
r6-b^+

LANDFORM DEVEI]OPMET'.{T AND STREAM BEHAVIOI]R IN THE \ryESTERN

PIEDMONT ZONE OF THE FLINDERS RANGES OF SOUTII AUSTRALIA

JEI..{NIFER. A. BOURNE

M. A. (Adelaide)

Ihesis submitted for the degree of

Doctor of Philosophy

The University of Adelaide

(Faculty of Science)

tn

February 1996



TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

ABSTRACT

DECLARATION

ACKNOWLEDGEMENTS

CHAPTER ONE 1

THE WESTERN PM,DMONT OF THE FLINDERS RANGES, SOUTH AUSTRALIA

I. THE PROBLEM 1

III. PLAN OF THE THESIS 2

III. STRUCTURAL FRAMEWORK OF THE FLINDERS RANGES AND THE

TORRENS PLAIN 3

A. FLINDERS RANGES AND ENVIRONS 3

B. PIRIE-TORRENS BASIN 6

1. Tertiary Sub-basins 8

2. I-ake Tor¡ens 9

(a) Age of the piedmont landform assemblages 10

(b) . Regional baselevel l l
C. DEVELOPMENT OF SPENCER GULF 12

IV. CONCLUSION 13

CHAPTER TWO 14

PEDIMENTS AND ALLWIAL FANS: LITERATURE REVIEW AND CRITTQUE

I. INTRODUCTION 14

I

ii

v11l

x

xi



II. PEDIMENTS

A. GENERAL STATEMENT

B. MORPHOLOGY

1. General Statement

2. Areal Extent

3. Piedmont Angle

4. Pediment Surface

5. Shape and Transverse Profile

6. I-ongitudinalProfile

C. ORIGIN OF PEDIMENTS

III. ALLUVIAL FANS

A. GENERAL STATEMENT

B. MORPHOLOGY

1. General Statement

2. Fan Deposits

3. Fan Size

4. Fan Slope

C. ORIGIN OF ALLUVIAL FANS

D. ALLUVIAL FAN DISSECTION

ry. COEXISTENCE OF PEDIMENTS AND ALLUVIAL FANS

CHAPTER THRE,E

PEDIMEI'{TS IN TIIE WF,STERN PIEDMONT OF THE FLINDERS RANGES

I. INTRODUCTION

II. REGIONAL ACCOUNTS

A. PARACHILNA-EDEOWIEREGION

1. Pediments

(a) Main Pediment

(i) Shape

(ii) Iængth

t4

l4

16

16

t6

t7

19

20

20

22

25

25

26

26

27

28

28

30

31

31

34

34

35

35

35

35

35

36



(iii) Piedmont Angle 36

(iv) Slope 37

(v) Pediment Cover 37

(b) High Pediment 39

(Ð Bundulla-V/alkandi High Pediment 39

(iÐ Bunyeroo'High'Pediment 40

(c) Modern Pediments 4l

(d) Riverine Outwash Plains 42

2. Drainage Basins 43

B. V/YACCA-EMEROO REGION 44

1. Pediments 44

(a) Pediments of the Wyacca and Emeroo Ranges 45

(b) Pediment Remnants of the Central Section 46

2. Drainage Basins 47

ru. ORIGIN OF THE PEDIMENTS 47

IV. AGE OF THE PEDIMENTS 50

V. CONCLUDING STATEMENT 50

CHAPTER FOUR 52

ALLWIAL FANS IN THE WESTERN PIEDMONT OF THE FLINDER.S RANGES

I. INTRODUCTION 52

II. REGIONAL ACCOUNTS 53

A. PARACHILNA-EDEOWIE REGION 53

1. General Statement 53

2. Parachilna Alluvial Fan 54

(a) Dimensions 54

O) Deposits 54

(c) Slope and Surface 55

3. Drainage Basin 55



4. Brachina-Bunyeroo Alluvial Fan 56

(a) Dimensions 56

O) Deposits 56

(c) Slope and Surface 57

5. Drainage Basins 57

6. Minor Alluvial Fans 58

7. Riverine Outwash Plains 59

B. V/YACCA-EMEROO REGION 60

1. General Statement 60

2. Alluvial Fans 60

(a) Dimensions 60

(b) Deposits 6l

(c) Slope and Surface 62

(d) Segments 63

(Ð Main Surface 63

(iÐ Bar and Pavement Surface 64

(iiÐ Bar and Channel Surface 65

(iv) Significance of Alluvial Soil Colours 65

3. Drainage Basins 67

(a) Dimensions 67

O) Drainage Pattern 68

(c) Sediment Supply 69

4. Minor Alluvial Fans 7l

III. DISSECTION AND DATING OF THE ALLUVIAL FANS 7I

IV. CONCLUDING STATEMENT 72

CHAPTER TTVE 74

PEDIMENTS AND ALLWIAL FANS: GENESIS AND RELATIONSIIIPS IN THE

WESTERN PIEDMONT OF THE FLINDERS RANGES

I. STATEMENT OF PROBLEM 74



III

IV

V.

II DISTRIBUTION OF THE PEDIMENTS AND ALLUVIAL FANS 74

A. GENERAL STATEMENT 74

B. EVOLUTIONARY SCHEME 75

C. INCIPIENT PEDIMENTS OR ALLUVIAL FANS? 78

D. MAJOR ALLUVIAL FANS AND SHIFTS IN BASELEVEL 78

AGE RELATIONS OF THE PEDIMENTS AND ALLUVIAL FANS 79

PROCESSES RESPONSIBLE FOR THE PEDIMENTS AND ALLUVIAL

FANS 80

RELATIONSHIPS BETWEEN THE PEDIMENTS AND ALLUVIAL FANS 81

A. GENERAL STATEMENT 81

B. ALIENA WASHOUT 81

1. General Statement 81

2. Pediments 82

(a) Rock Pediment 82

(b) Covered Pediment 82

(c) High Pediment 83

3. Alluvial Fan 84

4. Drainage Basin 84

5. Implications for I¡.ndform Assemblages of the Study Area 84

CONTRIBUTION TO THE STUDY OF PEDIMENTS AND ALLUVIAL

FANS 85

CONCLUDING STATEMENT 89

APPENDD( I: THE IDENTIFICATION AND DISTRIBUTION OF PEDIMENTS AND

ALLUVIAL FANS IN THE WESTERN PIEDMONT OF THE FLINDERS RANGES,

SOUTH AUSTRALIA

A. GENERAL STATEMENT

VI.

VII



B. METHODS USED TO DISTINGUISH PEDIMENTS AND ALLUVIAL FANS

1. Thickness of the Alluvial Deposits

2. Remote Sensing

3. Contour Pattern

4. Drainage Texture

5. CatchmentCharacteristics

6. I-ength

7. Other Criteria

(a) Bedrock Hills and Ridges

O) Slope

(c) Relief Amplitude and/or Highest Points in Drainage Basin

(d) Ruggedness of Drainage Basin

(e) Granulometric Measurement of Surface Deposits

C. CONCLUDING STATEMENT

APPENDIX tr: REGRESSION ANALYSIS: CHARACTERISTICS OF PEDIMENTS

AND ALLUVIAL FANS

APPENDD( Itr: SHALLOW SEISMIC REFRACTION SURVEY: HAYWARD

PEDIMENT

APPENDD( IV: RAINFALL EVENTS IN THE FLINDERS RANGES REGION

A. GENERAL STATEMENT

B. RAINFALL RECORDS FOR THE FLINDERS RANGES REGION

C. STREAM DISCHARGE RECORDS

D. DISCUSSION

APPENDIX V: BOULDER MEASUREMENTS: MAJOR ALLUVIAL FANS,

WYACCA-EMEROO REGION

APPENDX VI: X-RAY DIFFRACTION ANALYSIS OF SOIL SAMPLES: MAJOR

ALLUVIAL FANS, WYACCA-EMEROO REGION

BIBLIOGRAPHY

FIGURES



Frontispiece

Oblique aerial view NNE over the ridge and valley topography of the Flinders Ranges.

Aliena Washout (foreground) is a complex feature in the western piedmont of the upland,

incorporating covered pediment (P), high pediment (hP), rock pediment (rP) and alluvial

fan (AF).

(Aerial Photography, Survey 31171064, Department of Environment and Natural

Resources, South Australia).
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ABSTRACT

The Flinders Ranges is a fold belt involving Proterozoic and Early Palaeozoic strata and

located in the arid-semiarid interior of South Australia. The margin of the upland is in

places faulted but the hill-plain junction is most commonly determined by lithology. The

western piedmont of the Ranges consists of pediments, mainly of the covered type, and

alluvial fans. Their distribution varies regionally, for although the two forms commonly

coexist, alluvial fans are prominent south of the V/illochra outlet, and pediments to the

north. Some pediments are clearly contemporary, being associated with present local

baselevels, others are dissected, occur in flights, and are relic forms. Alluvial fans are

consistently deposited in broad depressions eroded into and below the level of the

pediments.

The Aliena Washout or Fan well exemplifies the relationships between pediments and

alluvial fans. At its head the feature is a rock pediment cut in purple shale which is

exposed at the surface. To either side run slightly incised streams which downslope have

coalesced to form a covered pediment. Further downslope, as the detrital cover thickens,

an alluvial fan extends some 5 kilometres from the scarp foot. The pediment area is

flanked to north and south by remnants of a higher pediment cut in folded sediments but

covered and protected by 1-2 metres of coa¡se detritus. Clearly the Aliena Alluvial Fan is

younger than the covered pediments to either side. Laterally migrating streams are

responsible for the rock pediment, covered pediment and alluvial fan.

In the study area pediments are invariably older than the alluvial fans. Pediments are in

effect replaced by alluvial fans, not by burial, but by dissection and lateral substitution,

until the fanhead lies within the mouth of the gorge at the upland margin. The landscape

element described in this study as a 'riverine outwash plain' can be interpreted as either a

contemporary covered pediment or the initial deposits of an alluvial fan, and is an important

part of this explanation. Investigation of the catchments, with which the piedmont forms

are genetically related, shows that the pediments are associated with small catchments

dominated by resistant sediments, whereas those supplying alluvial fans are larger and
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dominated by outcrops of argillite. From these temporal and spatial relationships it is

suggested that pediments and alluvial fans are members of an evolutionary sequence which

is, in some respects, peculiar to the structural basis of the region. V/hether baselevel

lowering is a necessary factor in the change from erosional to depositional predominance is

not clear. Minor alluvial fans have been deposited with no change of baselevel. On the

other hand , I-ate Pleistocene upfaulting of the Ranges, lowering of sea level and lowering

of the level of I:ke Torrens are all in evidence. Baselevel lowering certainly makes

possible thick accumulations of fanglomerates, but is considered A contributory, rather than

an essential, condition.

Similar relationships between pediments and alluvial fans have been noted elsewhere, for

example in the Italowie and Paralana regions of the eastern piedmont of the Flinders

Ranges; in Nevada, near Ely and McGill; and in various parts of the American V/est and

Southwest.
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CHAPTER ONE

THE WESTERN PMDMONT OF THE FLINDERS RANGN, SOUTH AUSTRALIA

I. THE PROBLEM

The relationship between pediments and alluvial fans has long attracted the attention of

geologists and geomorphologists (Blackwelder, l93L; Blissenbach, 1954; Tuan, 1962;

Denny, 1965, 1967; Williams, 1970; Bull, 1977). Although the two forms are typical of

the piedmont and are morphologically similar, pediments are by definition of erosional

origin, whereas alluvial fans are depositional forms underlain by, and due to the

accumulation of, considerable thicknesses of sedimentary deposits. The two forms coexist

in the piedmont of the Flinders Ranges, in the arid to semi-arid interior of South Australia,

which area thus affords the opportunity to study pediments and alluvial fans in identical

geological, climatic and topographic contexts (Figure 1. 1).

The Flinders Ranges is a fold belt involving Proterozoic and Early Palaeozoic strata, and

characterised by ridge and valley topography. The margin of the upland is in places

associated with faults, but the hill-plain junction is most commonly determined by

lithological contrasts. The upland streams flow to the salinas known as lakes Torrens,

Frome and Eyre (Figure 1.1). The piedmont plains consist largely of a variable mix of

pediments, alluvial fans, stream channels and associated flood plains, with occasional

structural features, e.g. strike ridges, standing above the level of the plains. They slope

gently down from the scarp foot for some 5-20 kilometres, before merging with the flat

depositional plains associated with the lower parts of the various 'lake' basins. Although

these lake plains are essentially fluvial in origin, they are characterised by fields of relic

Late Pleistocene dunes stabilised by vegetation.

This study is concerned with the pediments and alluvial fans of the western piedmont of the

Flinders Ranges between latitudes 31o00'S and 32'30'5 (Figure 1.1). North of the
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Willochra Creek outlet, pediments and pediment remnarits are well represented in the

piedmont of the Heysen Range, though major atluvial fans are developed in association with

the Parachilna and Brachina-Bunyeroo creeks. To the south of the outlet, however, the

pediments fronting the V/yacca and Emeroo ranges are minor elements in a landform

assemblage dominated by alluvial fans.

Several questions arise. Why are pediments bette¡ developed in one sector of the piedmont

and alluvial fans in another? This is the primary problem addressed in the thesis, but

various secondary problems flow from, and are an integral part of, the major theme. For

example, when were the pediments and alluvial fans formed? Alluvial fans continue to be

deposited, but is there evidence for contemporary development of pediments? Are the

pediments and alluvial fans temporarily distinct or were they formed simultaneously? If

the latter, have different fluvial processes been at work or are the same processes

responsible for the two forms? If the same processes have been at work, why does erosion

dominate in one tract, deposition in another? - which question essentially reiterates the main

thrust of the investigation.

II. PLAN OF THE THESIS

The remainder of this introductory chapter is concerned with the geological and tectonic

setting of the western piedmont of the Flinders Ranges. In Chapter Two, alluvial fans and

pediments are discussed in general terms in a review of the literature. In Chapters Three

and Four, respectively, pediments and alluvial fans of the western piedmont of the Flinders

Ranges are described, as are the processes responsible for their development. The

relationships and genesis of pediments and alluvial fans in the study ¿Ìrea are discussed in

Chapter Five, and some consideration is given to the implications of this study for the

coexistence of the two landforms in other piedmont zones.
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III. STRUCTURAL FRAMEWORK OF THE FLINDERS RANGES AND THE

TORRENS PLAIN

The structure of the Flinders Ranges and adjacent sedimentary basins provides the context

(Figure 1.2) within which the landform assemblages of the Flinders Ranges, and in

particular of the western piedmont of that upland, have evolved (Campana, 1958; Thomson,

1966; Stewart, 1972; Rutland, 1973; Preiss, 1987). The Torrens Hinge Zone (Thomson,

1970; Murrell, 1977), located to the west of the Ranges, remains one of pronounced

seismic activity (Doyle et al., 1968; Sutton & White, 1968; Cleary & Simpson, 1971,;

Stewart et al., 1973; Greenhalgh & Denham, 1986; McCue, 1990; see also Figure 1.3).

That there have been Cainozoic tectonic movements is especially signif,rcant, for changes in

the relative elevation of upland and plain may have affected stream behaviour within the

region. The chronology of sedimentation in the Pirie-Torrens Basin (Johns, 1968a & b) is

also relevant, for it allows maximum ages to be deduced for the land surfaces of the region.

A. FLINDERS RANGES AND E}N/IRONS

Rocks of the Adelaide Geosyncline, which term is used here in a descriptive rather than

generic sense (Preiss, 1987), are exposed in the Mount Lofty and Flinders ranges in South

Australia. The ranges run meridionally through southern Australia (Cleary & Simpson,

L97l; McElhinney, 1973; Denham et al., 1975). They were formed at an ancient

convergent plate boundary, and are presently situated mid-continent within the Indian-

Australian Plate. The structure extends northwestwa¡d from the Flinders Ranges via the

Willouran, Peake and Davenport (Denison) Ranges to the Musgrave Block and into \ùy'estern

Australia (Wopfner, 1972; Preiss, 1987; Drexel et aI., 1993). The surface of the

crystalline basement, which crops out in the Mount Painter and Mount Babbage areas in the

Flinders Ranges and in several small inliers in the Mount Lofty Ranges (Preiss, 1987;

Drexel et aL, 1993), is relatively undeformed (Gerdes, 1982). The Mount Lofty and

Flinders ranges together form a reactivated structure developed in this high density

basement (Thomson, I969a & b; Wellman & Greenhalgh, 1988), which was bounded by
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the Gawler Craton in the west and the Curnamona Cratonic Nucleus in the northeast (Figure

r.2).

A thin cover of Proterozoic and Cambrian sediments was deposited on the eastern margin of

the Gawler Craton, on the area known as the Stuart Shelf. It remains virtually undisturbed

and has been dissected to give plateau, mesa and butte fo¡ms in the Arcoona Plateau

(Twidale et al.,1970; Twidale et a\.,1986). The sediments arethin in the south, in the

Port Augusta-Iron Knob area, but thicken northwards, where they form a broad upwarp, the

eastern limb of which is faulted. Further north, the whole structure is downthrown along a

NNE trending fault passing through Andamooka H.S. (Anderson, 1979; Dalgarno, L982).

These shelf sediments can be traced eastwards and are correlated with the folded sequences

of the Flinders Ranges.

Four major cycles of deposition are evidenced during the Proterozoic in the Adelaide

Geosyncline. Each is characterised by distinctive sedimentary sequences and tectonic style

and is separated by an unconformity (Thomson et aL, 1964; Preiss, 1987; Drexel et al.,

1993). Quartzite and sandstone are common, interbedded with mudstone, siltstone,

limestone, some basal conglomerate and glacigene sediments. Deposition took place in

shallow seas and under paralic conditions, which continued through the Cambrian. It was

accompanied by minor folding, faulting, uplift and some erosion (Forbes, 1972; Moore,

1979). Subsequently, Cambrian sediments derived mostly from the Willyama Block

accumulated in the intracratonic Arrowie Basin (Milton et al., 1973). Sedimentation

ceased when the Cambro-Ordovician Delamerian Orogeny created the ancestral Mount

Lofty-Flinders Ranges.

At first, the sediments were affected by east-west compression, which produced the broad

domes and open synclines of the central Flinders Ranges. These sta¡d in marked contrast

with the structures to north and south of this zone. The North Flinders and Nackara arcs

are belts of arcuate, upright, tighter folds with slaty cleavage and greenschist

metamorphism, formed when the deposits were subjected to a later stage of north-south

compression (Preiss, 1987; Drexel et a\.,1993). Three major linear gravity corridors or
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lineaments (O'Driscoll, 1983, 1986), associated with significant ore deposits, impose

directional controls on these structures (Figure 1.2).

Décoll.emenr allowed the simple folds of the central Flinders Ranges to be developed

independently of the crystalline basement. The regularity of these largely simple folds was

disturbed by the injection of plastic argillites, some with pseudomorphs of halite. The

Callanna Beds, the oldest Adelaide¿n sediments, are commonly involved and are rnapped as

diapirs throughout the Flinders Ranges (Webb, 1961; Webb & von der Borch, 7962;

Dalgarno & Johnson, 1968; Thomson, 1969b; Mount, 1975; Thomson et al., 1976;

Lemon, 1985, 1988a, 1996). They occur in the co¡es of anticlines, e.g. the Oraparinna

and Blinman structu¡es, and along fracture zones, as in Thompson Gap and the western

scarp of Emeroo Range (Figure 1.4).

After the Delamerian Orogeny, the remainder of the Palaeozoic and much of the Mesozoic

eras were tectonically quiescent. Triassic sediments preserved in basins in the Copley and

I-eigh Creek area and around the northern margins of the V/illochra Plain must have

originated in the erosion of the Ranges, and their character suggests derivation from a

landscape of low relief; but no Triassic land surface has been identihed. Jurassic

epeirogenic movements formed the Eromanga Basin to the north (Figure 1,2). Shallow

Cretaceous (Neocomian) seas encroached on the Flinders Ranges and adjacent lowlands

from the north (Frakes et a1.,1987), and west from the Lake Frome Embayment (Callen,

1973). Aptian littoral sediments cap Mount Babbage (Woodard, 1955; Alley & Lemon,

1988; l,emon, 1988b, 1996) and are present in basins marginal to the upland (e.g. Parker,

1987; Swift, 1987). The sediments probably mark the southerly limit in the Flinders

Ranges of the Early Cretaceous seas, which retreated in Cenomanian time. The Early

Cretaceous sediments which must have once covered the area around Mount Babbage have

been eroded from the upland, exhuming the sub-Cretaceous, possibly I-ate Jurassic, surface,

over which the Cretaceous seas advanced (\{oodard, 1955; Campana, 1958; Twidale,

1966a, 1969, 1980; Coats & Blissett, I97l; Twidale & Campbell, 1988; Twidale &

Bourne, 1996). To the south, a palaeosurface, possibly eroded by rivers graded to the

Cretaceous shoreline, occurs as a pronounced summit bevel, above which sta¡d some
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Ranges (Figure 1.5) and preserved in bevelled ridges in the south, adjacent to the Willochra

Basin (Twidate, 1980; Twidale & Campbell, i988), where its Cretaceous or older age is

confirmed by Eocene lacustrine sediments which occur in valley floors, well below the

summit bevels.

