NATURE, DISTRIBUTION AND ORIGIN OF SOILS ON
AN ALLUVIAL LANDSCAPE IN THE LOCKYER VALLEY,

SOUTH-EAST QUEENSLAND
by

Bernard Powell, B.Agr.Sc. (Qld), Qld Dipl. Agr.

A thesis submitted in partial
fulfilment of the requirements
for the degree of Master of
Rural Science, University of
New England

December, 1987



TABLE OF CONTENTS

0 3 v

Page

DECLARATION vi
PREFACE vii
ACKNOWLEDGEMENTS viii
LIST OF TABLES ix
LIST OF FIGURES xii
LIST OF PLATES Xv
SUNMMARY xvi
INTRODUCTION 1
REVIEW OF LITERATURE 3
1. DEVELOPMENT OF ALLUVIAL LANDSCAPES 3
1.1 Introduction 3

Nature of deposited alluvium 3
1.3 Behaviour of river systems 5
1.3.1  Introduction
1.3.2  River competence
1.3.3  River capacity
1.3.4  Channel pattern and solid load
1.1 Types of alluvial landforms 13
1.4.1 Introduction 13
1.4.2  Alluvial fans 16
1.4.3  Wash plains 20
1.4.4  Floodplains and terraces 22
1.45 Deltas 25
1.5 Periodicity in alluvial landscapes 26
2. EVOLUTION OF EASTERN AUSTRALIA 30
2.1 Geological history 30
2.1.1  Pre-cambrian shield 31
2.1.2 Tasman geosyncline 32
2.1.3  Extensive Mesozoie basins 34
2.1.4  Mesozoic and Cainozoic uplift 35
2.1.5 Cainozoic volcanic activity 38
2.1.6 Tertiary sedimentation 41



2.1 Cyecles of Cainozoic weathering, erosion and deposition 42
2.1 Late Cainozoic changes in sea level 46
2.2 Climate 47
2.3 Current river systems 50
2.4 Alluvial soil landscapes 54
3. STRATEGIES FOR INVESTIGATING ALLUVIAL SOIL LANDSCAPLES 55
3.1 Introduction 55
3.2 Principles of soil stratigraphy 56
3.2.1  Law of superposition 57
3.2.2  Separate identity 57
3.2.3 Lateral continuity 57
3.2.4  Ascendancy and descendancy 58
3.2.5 Pedogenic persistence 58
3.3 Soil stratigraphic units 60
3.3.1 Recognition of buried soil stratigraphic units 61
3.3.2  Characterisation of soil stratigraphic units 63
3.3.3  Ranking of soil stratigraphic units 64
3.3.3.1 Soil properties 65
3.3.3.2 Shape analysis 68
3.3.3.3 Size-shape distribution 69
3.3.3.4 Sub-microscopic description 69 -
3.3.3.5 Landform and landsurface morphology 69
3.4 Dating techniques . 72
3.5 Environmental reconstruction 74
INVESTIGATION OF STUDY AREA 77
4. DESCRIPTION OF STUDY AREA 77
4. Location 77
1.2 Physiography and geology (catchment source materials) 79
4.2.1 Palaeozoic blocks and Mesozoic sediments 81
4.2.2  Tertiary basalt 84
Valley floor erosion and deposition 85
4.3 Climate 86
1.4 Vegetation 86
4.5 Lland use 88
5. METHODS 91
5.1 Field methods 91

Page



[) N4 B B
[SCR SR S S
—_ W D

6.1
6.2
6.3

6.3.1
6.3.2
6.4

7.1
7.2
7.3
7.4

7.4.1
742
7143
74.4
745

746

8.1
8.2
8.3

8.3.1
8.3.2

8.4

Soil survey
Detailed transect examination
Detailed site examination

Laboratory methods

Particle size analysis

Mineral composition of the clay fraction
Mineral composition of the fine sand fraction
Radio carbon dating

