0.01 0.04 6 1 1 1 93 

Iron Kowree sand Mean of 

nomopodsol 176 0-6 59/249 to 251 4.9 18 0.003 0.4 0.019 21 0.001 0.004 0.05 

176.1 0-3 59/252 ltG ls (cos) Nil 85 14 Nil 5.2 19 0.002 0.7 0.025 28 0.001 1 0.002 0.05 10.0 97.5 3.4 1.5 0.2 0.06 44 6 1 2 47 

176.2 3-6 59/253 " ls(cos) Nil 85 13 2 4.7 21 0.001 0.3 0.020 15 0.001 1 0.007 10.0 0.00 

176.7 36-46 59/258 "s (cos) Nil 70 28 2 5.1 8 0.001 0.07 0.014 5 0.001 Nil 0.002 0.005 Nil 0.6 0.2 0.06 5 0.03 34 10 1 5 51 

176.8 50-60 59/259 strB ls (cos) Nil 74 22 1 5.4 15 0.001 0.1 0.010 10 0.001 3 0.018 0.04 30.0 8.7 1.8 0.2 0.3 0.04 0.05 10 17 2 3 68 

176.90 60-70 59/260 " ls (cos) Nil 77 19 1 5.6 17 0.001 0.1 0.011 9 0.001 2 0.024 0.05 20.0 8.1 1.9 0.3 0.3 0.05 0.06 16 16 3 3 62 

Leptopodsol Iron Kentbruck Mean of 

leptopodosol loamy sand 30 0-6 58/301 to 303 6.9 32 0.004 0.6 0.046 14 0.008 0.018 0.14 30.0 3.9 2.96 0.65 0.14 0.10 76 17 4 3 Nil 
133.1 0-3 58/214 dkgB ls Nil 45 50 3 2 6.6 32 0.005 0.8 0.049 16 0.005 0.009 0.28 121.4 8.1 4.80 0.50 0.28 0.12 60 6 3 1 30 

133.2 3-6 58/215 dkyB ls Nil 36 61 1 2 6.6 30 0.003 0.5 0.036 15 0.007 0.015 0.14 36.3 5.5 3.64 0.30 0.14 0.08 67 5 3 1 24 

     133.3  6-12 58/216 mottle
d dkyB 

ls Nil 34 63 1 2 6.9 29 0.003 0.5 0.020 26 0.005 0.012 0.16  51.9 3.4 3.05 0.06 0.16 0.06 91 2 5 2 Nil 

133.4 12-24 58/217 " ls Nil 35 61 2 2 6.9 25 0.003 0.3 0.016 16 0.004 0.008 0.07 34.2 2.8 2.50 0.19 0.07 0.05 89 7 2 2 Nil 
133.5 24-36 58/218 " ls Nil 39 58 1 2 7.0 20 0.001 0.3 0.010 26 0.004 0.008 0.06 29.3 2.2 1.93 0.15 0.06 0.04 88 7 3 2 Nil 
133.6 36-48 58/219 " s Nil 40 57 1 2 6.9 16 0.002 0.1 0.007 19 0.004 0.006 0.04 13.8 1.1 0.97 0.08 0.04 0.02 87 7 4 2 Nil 
133.7 48-60 58/220 yR to Y ls Nil 35 57 1 4 6.7 28 0.002 0.1 0.008 16 0.006 0.015 0.07 19.4 1.5 1.23 0.14 0.07 0.04 83 9 5 3 Nil 
133.8 60-72 58/221 " ls Nil 39 61 3 7.3 28 0.003 0.1 0.007 19 0.007 0.016 0.11 25.9 1.5 1.13 0.15 0.11 0.06 78 10 8 4 Nil 
133.9 72-84 58/222 Y ls Nil 40 58 Nil 2 7.3 17 0.004 0.1 0.005 26 0.006 0.011 0.04 14.1 0.9 0.65 0.14 0.04 0.02 77 16 5 2 Nil 
133.15 100 59/459 sltc 6.9 24 0.003 

Caroline sand Mean of 

191 0-6 59/423 to 425 6.1 24 0.002 0.9 0.07 13 0.007 2 0.027 2.9 

191.1 0-3 59/426 Nil 7 86 3 4 6.3 31 0.003 1.4 0.07 20 0.30 6.5 3.1 1.0 0.30 0.10 48 15 4 2 31 

191.6 30-44 59/431 Nil 7 88 3 2 6.8 14 0.001 0.1 0.01 10 0.08 1.5 0.9 0.2 0.08 0.04 59 13 5 3 20 

191.7 30-38 59/432 Nil 7 70 1 25 7.2 28 0.002 0.3 0.02 15 0.3 7.1 4.9 1.6 0.3 0.30 69 23 4 4 Nil 
191.8 38-45 59/433 Nil 3 49 Nil 48 8.0 11 0.004 13.7 9.7 3.1 0.50 70 23 3 4 Nil 

Clay leptopodsol Corae gravelly Mean of 

loam 180 0-6 59/298 to 300 5.8 60 0.006 3.5 0.13 27 0.011 2 0.049 1.8 

180.1 0-3 59/301 dkB grl 66 5.9 55 0.007 4.5 0.14 32 0.011 2 0.050 0.5 1.8 39.0 22.6 8.5 0.5 0.4 38 14 2 2 44 