This complex surface of I-ate Jurassic-Cretaceous age was disrupted and dissected when

renewed uplift of the Flinders Ranges began after the Early Cretaceous SMellman &

Greenhalgh, 1988) and certainly by the Eocene (Veevers, 1984). Indeed, by the Middle

Eocene the present topographic framework was already established, for a lake occupied the

northern Willochra Basin and tongued up valleys such as those of the present Kanyaka and

Mount Arden creeks (see Twidale, I966a, l99l; Twidale & Bourne, 1996). As the Mount

Lofty-Flinders ranges were uplifted, marginal sedimentary basins, including the Pirie-

Torrens Basin, were established (Figure 1.2). Intermittent earth movements continued

along old established fault lines at least during the Eocene to Miocene (Webb, 1958;

Stewart, 1972; Callen & Tedford, 1976). At the western margin of the Flinders Ranges

and immediately north of the study area silcrete is associated with movements along the

Ediacara Fault: 'pre-upper Eocene' silcrete capping a Mesozoic landscape was carried down

on fault blocks to either side of the Ediacara Range (Binks, 1972). At the northeastern

margins of the Flinders Ranges silcrete caps mesas and cuestas in Miocene Namba

Formation (Callen & Tedford,1976), which has evidently been disrupted by tectonism.

Callen (1983) identified a I-ate Tertiary opaline, chalcedonic silcrete, in addition to the

microquartz silcrete known to be developed on Eocene Eyre Formation (Forbes, 1966,

Coats, 1973; Wopfner et al., 1974), and observed that both silcretes were affected by

faulting.

B. PIRIE-TORRENS BASIN

The Pirie-Torrens Basin underlies the Torrens Plain and Port Augusta Corridor, which

encompass that part of the western piedmont of the Flinders Ranges which is the study area

(Figure 1.2). The Basin occupies part of the Torrens Hinge Zone which is a fault angle
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depression, or half-graben, consisting of a series of fault blocks, which have gradually

subsided some 600 metres. Evidence from both flanks and the regional geophysical

signatures suggest that the fault blocks of the Pirie-Torrens Basin have been, and continue

to be, overridden and depressed (Lemon, 1996).

The Basin is bounded on the west by the Torrens Lineament (Figure 1.2), which hnds

surface expression in the linear western coastline of northern Spencer Gulf and the western

shore of Lake Torrens (Johns, 1968a & b; Thomson, 1973; Murrell, 1977; O'Driscoll,

1981, 1983). A series of fractures parallel to, and offset from, the Torrens Lineament,

due to the wrenching and tearing movements which accompanied the foundering of Spencer

Gulf, have been described from northeastern Eyre Peninsula (Miles, 1952). The evidence

is largely morphological, in the form of low linear scarps, but an exposure of the Murninnie

Fault in a gently inclined mine shaft indicates reverse faulting (Dunham, 1992).

The eastern margin of the Pirie-Torrens Basin is not a single continuous fracture, but rather

a zone of fractures and warps (Figures 1.2 e. 1.4). North of Parachilna a series of

meridional faults occurs at the western margins of Mount Deception, Red and Ediacara

ranges (Kendall, 1968; Leeson, L970; Binks, 1972) and the Northwest Fault was described

as a westward thrust of Flinders Ranges sediments (Campana, 1958). South of Mount

Burns the upland is defined by the Arden Fault (Dalgarno et a1.,1968). In the Parachilna-

Edeowie region, however, the upland margin appears to be a lithological boundary

(Dalgarno & Johnson,1966; Forbes, 1972), although a number of short, en echel.on faults

trending WNW and ESE indicate possible thrusting and rotational movements (Anonymous,

1974; Anonymous, 1982; Figure 1.6a & b). Field exposures, as well as stratigraphic

evidence, show that the margin of the Wyacca-Emeroo ranges, though largely dehned by

the massive Rhynie Sandstone/Emeroo Quartzite, is also associated with thrust faults as, for

instance, at Wilkatana North Creek outlet (Figure 1.7), Depot Creek and in the Emeroo

Range front (Williams, 1973; Preiss & Faulkner, 1984; Sukanta, 1987; see Figure 1.6c).
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1. Tertiary Sub-basins

The western piedmont and alluvial plains of the Flinders Ranges are underlain by Tertiary

sediments preserved in structural sub-basins of the Pirie-Torrens Basin. North of

Parachilna the Beltana Sub-basin occurs between the Ediacara Range and the Flinders

Ranges proper, its floor dipping gently to the east (Pegum, 1957; Kendall, 1968; Leeson,

1970; Binks, 1972). Seismic survey and borelog evidence (Figure 1.4, Table 1.1) show

that it extends south of Parachilna as a graben or syncline fronting the Flinders Ranges

(Figure 1.8a). It is bounded on the west by a basement high or fault iocated approximately

on the iine of the Parachilna-Brachina road and linking the Ediacara and Arden faults

(Kendall, 1968; Anonymous, 1982; Cockshell, 1983). The known deepest part of the

basin, i.e. 440* metres, is located in Edeowie No.l Stratigraphic Bore. From this site

Cainozoic sediments thin to north and south. Fifty to sixty metres of Quaternary fluvial

sediments overlies one hundred and fifty metres of Tertiary sediments, tentatively correlated

with the lacustrine Billa Kalina Clay Member of the Miocene Mirikata Formation (Jessup &

Norris, l97l; Ambrose & Flint, 1981) which overlie Eocene Eyre Formation, including

Late Eocene lignite seams and lignitic fragments low in the sequence (Cockshell, 1983).

Similar Eocene sediments were intersected elsewhere in the sub-basin, but at shallower

depths. This was confirmed by the correlation of overlying units, particularly with the

calcareous Miocene Namba Formation equivalents (Callen & Tedford, 1976; Anonymous,

1982; see Figure 1.9).

Another Early Tertiary sub-basin occurs in the Wilkatana area south of Lake Torrens,

where Cainozoic sediments up to 187 metres thick include Early Tertiary (?Eocene) lignites

(Figure 1.4, Table 1.1). The sediments lie within a broad synclinal fold pitching gently to

the NNE (Figure 1.8b), and are thicker nearest to the range front (Coxhead, 1982; Preiss &

Faulkner, 1984). Near Yadlamalka, 93 metres of Cainozoic sediments wedge out against a

basement high trending east-west, which has been compared to the ridge of Proterozoic

rocks outcropping south of Port Augusta in Mount Grainger and associated low hills

(Coxhead, 1982).



Table l. 1 Bores and wells logged in the study area.

BOR^E I,OCATION DEPIE qATNOZOTC TETCKNESS IERTTARY B/R REITARKS e REFERENCE

OF TEICKIÍESS 4T 3Y LICNITE C

BORE (Y)es or
(n) (n) (n) (n) (n)o P

ldistance fron
scârp in kn)

PARACEIT,¡TA AI,LU\TIAL FAN

co-1(3.5) 150 1s0+
N fan edge
co-2(5) upper- 148 148+
mid fan
98(8) lower a/f 65 65+

Anon., 1982

Anon., ]-982

50(10) lower a/f 68 68+

9l(12) Iower a/f lOO 100+

39(15) lower a/f 56 56+

47(18.s) ditto 36 36+

N

N

N

N

N

N

N

- clay/ gravel/sand
SADME Hydrol dept

- cL/gr/sand+silcrete
Sibenaler I t979

- cI/gr/sand
SADME Hydrol.

- cl/gr/sand
SADME Hydrol.'

- cJ-/gr/sand
SADME Hydrol.

?C ( ) ?h''t.h'd B/R Vakil
1983; Kendall, 1968

c ( ) wÈh'd B/R depth
Vakil, 1983

- low/middle Eocene
Johns, 1968

( ) wth'd B/R depth
3Y:Mio/Eo Eyre Fn.
Cockshell, 1983
cI/9r/sand
SADME Hydrol.
cL/gr/sand/tr.lime
SÀDME Hydrol.
cL/gr /sand
SÀDME Hydrol.
Anon., J-982

Anon t982

Anon., 1982

cIlgr/sand
SÀDME Hydrol.
cL/gr / sand
Sibenaler, 1979
Ànon., 1982

cL/gr/sand
SÀDME Hydrol.

43(2L) dunefield 2l-4
Santos Motpena 1

9'7 (37.5) lunette 564
old Motpena No.1
3A(41) bed(east) 27O
Lake Torrens sB

BRACEINA AI,LUVIAL FAN

Edeowie No.1 SB 981
(10)

62(lO) lower a/f 55

66(11) lower a/t LJ-O

65(11) lower a/f 63

co-3(12.5) ditto 148

BUNTEROO AI,LUVIÀT FAN

co-6(6.s) 1s0
Iower a/f
co-4 (8) 1s0

68: (8.5) 64
Iower a/f
6e ( 101, 162
Iower a/f
co-s(11) 1sO
Iower a/f
88(12.s) 51
Iower a/f
2I(23) dunefield 4L

co-7(5) interfan 150
Edeowie HS

314
(2erl
270+

168

444
(30s)

55+

86

63+

148+

150+

150+

64+

t62+

150+

51+

41+

393 Y

(254)

s2 (116) N

98 2t6
(1e3)

80 191+ Y

51
51

c

2

N

N

N

N

N

N

N

N

N

N

N

Y150+ Anon., 1982



BORT LOCATION

(distance fron
scarp in kn)

BOOKfNA ALLUVfAL
24O(lO) dune-
field
23(10.s) ditto 37 3'1 +

c1/gr/sand
SADME Hydrol.
cL/gr / sand
SADME Hydrol.
cL/gr/sand
SADME Hydrol.
cl/gr/sand
SADME Hydrol.
c1/9r/ sand
SADME Hydrol.
cI / sand
SADME Hydrol.
cL/gt /sand
SADME Hydrol.
cL/gr/sand
SADME Hydrol.
clays
SADME Hydrol.
Coxhead, 1982

DEPIE CATNOZOTC TETCKIÍESS TERTrÀRY B/R R.EMARKS e REFEREI¡CE

OF TEICKIÍESS 4Y 3Y LIGNITE C

BORE (I)es or
(n) (n) (n) (n) (N)o P

FAIf
55 55+

237 (ll) ditto 43 43+

269 (13 ) ditto 44 44+

272(l.6.sl ditto 34 34+

270(18) ditto 64 64+

8(20) ditto 63

18

63+

2'71(23) ditto 54 54+

P

N

N

N

N

N

N

N

N

N

Y

N

SOI':TE OF I,AKE IORRENS
TRIA( 17 ) 198
rR2(16' 2O9

PORT AUGUSTA CORRIDOR:
8(6) Wilk.17 64
1s (8) Wilk.1s I77

27 (21) alluvial
plain
33(26)
Yadlamalka No.1
28(21) alluvial
plain

6s(9) wirk.12
16 ( 9. s )wilk. 16
14 ( 11) vsirk. 11
37(11) wirk.1
/Yarrah No.1
18(10) Wilk.19
178(11) wiIk.3
7(11.s) WiIk.2
t2 (I2. s ) wilk. 10
t3 (t2. s )wilk. 10A
1s(1s.s)
9(16) wilk. 9

18+

6s6 93

2t 2I+

98
207

dunes & salinas
56 N

134 - (es) Y

clays
SADME Hydrol.

Johns,
Johns,

19 68
19 68

C Santos 1955/58
P lignite 375m

Santos 1955/58
c Santos 1955/58
C Santos 1955/58
c Santos 1955/58
c Santos 1955/58

Milton et al t1973
- sands /cLays SADME

- gr/cLays SÀDME

c Santos 1955/58
Santos 1955/58

- Santos 1955/58
- cL/grlsand SADME

P Santos 1955/58

- gr/clays SADME

- cL/gr/sand SADME

Preiss & Faulkner,
1984

98
91 116

P

c
N

Y

334
28r
3s8
670

r87
131
13s
141

54+
44+

t27
¡.4+
81+
65+

10s

(101) Y

(103) Y

(ee) Y

(e6) Y

(100)

(421

54
44

332
t4
81
65

136

N

N

Y
N

Y

N

N

WILKATA¡¡A NORTE AI,LWIAL FAN

19s(3) 88 88+
186(3) WiIk'a HS 64 64+

N

N

P

N

DEPOT ALLT'VIAL FAN

188(01 874
Depot Creek SB

49(s.s) 61 53



Key: Table 1.1

CAINOZOIC THICKNESS:
number+

( number )

4Y
3Y

B/R

unconfirmed Cainozoic thickness
probable weathered bedrock between
depth (in metres) within brackets and
without.
Quaternary sediments
Tertiary sediments.

BEDROCK

Cambrian
Proterozoic

c
P
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2. I-ake Torrens

Lake Tonens is a salina, some 5 900 square kilometres in extent. It is the focus of

drainage of a considerable catchment, including the western Flinders Ranges north of the

Willochra Creek outlet. Streams flowing westward from the Flinders Ranges usually

dissipate their waters in swamps and on alluvial flats within the dunef,ield east of the Lake,

but deltaic deposits on the lake bed indicate that flood waters from the larger rivers, such as

the Brachina, Hookina and Willochra creeks, occasionally reach the shore, and spread on to

the lake bed. The Lake surface stands about 35 metres above present sea levei, but slopes

gently down from east to west, 1.5 metres in 37 kilometres (Schmid, 1985).

Lake Torrens is located over the deepest part of the fault block adjacent to the Torrens

Lineament (Risely, 1965; Johns, 1968a; Vakil, 1983; Schmid, 1985). More than 300

metres of continental lacustrine sediments have accumulated since the Eocene beneath Lake

Torrens. Carbonaceous mudstone, sand and siltstone, of Eocene age (Johns, 1968a), are

overlain by possible Miocene dolomite-mudstones, the appearance of which Johns (1968b)

likened to the Etadunna Dolomite of I-ake Eyre (Johns & Ludbrook, 1963). The dolomitic

sequence is, in turn, overlain by Quaternary siltstone, clay, gypsum, sand and mud (Johns

et al., 1964; Johns, 1968a; Stratigraphic Bore 3A in Figure 1.4, Table 1.1).

The occurrence of evaporites -?Miocene dolomite and Quaternary gypsite - within the

lacustrine sequence (Figure 1.4, Table 1.1) suggests that the basin was a closed drainage

system throughout the Tertiary; there was no surface drainage from the I-ake to the sea.

(Nor is there any evidence that the sea ever flowed into the lake basin.) Waters may

escape subsurface via a gravity trough, coincident with a zone of minor block faulting

extending south from Lake Torrens (Pegum, 1957 Risely, 1967; Johns, 1968a; Finlayson,

1981). However, the occurrence of impermeable clay layers throughout the lake fill argues

against free vertical movement of groundwaters from the Basin via this channel (Johns,

1968a; Schmid, 1985). In latest Pleistocene-Holocene times surface waters may have

drained to the sea via the line of salinas and clay pans in the Port Augusta Corridor,

between the southern end of Lake Torrens and the head of Spencer Gulf.
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The I¿ke Torrens basin and its stratigraphy are important for the present study in two

respects. First, the stratigraphic record preserved in the lake sediments allows a lower

limit to be placed on the age of the piedmont landform assemblage discussed in this thesis.

Second, I¿ke Torrens was the baselevel for many of the rivers draining from the Flinders

Ranges during the Cainozoic.

(a) Age of the piedmont landform assemblages

During the Tertiary the Lake was more extensive than it now is. Lignitic sediments similar

to the Eocene carbonaceous beds located near the base of the basin sequence bêneath the

Lake occur in the Tertiary sub-basins east of Lake Torrens and in the Wilkatana area

(Figure 1.4; Table 1.1), and from near Port Augusta (Hullett, 1882; Firman, 1965).

Upper Eocene carbonaceous clays and lignites also occur on the block downthrown 210

metres to the west of the Ediacara Fault (I-eeson, L970; Binks, 1972 - see Figure 1.4).

Thus there are suggestions that Eocene strata underlie, or formerly underlay, substantial

areas of the Torrens Plain east of the Lake, and thus that the piedmont features under

review at least postdate the earliest Tertiary.

Putative Miocene lacustrine muds and silts are deposited unconformably on the Eocene beds

in several sub-basins in the eastern Pirie-Torrens Basin. The ?Miocene age is based on

tentative correlations, or lithological comparisons, rather than firm palaeontological

evidence (e.g. Johns, 1968b; Anonymous, 1982; Cockshell, 1983). All pediments of the

study area stand above these Miocene basin sediments and, therefore, are Miocene or

postdate the Miocene in age.

Several pediment surfaces at the margins of the Pirie-Torrens Basin carry a cover of coarse

detritus including crystalline silcrete and orthoquartzite. Such crystalline silcrete is

probably of Miocene or older age (Hutton et al., 1978; Callen, 1983) and is certainly older

than the opaline silcrete found in the Lake Eyre Basin (Wopfner & Twidale, 1967).

Although petrologically different, both silcrete and orthoquartzite are due to silicification

and are viewed as representing the same geomorphological event.
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During the euaternary some 50-100 metres of fluvial sediments were deposited as alluvial

fans extending from the western margins of upland and pediment and a similar thickness of

euaternary lacustrine sediments was deposited in Lake Torrens. In the Wyacca-Emeroo

region alluvial fan deposits within 15 metres of the surface have been dated as Late

pleistocene (Williams, lg73), but at Parachilna and Brachina the alluvial fan sequences

overlie the Miocene sequence.

Thus, the pediments and alluvial fans of the western piedmont zone of the Flinders Ranges

post date the Eocene and probably the Miocene. No more precise dating is possible on the

available stratigraphic evidence.

O) Regional baselevel

Apart from the orthoquartzite, which occurs at the outer margin of the pediment apron near

Bunyeroo Creek, and which could be inte¡preted as silica mobilised near the shores of a

Tertiary lake (cf. Öpik, 196l; Ambrose & Flint, 1981), no morphological evidence of

older, higher shorelines of Lake Torrens has been located in the study area. On the other

hand, much of the Torrens Plain is underlain by lacustrine sediments suggesting that the

I-ake was more extensive during the Tertiary than it now is. Altuvial frlls deposited in the

gorges of major streams of the western piedmont of the Flinders Ranges, such as the

Parachilna, Brachina and Hookina creeks, have been incised by up to 10 metres (Figure

1.10). Whether the resultant terraces are related to former higher lake levels, catastrophic

floods or tectonic disturbance is not clear. A similar situation obtains in the Beda valley,

in the southern Arcoona Plateau, which drains to the southwestern extremity of Lake

Torrens (Figure 1.1). There, silcreted valtey floors are now dissected by some 6-7 metres,

either as a result of the lowering of the level of Lake Torrens (Twidale et aI., 1970), or, as

the region lies astride a tectonically active hinge zone, as a result of movements associated

with the Torrens Lineament. That streams on both western and eastern shores, display

similar terrace sequences, suggests that baselevel change may be responsible.
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C. DEVELOPMENT OF SPENCER GULF

In the southern part of the study area, south of the Willochra Creek outlet, streams from the

Flinders Ranges drain to the sea in the head of Spencer Gulf via the Port Augusta Corridor

(Figure 1.1). The development of Spencer Gulf and any evidence of late Cainozoic

changes of sea level in the Gulf a¡e thus germane to any consideration of stream behaviour

and landform assemblages.

Spencer Gulf occupies a downfaulted block, the subsidence of which allowed access to

ocean waters, initially during the Eocene (Glaessner & Wade, 1958). The Gulfs extended

gradually northwa¡ds so that seas occupied the northern part of Spencer Gulf in the Miocene

(Lindsay, 1970). Fault scarps related to the foundering of northern Spencer Gulf suffered

further dislocation during the Pliocene (Miles, 1952; Horwitz & Daily, 1958; Lindsay

1970; Dunham, 1992) and the region continues to be seismically active.

Eustatic changes in sea level were related to the Pleistocene period of waxing and waning of

ice sheets and glaciers. Those which affected the coastline of South Austraiia during the

last 150 Ka are shown in Figure 1.11. Before the Holocene transgression the sea entered

Spencer Gulf twice in the Late Pleistocene; a degraded sea cliff occurs about 3 metres

above present sea level on both sides of Spencer Gulf (Gostín et al., 1981).

At the start of the Holocene (ca 10 000 years B.P.) sea level \'/as approximately 25 metres

below modern sea level. It rose to its present position some time prior to 6 000 years B.P.