GEOLOGY, GEOMORPHOLOGY AND NATURE OF SOURCE MATERIALS

Lithology and extent
Weathering and erosion of source materials
Mineralogical studies

Clay mineralogy
Fine sand mineralogy
Conclusions

DISTRIBUTION, PROPERTIES AND ORIGIN OF SOILS ON THE ALLUVIUM

Previous surveys

Surveys in progress

Soil map

Properties of soil profile classes

Soils of the major stream floodplains and levees

Soils of the major stream terraces and plains

Soils of the major stream elevated terraces, fans and pediments

Soils of alluvial fans derived from basalt (upper reach tributaries)

Soils of the alluvial fans and flats derived from upper Marburg beds (middle reach
tributaries)

Soils of the alluvial fans and flats derived from lower Marburg beds (lower reach
tributaries)

Substrate materials

NUMFERICAL ANALYSIS OF DETAILED TRANSECT

Introduction
Soils and landform
FFuzzy classification of pll profiles

Method

Results and discussion

Fuzzy classification and ordination of morphological profiles

Page
91
92
92

94

94
91
100
101

102
104
106

107
112
113

115

115
115
116
118

118
122

128
134
136

140

144
144

145
153

153
155

160



Page

8.4.1 Method 160
8.4.2 Results and Discussion 161
8.5 Fuzzy classification and ordination of morphological horizons 168
8.5.1 Method 168
8.5.2 Results and Discussion 169
9. STRATIGRAPHIC RELATIONSHIPS AND GEOMORPHIC FRAMEWORK 178
9.1 Description of pedoderms 181
9.1.1  Woodbine-Townson Pedoderm 181
9.1.2  Tenthill-Blenheim Pedoderm 182
9.1.3  Wilson Pedoderm 184
9.1.4 Lockyer-Robinson Pedoderm 184
9.2 Soil geomorphic history 185
10.  CONCLUSIONS 196
BIBLIOGRAPIIY 199
APPENDICES

1. Alluvial soil landscapes in eastern Australia. 223
2. Land resource survey sheets and data codes. 246
3. Field descriptions of profiles sampled for mineralogy. 254
4. Description of deep core profiles. . 273
5. Radiocarbon method and results. 278
6. Detailed descriptions of soil profile classes. 282
7. Particle size and mineralogy of representative soils on the alluvial landscape. 336
8. Structure conversions for detailed transect analysis. 342

MAPS (see pocket inside back cover)

1. Lockyer Valley study area - Geology
2. Lockyer Valley study area - Tenthill Creek and Lockyer Creek alluvia -
Soils



vii

PREFACE

This thesis follows the conventions of the CSIRO style guide. Maps are enclosed in the

pocket in the back cover.

The thesis contains two major components. The first major component is a review of the
literature relevant to the study of alluvial soil landscapes. The second component covers the
investigation of the study area with the results of the study being discussed under the themes of

alluvial source materials, soils on the alluvium, numerical analysis and stratigraphic-geomorphic

relationships.
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SUMMARY

Lockyer Creek and its major tributary, Tenthill Creek, have extensive alluvial landscapes
up to 6 km wide. These are derived from the erosion of upslope Tertiary basalt, the argillaceous
Jurassic Walloon Coal Measures and the Jurassic Marburg Formation which is predominantly
sandstone. The alluvial landscape has been largely cleared of its original vegetation and is inten-
stvely cropped. To investigate the nature, distribution and origin of the alluvial soil landscape, a
multidisciplinary study incorporating aspects of pedology, geomorphology and statistics was car-

ried out.

The geomorphology, and fine sand and clay mineralogy of upslope source materials and the
alluvial soil landscape in the valley below were investigated and compared. Soils on alluvia along
the major streams were found to have developed from predominantly basaltic sediment. Alluvial
landforms of minor drainage lines were derived from mainly basaltic materials in upstream
reaches, from upper Marburg beds in middle stream reaches, and from lower Marburg beds in

downstream reaches.