180.2 3-6 59/302 dkB grcl 68 5.9 49 0.005 2.4 0.083 29 0.011 1 0.044 0.3 0.9 29.2 13.3 4.0 0.3 0.3 30 14 2 2 52 

180.3 6-12 59/303 B grcl 78 23 42 14 21 6.0 42 0.005 1.8 0.074 25 0.006 1 0.044 0.3 1.7 29.2 11.6 3.1 0.3 0.3 27 18 3 3 49 

180.5 15-18 59/305 DkyB slgrc 58 15 25 13 47 6.0 38 0.005 1.1 0.066 16 0.009 1 0.070 0.3 1.1 16.7 12.5 2.7 0.3 0.6 22 34 2 5 37 

180.7 24-36 59/307 mottled R " 73 9 18 9 64 5.9 65 0.010 0.5 0.009 1 0.14 0.3 1.1 8.4 13.6 2.6 0.3 0.8 19 41 2 6 32 

180.10 60-72 59/310 " c 75 11 16 12 61 5.1 52 0.017 0.3 0.010 1 0.10 0.1 1.0 3.9 13.7 2.1 0.1 1.4 15 41 1 10 33 

V Solodic Soils VB 20 Solodic soil Brown solidic Bryant series 

soil (after 0-2 14165 ls 28 8 10 5.9 0.01 1.34 0.11 12.2 0.01 1.5 1.5 0.59 0.09 

Blackburn and 2-8 14166 ls 26 8 10 5.8 0.02 0.01 

Leslie) 10-16 14167 ls 30 10 8 6.4 0.01 

18-26 14168 c 16 5 47 7.2 0.04 2.9 12.6 1.1 4.5 

28-35 14169 c 18 8 40 8.1 0.06 0.01 

38-49 14170 l 23 17 20 8.2 0.05 

Normanby Mean of 

family 45 0-6 59/108 to 110 l tr 5.7 60 0.010 3.8 0.28 14 0.016 3 0.07 1.87 

166.1 0-3 59/90 vdkG l tr 8 35 32 25 5.8 70 0.013 5.7 0.42 13 0.025 2 0.076 0.80 28.6 9.1 5.6 0.4 0.7 32 20 1 2 45 
166.2 3-6 59/91 " Sil tr 5 37 27 31 5.9 51 0.012 4.0 0.30 13 0.022 2 0.064 0.91 25.1 8.6 4.8 0.22 0.6 34 19 1 3 43 

166.5 19-24 59/94 dkB grcl 43 23 21 17 39 6.9 31 0.006 

166.6 24-36 59/95 mottled yB mc hc 10 3 14 10 73 6.6 81 0.015 0.015 1 0.018 0.66 21.7 6.1 9.3 0.22 1.5 28 43 1 7 21 

     166.8  48-60 59/97 mottled R hc 23 6 17 10 67 7.1 120 0.018           16.8 4.9 9.5 0.18 2.2 29 57 1 13 Nil 



APPENDIX III 

SITE QUALITY RATING. 

Site Quality Rating is a method of assessing the capability of a site to support plantations of a particular species of pine. It is based 

on the volume-yield per acre of timber from plantations 10 years of age and older. There are seven Site Quality Ratings for each 

year of age after nine years. S. Q. R. 1 gives the highest yield and S. Q. R. VII gives the lowest yield. 

Volume-for-age is closely correlated with height-for-age for particular spacings, so that by knowing the height and age of a 

plantation, its Site Quality Rating can be estimated. This was done at each of the sites where evidence was collected. Figure 56 

presents the correlation in graphical form, the data having been taken from tables published by the Forests Department of Western 

Australia (1963). 

Trees of Pinus radiata will grow in most situations. However, for commercial plantations, growth rates which will yield an 

economical crop can be expected only within a fairly narrow range of site requirements. In south-western Victoria, these 

requirements are best supplied by a deep, well-drained sandy soil which is slightly acidic, moderately fertile and supplied with 

adequate amounts of water. In sandy soils, the chemical fertility is often roughly indicated by the colour. Thus, very pale and near-
white colours in the sub-surface horizons generally indicate very low levels of plant nutrients whilst dark and strong colours 

indicate moderate to high levels of plant nutrients. The amounts of soil water available to the pine roots depend on four factors, all 

of which need to be considered when assessing Site Quality Rating. They are, first, the amounts and seasonal distribution of rain ; 

secondly, the relative proportions of fine and coarse sand ; third, a position within the soil profile at which an impeding horizon 

(usually clay) checks the free drainage of water ; and fourth, the regional drainage as determined by the topography. The best sites 

therefore are likely to be found in areas of high rainfall on well-drained, slightly acidic and strongly-coloured sandy soils with clay 

at depth. 

The diagrams in Figure 57 are an attempt to put the growth requirements of pines into graphical form. They relate the Site Quality 

Ratings to the depths of an impeding horizon below ground-surface and the colour of the sub-surface sand for each of three rainfall 

zones. This correlation is based on the evidence from the various sites visited. The regional drainage and the grain-size of the sand 
could not be included and therefore the positions of the Site Quality Ratings in Figure 57 must be treated cautiously. The colour-
ratings were determined by a subdivision of the 10 YR and 7.5 YR sheets of the Munsell Colour Chart. 

 

Fig 56 - Correlation between Height, Age and Site-Quality-Rating for Pines (Pinus radiata) 



 

Fig 57 - Rationalised correlation between Soil and Site-Quality -Rating for Pines (Pinus radiata) 
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