(Hopley & Thom, 1983). It has been virtually static (within 1 metre of present sea level)

for the last 6 000-7 000 years, yet there is evidence of an apparent fall in Holocene sea

level of some 3-5 metres around the head of the Gulf over the last 6 000 years (Crawford,

1963; Firman, 1965; Hails & Gostin, 1978; Burne, 1982; Hails et a1.., 1983). Some

suggest that hydroisostasy (Hopley & Thom, 1983; Nakada & I¡.mbeck, 1989; Drexel &

Preiss, 1995) is responsible, in part, for the height difference and others cite tectonic

movements (Hails et al., 1983). However, the consistent height above sea level of

stranded shingle beaches, beach ridges and sea grass deposits argues for a higher sea level.
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Moreover, seas are known to stand higher towards the heads of the gulfs because of the

configuration of the coast. For example, present seas in northern Spencer GuIf regularly

wash over palaeo levels, for the tidal range is in excess of 4 metres (Schluter et a\.,1995).

IV. CONCLUSION

The structural framework of the Flinders Ranges and environs is of considerable antiquity.

Intermittent tectonism throughout the Cainozoic has caused recurrent uplifts of the Ranges.

These, plus changes in local baselevel, have caused the streams draining the upland

repeatedly to incise their beds. In addition, the effects of human occupation of the area,

which conceivably spans the time period under consideration, cannot be overlooked. Such

is the setting for the development of the landform assemblages of the western piedmont of

the Flinders Ranges.
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CHAPTER TWO

PEDIMENTS AND ALLWIAL FANS: LITERATURE REVIE\ry AND CRITIQIJE

I. INTRODUCTION

Both erosional and depositional landforms of fluvial derivation coexist within the piedmont

of the Flinders Ranges. They may, therefore, be genetically related, and it is salutary to

note that Grove Karl Gilbert, to whom is attributed the first geological application of the

term 'pediment', used it to describe the surface of what today would be called an'alluvial

fan' (Gilbert,1882, p.183). Thus, the two forms were confused from the first, and fo¡

good reason, for pediments and alluvial fans are morphologically similar. Both are

characteristically triangular in plan shape, and slope gently down, and extend laterally

away, from the point where the associated streams debouch from upland to plain. Both

merge laterally with others of their kind to produce aprons fronting the uplands. Yet one is

intrinsically erosional, the other depositional.

II. PEDIMENTS

A. GENERAL STATEMENT

Gilbert was responsible for the first cogent description of the planation of a bedrock surface

by lateral corrasion, but, because the resultant surface survived as dissected remnants, he

ambiguously referred to them as'hills of planation' (Gilbert,1877, pp.130-131). Smooth,

cut bedrock surfaces were later designated 'pediments' by McGee (1897, p.92), who is

generally credited with the f,rrst use of the term in the sense in which it is now applied (see

for example Tator, 1952a, 1953).

The Shorter Oxford English Dictionary lists two derivations for the word 'pediment', viz.

an architectural term for the triangular part, resembling a low gable, crowning the front of a
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building in the Grecian, and later in Roman and Renaissance, styles; and the Latin pes, or

foot, used for base or foundation (cf. Tuan, 1959). Such allusions frnd expression in

descriptions of the landscape, for example:

" Only in a distant view is it possi.ble to reolize tlnt th.e surroundin.g plain rises gra.du.ally on

all sides toward the mountains, which stand líke jagged orn.aments on the ridge-pole of a

low-gabled roof." (Bryan, L922, p.38).

The literature concerned with the pediment landform has been reviewed by Tator (I952a,

1953), Tuan (1959), Hadley (1967), Cooke and V/arren (1973), V/hitaker (1913,1975) and

Twidale (1978, 1981). Pediments have been referred to as rock floors, rock benches,

rock-planed surfaces, rock-cut surfaces, rock fans, rock plains, and conoplains. They are

especially well developed in granitic terrains (Warnke, 1969; Cooke, 1970; Akagi, 1972;

Mensching, 1978; Twidale, 1978, L982a, 1983a), but they are also eroded in other igneous

and metamorphic rocks, in sedimentary strata, and even in ailuvium (Blackwelder, l93I;

Gilluly, 1937; Howard, 1942; Balchin &. Pye, 1955; Tuan, 1962; Denny, 1965;

Mensching, 1970; Kar, 1984). Pediments eroded in alluvium were called peripediments

(Howard, 1942), but the same term is used of buried pediments (Balchin & Pye, 1955). In

some instances, and particularly in granitic terrains, pediments are eroded in the same rock

type as the backing uplands, but in fold mountain belts, different lithologies commonly

underlie the pediments on the one hand, and backing uplands on the other.

Pediments occur in various topographic settings regardless of altitude o¡ distance from sea:

near the coasts of Africa, Australia and Asia, but also inland (Tator, L952a, 1953), and at

high altitudes within mountainous areas, e.g. in New Mexico (Ogilvie, 1905) and Spain

(Martin-Serrano, 1991). Pediments have been reported from mary parts of the world,

including such climatically contrasted regions as Alaska and the American Southwest,

monsoonal Ko¡ea and southern England (Whitaker, 1973; Twidale, 1983a). Nevertheless,

pediments are unquestionably well and widely developed in arid or semiarid regions of

middle to low latitudes.
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B. MORPHOLOGY

1. General Statement

A pediment is a smooth, gently inclined, e¡osional surface (Figure 2.1). Inclinations of

3"-4o are typical, although slopes as little as 0.5o and as steep as 10' have been reported.

Pediments meet the upland in a sharp break of slope, or piedmont angle, which is formed in

bedrock, as distinct from those abrupt hill-plain junctions due to alluvial deposits lapping at

the base of uplands (Figure 2.2). The trace of the piedmont angle at the foot of the

mounlain front may be linear or follow around spurs and embayments, in pediment passes

(Howard, 1942). The required association of pediment and piedmont angle leads to a

problem of dehnition if and when the backing scarp, and the upland it delimits, are

eliminated. Does a pediment lose its identity when the upland disappears? The problem

can readily, if arbitrarily, be decided in theory; in practice, however, it is not everywhere

possible to determine whether an isolated platform was once a pediment backed by a scarp,

or whether it is, for example, the crest of a recently exposed compartment of rock. For

this reason, in this study, in order to qualify as a pediment, the planate form must display a

piedmont angle and thus, implicitly, be backed by a scarp.

2. Areal Extent

The areal extent of pediments ranges from a few square metres for miniature forms (e.g.

Bradley, 1940; Smith, 1958; Schumm, 1962) to hundreds of square kilometres. The

extensive and smooth bedrock plains reported from several parts of the world are not

necessarily associated with mountain ranges (e.g. Jutson, l9L7; Berkey & Morris, L927;

King, 1942, 1953; Corbel, 1963; Mabbutt, 1967). By definition, then, they are not

pediments; the cut bedrock surface is not associated with a piedmont angle, for there is no

backing scarp. And, indeed, some workers consider that pediments of regional extent do

not exist (Mabbutt, 1978; Twidale, 1983a). Instead, pediments are regarded as fringing

forms, i.e. as features developed marginal to uplands (Mackin, 1970; Twidale, 1981).
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In an upslope direction, the pediment is delimited by the position of the backing scarp.

Recession of scarps may occur in favourable structural situationS, e.g. where sca4)s are

capped by resistant strata. This relationship was noted by the early surveyors of the

Colorado Plateau, such as Powell (1875) and Dutton (1882), and has been conf,rrmed by

many others, including Glock (1936) and King (1942). Many workers, including Lawson

(1915) considered that pediments extend headwards as a result of scarp recession. Local

recession, cerüainly, is demonstrated by the development of pediment passes (Howard,

L942). Such developments are, however, limited where the bedrock of the upland is

resistant (Rich, 1935; Bryan & Mccann, 1936; Gilluty, 1937; Twidale, 1983a) and a

piedmont suite of forms widely associated with granitic residuals signif,res either slope

stability or, at most, very, very slow retreat. Disposition of strata may also control the

position of the scarp and hence the extent of the pediment. For example, where the scarp

is a dipslope and the pediment surface is being lowered, the position of the piedmont angle

migrates downdip and downslope (Twidale, 1972).

At the distal end or toe of some pediments the planate form is truncated by faulting (e.g.

Williams, 1970; Bull, 1977). Alternatively, the toeslopes may be eroded by axial streams,

i.e. streams which run parallel to the mountain front (e.g. Tuan, 1959). In places, basin

fill has buried the toeslope, forming suballuvial benches (e.g. Balchin & Pye, 1955; Denny,

1967), thus shortening the pediment. Elsewhere, however, the benches have been

exhumed, leading to a downslope extension of the form (Paige, I9I2; Lawson, 1915; Tuan,

1962; Cooke,1970).

3. Piedmont Angle

A piedmont angle, nick, knickpoint or angular break of slope eroded in bedrock is implicit

in definitions of pediments and is requisite here. Several explanations for the piedmont

angle have been offered.

Pediments are well developed in the tectonically active, faulted regions such as the

American Southwest. This has led some workers to associate pediments with faulting. In
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these terms the piedmont angle occurs at the junction of adjacent differentiaily dislocated

blocks. Such fault-related angular junctions are preserved as the scarp retreats (e.g.

I-awson, 1915; Rich, 1935; Bull, 1977), though no mechærism has been suggested.

Moreover, the piedmont angle is found in areas and at sites where no faulting has occurred,

as for instance around granitic inselbergs (e.g. Twidale & Bourne, 1978; see also Figure

2.3) and in effectively undisturbed sedimentary terrains (e.g. Twidale et a1.., 1970).

Johnson (1931 ,1932a & b) attributed the piedmont angle to undercutting and steepening of

the mountain front by streams emerging from the upland. He argued that streams,

debouching from uplands, deposit their load on losing gradient and divert themselves

against the hill base, which is thus undercut and steepened (see also Paige , I9I2). In

reality, however, streams flow directly toward the basin or valley floor, and essentially

normal to the upland front. It is true that where pediments occur within embayments

(Figure 2.4),laterally migrating streams undercut and trim the sides of the adjacent uplands

until the intervening spurs are eliminated (Johnson, 1932a; Howard, 1942; Parsons &

Abrahams, 1984). Also, such a mechanism cannot account for the piedmont angle

developed bordering uplands too small or too well fractured to generate runoff, a situation

true of granitic inselbergs in many parts of the world (Figure 2.5).

Some of the hypotheses suggested in explanation of the piedmont angle require a break of

slope between hill and plain for the proposed mechanism to operate. They require what

they are supposed to explain before they can function. Such a criticism applies to the

explanations invoking changes from turbulent to laminar flow of water (King, 1949, 1953),

rill to wash (Waibel, 1928) and gravity versus wash processes (Lawson, 1915; Davis, 1930;

Gilluly, 1937; Kirkby & Kirkby, 1974). Thus, to take one example, King suggested that

the backing scarp was shaped by turbulent flow and the pediment by laminar flow, and that

the piedmont angle marked the change in nature of flow. Apart from questions concerning

the extent of laminar flow in natural conditions, the change of slope had to be in existence

in order to produce the change in flow that would give the change in slope, i.e. the

piedmont angle.
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Rahn (1966) concluded that the most satisfactory explanation of the piedmont angle is that it

was originally coincident with a tectonic or structural change, which may have been

maintained during erosion and backwearing of the scarp (e.g. Rich, 1935; Twidale, 1967a,

1978; Bull, 1977). Thereafter the concentration of moisture, weathering and erosion at the

scarp foot ensures the angularity of the hill-plain junction, the piedmont angle (Peel, 1941;

Pugh, 1956; Twidale, 1967a). However, in the Tent Hills region of South Australia, for

example, no such structural break influences the location of the hill-plain junction, save the

resistant caprock of the plateau edge (Twidale et al., 1970). The piedmont angle is

developed in homogeneous rock (shale) in a flat-lying sedimentary sequence. The

concentration of moisture and subsequent weathering and erosion of the rock in the scarp

foot zone has been sufficient to etch out and maintain the piedmont angle (Twidale, I967a).

4. Pediment Surface

McGee (1897) first described the pediment as an eroded bedrock plain and seventy years

later some workers restrict the term to bare rock surfaces (Cooke, 1970; Whitaker, 1973).

More commoniy, however, geomorphologists distinguish different types of pediment

according to whether the country rock is exposed and the character of any cover that may

be present.

Twidale (1981), for example, recognised three pediment types, each of a different origin:

covered, mantled and rock. Such a classification can be applied to pediments irrespective

of their âge, topographic position or climatic situation. Covered pediments are

characteristic of, though not exclusive to, sedimentary terrains, where the cut bedrock

surfaces carry a veneer of allochthonous alluvial detritus (Figure 2.6). Mantled and rock

pediments occur mainly in areas of crystalline outcrop (Figure 2.7), though they are not

restricted to such lithological environments. A mantled pediment is veneered with

weathered bedrock in situ. Where the mantle has been stripped, the weathering front is

exposed as a rock pediment, or platform, that is, as an etch surface (see also Johnson,

1932a; Field, 1935).
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Although pediments appear essentially smooth surfaces of erosion, most are intricately

dissected (Mammericlo<, 1964; Hadley, 1967). Fine drainage texture is typical of the

upper slopes of pediments (Bryan, 1922; Gilluly, 1937; Doehring, 1970), for tributaries to

dendritic stream systems rise on the esca¡pment and within the pediment surface itself.

Rills, minor stream channels and other irregularities cut into the bedrock surface are infilled

by detritus on covered and mantled pediments. The initial marks of channels and

depressions developed at the weathering front may become blurred once the rock pediment

surface is exposed, but those impressions near joints, for example, can be further exploited

and significant relief established.

5. Shape and Transverse Profile

In many areas transverse profrles of pediments, i.e. profiles drawn parallel to the line of

sca4), and taken close to the mountain base, include convex-upward sectors indicating that

the pediments are fa:r-shaped (Johnson, I932a; Rich, 1935; Howard, 1942; Twidale,

1983a). Rectilinear transverse profiles were thought by some to be characteristic

(Blackwelder, 1931; Fair, 1947, 1948; King, 1962), and this is true of areas where the

individual pediments are fan-shaped but have coalesced to form an apron. Concave,

scoop- or trough-shaped transverse profiles have also been noted (Bryan, 1936a; Gilluly,

1937; Tuan, 1959).

6. Longitudinal P¡ofile

Longitudinal profiles of pediments, i.e. profiles drawn normal to the line of scarp, are

usually concave-upward (e.g. Paige, I9l2; Bryan, 1922; Johnson, I932a &. b;

Mammerickr(, 1964). They are comparable to the thalweg of streams. This and direct

observations have convinced most workers that streams are responsible for the erosion of

the pediment surfaces. A concave upward profile is eroded because material can be

transported over gentler gradients as the volume of flow increases downslope, and the

pediment surface is regraded to accommodate a smaller transported load as the upland mass

is reduced (Young, 1972). On the other hand, ffiily pediments of mantled and rock types
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are devoid of significant streams (e.g. McGee, 1897; Hadley, 1967; Whitaker, L975).

Even so, many workers report that the longitudinal slope tends to concavity where the

pediment surface is subject only to rills, wash and gravity (Carson & Kirkby, 1972). That

rectilinear pediment slopes occur in the study area, other South Australian sites (e.g.

Twidale, 1966b, 1967b) and elsewhere (e.g. Cooke &. Mason, 1973), deny these

generalisations.

Pediments which form in enclosed basins or in valleys where the alluvium is not evacuated,

were inferred to have convex-upward profiles. The argument is that detritus gradually fills

the basin or valley as the mountain front regresses a¡rd suballuvial benches, or pediments,

develop with convex-upward profiles (Lawson, 1915; see also Fisher, 1866; Wood, 1942).

A similar profile was assumed to have developed beneath the peripediment of Balchin and

Pye (1955). Convex-upward longitudinal profiles have been observed, but they appear to

imply special circumstances (e.g. Davis, 1933, but also Sharp, 1957; Rich, 1935; Gilluly,

1937; Tator, 1952a, 1953; Twidale, 1966b). For example, local convexities in the profile

have been attributed to renewed erosion of the toeslopes.

The longitudinal profiles of pediments are steeper opposite intercanyon areas than below

canyon mouths (e.g. Bryan, 1922¡, Tuan, 1959) and outside smaller canyons (e.g. Gilluly,

1937; Sharp, 1940; Batchin & Pye, 1955), because lower gradients are associated with

larger streams. Cooke (1970) showed that slopes are related to drainage basin relief and

the length of a 'pediment association' i.e. the pediment, its drainage basin and that part of

the alluviat plain to which it drains. There are slight changes of gradient along the length

of the profile in some examples, but the slope essentially levels out near the toe of the

pediment where it is overtaken by basin f,rll (Tator, 1952a, 1953).

Pediments are steeper where coarse and resistant debris occurs. The calibre of detritus

diminishes with distance from the upland, but the orderly relationship between size of rocks

in the pediment cover and pediment slope suggested by I-awson (1915) and many others

(e.g. Bryan, 1922; Gilluly, 1937; Dury, 1966) has not been demonstrated (Mammerickx,

1964; Melton, 1965a; Cooke and Reeves, 1972). Mammericlo( (1964) suggested that
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cycles of pedimentation caused by climatic change or tectonism had disturbed any

relationship between the gradient and pediment length, size of drainage basin and the nature

of outcrop in the catchment.

C. ORIGIN OF PEDIMENTS

Pediments are well developed and typical of arid and semi-arid regions, but pediments are

found in many other climatic regions. Blackwelder (1931, p.138) described the pediment

as " th,e norma.I and inevita.ble form devel.oped ín. the arid regions u.nder stable conditions" .

Bryan (1922) and many others, e.g. Bull et al. (1990), agreed that pediment development

occurred during periods of landscape stability, even though the regions in which they

worked were tectonically active. Only a relatively short period of time might be required

to erode a pediment in less resista¡t strata. 'Whatever the optimum climatic or tectonic

conditions are for the development of pediments, several theories for their origin have been

proposed.

Some attributed pediments to lateral corrasion by streams (Gilbert, 1877; Paige, I9l2;

Blackwelder, I93l; Johnson, 1931, 1932a & b; and many others since including, for

example, Twidale, 1987, and Osborn & du Toit, 1991). On leaving the confines of thei¡

upland gorges stre¿ms, fully loaded, divaricate over the piedmont plains, erode a gently

sloping surface in the rock and at the same time deposit a cover of alluvium.

The water-sediment ratio carried by such a stream must vary in time and stream incision

will alternate with lateral corrasion. Pediments commonly occur in flights. Some regard

such pediments as having been 'born dissected' (Gilluly, 1937; Mackin, 1937), for strath

development is inherent to the process of planation. Another possibility is that the

dissection of the pediment surface is a function of stream regime, with planation taking

place during high or flood flow, and incision of the stream channel associated with falling

river levels (Mackin, 1937). Also, once the uplard is reduced there is a decrease in supply

of material to the laterally corrading streams so they incise their channels (Denny, 1967);

but this seemingly is inapplicable to pediment development generally. Other workers
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regard pediments as having been formed and then dissected in separate events. In these

terms they are relic features (e.g. Moss, 1977). Whatever the origin of stepped

topography, however, the higher surfaces must be older than the lower and may be of some

antiquity (e.g. Dudley, 1936; Mackin, 1937; Rich, 1938; Miller, 1950; Twidale, 1978,

1981).

Pediments in sedimentary terrains are undoubtedly shaped by streams in flood. The

summer cloudbursts which create those flood conditions are typical of, but not peculiar to,

arid regions where pediments are best displayed (Russell, 1936; Twidale, 1987).

Divaricating streams erode the bedrock surface and carry and deposit the alluvium which

forms a pediment cover. However, portions of a pediment surface or, indeed, entire

pediments, for example those surrounding inselbergs or boulder-size uplands, may never be

crossed by streamfloods. V/eathering and erosion has been effected by other means.

Sheetflood, rill wash and other unconcentrated flow have been suggested as processes

responsible for the erosion of pediments (McGee,1897; Lawson, i915; Berkey & Morris,

1927; Rich, 1935; Bryan, 1936b; and others including the summation by Hadley, 1967).

No-one has demonstrated that spreads or unchannelled waters erode pediment surfaces.

However, rills and wash effect weathering of the bedrock and production of a mantle in

crystalline terrains and some detritus is moved across pre-existing pediment surfaces.

Scarp recession and the reduction and eventual elimination of the upland and the

development of the pediment has been advocated many times since McGee (1897) wrote of

retrogressive erosion of the mountain front (e.g. Lawson, 1915; Rich, 1935; Blissenbach,

1954; Hadley, 1967; Bull, 1977). The concept found its most enthusiastic supporter in

King (1949, 1953, 1966, 1968), who developed the theory of parallel scarp retreat and

pedimentation in explanation of landscapes of regional and even subcontinental extent.

King (1953, 1957) considered the pediment the dominant planate form wherever the land

surface is shaped by running water and he linked it genetically with scarp recession (King,

1942, 1953, 1957,1962); though these claims havebeen called to question (e.g. Carson &

Kirkby, 1972; Twidale, 1983a) and they are not borne out by the field evidence. No

remnants of former land surfaces ought to survive scarp retreat, and yet very ancient, very
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extensive surfaces remain, for example, in the Australian landscape (Twidale & Campbell,

1988, 1992). Moreover, there is convincing evidence for long-term slope stability (e.g.