A soil survey of the alluvial soil landscape showed it to be dominated by cracking clays
(Vertisols) with some prairie soils and chernozems (Mollisols) and minor areas of red-brown earths,
solodic soils and soloths (Alfisols). A 1:50 000 soil map identified 25 soil profile classes which were

grouped into six soil lithological - landscape groups. These are:

(1)  Soils of the major stream flood plains and levees;

(i1)  Soils of the major stream terraces and plains;

(it1)  Soils of the major stream eclevated terraces, fans and pediments;

(iv) Soils of the alluvial fans derived from basalt (upper reach tributaries);



(v) Soils of the alluvial fans and flats derived from upper Marburg beds (middle reach tribu-

taries); and

(vi) Soils of the alluvial fans and flats derived from lower Marburg beds (lower reach tributaries).

The first three soil groups were associated with three separate terraces in the upper and
middle stream reaches of Tenthill Creek. In contrast, the downstream reach along Lockyer Creek
only contains the first two soil groups on a relatively featureless alluvial plain landscape. The

remaining three soil groups occur on minor tributary alluvia.

To assess soil variability across the alluvial plain, morphological data was collected at 25 m
intervals along a transect and subjected to numerical analysis. Fuzzy classification was carried
out for pH profiles, morphology profiles and morphological horizons. Classifications of morphologi-
cal profiles and horizons were usefully combined with ordination techniques, including multivari-
ate planing. The numerical analysis showed relationships hetween pH profiles and landscape posi-
tion, parent alluvium and addition of irrigation water high in dissolved salts. It also validated the
field classification of soils and indicated which profile class definitions could be further improved.

Numerical analysis of horizons within profiles showed that horizons incidence related to landscape

position, buried palacosols and gilgai incidence.

Radiocarbon dating of buried palaesols showed that most of the present alluvial landscape
developed during the last 20 000 years. The alluvial landscape is believed to have evolved in five
stages with a major change from predominantly pediment erosion processes to fluvial erosion
processes during the last global glaciation. The confined valley floors of upstream reaches
responded to episodes of fluvial cut and fill by developing terraces whereas downstream episodes
of erosion were dominantly vertical and were followed by widespread alluvial deposition and
burial of older alluvial landscapes. Periods of stability between episodes of erosion and deposition

led to the development of four soil stratigraphic units (pedoderms). These are:

()  The Woodbine-Townson Pedoderm;



xviii
(i)  The Tenthill-Blenheim Pedoderm;
{(iii) The Wilson Pedoderm; and

(iv) The Lockyer-Robinson Pedoderm.

These were identified on the basis of soil morphology, geomorphology, stratigraphy and
radiocarbon dating. In some instances, clay mineral and fine sand mineralogy were used as indices

of weathering to confirm the relative age of pedoderms.

Soils of the Woodbine-Townson Pedoderm developed on fine textured basaltic alluvia depo-
sited prior to the peak of the last glaciation are predominantly grey and brown clays with neutral
to weakly acid deep subsoils. Soils of the Tenthill-Blenheim Pedoderm developed on similar
parent alluvium deposited during the post-glacial transgression are predominantly black earths
and heavy textured chernozems with alkaline subsoils, commonly less than 1.5 m deep. With
increasing age, fine textured soils become progressively richer in kaolinite clay and lower in weath-

erable fine sand minerals.

Soils developed on medium textured basaltic alluvia of stream levees were found to show
greater profile differentiation with time compared to fine textured alluvia. Alluvia deposited dur-
ing the post-glacial transgression have developed into red-brown earths with moderate texture
differentiation (Tenthill-Blenheim Pedoderm), whereas soils of Holocene age have developed into
prairie soils and chernozems with weak texture differentiation (Lockyer-Cavendish Pedoderm).
During this time, smectites in the clay fraction have become increasingly interlayered towards the

surface and fine sand minerals progressively weathered.

The soil-geomorphic framework established provides an orderly explanation of the nature,

distribution and origin of the soils in the alluvial soil landscape.
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