Twidale, 1962, 1982b; also Partridge & Maud, 1987).

In some regions pediments were inte¡preted as exhumed suballuvial benches (Paige, I9I2;

Lawson, 1915; Balchin & Pye, 1955; Tuan 1959). Tuan (1959) developed the ide¿ that, as

the mountain front receded and the uplands were degraded, the pediment was widened by

stream erosion, the slope gradually declining in response to the decreased amount and rate

of alluviation. The enmeshed drainage pattern of the alluvial apron later became a dense¡

pattern of sub-parallel stre¿ms, augmented by streams rising on the pediment itself, which

bared the suballuvial bench and continued to degrade the pediment. The suballuvial bench

was not, therefore, simply exhumed but modified by a new stream regime (cf. Field, 1935).

Many of the pediments reported from the American Southwest (McGee, 1897; Bryan,

1922; Mackin, 1937; Tuan, 1959; Oberlander, 1972, 1974) and elsewhere are cut in

crystalline rocks and mantled with weathered granite in situ. Relatively thin mantle

material retains moisture and may effect the erosion of pediment surfaces by means of

mantle-controlled planation (Mabbutt, 1966; cf. 'ground-level trimming' Bryan, 1925).

Where the mantle is stripped away the weathering front is exposed as an etch surface, a

rock pediment (Twidale, 1981). Such rock pediments a¡e confined to the scarp foot zone.

Some of the backing scarps are flared and a¡e associated with scarp foot depressions, both

of which forms argue locational stability of the scarp (Clayton, 1956; Twidale, 1962).

Also any backwearing of the scarp through scarp foot weathering is minimal, a few tens of

metres at most and is due to subsurface weathering, not epigene stream erosion (Twidale &

Bourne, 1975; Twidale, 1978, 1982b).

The allochthonous detritus which forms the alluvial cover on some pediments can be

explained no matter which theory of pediment development is advocated. Alluvium in the

form of point bar and channel bed deposits is left behind on the surface if streams laterally

corrade a pediment (e.g.Gilbert, 1877; Davis, 1930; Blackwetder, 1931; Johnson, 1931,

1932a & b; Sharp, 1940; Osborn & du Toit, 1991). Alluvium can be deposited on the
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pediment in sheetflood or sheetwash (e.g. McGeæ, 1897; Blackwelder, 1928; Davis, 1938;

Rahn, 1967), although few consider that the surface can be eroded by such spreads of

water. Gradual burial of the pediment by basin f,rll can supply an alluvial cover (Paige,

l9I2; Lawson, 1915; Bryan, 1922; Tuan, 1959). In some places bare rock pediments have

been attributed to the recession of scarps and the efficient removal of debris, and described

as slopes of transportation (Johnson, 1932a; Field, 1935; Gilluly, 1937). In these terms

the pediment cover is detritus in transit and Schumm (1977) described the covering of a

pediment by stream deposits as a separate process from its erosion.

Pediments are explained in terms of various contemporary mechanisms and processes.

Bryan (1922) was, perhaps, the first to acknowledge that all the processes suggested by his

predecessors might be active in pediment formation in varying degrees. This composite

approach was adopted by many others (e.g. Davis, 1930; Field, 1935; Gilluly, 1937;

Sharp, 1940). Processes at work in the landscape, may be modifying rather than forming

the pediments, as charged by Cooke et al. (1993), but even if a pediment is relic from a

period of contrasting climatic conditions similar forms are being eroded in that climate

today. Certainly, the erosional nature of a pediment surface means that much of the

possible evidence concerning its development has been removed. Such doubts do not

concern workers studying alluvial fans and their origin, because that landform embodies the

processes by which it has accumulated.

ru. ALLUVIAL FANS

A. GENERAL STATEMENT

Although Drew (1873) was the first to use the term 'alluvial fan', in his study of the upper

Indus Basin, Surell (1841: cited in Bull, 1977) is credited with being the f,rrst to discuss the

feature. Subsequently, alluvial fans were recognised from other regions (Gilbert, 1875,

1877, 1890; Dutton, 1880; Geikie, 1886; McGee, 1897; Davis, 1905; Eckis, 1928).

Alluvial fan sediments, or fanglomerates, have also been identified in the stratigraphic

column and have been used, in particular, as indicators of vertical tectonics and/or a¡id to
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semi-arid climates (Bull, 1977; Miall, 1981; Galloway & Hobday, 1983; DeCelles et aI.,

1991).

Review and assessment of alluvial fans date from the middle of the Twentieth Century (e.g.

Blissenbach, 1954; Beaty, 1963; Denny, 1965; Hooke, 1967; Bull, 1977; Rachocki, 1981;

Nilsen & Moore, 1984; I-ecce, 1990). Atluvial fans are developed in every climatic

setting from the arctic to the tropics (see e.g. Bull, 1977; Nilsen & Moore, 1984; Rachocki

& Church, 1990), but a disproportionately large number of publications have been based on

three localities in the American Southwest, viz. western Fresno County and Death Valley,

both in California, and the White Mountains of California and Nevada. The resultant

publications, which are considered to be seminal works in the alluvial fan literature, are

concerned exclusively with closely juxtaposed arid to semi-arid, tectonically active, regions

(I-ecce, 1990). In some measure, the structural and climatic setting of these areas have

been taken as typical of all alluvial fans (Figure 2.8).

B. MORPHOLOGY

1. General Statement

Alluvial fans are thick accumulations of detritus shaped like a pafial cone, and deposited by

streams in the piedmont zone of an upland. In its simplest form the alluvial fan radiates

out downslope from the point, or narrow sector, where a stream emerges from the upland.

Each fan is related to a particular network of streams eroding a drainage basin through a

single trunk stream.

Alluvial fans comprise several segments or lobes, and the surface is subjected to phases of

erosion and deposition over time for the locus of deposition shifts laterally and up and down

the fan surface. The proximal parts of alluvial fzurs are separated from those of adjacent

fans by interfan depressions, whereas their lower slopes commonly coalesce to form an

alluvial apron or bajada (Blackwelder, 1931; Ruhe, 1964).



27

2. Fan Deposits

The composition of alluvial fan deposits is determined by the bedrock exposed in the

associated catchment, the degree and type of weathering, changes due to transport of the

material and changes effected after deposition of the alluvium. Sediments range in calibre

from boulders to clay. Maximum and mean particle sizes decrease downslope (e.g.

Blissenbach, 1954; Beaty, 1963; Bull, 1964a; Bluck, 1964; Ruhe, 1964; Hooke, 1967;

Bull, 1977). Sorting increases with dista¡ce from the source and secondary fans, derived

from the reworking of alluvial fan deposits, are comparatively well-sorted (Blissenbach,

t9s4).

Alluvial fans comprise either streamflow or debris flow deposits or a mixture of both (e.g.

8u11, 1964a; Ryder, 1971; Wasson, 1977a; Wells & Harvey, 1987; Mukerji, 1990; Sah &

Srivastava, 1992). Most a¡e built of fluvial sediments (Trowbridge, 1911; Blissenbach,

1954; Melton, 1965b; Williams, 1970), but others are dominated by mudflow or debris

flow deposits (Blackwelder, 1928; Beaty, 1963, 1970; Bluck, 1964; Ryder I97l; Yan

Overmeeren & Staal, 1976). Aeolian, lacustrine and other fluvial sediments may be

incorporated in the fan deposits (e.9. Larsen & Steel, 1978).

Fanglomerates display vertical and horizontal variations according to the origin of the

deposits (Trowbridge, l9l1; Bull, 1977; Harvey, 1989; I*r,ce, 1990). It is possible to

trace a specific bed for some distance downfan but, in cross section, the bed becomes

attenuated and lenses out or abuts an infilted channel deposit (Figure 2.9). Fluvial deposits

a¡e well sorted, usually in upward-fining sequences, and may display imbrication and

current bedding, with cut and frll features. Mudflow deposits, on the other hand, form

solid layers, alternating with stream gravels, and are generally found in the distal parts of

an alluvial fan. Debris flow deposits with a mud matrix may be intercalated with stream

deposits and tend to be restricted to the upper fan above the intersection point. They are

less well sorted than stream flow deposits. Sieve deposits are like debris flows but lack

primary fines (Figure 2.10). They are lobes of coarse detritus which act as strainers so

that water carries any f,rnes out and downslope (Hooke, 1967; Wasson, 1974; Bull, 1977).
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Secondary depositional features due to subsidence, soil creep, pedogenesis, growth of

vegetation and disturbance by animals are also widely developed (Bull, I962a; Denny,

1967; Gostin & Rust, 1983; Harvey, 1987).

3. Fan Size

Alluvial fans are typically 5-20 times longer than they a¡e wide. The maximum size of an

alluvial fan is determined by the space available for its deposition in the basin or valley.

Other than this restriction, the size of an alluvial fan is related to the size of its drainage

basin, which, in simple terms, determines the amount of sediment available (Denny, 1,965;

Hunt & Mabey, 1966). Some very large basins frê, however, associated with

disproportionately small alluvial fans. Several factors, related to the size and maturity of

such a catchment have been cited in explanation. The whole basin is unlikely to be

covered by a single storm event, mo¡e sediment in transit can be stored in a large basin,

greater discharges may flush the sediment beyond the alluvial fan and, in time, sediment

supply is decreased as uplands are reduced and slopes are less steep within the catchment

(Hooke, 1968; Bull, 1972; Læce, 1990; Cooke et al. , 1993).

Denny (1965) observed that fan size was directly related to the lithology of the source area

(see also Bull, 1968; Hooke, 1972) and to the height of the source a¡ea above the fan (see

also Melton, 1965b; Van Overmeeren {¿ $raal, 1976). Rates of sediment supply are

directly related to lithology, for rock type and its susceptibility to weathering processes

determine the volume of sediment available for transpof. For example, some alluvial fans

derived from mudstone and shale basins are twice as large as those from the same size

basins cut in sandstone (Bull, 1962a). Also alluvial fans built of coarser sediments are

steeper and relatively limited in extent.

4. Fan Slope

An alluvial fan is a segment of a cone with a convex-upward transverse profile and the

flanks of alluvial fans are commonly steeper than the longitudinal, or axis, slope (Hooke &
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Rohrer, 1979). The length of alluvial fans varies from tens of metres to many kilometres

(Eckis, 19281' Blissenbach, 1954; Reineck & Singh, 1973; Bull, 1977), and the average

gradient of the largest fans is so gentle as to be less than one degree. The axis slope is

inversely proportional to fan area and fan radius (Hooke & Rohrer, 1979). Minor alluvial

fans of predominantly coarse deposits and talus cones, for example, have steep slopes and

short radii (e.g. Bull, 1977).

The longitudinal profile echoes the concave-upward thalweg of a stream, and is affected by

such variables as debris size, water-sediment discharge, drainage basin morphology and rate

of sediment production (Blissenbach, 1952; Troeh, 1965; Bull, 1968; Lustig, 1969). The

steepest slope is near the mountain front, though it is most commonly less than 10" (Cooke

& Warren, 1973). The initial proximal slope of an alluvial fan is an extension of the

stream gradient. However most alluvial fans are complex forms. Fanhead trenching

invariably leaves intact the earlier steeper profile of the slope of the upper fan and the

stream emerges downslope at the intersection point emerges downfan at the intersection

point, i.e. where the gradients of stream channel and fan surface coincide (Hooke, 1967;

Bowman, 1978; Harvey, 1987). In detail, the longitudinal profile most commonly consists

of a series of straight segments rather than an arc or a parabola. This demonstrates that the

fan has been deposited as a series of lobes, or segments, superimposed one on the other and

laid down by streams flowing over the surface (Bull, 1964b; Hooke, 1972), rather than in a

single period of accumulation. Such a profile may result from dissection of an alluvial fan

(Blissenbach, 1954). Segmentation results from uplift of source areas or from changes in

water sediment discharge induced by climatic changes (Bull, 1964b, 1968).

The axis slope of an alluvial fan is inversely related to the area of the drainage basin serving

the fan (Bull, 1962a, 1964b) and to discharge (Hooke, 1968). Melton (1965b) correlated

fan gradient with ruggedness, a measurement of relative relief within each basin area. The

lithology of outcrop within the catchment determines the nature and supply of detritus, and

given the prevailing climatic conditions the effective processes of erosion and transport and

the rate of delivery of sediment to the fan. Thus, steeper fans a¡e associated with high

sediment production from the upland, debris flow rather than stream flow deposits, low
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discharges, ild coarse-grained deposits (Eckis, 1928; Blissenbach, 1954; Bluck, 1964;

Bull, 1962a, 1964a &. b, 1968; Hunt & Mabey, 1966; Hooke, 1967, 1968; Van

Overmeeren & Staal, 1976; Hooke & Rohrer, 1979).

C. ORIGIN OF ALLUVIAL FANS

Alluvial fans are deposited by unconfined streams, because of changes in the hydraulic

geometry of flow (Bull, I964a). When streams emerge from the upland, or at an

intersection point out on the fan, their channels are no longer confined and they spread out

over the piedmont plain. Stream depth decreases, channel width and wetted perimeter are

increased, and energy is lost. Velocity of the stream decreases and solid load is deposited.

Where the underlying strata are permeable, subsurface infiltration of water also induces

sedimentation.

Debris is transported across the fan surface primarily by flows of water and sediment in

radiating channels (Hooke, 1967). V/ithin a single flood event or over several seasons, the

loci of deposition move up and down the fan along the radiating stream lines (Buwalda,

l95l; Denny, 1967; Hooke, 1968), and also laterally as flows are diverted to lower areas

(8u11, 1977; Hooke & Rohrer, 1979). Overbank flow occurs when channels are backfrlled

by their own deposits, when channels are blocked by debris flows or by large individual

boulders and as a result of lateral erosion and bar-building in the main channel. Thus the

alluvial fan is gradually built up, segment by segment.

It has been suggested that alluvial fans accumulate when the baselevel of the lowland or

depositional area falls in relation to that of the upland or erosional area. As a result the

alluvial fan deposit thickens downslope (e.g. Blissenbach, 1954). Other fans form

lenticular masses where the midfan are¿ has received more sediment (Bull, 1977).

However, most fans are thickest nea¡ the apex and taper downfan. Such wedge shapes

have been taken to indicate tectonic movement and an increased sediment supply with uplift

of the mountains. Alluvial fans of this shape have been described as 'orogenic' (Bull,

1977).
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D. ALLUVIAL FAN DISSECTION

The reasons for the dissection of the upper part of alluvial fans, variously refened to as

trenching (e.g. Eckis, 1928; Weaver & Schumm, 1974; Harvey, 1987), intrenchment

(Buwalda, 1951), entrenchment (e.g. Bluck, 1964; Mukerji, 1990) and incision (e.g.

Williams, 1970; Wasson, I977b), has given rise to much debate. Eckis (1928) and later

Blissenbach (1954) attributed the dissection of the fanhe¿d to the normal course of a cycle

of alluvial fan development as the upland stream is first graded to its own deposits but then

floodwaters cut a single channel through them and deposits material further downfan.

Factors thought to cause dissection of alluvial fans include several which affect only the

associated catchment, e.g. variations in flood discharge due to capture of all or part of an

adjacent catchment (Eckis, 1928), extreme rainfall events (8u11, 1964b; Denny, 1967;

Beaty, 1974), deforestation and overgrazing (Williams, 1970), and decrease in the available

sediment load, for example, if less readily weathered bedrock were exposed in the

catchment. Other factors include climatic change (Lustig, 1965; Williams, 1973),

baselevel shifts (Eckis, 1928; Tator, I952b; Wasson, 1977b) and tilting and faulting (Frkis,

1928; Wahlstrom, 1947; Bull, 1964b; Denny, 1967; Hooke, 1972). The notion that the

natural growth of an alluvial fan involves periodic dissection and frll (Denny, 1967;

Schumm et aI., 1987) may be suff,rcient explanation, even though the changes mentioned

have caused dissection of the particular alluvial fans.

ry. COEXISTENCE OF PEDIMENTS AND ALLUVIAL FANS

Pediments and alluvial fans occur in the piedmont zone of many upland regions, and

according to many of the early interpretations, pediment development preceded the

deposition of alluvial fans. For example, Gilbert (1877) believed that once the pediment

had been eroded by lateral cor¡asion and covered with alluvium deposited by the shifting

stream channels, cones of alluvium were deposited at the mouths of mountain gorges after

sudden storms, choking the channels and diverting the stre¿ms to form new courses.

McGee (1897) described some of the planed granite surfaces, or pediments, as 'rubble-

cumbered slopes' mantled with 'a torrential veneer', and observed that valley interiors and
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the lower lowlands were built of 'torrent-laid debris': a few permanent streams withirl the

sierras flowed out on to the plain or streams flowed after 'cloudbursts or thundergusts', first

into flat-bottomed barrancas cut in country rock and lined with boulder beds, then through

aroyas eroded in alluvium and ending in alluvial fans.

More recently, Blissenbach (1954) interpreted the downslope thickening of alluvial material

as the deposition of an alluvial fan over the pediment (cf. fan-topped pediment of

Blackwelder, 1931). Williams (1969) identified an ancient pedimented landscape buried by

late Precambrian fanglomerate at an unconformity in northwest Scotland and has reported

similar, but much younger, landform assemblages elsewhere. He described Pliocene and

Pleistocene terraces and erosional surfaces, which may be pediments, overlapped by, or

faulted against, coalescing alluvial fan deposits of Quaternary age from northern Africa

(Williams, 1970). He also reported Early Pleistocene gravel-capped pediments forming

terraces and dissected coalescing fans from South Australia (Williams, 1973). Harvey

(1990) noted that fans in the southeast of Spain rest on, or are inset within, and therefore

postdate, Pliocene to early Quaternary pediments.

On the other hand, alluvial fans which predate coexisting pediments have also been

recorded. Tuan (1959, 1962) explained that headward extension of alluviation kept pace

with stream erosion as it indented the mountain front and isolated former spurs as outliers

of the mountain mass. The latter were eventually reduced by denudation to form

pediments. Bull (1977) also described pediment surfaces developing as the mountain front

retreated from a buried fault scarp in the basin-and-range structural setting. The pediment

is partly eroded across basin fill, which includes alluvial fan deposits. Therefore the

pediment is younger. In Arizona, alluvial fans stand higher and more distant from the

scarp than the pediments and are, therefore, older than the erosional forms (Bull et al.,

1e90).

According to Blackwelder (1931) streams in the process of achieving grade deposit alluvial

fans. Thus, alluvial fans are deposited either after the initial uplift when upland and plain

are established, or following some disturbance to the system caused by tectonism or
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baselevel shift. Their formation may, therefore, predate or follow the development of

pediments, which he thought were cut by streams at grade. The coexistence of alluvial

fans and pediments in most desert piedmonts convinced Denny that "processes of erosion,

weathering, and depositìon are all in operation at the same Íim.e. It is only th.e relative

intensiry of th.ese processes from place to plo.ce that ha.s changed... " (Denny , 1967 , p.96).

Certainly the examples of investigations mentioned here suggest that the relative ages of

pediments and alluvial fans vary regionally, and even in time.
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CHAPTER THREE

PEDIMENTS IN TIIE WESTERN PM,DMONT OF THE FLINDERS RANGES

I. INTRODUCTION

The purpose of this chapter is to describe and consider the origin of pediments developed in

the western piedmont of the Flinders Ranges. They can then be compared genetically to

the alluvial fans with which they coexist (Chapter Four). The distribution of pediments

and alluvial fans in the study area is illustrated on two morphological maps (Figures 3.1 &.

3.2). Remote sensing imagery, thickness of the alluvial deposit and catchment

characteristics were the most useful criteria for distinguishing pediment from alluvial fan.

These elements and others which provided supportive data are discussed in Appendix I.

Pediments are prominent in two sectors of the study area. In the inner piedmont of the

Heysen Range between Parachilna and Edeowie, pediments and pediment remnants occur

side by side at different elevations to produce a stepped topography. The lowest elements

of which are still in process of formation, whereas the others are being reduced in area.

The pediments in the inner piedmont of the V/yacca-Emeroo ranges a¡e much dissected and

constitute only a minor constituent of the landscape.

With two minor exceptions, viz. the rock pediments of Aliena and Pettana (see Chapter

Five), the pediments of the western piedmont are of covered type (Twidale, 1981), that is,

the cut bedrock surfaces are masked and protected by 1-2 metres of allochthonous material.

The pediment remnants of the study area stand up to 50 metres above present baselevel,

represented by local stream channels. They are smooth and slope gently down at angles

between 1o-6", and typically in the range 3"-4", from thebacking scarp, which they meet

in an abrupt break of slope, or piedmont angle. They extend to a maximum of 4

kilometres from the scarp foot to probable faulted margins, where their alluvial cover

merges with alluvial fan and other sedimentary deposits of the Torrens Plain.
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II. REGIONAL ACCOUNTS

A. PARACHILNA-EDEOV/IE REGION

1. Pediments

The Parachilna-Edeowie pediments occur within the inner zone of the western piedmont of

the Heysen Range and fringe that upland. They comprise a series of gently inclined fan-

shaped plains which merge laterally to form an apron. The pediments are eroded across

Cambrian strata, dipping west at 40"-70", and dominated by siltstone, but including beds of

limestone and sandstone. Pediments and pediment remnants occur in three elevational

zones: high, low and intermediate (Figure 3.1). The intermediate is the most extensive

and is referred to as the main pediment. It will be described first to provide information

equally applicable to the other pediment levels, but not so well illustrated by them because

of their limited occurrence. Only remnants of higher, older pediments have survived and

the lowest pediments occur in the vicinity of the major streams. All the relic pediments

stand at elevations greater than the apices of the major alluvial fans associated with the

Parachilna, Brachina, Bunyeroo and Aliena creeks.

(a) Main Pediment

(Ð Shape

The main pediment comprises a series of low-angle partiat cones or fans, the apex of each

coinciding with the point, or narrow zone, of debouchment of a stream from the upland.

Parallel with the upland front between Parachilna and Brachina creeks where the pediment

apron is intact, the transverse profrle comprises convex-upward sectors, reflecting the

presence of pediment fans, most of which have coalesced laterally to form a pediment apron

(Figure 3.3). The plan outline of the pediment fans has in places been emphasised by the

erosion of lateral channels. For example, tributaries of streams dissecting the surface

between those sections of the pediment associated with Barregowa, Bathtub and Hayward
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creeks have removed weathered material from the sca¡p foot and deline¿te the partial cones

of the main pediment seen in transverse profile (Figure 3.4). In the vicinity of Brachina

and Bunyeroo creeks they, and their tributaries, have so eroded the main pediment that

much of the surface consists of low rises and dissected hill areas with some mesas separated

from the upland by scarp foot valleys (Figure 3.5).

(iÐ Length

The length of the main pediment, i.e. the distance normal to the hill face, is of the order of

2 kilometres, but it varies from only 1200 metres near the mouth of the Parachilna Gorge to

some 3.6-4.0 kilometres, in the vicinity of Brachina and Bunyeroo creeks (Table 3.1).

Pediment length is obviously determined by the line of the hill-plain junction on the one

hand, and the western limit of Cambrian outcrop, which is probably a degraded fault scarp,

on the other (see Chapter One). Regression analysis shows that there is no relationship

between pediment length and the length of the associated drainage basin, nor between

pediment length and the a¡ea of catchment (Appendix II: Pediments). It is suggested,

therefore, that the toeslopes of the pediments are truncated by faulting (see also V/illiams,

1973).

(iiÐ Piedmont Angle

Large sections of the main pediment meet the backing scarp in an abrupt break of slope,

typically from 3-4' to 22" (Figure 3.6a). Its position is traced more-or-less by the 300

metre contour line. The scarp face corresponds to the dipslope and the piedmont angle is

approximately coincident with a lithological boundary. In detail, the break of slope is

eroded in the siltstone and shale adjacent to the limestone of the backing ridge. Projection

of the high pediment surface levels to breaks of slope on the scarp confirm that the

piedmont angle has always corresponded to such a lithological boundary (Figure 3.6b & c).

The position of the hill-plain junction has advanced to the west because of the dipslope of

the strata, which underlies and gives form to the slope of the upland margin (Twidale,

1972).
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Where streams have removed deeply weathered bedrock, for example between Brachina and

Bunyeroo creeks (Figures 3.5 & 3.7; see also Figure 3.27, eastern margin of Edeowie

Pediment), scarp foot valleys separate the pediment from the backing upland. Former hill-

plain junctions related to such pediment remnants a¡e invariably marked by weathered

(kaolinised) bedrock, but the projected level of the surface can be linked to breaks of slope,

pediment remnants perched on the scarp face, ild to breaks below valley-side facets in

adjacent gorges and valleys. Thus the piedmont angle in the Parachilna-Edeowie region is

due to exploitation by weathering and erosion of lithological boundaries.

(iv) Slope

In longitudinal profile, taken normal to the scarp, the pediment fans are sensibly rectilinear.

The surface gently slopes at3"-4" away from the sca¡p foot (Figure 3.8, Table 3.1) and

sta¡ds some 10-30 metres above present creek beds. The gradient of the stream profiles is

comparable, e.g. Hayward Pediment has a slope gradient of 150 metres over 3 kilometres,

i.e.2"52' and the profile for Hayward Creek is2o2'7'.

(v) Pediment Cover

Alluvial and colluvial material derived from the backing upland covers the surface of the

main pediment to a depth of up to 2 metres. The underlying bedrock surface is irregular in

detail (Figure 3.9), but the pediment surface appears smooth (Figures 3.6a &.3.10), as a

result of deposition of alluvium probably by laterally migrating streams. The bulk of the

cover consists of subangular blocks, boulders and cobbles of quartzite, sandstone and

limestone, with minor amounts of local argillite, up to 20cm diameter and comparable in

size and degree of roundness to the load carried in present stream channels (Figures 3.11).

Close to the sca¡p, most of the larger rocks of the pediment cover are derived from the

front ridge of fossiliferous limestone. They are subangular and have moved a short

distance under gravity and wash. Limestone cobbles and boulders display dimpling and

fluting typical of solutional weathering. Some sandstone blocks are planed off flush with

the surrounding pediment surface (Figure 3.12a). Others are split into angular blocks



Table 3.1 (1 of 2) Drainage Basins and Pediments: Parachilna-Edeowie region,

Parachilna-Brachina sector of Heysen Range piedmont.
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Table 3.1 (2 of 2) Drainage Basins and Pediments: Parachilna-Edeowie region, Brachina-

Aliena sector of Heysen Range piedmont.
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(Figure 3.12b). The quartzite debris is more weathered than the limestone because waters

saturated with lime flushed from the backing scarp of Wilkawillina Limestone attack the

quartzite and leave it fretted, hollowed out and bevelled. The coarse debris sits in a matrix

of fine sand and silt (Figure 3.12c), in places cemented by lime. Shatlow palaeodrainage

lines, marked by particularly coarse debris, run down the pediment slope (Figure 3.IIc),

but the development of gilgai in the pediment cover precludes their survival for the most

part.

Although the thickness of the pediment cover can be observed in creek cuttings, it might

vary, across the pediment surface, between stream lines. For example, seismic surveys

carried out on the 'erosional ter¡aces' described by Mackin (1937) revealed a considerable

bedrock micro-relief (Moss & Bonini, 1961; Ritter, 1973). Again, the thickness of alluvial

cover on the Ralston 'Pediment' near Boulder, Colorado, varies between 2 and at least 15

metres within a short lateral distance (W. C. Bradley, pers. comm., 1993; Figure 3.13).

In order to test the situation in the study area, part of the main covered pediment surface

associated with Hayward Creek was investigated. Two metres of alluvium over the

bedrock surface cut across steeply dipping shales was hrst described by Twidale (1967b,

L979) from exposures in the banks of streams dissecting the landform a kilometre from the

sca¡p foot (Figure 3.11a). I-ater a trench dug in the surface midway between unnamed

creeks about 400 metres from the scarp foot passed through a similar depth of alluvium

before encountering weathered bedrock.

Confirmation that the thickness of the alluvial cover was consistent over the Hayward

Pediment was obtain.d by taking a shallow seismic refraction survey across the surface

some 500 metres downslope from the piedmont angle (Figures 3.10a, 3.I4 & 3.15). The

pediment cover (velocity: 4gO +l- 1S0 ms-l) was shown to vary from 1.3 to 1.8 metres in

thickness (Figure 3.76a, Table 3.2; see Appendix III for detailed reporr). In broad view,

the smooth surface of the alluvial cover simulates the surface eroded across the dipping

Cambrian bedrock. In detail the cut bedrock surface is uneven and the thickness of the

cover varies accordingly. These irregularities are explicable in terms of the minor relief

and cut and fill features exhibited by modern braided channels in the region.



Table 3.2 Summary of shallow seismic refraction survey results (see Appendix III for

results in full).
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Beneath the cover, and shown in three of the survey lines, there is a zone of increased

velocity (1250 +/- 100 ms-l), 6.3-12.6 metres thick, over another returning an even faster

signal (2650 +/- 350 ms-l). This was inte¡preted as an altered bedrock zone, comparable

to that located in the excavation refer¡ed to earlier, over unweathered bedrock. Fresh

country rock crops out in the beds of streams dissecting the surface to similar depths. The

increase in depth in the weathering front adjacent to stream lines on either side of the

Hayward Pediment is consistent with the presumed behaviour of the water table (Figures

3.16a & b).

(b) High Pediment

(Ð Bundulla-Walkandi High Pediment

Remnants of a high pediment or flight of pediments, first described by Twidale (1967b),

occur west of Mount Hayward and on the drainage divide between Parachilna and Brachina

creeks. The surfaces occur at elevations up to 50 metres higher than the main pediment

surface (Figure 3.17). These isolated high pediment remnants stand increasingly higher in

the relief with increasing distance from the scarp (radial 8 ín Figure 3.8; Figures 3.18 &

3.19). Their summits are planed across steeply dipping shales and minor limestones and

are covered by 1.0-1.5 metres of pebbles and cobbles, predominantly of quartzite and

limestone, both derived from the backing upland.

The highest and most extensive remnants appear to be elements of a pediment fan the apex

of which occurs where Bundulla Creek now emerges from the upland (16 in Figure 3.20,

Table 3.1), suggesting that an ancestral Bundulla Creek was responsible for the planation,

and later the dissection, of this part of the high pediment. Streams of the Walkandi Creek

system have also cut into it from the west and south. The remnants of this highest surface

stand 290-340 metres above present sea level and occur 800-1900 metres from the upland.

The slope gradient is 2"52' and the surface can be projected back to a bevel on the upland

front marking the former hill-plain junction at about 390 metres above present sea level

(Figure 3.18).
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Several other isolated hills with bevelled upper surfaces stand above the level of the main

pediment. They have been interpreted as high pediment remnants which were probably

eroded by Walkandi Creek and an unnamed tributary stream to the north (14 & 15 fn Figure

3.20, Table 3.1). The summits of these remnants lie 310-330 metres above present sea

level and occur up to 1 kilometre from the upland. Overall the thinly covered surface

slopes gently at l"2l' down to the west. Parts of its upper slopes meet the backing scarp

in a piedmont angle at about 340-350 metres above present sea level. Several rounded, but

lower, strike ridges and hills, without an alluvial cover, appear to have resulted from the

dissection of the pediment and differential erosion of the underlying Cambrian sequence

(Figure 3.21).

(ii) Bunyeroo'High'Pediment

South of Bunyeroo Creek, remnants of a covered pediment fan stand some 40-50 metres

higher than the present stream beds (Figure3.22). The level of the proximal slopes of the

Bunyeroo pediment can be traced north into that of the main pediment on either side of

Brachina Creek and south into that of the dissected summit surface of the hills east of

Edeowie H.S., but the distal slopes, some 2 kilometres from the upland, stand higher in the

landscape than those of the main pediment (Figure 3.1). The surface is cut across both

folded shale and limestone and (?)Tertiary orthoquartzites (Dalgarno & Johnson, 1966).

The outcrops of orthoquartzite buttress the distal slopes (Figures 3.22 & 3.23), and the

surface gradient of 1.5'-2.0" down to the west is gentler than that of the main pediment

elsewhere. The surface can be linked in projection to the bevelled spurs of the front

limestone ridge of the Heysen Range (Figure 3.7; radials 16 & 17 in Figure 3.8). The

overall slope of the ridge{ine surface, from the vicinity of Mount Hayward in the north to

the mouth of Bunyeroo Gorge, suggests that this was the master stream, and that the

Brachina Creek drainage developed later. The upland gorge mouth of Brachina Creek is

some 20 metres lower than that of Bunyeroo Creek.
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(c) Modern Pediments

In places, modern pediments, or eroded bedrock plains of limited extent, are developing at

the expense of the main covered pediment and their cover is derived from the older

pediment. Brachina and Bunyeroo creeks flow westwards across the pediment apron and

are incised some 30-40 metres below the level of the main pediment. They provide a local

baselevel for numerous tributaries rising within the upland and on the pediment surface.

For example, an unnamed stream system, which eventuaily flows northwest to Commodore

Swamp along the edge of the Brachina Alluvial Fan, rises within the pediment apron and

has undercut the southern margins of the Hayward Pediment as it erodes a modern pediment

some 1 . 5 square kilometres (Figure 3 .24) . Only broad rises, east and south of the Lookout

hill, remain of the higher pediment. The modern pediment is an eroded bedrock surface,

inclined at 1o14', which carries a scatter of allochthonous material, derived from the

reworking of materials from the main pediment. Arguably, in time, the coarser fraction of

the cover will be concentrated at the surface as a result of washing out of fines and/or the

churning and sorting of material if gilgai develop. Similarly, tributaries of Bunyeroo

Creek, e.g. 22 in Figure 3.20 and Table 3.1, and minor streams which, for the most part,

rise on the pediment surface and dissipate on the Bunyeroo Alluvial Fan and Torrens Plain,

are eroding a modern pediment (Figures 3.1 &.3.25).

South of White Cliff Creek streams incised into the main pediment have eroded flood plains

and left behind plains of lateral corrasion at levels intermediate between the main pediment

and the modern flood plain and exposed several minor strike ridges (Figure 3.26a & b). A
scatter of small, platey detritus covers the bedrock of the flood plain, which is marked by a

very fine, shallow drainage pattern of rills (Figure 3.26c). Coarse alluvial gravels, similar

to the cover of the higher erosional surfaces, are carried by minor streams incised less than

one metre in the surface. Spreads of these gravels on the modern pediment surface suggest

that similar streams once flowed there and eroded the surface (Figure 3.26d).

Very narrow straths, only 3-4 metres wide, have been eroded by many of the streams

dissecting the main pediment in the Parachilna-Brachina section of the piedmont. They are
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interpreted as incipient covered pediments. They are protected by a thin cover of alluvial

gravels, but include some boulders measuring up to one metre in diameter. They do not

persist very far downstream.

(d) Riverine Outwash Plains

In addition, some of the streams which initially eroded the main pediment fans are now

associated with extensive fan shaped spreads of coarse, blocþ alluvium inset within the

pedimentapron, e.8.3,4,27 &.28inFigure3.20andTable3.1. Theapexof eachfan

occurs at the point where the stream emerges from the upland. In appearance they

resemble glacial outwash fans and have been called 'riverine outwash plains'. They are

virtually flat flood plains (Figure 3.27), characterised by coarse sandstone and limestone

detritus deposited in bars and swales. Their longitudinal slopes, measured normal to the

scarp, average 1.9o, and are similar to those of minor alluvial fans of the study area.

Riverine outwash plains differ from alluvial fans, which are characterised by a convex-

upward transverse profile, and the deposits of which include a significant proportion of

argillite. Although riverine outwash plains are covered with coarse detritus, they are not

comparable with pediments in two respects. Their surfaces are more gently inclined than

those of the main pediment surface, the slope of which averages 2.7'. Relief amplitude of

their surfaces is 2-3 metres, whereas those of pediments are relatively smooth.

The Edeowie riverine outwash plain (Figures 3.27 SL 3.28) may be taken as a large example

of such a form in the study area. There is neither borelog nor geophysical evidence as to

the thickness of sediment below the surface, and it would be difficult to obtain because of

the prevalence of coarse detritus, but on the available evidence the riverine outwash plain is

underlain by l0 metres or less of coarse sediment, derived from the exclusively quartzitic

wall of Wilpena Pound. This suggestion is based in the exposure of bedrock in bounding

bluffs (Figure 3.28) and in the maximum adduced depth of scour and single-event

deposition by a major river such as Brachina Creek (Figure 3.29).
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2. Drainage Basins

The Heysen Range between Parachilna Gorge and Wilpena Pound is the backing scarp for

the pediments of the Parachilna-Edeowie region. The Range comprises several ridges, of

various lithologies, which together form the western limb of the regional anticlinorium of

the central Flinders Ranges (Dalgarno & Johnson, 1966; Callen & Reid, 1994). The most

prominent ridge is of Rawnsley Quartzite which dips generally 25oW, but steepens to 55"-

65"W in the vicinity of faults. Immediately to the west, the massive V/ilkawillina

Limestone, dipping at 45'-70'W, forms a lower, but minor range.

The drainage basins of streams related to the pediment surfaces in this region are restricted

to these formations, which are resistant to weathering and erosion because of their massive

and impermeable character (Figure 3.20, Table 3.1). Relief amplitude is greatest in those

drainage basins dominated by sandstone rather than limestone. The highest points in the

Heysen Range are of Rawnsley Quartzite, e.g. Mount Hayward 865m, Mount Abrupt

861m, and Reggie Nob 907m.

The basins are small and rugged (Table 3.1). The largest catchment is 3.35 square

kilometres in area and most are less, the average being 2.41 square kilometres. Their

length, measured parallel to the trunk stream, varies from 0.8-2.5 kilometres (Figure 3.20,

Table 3.1). Regression analysis shows no relationship between basin area and basin length

(Appendix II: Pediments). This unexpected result may be due hrst to a paucity of

observations with a small range of values and second to the strong control exerted by

structure on the area and length of basin. The catchments are third order basins and attain

the order just inside the mouth of the basin, which gives some measure of the development

of the drainage network (Horton, 1945; Strahler, 1957; but see Shreve, 1966).

The streams draining these catchments, together with streams originating below the upland

scarp on the pediments themselves, have incised below the pediment surface. Most simply

flow normal to the scarp and parallel to one another, but some have flowed to the

topographic lows between pediment fans and others are tributary to the master streams of
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the region, which have breached the western rampart of the upland and are associated with

major alluvial fans.

Riverine outwash plains are associated with streams draining catchments which are confined

to the broader quartzite outcrops of the Heysen Range and Wilpena Pound. Their basins

are larger than those associated with streams eroding pediments, but they have not yet

extended into argillaceous sediments, which give rise to minor alluvial fans (see Chapter

Four). There are some specific examples. Edeowie Creek and the unnamed stream

immediately to the norrh (27 & 28 in Figure 3.20) have eroded larger than usual drainage

basins in Rawnsley Quartzite, but the increased supply of detritus is atl blocky and coarse

arenaceous material. The other catchments associated with riverine outwash plains are

similarly restricted to the resistant ridges of the Heysen Range, but are only slightly larger

in area than those associated with the main pediment surface (Table 3.1).

B. WYACCA-EMEROO REGION

1. Pediments

Covered pediments form a natrow, discontinuous fringe to the upland in the inner zone of

the western piedmont of the V/yacca-Emeroo region (Figure 3.2, Table 3.3). The surface

is eroded across Proterozoic Rhynie Sandstone (or its equivalent, Emeroo Quartzite)

between Thompson and Dry South creeks, but otherwise in rocks older than the Rhynie

Sandstone, e.g. trachyte, siltstone, sandstone, dolomite and diapiric breccia (Dalgamo er

al., 1968). Strata dip east into the sca4), which is a faceted slope. The pediment cover,

some 1-2 metres thick, is mostly of sandstone and some dolomite fragments and cobbles to

30cm derived from the backing upland. It affords some protection from further erosion for

the weathered bedrock surface.

The piedmont angle is developed in uniform lithology, albeit the less resistant shales, a

situation similar to that found in the Tent Hills (Figure 1.1), where the strata are virtually

flarlying with a quartzite caprock overlying purple shales (Twidale, 1967a; Twidale et al.,
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1970). Concentration of moisture and weathering of the shales at the sca¡p foot is

manifested in the presence of a kaolinised zone and in the spasmodic occurrence of silcrete

(or orthoquartzite, as in the study area, e.g. in the scarp foot zone near Thompson and

South creeks). Erosion of the weathered zone, together with volume loss on weathering,

produces scarp foot valleys and induces regrading of the backing scarp to the maximum

inclination commensurate with stability.

The pediment is essentially intact and contiguous with the backing upland in the piedmonts

of the Wyacca and Emeroo ranges proper. The surface is considerably dissected between

Wilkatana North and Deep creeks (Figure 3.2) and stands some 30-50 metres above the

level of the adjacent alluvial fans. The length of the pediment surface, 100-650 metres, is

much less than its counterpart in the Parachilna-Edeowie region, where pediment length is

measured in kilometres. Here, also, faults truncate the toeslopes of the surface. The

pediment remnants slope down from the backing upland at 3o-6o, for only the steeply

inclined, upper slopes of the surface survive. Indeed, no pediment remnants occur in the

vicinity of Wilkatana North Creek where the fault is exposed in the mouth of the gorge

(Williams, 1973; see also Figure 1.7), nor immediately south of Deep Creek, where the

marginal fault has truncated the dissected spurs of the scarp (Figure 3.30).

(a) Pediments of the Wyacca and Emeroo Ranges

The pediment surfaces at the foot of the Wyacca and of the Emeroo ranges proper appear to

be quite narrow: bedrock exposures in creeks incised into the surface are less than 200

metres from the scarp foot. The drainage network of the inner piedmont zone outlines a

series of fan shaped forms interpreted as pediment cover at least within 200 metres of the

scarp (Figure 3.31a & b). The surfaces slope at some 3"-4". They are covered by at

least 2 metres of alluvium and colluvium, which thickens downslope as it merges with the

alluvial basin deposits of the Port Augusta Corridor. Bars of detritus, comparable to those

found in channels of major streams in the region, are included in the alluvial cover. To the

west of the Wyacca Range, about one kilometre from the scarp, the alluvial surface slopes

at only 2" and is underlain by about 50 metres of sediment, which presumably buries the
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lower slopes of the pediment (Figures 1.4 & 1.8b, Table 1.1), and yet there is no

morphological evidence to indicate the position of the fault, apart from the scarp itself.

(b) Pediment Remnants of the Central Section

Remnants of the covered pediment surface are preserved at the margins of the upland in

interfan areas of a series of major alluvial fans (see Chapter Four) in that part of the

Wyacca-Emeroo piedmont between Wilkatana North and Deep creeks (Figure 3.2, Table

3.3). The erosional surface is considerably dissected by tributaries to interfan stream

systems, e.g. Connolly Creek, which rise on the escarpment and are graded to sea level.

Immediately north of Depot Creek covered erosional surfaces, inclined at 3' and 6o and no

more than 100-200 metres long, are eroded across the footslopes of several narrow spurs

(Figure 3.32). Pediment remnants occur in the interfan a¡eas between Depot and

Thompson, Thompson and Dry South creeks and between South and Deep creeks. They

are connected to the backing sca{p in a piedmont angle, slope variously at 2o-6" and

measure 250-650 metres in length. At several sites remnants of the surface are preserved

because recurring resistant strata, dipping eastwards into the scarp, form ramparts

protecting the planed surfaces behind from erosion (Figure 3.33). In places, the pediment

surface is represented by shoulders and breaks of slope marked by patches of whitish

weathered bedrock on the upland escarpment, particularly above the gorge mouths of

Wilkatana North, South and Deep creeks (Figure 3.34), and in the interfan area between

Wilkatana South and Depot creeks (Figure 3.2).

Pediment embayments have been eroded by some of the streams which have also deposited

the major alluvial fans in the Wyacca-Emeroo piedmont (c/. initiation of pediment passes;

Howard, 1942). The largest, e.B. those associated with South and Deep creeks, are

coincident with fracture zones. Eroded across steeply dipping bedrock, the pediments

slope 4'-6o down from the upland within the embayments and thence grade to gentler 3"-4"

surfaces (Figure 3.35). They are covered with 2-3 metres of alluvium. Alluvial fan
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deposits onlap and bury the toe of the pediments, although clearly the erosional surface

stands at a higher level than that of the apex slopes of the alluvial fans (Figure 3.36).

2. Drainage Basins

The front ridge of the upland in this region is mostly of Rhynie Sandstone, or its

equivalent, the Emeroo Quartzite. The Wyacca and Emeroo ranges are coincident with

those sectors where the outcrop attains maximum width. In between these named ridges,

which coincide with synclinal structures plunging north and south respectively, the outcrop

narrows, is fractured (Figure 1.6c), and has been subjected to considerable weathering and

e¡osion. In this sector Skillogalee Dolomite forms the scarp.

Drainage basins associated with streams responsible for the erosion of the pediments, are

conf,rned to resistant quartzite, sandstone and dolomite (Table 3.3). The drainage divide

stands some 450-550 metres above present sea level and relief amplitude is of the order of

350 metres. The minor streams, which drain the quartzite and sandstone of the Wyacca

and Emeroo ranges proper and flow across the pediments, have small catchments, averaging

less than 1 square kilometre (Figure 3.37a, Table 3.4). Second order streams drain these

basins and debouch from the upland every 450-600 metres. On the other hand, in the

dolomite of the central section, numerous second order streams, which are associated with

the areas of pediment remnants, have very small drainage basins, averaging less than 0.5

square kilometre (Figure 3.37b, Table 3.4). They emerge from the upland every 300-350

metres.

III. ORIGIN OF THE PEDIMENTS

In the study area the pediment apron lies between the scarp foot and proven and probable

fault lines. Some might cite the region as a prima facie example of scarp retreat and

pedimentation (King,1949,1953, 1966, 1968; Blissenbach, 1954;BIII, 1977); the upland

margin has, indeed, been referred to as a fault-line scarp (Wellman & Greenhalgh, 1988).

However, the contrasting lithology between hill and plain and etching out of the scaqp foot



Table 3.3 Pediments of the Wyacca-Emeroo region.

FEATT'RT DRÀINAGE BASIN

¡IAME/LOCATTON ÀREA LEttcrE E'IP BEDROCK

l<m2 m

wyacca Ra piedmont 0.54 800 630

!,lilkatana North
interfan
9lilkatana South

Wilkatana South
interfan
Depot

Depot
interfan
Thompson

Thompson
interfan
Dry South

South
interfan
Deep

o.23 600 s40 Qu

o.27 500 480 Qu

o.2r 500 430 Qu

shoulder, h¡th'd
patches

shoulder, wth'd
patches, spurs,
contiguous

remnants, contiguous
rampart, siliceous
outcrop, faulted area

remnants, contiguous

pediment embayment
faulted zone

remnants, contiguous
structural rampart,
siliceous outcrop

BEDROCK COVER LENGTE

siltstone <200

volcanics

volcanics 2-3 100-200

volcanics
wth'd Qu

2s0

wth'd Qu 2 350-500

wth'd Qu 2-3 250

m

PEDIITElflT

OCCT'RRENCE

covered pediment
alluvial apron

mm

2

SLOPE
pediment
( scarp) o

3-4

3-6
( 16-1e )

3
(221

3-6

4-6

2-5

6-9
4

( 18-20 )

Qu (+D
i-n 22,231

2

South: pediment embalrment

o.27

o.2t

700 s20 Qu (+D+Sh
in 8,11)

Qu
(+D in 6)

400 470

Deep: pediment embayment

Emeroo Ra piedmont 0.46 900 440

pediment embalrment
faulted zone

truncated spurs
covered pediment
alluvial apron

diapiric
breccia

wth'd Qu

diapiric breccia
conglomerate

t-2

2

6so

600

250
<200

3

Qu (+sist
in 13)

2

2



Table 3.4 Drainage basins other than those related to major alluvial fans: V/yacca-

Emeroo region.

AREA EIP P AREA EIP P AREA P AREA
¡¡2

EIP P

D m m

WYACCA RANCE EMEROO R.ANGE

EIP
m¡¡2¡62kmz

1
2

3

4
5

6
7

I
9

10
11
t2
13
t4
15
16
L7
18
19
20
2t
22
23
24
25
26
27
28

o. 54
0. s1
0.43
o. 61
o.32
o .42
o.42
0. 84
1.07
o.27
o. 54
o. 53
0. 89
o.s2
0. 38
0.40
o.27
o.26
o .47
o.32
o.24
1.78
1.37
o.45
0. 30
o .42
o.25
o.24

370

400

4s0
530
580

605

657

630

630

1

2

3

4
5

6
7

I
9

10
11
L2
13
l4
15
16
t7
18
19
20
2t
22

o.12
0. o9
o.27
o.26
o.29
o.28
0. 38
0.33
o.44
0.41
0.43
1. 00
2 .4t
o.20
0. 66
o. 69
0.33
0.49
o .42
0. 19
o.20
o. 11

410
4s0

VIILKATANA NORTE
WII.KATANA SOUTE
IIITERFÀ}¡

s30

s30

5s0
550

DEPOT
TEOMPSON
IHTERFA}I

THoMPSO}l
DRY SOTTTE

INÎERFAN

10
20
30
40
50
60

1
2

3

4
5

6

7

I
9

10
11

1

2

3

4
5

6
7

I

I
2
3

4
5

6

1
2

3

4
5

6
7

I
9

10
11

o.2t
0. 14
o.27
o.32
0. 19
o.24

.18

.24

.25

.24

.15

.18

O.23lr.n2 mean

450
430 P

430 P

430 P

400
340

O.2!lr.m2

400 P

400 P

400 P

400 P

4s0
470 P

540 P

530 P

530 P

670 P

O.27I¡<m2

390
420

4so

470
500
460

480
520

540

540
500

450

400

330

270

O .461<m2

P

P

P

P

P

P

mean

TfILKATA¡TA SOITTE

DEPOjl
TlfllERFAN

6s0
640
570
670
670 I2

13
14
15
16
I7
18

P

P

0. 15
0. 10
0. 13
0. 16
o.25
o.26
0. 38
o.25
0. 55
0.35
o.29
o. 50
o.26
o. 34
o.26
o.25
0.20
0. 16

550 P

510

680
700

650
570
510

500

s20
530 P

470 P

450 P

O.27km2

o. 1s
o.20
o. 18
o. 13
0. 16
o.2t
0. 14
o.74
o. 17
o. 19
0. 68

P

P

P

P

P

mean

mean

640

600

O. 54kn2

mean

SOIXTE-DEEP
INÎERFAII

0.20
o.22
0. 10
o. 15
o. o8
o. so
o.2r
0.43

mean P

P

P

P

P

mean O . 21kn2

Key: Table

AREÀ Drainage basin area (Lm2)
H/P Highest poinÈ in catchment (metres above present sea level)
P Covered pediment remnant
N.B. Covered pediment occurs in piedmont of Wyacca and Emeroo ranges, but
indistinguishable from sediments of alluvial apron.
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zone, together with the nature of the pediment cover, obviously laid down by laterally

corrading streams, must be regarded as crucial for the widespread planation which has taken

place. It is probable that the full extent of the pediment surface has not survived

(Appendix II: Pediments) and the toeslopes of the surfaces occur on the downfaulted blocks

beneath alluvial fan and lacustrine deposits.

The covered pediments of the study area are typified by those fronting the Heysen Range.

They are formed by the simultaneous lateral planation and deposition by divaricating

streams (Blackwelder, 1931; Twidale, 1981). They erode a fairly smooth surface in we¿k

bedrock and simultaneously cover it with point bar deposits derived, for the most part, from

the upland. Erosion of the surface is greater where adjacent systems overlap. This

suggestion finds support in the plan form of pediment fans, in the provenance of the detrital

cover, some components of which (Wilkawillina Limestone) are distinctive and could only

have been derived from the front range, and in comparisons of the calibre and character of

detritus to modern stream loads. Covered pediments form during floods and as the major

elements of the distributary network incise in response to falling river levels, covered

pediments are inherently dissected (Mackin, 1937; Gilluly, 1937; Cooke et al., 1993) and

the pediment surfaces are cut at lower and lower levels. They occur in flights or storeys

within the area of high pediment remnants east of Commodore Swamp, as lower parts of

the main pediment south of White Cliff Creek and as straths within the channels of minor

streams dissecting the main pediment (Figure 3.1). V/hethe¡ such levels represent distinct

periods of pediment development over time, or continuous pedimentation (Mackin, 1937;

Twidale, 1987), cannot be determined, except to observe that three elevational zones of

pediment levels occur in the study area, viz. high, main and modern, ild that recent

incision in response to negative baselevel shifts has occurred (see Chapter One).

Abandoned stream channels remain on the undissected parts of the pediments and are

readily recognised, but they tend to be choked by coarse debris deposited as the river waters

seep into the subsurface in response to lowering water tables. The cover of transported

detritus becomes more concentrated as fines are evacuated by wash. The pediment cover,

in places, and particularly close to drainage lines, is cemented by travertine and, in some
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degree, by calcrete. It protects the pediment surfaces and allows them to persist in the

landscape; hence the high level remnants, which stand above the main pediment and which

correlate with prominent bevels preserved high on the front scarp of the Ranges adjacent to

the Brachina and Bunyeroo creeks, must be of considerable antiquity. Locally, erosion of

the pediment is restricted by bedrock made more resistant by virtue of rock type or

structural differences, e.g. the orthoqua¡tzite of the Bunyeroo 'high' pediment and the

structural highs forming ramparts to protect pediment surfaces in the V/yacca-Emeroo

region (cf. Bryan & Mccann, 1936; Gilluly, 1937; Twidale, 1983b). Moreover, the

position of the high pediment area, approximately on the divide between Brachina and

Parachilna creeks, contributes to its survival. Elsewhere within the Flinders Ranges,

remnants of former valley floors are preserved near to drainage divides, e.g. north of the

Chace Range, and in the upper parts of the Bunyeroo, Kanyaka, Arden and Mern Merna

valleys. Covered pediments are reduced in area by scarp retreat from the lines of incised

drainage. Eventually, the cover is evacuated as is demonstrated by some of the high level

remnants in the Bundulla-Walkandi area (Figure 3.21), where the hills have been stripped

of their coarse exotic cover to stand as rock pediments in siltstone which are not, however,

of two-stage or etch type.

Whether covered pediments are forming at the present time is uncertain, but the initial stage

of their development may be represented by the riverine outwash plains that occur at several

sites in the study area. Riverine outwash plains may be interpreted as thin, immature

alluvial fans and this will be considered in Chapter Four when minor alluvial fans are

discussed. However, the preferred interpretation is that the riverine outwash plains

represent the initial stage of the development of modern covered pediments. It is suggested

that if stream incision associated with floods were to cause dissection of the riverine

outwash plain, such that the presumed underlying country rock is exposed beneath the

alluvial cover, hnes will be washed from the cover and the coarse fraction concentrated.

Dissected covered pediments comparable to those of the main pediment of the Heysen

piedmont would develop.
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ry. AGE OF THE PEDIMENTS

Erosion of the pediments followed the renewed uplift of the Flinders Ranges and

downfaulting of the Pirie-Torrens Basin towa¡ds the end of the Cretaceous and the

beginning of the Cainozoic. The existence of Eocene and possible Miocene lacustrine

sediments beneath the present bed of I¿ke Torrens and the Tor¡ens Plain to within 5

kilometres of the upland margin suggest baselevel for those laterally corrading streams was

closer to the upland than now. On stratigraphic evidence, therefore, the formation of

pediments probably postdates the Miocene. Moreover, this limit for the age of pediment

formation is conf,rrmed if the crystalline silcrete and orthoquartzite found in association with

the main pediment surface is dated as of Middle Tertiary age (see Chapter One).

Absolute dating was proposed for the flight of pediment levels, which occur west of Mount

Hayward, because their relative age relations are clear. Unfortunately, testing for rock

varnish on quafzite cobbles taken from the various levels was unsuccessful (C. G.

Harrington, pers. comm., 1993). Dating of samples, taken from the pediment cover and

from the related bevelled ridge behind, using in sítu cosmogenic isotopes has been tried, but

without result. A new attempt in collaboration with Australian Nuclea¡ Science and

Technology Organization is in train.

V. CONCLUDING STATEMENT

The pediments of the study area are evidently due to e¡osion by laterally corrading streams.

Higher, older pediment remnants and contemporary erosional surfaces occur in favourable

structural and topographical settings within the main pediment apron fringing the Flinders

Ranges. Upon leaving the adjacent upland of relatively resistant strata, streams divaricate

across weaker rock effecting planation and shallow dissection and leave behind up to two

metres of bedload material to cover and protect the pediment. Concentration of the coarser

fraction of the alluvial cover on these pediment fans over time, redistribution by wash and

gravity of the cover materials and probably some degree of mantle-controlled planation

serve to armour and smooth the surface. Its smoothness is more apparent than real, for in
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detait the cut bedrock surface has a relief amplitude of at least one metre. The length of

the pediment fringing the upland has been determined in places by faults delineating the

western margins of the Flinders Ranges. In any given sector of the piedmont the

stratigraphic relationships of the various elevational zones within the pediment apron are

clear, as is the relative age of pediments and alluvial fans. The absolute dating of the

pediment surfaces is, however, problematic.
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CHAPTER FOT]R

ALLUVIAL FANS IN THE WFSTERN PIEDMONT OF TTIE FLINDERS RANGES

I. INTRODUCTION

Alluvial fans dominate the western piedmont of the Flinders Ranges. They occupy some

95% of the piedmont zone in the \ù/yacca-Emeroo region, ard, even where pediment

surfaces are well and widely developed in the Parachilna-Edeowie region, alluvial fans

account for about 80% of the total piedmont area (Figure 4.1).

The major alluvial fans of the study area are backed by uplands of folded sedimentary

sequences, which stand at relatively high elevations above the piedmont zone compared

with those upland sectors which give rise to the pediments (Figure 4.2). They are

associated with drainage basins which are extensive and penetrate deeply into, and well

beyond the western ramparts of, the Flinders Ranges and into terranes of argillaceous

sediment (Tabte 4.1). Thus the supply of sediment necessary for the formation of large

alluvial fans is ensured by the lithology, size and relief amplitude of their drainage basins.

Many potential paths for streams to breach the resistant western ridges of the Flinders

Ranges are provided by faults, zones of closely spaced fractures and lithological junctions

(see Figures 1.4 & 1.6). Not all these zones of structural weakness have been exploited,

but in a regional sense, those that have been are regularly spaced: between Parachilna and

Willochra creeks, master streams debouch from the upland every 24-28 kilometres to

deposit atluvial fans each of which covers more than 75 square kilometres in area (Figure

4.3,Table4.2). Drainage integration has been achieved (see e.g. V/illgoose et a1..,1991)

and their catchments extend to the divide between the I¿ke Torrens and Lake Frome

drainages of the Flinders Ranges. The Willochra Creek drains an intermontane basin,

which extends some 90 kilometres to the south. South of the Willochra Creek outlet

streams drain smaller catchments, which a¡e restricted to the Wyacca-Emeroo ranges'



Table 4.1: Major alluvial fans in the western piedmont of the Flinders Ranges.
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Table 4.2: Spacing of streams emerging from the upland and depositing major alluvial

fans in the western piedmont of the Flinders Ranges

SIRTA¡.| NA¡.IE

SPACING OF STRTAI{S
NÀ¡-IED ttPLAIr¡D DISIAI|CE BEIWEE¡¡ GORGE l,lOtt':IBS
SfRUCTttRtS MASTER SfRtAl.lS *SELECTED STREA¡'iS

(kn) (kD)

Heysen Range

PARACHILNÀ

BRACHINA 24 24

BUNYEROO 7.5

Wilpena Pound

AIiena 13. 5

Mt. Burns

},IORALANA 4 25

Mern Merna Dome

HOOKINA 28 28

Mt. Eyre

NEUROODLA 15

WILLOCHRA 13 28

Wyacca Range

WILKÀTANA NORTH 24 24

DEPOT 13 13

DEEP 13 13

Emeroo Range

MUNDÀLLIO 13 13

00

*SELECTED indicates streams aseociated with major alluvial fans
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They emerge from the upland at irregular intervals and have deposited alluvial fans which

vary from 13-45 square kilometres in area (Table 4.3). The largest of these are associated

with those streams closest to achieving drainage integration and escaping the control exerted

by the structures underlying the Wyacca and Emeroo ranges.

The major alluvial fans and associated drainage basins of the Parachilna-Edeowie and

Wyacca-Emeroo sectors of the western piedmont of the Flinders Ranges are described in the

following regional accounts. They differ in areal extent, surface mo¡phology and slope,

but there is a good statistical cor¡elation between each alluvial fan and its catchment

(Appendix II: Major Alluvial Fans).

II. REGIONAL ACCOUNTS

A. PARACHILNA-EDEOWIE REGION

1. General Statement

Much of this sector is backed by a broad upland coincident with outcrops of massive

quartzite and sandstone (Figure 1.4). No major streams breach this rampart and pediments

are prominent in the piedmont (see Chapter Three), although the riverine outwash plains

and minor alluviat fans inset within the pediment apron are important to any consideration

of the development of the landform assemblages in the study area. Major alluvial fans are

developed in association with the Parachilna, Brachina and Bunyeroo creeks, which have

eroded through the Heysen Range where the resistant strata thin and faults provide zones of

structural weakness (Figure 1.4). Those streams have extended eastwards into the upland

and drain large areas of predominantly argillaceous sediments.



Table 4.3 Spacing of streams emerging from the tJ/yacca-Emeroo ranges and depositing

alluvial fans

SPACING OT STRTA¡-IS: $TYACCA-EMEROO REGIOI¡

SÎREAM ¡TÀ¡IE DTSIANCE BETI{EEN GORGE MOI':TES
MASTER SIREAIIS *SELECTED STR.EA¡.IS
(kn) (kn)

}¡ILLOCHRÀ

Wyacca Range

I,ÍILKÀTÀNA NORTH 24.OO 24.OO

VIILKA?ÀNA SOUTH 3. 50

DEPOT 9. 50 13. O0

THOMPSON 3. 50

DRY SOUTH 3. 50

SOUTH 1. 50

DEEP 4.75

Emeroo Range

MUNDAILIO L2.50 25.75

*SELECTED indicates streams associated with major alluvial fans >32 km2

NA¡'IED IIPLAND
STRUCrI'RES

00
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2. Parachilna Alluvial Fan

parachilna Creek emerges from the uplands by way of the Parachilna Gorge, where sections

of the ridges of Heysen Range are displaced by faulting (Dalgarno & Johnson , 1966; Callen

& Reid, 1994).

(a) Dimensions

The apex of the Parachilna Alluvial Fan lies at the mouth of the Gorge (Figures 3.1 8¿ 4.4).

The fan covers an area of 233 square kilometres and has a radial length of 17.5 kilometres.

There are no topographic constraints and the fan spreads through an arc of 110'. Swamps,

their drainage impeded by the deposits of the alluvial fan itself and the sands of the

duneheld, and stream channels deflected to northwest and south outline the eastern margins

of the fan. The fan merges downslope with the alluvium of the Torrens Plain, which

extends another 15-20 kilometres to the eastern shore of Lake Torrens.

(b) Deposits

Parachilna Creek has undercut the margin of its own deposits near the fanhead, exposing

some 5-10 metres of alluvium. No debris flows have been identif,red in the sequence,

although they commonly contribute material to the upper parts of alluvial fans. The

proximity of the fanhead to the escarpment argues for their likely existence within the

fluvial deposits, but the backing ridge is of limestone and the streams of rock are typical of

the quartzite outcrops. Three kilometres from the fan apex drilling (Anonymous, 1982)

has revealed abundant coarse alluvial gravels to a depth of some 60 metres. They are

succeeded below by at least 90 metres of Cainozoic sediments, which include clay, silt, and

fine sand (CO-2 fn Figure 1.9). Weathered ?Cambrian bedrock was encountered below the

Parachilna Alluvial Fan in the Santos Moþena No.l bore at 214 metres, sunk some 20

kilometres from the upland near the margin of the Fan (Figures 1.4 & 1.8, Table 1.1).

Nowhere else, however, has the base of the Fan been defined, but on the evidence of

logged cores fanglomerates are at least 60 metres thick.



55

(c) Slope and Surface

The slope of the Parachilna Alluvial Fan, measured along the axis, is 0o19', and is

inversely proportional to fan area and fan radius (2 inFigure 3.8, Table 4.1). Its gentle

inclination reflects the abundant supply of fine-grained sediment derived from its drainage

basin (see below). The gradient of the axis is relatively steeper than the flanking slopes

(Figure 4.5), which suggests that the fan segments on either side of the Parachilna Alluvial

Fan have more recently received accessions of sediment. At present from its point of

debouchment Parachilna Creek flows in a broad, braided channel southwards along the Fan

perimeter to Commodore Swamp, rather than westward along the axis slope. In flood,

however, some of its flow is diverted to run southwest across the surface of the fan in

Cottage Creek and various other, minor, distributary channels. The different drainage

texture domains (Figures 4.4 &. 4.6, Appendix 1) displayed on the surface of the Fan

demonstrate that it has been built segment by segment and that different fan segments are

active at any one time. For example, on the proximal slopes between the axis of the Fan

and Parachilna Creek local dissection of a broad spread of coarse deposits has produced a

relief amplitude of l-2 metres and supports a relatively dense vegetation of bushes and

shrubs, whereas the no¡thern half of the fan has very few active channels and has a

vegetation association which includes very few, low bushes (Figure 4.6). Variations in

soil and vegetation indicating fan segments and secondary fan deposits are made clear by

the false colours of satellite imagery (Figure 4.7).

3. Drainage Basin

Parachilna Creek and its many tributaries drain an area of some 600 square kilometres,

which is more than double that of the Alluvial Fan. The drainage basin is 21.5 kilometres

long, measured parallel to the trunk stream. Considerable weathering and erosion of the

basin is reflected in the significant relief amplitudebut low ruggedness hgures (Table 4.1).

Most of the basin lies below 600 metres, although many high points stand above 700 metres

above present sea level. The lithology of the catchment consists predominantly of shale

and siltstone exposed in the Blinman Dome. An annular drainage pattern has developed on
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the dome structure and associated relief, which contributes to the almost circular plan form

of the basin (Figure 4.3), a shape which may indicate maturity of the drainage network

(Schumm, 1956; Morisawa, 1968; Gregory & Walling, 1973).

4. Brachina-Bunyeroo Alluvial Fan

(a) Dimensions

Brachina and Bunyeroo creeks debouch from the ranges only 7.5 kilometres apart,

compared with the 24-28 kilometres between other master streams in the region (Table 4.2).

Each has deposited an alluvial fan but on leaving the upland each stream is incised in the

pediment apron for 3-4 kilometres, so that the apex of each alluvial fan is that distance from

the gorge mouth (Table 4.4). Because of the close proximity of the two streams their

alluvial deposits have coalesced to form the Brachina-Bunyeroo Ailuvial Fan, with a

combined area of about 280 square kilometres (Figure 3.1, Table 4.1). The development

of the Fan south of Bunyeroo Creek is limited by the Mount Burns upland but to the north it

is separated from the lower slopes of the Parachilna Alluvial Fan by the Commodore

Swamp. A sheet of aeolian sand, which laps on to the toeslopes of the Fan, makes it

impossible to determine the distal extent of the alluvial fan deposit without extensive

driliing.

(b) Deposits

The Fan has apparently been built entirely of fluvial deposits; there is no evidence of debris

flow deposition, and it is unlikely that such materials a¡e incorporated in the fan deposits

because of the distance of the fan apices from the upland. Lenses of coarse alluvial

material are exposed in the walls of the incised stream systems and the main channels have

a very coarse bedload, including boulders up to 2 metres across. However, the bulk of the

alluvial fan deposit consists of clay and sand (Figure 4.8). Borelogs and seismic surveys

(Figure 1.4, CO-4 & 5 fn Figure 1.9, Table l.l) indicate that about 60 metres of

Quaternary alluvium overlie some 300-380 metres of fluvial and lacustrine Tertiary
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Table a.4 Q of 2) Drainage Basins, Pediments and Alluvial Fans: Parachilna-Edeowie

region, B¡achina-Aliena sector of Heysen Range piedmont.
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sediments including lignitic Eocene material in the upper a¡rd midfan sections of the Fan

(Figure l.8a).

(c) Slope and Surface

The Brachina-Bunyeroo Fan has a gradient of less than 0.25' . Such a gentle slope is usual

for an extensive alluvial fan related to a large catchment of readily eroded sediment (Bu11,

I962a, I964b; Denny, 1965; Hooke, 1968). Brachina Creek divides into two braided

stream systems, Brachina Creek and Brachina Overflow, which are intrenched some 10

metres into the alluvial fan deposits near the fanhead (Figure 4.9). Bunyeroo Creek is

similarly incised in its alluvial deposits but flows along the axis of its part of the Fan.

These braided streams are intrenched at least 2 metres throughout the length of the fan

deposits. In addition to these major streams there are many minor channels radiating from

the fanheads (Figure 3.1, see also Appendix I). Over much of the Fan surface pebbles and

smaller calibre rock fragments are organised in gilgai, with merely a scatter of cobble size

material and a few isolated boulders. Poorly defined channels and strings of coarser

alluvial material indicate former minor stream channels.

5. Drainage Basins

The catchments of the Brachina and Bunyeroo creeks cover 350 and 127 square kilometres,

respectively. Combined they are approximately twice the area of the Brachina-Bunyeroo

Alluvial Fan, a ratio comparable to that noted for the Parachilna Creek catchment and

alluvial fan (Table 4.1). Relief amplitude and ruggedness are also of the same order as

those of the Parachilna Creek catchment. Despite outcrops with well defined strike, the

drainage pattern of Brachina and Bunyeroo creeks is dendritic and the basins roughly

circular in shape (Figure 4.3).
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6. Minor Alluvial Fans

Several minor alluvial fans are inset in the surface of the main pediment in the Parachilna-

Brachina section of the Heysen Range piedmont (Figures 3.1 &.4.10, Table 4.4). All a¡e

associated with stream systems which have headed back beyond the Rawnsley Quartzite

ridge to erode argillaceous sediment from drainage basins larger than 3 square kilometres in

area, e.g. the catchment a¡ea of Five Mile Creek (5 in Figure 3.20) was doubled as a result

of capture of a stream system eroding an area of argillite. Drainage from Tea Cosy and

Bathtub minor alluvial fans has effected considerable dissection of the main pediment

associated with tributaries of Warekila Creek. Five Mile, Tea Cosy and Bathtub creeks

have fourth o¡der basins (after Horton, 1945; Strahler, 1957), which gives some measure of

the complexity of streams eroding their catchments and transporting alluvium to the

piedmont (Figure 3.20, Table 4.4). The apices of the associated minor alluvial fans occur

at the scarp foot. The other minor alluvial fans, which have been deposited hundreds of

metres away from the scarp foot, are related to mature third order basins where the order is

attained nea¡ to their headwalls. Thus, Barregowa North and South and Bundulla creeks

are confined to relatively narrow channels, incised in the main pediment for some 2

kilometres distance from the upland, before depositing their minor alluvial fans. Similarly,

when the main northern tributary to V/alkandi Creek, which now flows southwest, followed

the piedmont slope westwards, it deposited a minor altuvial fan (Figure 4.10). Many of

the streams dissecting the main pediment surface spread finer sediment over the surface near

the outer margin of the pediment apron and then erode channels through those deposits in

times of flood: these are regarded as incipient alluvial fans (Figure 4.10).

Minor alluvial fans are inset within and some 10 metres below the level of the main

pediment (Figures 3.1 &.4.10). The length of minor alluvial fans is restricted to that of

the pediment apron and is shorter for those which do not head at the upland. Regression

analysis shows that these piedmont landforms are related to their catchments in respect of

length and a¡ea (Appendix II: Minor Alluvial Fans). The axis prohles of the minor

alluvial fans slope at an average of 1.9" (Table 4.4). Transverse prof,rles display the

convexities typical of alluvial fan deposits (Figure 3.3). The thickness of these deposits
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has not been determined: it is thought to be thicker than the alluvial cover of the main

pediment, but thin relative to the major alluvial fans.

7. Riverine Outwash Plains

Riverine outwash plains are def,rned as fan-shaped forms associated with catchments larger

than those typical of pediments in the study area (see Chapter Three). It was established

that they are not minor alluvial fans, despite the fact that the slope of the surface is

comparable, for they are virtually flat and their catchments are restricted to resistant

outcrop. The riverine outwash plain associated with the V/alkandi Creek system (15 in

Figure 3.20 8¿ Table 4.4) differs from the other examples, in that it occurs within the

pediment apron and resembles, in plan, a complex of incipient fans. It is associated with a

drainage basin which is scarcely larger than those associated with pediments. Incipient

alluvial fans are negligible forms which are commonly developed near the toeslopes of the

main pediment surface and in association with streams, other than the master streams,

which dissect the pediment apron (Figure 4.10). In an alluvial fan environment they would

be termed secondary fans, for their deposits represent the reworking of the material of the

original form - in this instance, a pediment. The multiple fan form associated with

Walkandi Creek may represent the intermediate stage between the incipient alluvial fan and

the riverine outwash plain and minor alluvial fan.

The Ilina Creek North stream system is also exceptional (17 in Figure 3.20, Table 4.4).

The associated catchment is larger than those draining to pediments and it is restricted to the

resistant outcrops of the upland, but in morphological terms it is not associated with a

riverine outwash plain. The stream flows south behind a prominent strike ridge to join

Brachina Creek, and at least 10 metres of alluvium have been banked behind the ridge

giving the form an apparent convex-upward transverse profile. Its surface is distinguished

by gilgai developed in the bouldery clays (Figure 4.11). Morphologically the fan-shaped

landform is a minor alluvial fan.
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B. WYACCA-EMEROO REGION

1. General Statement

Major alluvial fans dominate the assemblage of landforms found in the Wyacca-Emeroo

piedmont, which is delimited to north and south by large alluvial fans associated with the

Willochra and Mundallio creeks, respectively (Figure 4.3). As for the Parachilna-Edeowie

region, to avoid needless repetition, the alluvial fans will be described as a group rather

than individually.

Rhynie Sandstone, or the Emeroo Quartzite equivalent, backed by Skillogalee Dolomite

provides a resistant scarp face to most of the V/yacca-Emeroo ranges. Wilkatana North

and South, Depot and Deep creeks have extended east of these strata via fault related gorges

to drain catchments in argillaceous sediments. Between Thompson and South creeks the

sandstone has been faulted out, and the dolomitic and calcareous sandstone strata have

proved less of an obstacle to incising and regressing streams: Thompson, Dry South, and

South creeks have extended back into the upland. All these streams have deposited major

atluvial fans, which occur adjacent to the highest parts of the upland (c/. Melton, 1965b),

namely the upwarped axis between synclines plunging to north and south (Figure 4'2). To

either side of this central section of the upland, in the Wyacca and Emeroo ranges proper'

the scarp is buttressed by massive quartzite. Minor streams drain catchments confrned to

the front ridges of resistant strata, and no major alluvial fans have been deposited (Figure

3.37).

2. Alluvial Fans

(a) Dimensions

Fan apices occur at the point of debouchment from the upland of the streams (Figure 3.2)'

Most form individual fan shapes, but there are two exceptions. The lower slopes of the

Wilkatana South alluvial fan have coalesced with those of Wilkatana North, and the deposits



61

of Dry South Creek have merged with those of South Creek. Fan margins are delineated

by their diverted trunk streams, e.g. Wilkatana South, Thompson, South, Deep and

Mundallio creeks, and by tributaries of interfan streams, e.g. Connotly Creek and several

others which are unnamed (Figure 4.12). None of the streams reach the meridional line of

swamps and salinas in the axis of the Port Augusta Corridor some 5-9 kilometres from the

toeslopes of the alluvial fans, but subsurface the waters must flow to the he¿d of Spencer

Gulf and sea level.

There is no basis for comparison in the measurement of alluvial fan area, for this varies

from 13.5 to 44.5 square kilometres (Table 4.1) and is not consistent with available space

in the piedmont zone. The area of most of the ailuvial fans of this region is approximately

equal to that of its related drainage basin, although Wilkatana North, Wilkatana South and

Dry South alluvial fan areas are exceptional. Each is approximately twice the area of its

catchment, reflecting the relative proportion of more easily weathered and eroded sediment

in those drainage basins. The axis lengths of the alluvial fans are of the order of 4.5 to 9.0

kilometres (Table 4. 1).

O) Deposits

There is little information on the origin or age of the sediments. About 10-15 metres or so

of the alluvial fan depositional sequence are exposed where fanheads are dissected by their

master streams. Available borelog information is scant and restricted to the northern part

of the region, where a wedge of Cainozoic sediments some 140 metres thick, and thicker

nearest the upland, includes Eocene material in the basal beds and overlies Cambrian

bedrock sloping gently west (see Chapter One).

Angular material is contributed to the upper parts of most alluvial fans in the piedmont of

the Wyacca-Emeroo ranges in the form of talus cones and rock screes (Figure 4.13)- It is

not clear if major debris flows have ever used the main stream channels. Certainly the

supply of abundant sediment is assured. The regular occurrence of summer thunderstorms

is documented, and storm cells are of a size suitable to fall within most of the drainage
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basins associated with the atluvial fans of this region (J. Dickens, pers. comm. , 1994; see

Appendix IV), just as Beaty (1990) stipulated for the initiation of debris flows. Occasional

lenses of coarse, unsorted debris, typical of debris flows, were noted in many of the

sections exposed in fanhead trenches (Figure 4.14) and comparable deposits have been

reported from Depot and Hookina creek deposits (Gostin & Rust, 1983; Winterer & von

der Borch, 1968).

However, streams are, and have been, the principal agent of deposition in the western

piedmont of the Wyacca-Emeroo ranges (Figure 4.15). Cobbles, pebbles, and sand line

the channels of most of the streams throughout their length. Blocks, 1-2 metres across,

have been carried well into the fan proper, in places 2 kilometres from the upland. The

lithology, shape and size of the material carried in contemporary braided channels are

similar to those of the rock debris distributed within the alluvial fan deposits and over the

fan surfaces (Figure 3.36b). On the proximal and mid fan surface slopes, there are spreads

of coa¡se debris associated with minor streams, either transported to the site or exposed

from the fan deposit by washing out of fines, in desert pavement or areas of gilgai

development, and in strings of boulders or old stream bars. On the distal slopes of the

alluvial fans there is a minimal scatter of relatively small rock fragments in sands and clays

with occasional lenses of pebbles and grit. This signifies either that the alluvium has been

transported over severat kilometres, or that these a¡e secondary fan deposits made of

reworked, and therefore less coarse, alluvium. In addition, the finer deposits of the lower

fan slopes may also be intercalated with basin and playa deposits.

(c) Slope and Surface

The surface of the major alluvial fans, measured along the axis, slopes at about 2'. Some

of the breaks of slope on the axis profiles (Figure 4.16) indicate different phases of

deposition. Steeper, 2"-3o, slopes occur, for example, where talus deposits derived from

the scarp merge with those of the alluvial fans or where detritus covers an erosional surface

near the fanhead.
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The largest subangular to subrounded rocks decrease in size and frequency with the fan

slope and distance from the scarp (Figure 4.17, see also Appendix V). On the upper and

middle 2o slopes, boulders measured on their longest axis are mostly 300mm to 120mm

(maximum 470mm). Downfan, and especially below the intersection points where streams

are wholly responsible for the transport of sediment, slopes are more gentle, I"-2", and

boulders measure 180mm to 90mm. Little or no rock fragments occur on the even gentler,

0.5'-1o, gradient of midfan and lower fan slopes.

Whether the slopes vary with azimuth was examined (Figure 4.16). Such shorter slopes

ate expected to be ste€per, because of larger debris size, higher sediment concentration and

smaller discharges. Within 500 metres of the fan apex steeper slopes occur on the flanks

of Wilkatana North and Deep fans on the22.5" azimuth, but at 45" to the axis the flanks of

those fans slope more gently. Steeper azimuth slopes on Depot, Thompson and Dry South

fans merely reflect the position of their main braided stream channels, which flow at, and

undercut, the fan margins. Axis and azimuth slopes of V/ilkatana South and South fans a¡e

uniform.

(d) Segments

Three periods of fluvial deposition, represented by fan segments, can be identified on most

of the alluvial fans of the Wyacca-Emeroo region (Figures 3.2 EL 4.18), although similar

patterns were not found on those of the Pa¡achilna-Edeowie region.

(Ð Main Surface

The main surface is of yellowish-red alluvial deposits, usually patterned with gilgai. Little

relief amplitude is apparent on the surface of the largest alluvial fans, e.g. Wilkatana North,

Depot and Mundallio. There a¡e occasional groupings of large cobbles and boulders,

which probably indicate a former channel bar. In time, denudation has modified surface

features to make old channels indistinguishable. This process has been aided by the

churning of the upper layers of soil and rock during the development of gilgai.
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The main streams are entrenched in atl the major alluvial fans to a maximum of some 8-15

metres near the fanheads. Depot and Thompson creeks are trenched throughout their

length and end in a spread of alluvium, similar to other small secondary fan deposits. The

gradients of the main alluvial fan surfaces and beds of the stream channels meâsure

approximately 2" (in the field), but there is a subtle difference between the two profiles

because most of the streams emerge at midfan intersection points. Within 500 metres of

the fan apex streams are typically incised some 4-6 metres, and then 2 metres, in their

alluvial fan deposits, before reaching the intersection point (Figure 4.I9). This point,

which occurs 1-3 kilometres from the fanheads, marks the lower boundary of the dissected

fanhead and the upper limit of younger fan deposits radiating downslope related to the

master stream in its present position.

Changes in loci of deposition are thus evident downfan, especially in relation to the position

of intersection points, but they have also occurred in a lateral sense. For example, if

channels are blocked by earlier deposition overbank flow occurs to lower parts of the

alluvial fan surface and underladen water rapidly cuts new channels. Depositional lobes

are made obvious by their surface morphology (Figure 3.2).

(iÐ Bar and Pavement Surface

Paired and unpaired terraces of brown alluvial deposits occur some 1-2 metres above the

bedload deposits within the entrenched channels of the main braided streams. Their bar

and pavement morphology is distinctive and demonstrates the softening effects of

weathering and erosion of an older bar and channel topography (Denny, 1967; Hooke,

1972). Dry South Alluvial Fan is predominantly of bar and pavement topography (Figure

4.20), and many of the alluvial fans include large segments of this surface, e.g. Wilkatana

North, Thompson, and Deep (Figures 3.2 &" 4.18).
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(iii) Bar and Channel Surface

Bar and channel topography, also in brown alluvium, is limited to the beds of contemporary

streams, ma¡y of which are braided systems and are tens of metres across. In addition, a

complex of minor streams, diverted around bars of alluvial material built out from either

bank or deposited on the channel bed itself, are incised to a depth of only 1-2 metres in the

main surface of most alluvial fans in the study area. Channels are relatively straight and

braided in the upper fan section where there is abundant coarse material. Where they flow

through generaily fine sediment with only occasional lenses of pebbles and cobbles further

downslope, the channels meander (Figure 4.1S). A bedload of pebbles and cobbles occurs

in any stream more than a metre deep, even in the distal sections where few or no rock

fragments lie on the surface between the channels. There, too, minor streams are heading

back to comb out material from the fan and redeposit it further downslope in small

secondary fans.

(iv) Significance of Alluvial Soil Colours

Both the lower, younger alluvial deposits are brown in colour, in ma¡ked contrast to the

yellowish-red alluvium of the main surface. At many sites streams have scoured their

channels in yellowish-red alluvium and deposited the brown coloured sediments, e.g.

Depot, V/ilkata¡a North, Dry South and South creek beds, thus clarifying the stratigraphic

relationship of older and younger alluvial surfaces (Figures 4.21 &. 4.22). In order to

record differences in colour, chemical composition, sediment texture and types of clays

present, two soil samples were taken from the surface of each of six of the alluvial fans of

the Wyacca-Emeroo region. The Pa¡achilna-Edeowie region was not sampled, because no

pattern of fan segments nor a relationship with soil colour were observed.

The hue, value and chroma (Munsell Color, 1975) of the bulk soil samples are listed in

Table 4.5. Reddening of sediments has been interpreted as a measure of aging, the

changes in depth of colour thought to be caused by additional coatings of iron oxide and an

increasing proportion of grains weathered in time (e.g. Norris, L969; Walker, 1979).



Table 4.5 'Munsell Soil Colors' of bulk samples

ALLTIVIAL
FAN

SAMPLE SURFACE & MORPEOLOGY 'MtNSEL¡r SOIL COLOR'

5YR 4/6:yellowish-red

7.sYR 4.5/ 4:brown-dk br

2.sYR 4/6zred

7.5YR 5/4:brown

7.5YR 4/6:strong brown

7.sYR 4f4zbrowr-dk br

sYR 4/6:yellowish red

7.sYR 5/6:strong brown

sYR 4.5/6zyellowish red

7.sYR 4.5/6:strong br

sYR 4.5 /6zyellowish red

10TR 4.5/42 dk
yellowish-brown

DEEP

DEEP

SOUTH

SOUlH

DRY SOUÎH

DRY SOUTH

THOMPSON

ÎHOMPSON

DEPOT

DEPOT

}IILKATANA

WILKÀTANA

965-5 1

965-52

9 65-53

9 6 s-s4

9 65-5 5

9 6s-s 6

965-s7

9 65-s8

9 6s-s9

9 65-60

9 65-61

965-62

upper/with gilgai

lower/bar & pavement

upper/with gilgai

Iower/bar & pavement

upper/with gilgai

Iower/bar & pavement

upper/with gilgai

lower/bar 6t pavement

upper/with gilgai

lower/bar & pavement

upper/with gilgai

Iower/bar & pavement
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However, there are no studies relating the various red soil colours to particular ages for the

Flinders Ranges piedmont, and in alluvial fans it is doubtful whether the reddening and/or

weathering of sediment has taken place entirely in situ. Some must have been inherited,

for obviously the sediment was stored within the drainage basins on valley-side slopes and

in channels, and was subject to weathering prior to being flushed out of the uplands into the

piedmont zone to form the alluvial fans. Moreover, some of the colour may reflect the

nature of the parent material.

Various tests were applied in an effort to account for the more-or-less consistent colour

differences of fan segment deposits. Microscopic examination indicated that the bulk of

the samples were of quartz, and so fine that they are virtually muds. This confirmed an

earlier sedimentary analysis of Depot and Wilkatana alluvial fan sediments (Williams,

1973).

Different source rock is not responsible for the colour contrast in the soils of the upper and

lower surfaces of the fans. Despite the apparent variety of rock occurring in the folded

sequence in the Wyacca-Emeroo ranges, similar amounts of the same minerals were found

in all samples. All the minerals identified by X-Ray Diffraction analysis of the bulk

samples can be accounted for in the geologic succession of sedimentary and metamorphic

rocks in the upland, across which a¡e eroded the drainage basins of the streams depositing

the alluvial fans (Table 4.6; see Appendix VI). Quartz is the dominant mineral and

feldspar (usually plagioclase) is the most abundant minor constituent. There is a relative

abundance of hydrous aluminosilicates, i,e. mica (usually muscovite), chlorite and

kaolinite, listed as accessory minerals (Pettijohn et a|.,1987), and the least abundant minor

constituents are the non-silicate minerals, calcite and dolomite.

The development of gilgai on the upper, older alluvial fan surfaces indicates the probable

occurrence of swelling clays in those soils (Springer, 1958; Hubble et al., 1983) and,

perhaps, their absence in the sediments forming ba¡ and pavement and channel, where there

is no gilgai. The presence of swelling clays was suspected from a few of the bulk sample

traces, and particularly in those where chlorite was present, e.g. Figure 4.23 (8. Molina



Table 4.6: Summary of X-Ray Diffraction analysis of bulk samples (see Appendix VI for

all data).

SÀ¡.IPLE NI'I-IBER & AI,LUVIAI TAN NA¡-IE

DEEP soulE DRYSOTTTE ÎEOMPSON DEPOT WILKA N

Èlineral 965-51 -52 -53 -54 -55 -56 -57 -58 -59 -60 -61 -62

QUARTZ

FELDSPAR
( Plagioclase )

MICA
(lluscovite )

KÀOLINITE

CHLORITE

DOLOMITE

CAI,CITE

Key: Table 4.6

D:
À1-A6:
T:

A1 A1 A2 A1 A1 A1 A3 A1 A1 A2 A1 A2

DD DD DD DD DD DD

TA3

TA5

A2 A3 A1 A3 A3 A2 À1 A2 A2 A3

+? +? +? A2 A2 A3 +? A3 +? A1

À3 A2 À3 +? +? +? À3 +? À3 +? A2 A4

A4 A4 À5 TA4TAl

A4 A4 A5 A6

Dominant mineral (perhaps as much as 90t of Sample)
Accessory minerals, in order of quantity(10t-3t of Sample)
Trace (O.01t-3t of the Sample)
occurrence of Kaolinite and Chlorite not exclusive

TI

A5

À4

A5

A4T
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Ballesteros, pers. comm. , lgg2), so the clay fraction was isolated from most of the bulk

samples for X-Ray Diffraction analysis (Table 4.7; seæ Appendix VI).

The presence or absence of chlorite is made clea¡er in the clay traces, being identified by

the 14Ä, peak. However, where chlorite is present it is still difficult to say with certainty

whether kaolinite is also present or absent. Although the resolution of the nominally

3.55Ä, peak into two peaks, e.g. clay fraction trace 965.52 in Figure 4.24, is diagnostic of

the presence of both chlorite and kaolinite, this only works well for well-crystallised

minerals. With the presence of chlorites more or less resolved and the convexities

displayed on the graphs enhanced in several of the clay fraction analyses, ethylene glycol

was added to the samples to elucidate further the presence of smectites (Figure 4.23).

Smectites are present when chlorite is defined as the dominant mineral (except sample

965.55), and probably absent when muscovite is the most abundant (Table 4'7). There is

some correspondence between the presence of swelling clays and the occuûence of gilgai,

but smectites are recorded where gilgai has not developed and gilgai occurs where no

smectites were found. Swelling clays are, therefore, not definitive for the upper, older fan

surfaces of yellowish-red alluvium.

Only the colour of the alluvium and, of course, the surface morphology of the deposits

consistently identify the va¡ious fan segments in the Wyacca-Emeroo region.

3. Drainage Basins

(a) Dimensions

The largest drainage basins associated with Depot and Wilkatana creeks are more than 35

square kilometres in area. In particular, Depot Creek has headed back further east than

any of the others. Each of the drainage basins of Thompson, South and Deep creeks

covers about 12 square kilometres, but those of Dry South and Wilkata¡a South creeks are

smaller, being about 7 square kilometres in extent (Table 4.1). The last named streams

debouch from the upland close to those of South and Wilkatana North creeks, respectively,



Table 4.7 Summary of X-Ray Diffraction analysis of clay fraction of samples.

SAMPLE NItl,lBER & ÀI¡LIMAL FAI{ ltÀ}lE

DEEP SOTTTE DRYSOTÍIE TEOMPSN DEPOT VIILKA N

96s-s1 -52 -53 -54 -s5 -s6 -s7 -s8 -59 -60 -6L -62Mineral

9UARTZ

FELDSPAR

MUSCOVIlE

KÀOLINITE

CHLORTTE

CA¡CTTE

TALC

SMECTITE CLAY

Key: Table 4.7

D:
A1-A6:
-:
YES:
?:

DDA2À1A2D DA2A2À1

A2 A3 A3 A4 A3 A2 A3 À3 A3 A2 NO

A4 À4 A6 A3 A4 A5 A4 analysis

A1 A2 A1 A2 À1

A3 A1 DD DÀ1

A5 A4

A1 A1

D D

A6

A1

A2 D

A5

A3

A5

A6 A4 A3?A5 A4 A4 A5

? YES YES YES

Dominant mineral (perhaps as much as 908 of Sample)
Accessory minerals, in order of quantity(10t-3t of Sample)
No traceable quantity
Present
May be present

? YES YES
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and may have developed their catchment areas at the expense of their neighbours.

Certainly Dry South Creek is associated with an alluvial fan which is predominantly of the

bar and pavement surface and, therefore, thought to be younger than the adjacent main

altuvial fan surface of South Creek.

Most of the large basins in the lü/yacca-Emeroo ranges are elongated southward parallel to

strike (Figure 4.25). Bands of differing rock type dipping steeply (45'-50") to the east

trend roughly north-south across the catchments, e.g. Deep Creek (Figure 4.26a). The

floors of the drainage basins of Thompson, Dry South, South and Deep creeks slope

northward towards the axis of the opposed plunging synclines, whereas the floor of the

Depot Creek catchment slopes southward into the axis. That of Mundailio Basin is

inclined to Pichi Richi Pass in the south.

Drainage basin relief is approximately 600 metres for those catchments associated with

major alluvial fans (Figures 4.2 & 4.26c). Greatest basin relief, measured from the gorge

mouth of the basin to the highest point on the drainage divide, was found for Depot, Deep

and Mundallio basins. The degree of ruggedness is inversely related to basin relief (Table

4.1) and reflects the bedrock types underlying the catchment (Figure 4.26a & b).

0) Drainage Pattern

Some mea.surement of the stream network and consideration of the drainage patterns and

relative size of the drainage basins associated with alluvial fans in this region demonstrates

that, in those terms, it is comparable to the Parachilna-Edeowie region, but everything is at

a reduced scale.

Application of the stream ordering methods, proposed by Strahler (1957), which modifies

that of Horton (1945), and by Shreve (1966), merely showed that the larger the basin, the

more complex is the stream system that erodes it (Table 4.8). Indeed, many extra flrst

order basins are not included in these counts, because the 'blue-line' network mapped for

perennial streams is less extensive than the potential channel network, indicated by contour



Table 4.8 Drainage basins of Wyacca-Emeroo region listed according to stream ordering

methods

. STR.EA¡I ORDERING'

Strahler (1957)

NA¡-{E

},ÍUNDÀI,LIO

DEPOT

THOMPSON

SOUTH

WTLKÀTANA NORTH

DEEP

DRY SOUTH

VJILKATANÀ SOUTH

qtiLk s

Akat

wilk N

Emeroo S

Emeroo N

ORDER POSff fON NA¡.IE

mouth

. SEGME¡|T ORDERING'

Sbreve (1966)

SEG¡'lEl[lS cf.BASIN
AREA(kn)

32.105

5

5

5

5

5

4

4

3

3

3

3

3

MUNDAT,LTO 311

middle DEPOT 236

mouth THOMPSON 166

mouth SOUTH ]-29

mouth WILKÀTANA N ]-25

mouth DEEP

niddle DRY SOUÎH 77

mouth }IILKÀTANA S 43

middle wilk ¡¡ 30

Ukat 2t

middle Wilk s 13

Emeroo s

Emeroo N

95

39. s1

13. 05

11. s8

16.41

11.73

7 .r4

6. 38

t.7a

2.4r

1.37

0. 69

0. 66

5

4
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crenulations (Kennedy, 1978), e.g. Figure 4.26d. Nevertheless, a stream and its

catchment can be classified using stream ordering methods and an appreciation gained of the

amount of stream flow produced by a particular network (Ritter, 1978). Whichever stream

ordering method is used the drainage basins of the Wyacca-Emeroo ranges tend to be

indexed in similar fashion, although there is no absolute correlation with basin area for

those larger than 32 square kilometres.

The overall slope of the catchment drained by a stream and its tributaries, even in folded

sediments, may initially give rise to parallel drainage lines and tends eventually to develop a

dendritic pattern, which is typical of the fourth and some of the fifth order basins, e.g.

Wilkatana South, Thompson, Dry South, and South basins. Fifth order basins are

significantly larger than the others and their stream systems comprise several captured

tributary stream networks, most of which display structural control in their drainage

patterns. Sections of the main streams are also eroded along lines of weakness, both

lithological and structural. Angular drainage patterns are typical of the weil-jointed

sandstone and quartzite strata and dendritic patterns are developed on the weaker shale and

siltstone. The beginning of the highest order stream occurs at the mouth of all these

basins, except for that of Depot Creek (Table 4.8).

(c) Sediment Supply

A ready and abundant supply of sediment is a prerequisite for the deposition of alluvial

fans. Obviously streams draining a folded sedimentary sequence can easily erode any

argillaceous strata. Valley side slopes are scored by gullies 2-3 metres deep, where

dipping beds of varying resistance are differentially weathered. On the less resistant rocks

of the catchment areas in the V/yacca-Emeroo region downwasting and volume loss together

with the smaller calibre of rock debris result in more gentle, less than 24', slopes (Figure

4.26b, Table 4.9). Otherwise, the slopes are covered with loose debris held by trees and

shrubs. Lobes of clay, silt and pebbles occur where the regolith is thickest. Throughout

the drainage basins there are accumulations of weathered bedrock and stream bedload stored

in the stream channels, e.g. alluvial terraces, stabilised by vegetation, stand some I .5 to 2



Table 4.9 Percentage slope measurements in Deep Creek drainage basin (after Strahler,

1952). See Figure 4.26b.

MEASIIREMENTS IAKEN NORI,IAI¡ TO SLOPE OF VALLEY-SIDE

SLOPE
SEG¡'IENE

EORIZONTAL
DISTA¡¡CE

netres

ALTTjrUDINAI,
DIFFERENCE

metres

SLOPE EIGE
or LOW

*SLOPEt o

1

2

3

4
5

6

7

I
9

10
11
t2
13
I4
15
16
l7
18
19
20
2t
22
23
24
25
26

220
200
200

70
60
50

14s
100
130

40
40

200
220
2r8

40
10
90

130
50
40
30
60
30

170
110
100

0. 55
0. 57
0. s0
o.23
o.24
o.22
o.32
0.40
o.27
0. 08
0. 13
0. 33
0.34
o. 55
0.20
o.28
0. 18
o. 37
o.t7
o.23
o. 13
0. 18
o. 15
o. 68
0. 55
0.40

28.8
29.7
26.6
13. 1

13. s
t2.s
17.8
2t.8
1s.3
5.1
7.6

18.4
18. 7

24.6
11. 3

15. 6
LO.2
20.4
9.5

12.9
7.6

10. s
8.5

34.2
28.8
2r.8

400
3s0
400
300
250
225
4s0
250
475
450
300
600
650
400
200
2so
s00
350
300
175
225
325
200
250
200
250

H

H

H

L
L
L
H

H

H

L
L
H

H

H

L
H

L
H

L
L
L
L
L
H

H

H

Source: 1:50 O00 Topographic Series¡ map sheet 6433-2 Port Augusta,

Department of Environment and Natural Resources, South Australia.



70

metres above the present active channel of Deep Creek (Figure 4.27a). In places, tree

trunks and boulders combine temporarily to dam back debris in the channels. Bedrock bars

also retard the movement downstream of the bedload (Figure 4.27b). Lobes of material

are deposited when tributaries join the main channels and when rockfalls a¡rd minor debris

flows from steep valley-side slopes form small talus cones on the stream bed (Figures 4.13a

& 4.27c).

Even the more resistant ridges are prone to effective physical and chemical weathering.

Broad scree slopes and gullies filled with rock fragments occur on most of the sandstone

and quartzite ridges of the study area (Figure 4.25), but are best displayed in the Wyacca-

Emeroo region (Figure 3.2), on faceted slopes, either eroded across exposed bedding

planes, as in the vicinity of V/ilkatana North Creek, or cut through resistant ridges (Figure

4.13b). Valley-side slopes are typically steep, 32"-42o. Much of the rock debris, which

is moved from valley-side slopes into the stream channels, remains angular. This is due to

its resistance to weathering, a tendency to splitting and/or to the short dista¡ce of transport.

Rock fragments are released from the outcrops when triggered by seismic movement, heavy

rains or gradual undermining and collapse of the bluff. Gravity fall, wet mass movement,

and possibly subsurface sapping beneath the rock debris, result in spreads of talus and

streams of rock moving downhill. Rudimentary sorting by size is evident, for the coarsest

size blocks have gravitated to the lowest parts of the rock debris sheets and streams, while

less coa¡se rock debris lies to either side (Figure 4.28). The sandstone and quartzitic rock

debris consists of an open matrix of unsupported rock with any fines flushed down and out

of the deposit. Movement of these masses as debris flows would be possible, but none has

been observed. Large blocks, 1-3 metres across, are rafted downslope over a carpet of

smaller rubble where different rock types are involved, where two distinct joint systems

occur in the one outcrop, or where boulders of relatively fresh rock move downslope over

the weathered bedrock of debris slopes.
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4. Minor Alluvial Fans

As noted in Chapter Three, in the piedmont zone of the'Wyacca Range north of Wilkatana

North Creek and of the Emeroo Range south of Deep Creek, alluvium covered pediments

occur within 200 metres of the scarp foot and thereafter the alluvial apron thickens

basinwards. Thicker fan-shaped deposits of the alluvial cover occur in association with a

few third order drainage basins (Tables 4.I & 4.8). Thus they are not strictly comparable

to the minor atluvial fans of the Parachilna-Edeowie region for their streams have not

eroded and deposited alluvium in broad depressions below the level of the pediment

surface.

In the Emeroo Range the 2.41 square kilometre drainage basin of Ukat Fan is larger than

the other four examples (Figure 3.37a, Table 3.4): its stream has captured part of the

Mundallio tributary system. The other basins are smaller, 0.66-1.78 square kilometres,

and are restricted to the Emeroo Quartzite and Skillogalee Dolomite beds. All five have

short basin lengths measured parallel to the main streams and little basin relief (Figure 4.1).

Coarse detritus has been transported from valley-side slopes by small streams, wash and

gravity into the stream systems. It is noticeably more angular than that of the major

alluvial fan deposits. Stream discharge is minimal. The streams which deposit these

minor fans erode shallow channels in the lobes of coarse angular deposits (Figure 4.29), the

surfaces of which slope away from the upland at some 3o -4" .

ru. DISSECTION AND DATING OF THE ALLUVIAL FANS

Major alluvial fans draining large catchments of the Flinders Ranges are inset within, and

stand lower than, the pediment surfaces which fringe the upland. All the major streams

flowing westward from the Flinders Ranges towards Lake Torrens and the line of lakes

linking it with the head of Spencer Gulf are incised in their alluvial deposits as they emerge

from the upland. Indeed the incision can be traced back along the largest rivers, e.g. in

the broad alluvial former valley floor of the Hookina, in the alluvial terraces of the

Brachina and perhaps in the Y-shaped valleys, hanging tributaries, embayments and
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shoulders of the Wyacca-Emeroo ranges indicating former broader valleys above the narrow

gorge mouths of the present streams. Those streams, which have built major alluvial fans

within the western piedmont of the Flinders Ranges, now flow in braided channels cut some

10 metres down into their fan deposits. Generally, the streams have dissected only the

upper parts of the fans and emerge from the confines of their channel walls midfan,

although those associated with the most extensive fans tend to be incised throughout the

length of the fan.

No material suitable for absolute dating was found in the alluvial deposits of the Parachilna-

Edeowie region, but they have been assigned, in general terms, to the Quaternary.

However, the end phase of the main alluvial fan deposition associated with Wilkatana North

and Depot creeks was correlated with the last glacial maxima and dated at some 30 000

years B.P. (Carbon 14 dating of detrital wood taken within 15 metres of the fan surface:

Williams & Polach, L97l; Williams, 1973). Radiocarbon dates for the younger, lower

surfaces indicate that the main fan surface was dissected about 5 000 years B.P. by streams

which flowed at the bar and pavement level, before cutting a slightly deeper set of channels

some 3 500-1 800 years B.P. (Williams & Polach, l97l; Williams, 1973).

Such shallow dissection of the alluvial fans may be simply part of the evolutionary

development of alluvial fans as suggested by laboratory experiments (Weaver & Schumm,

1974; Schumm et aI., t987). On the other hand, fan dissertion may be in response to

human occupation of the area or to changes in baselevel, climatic variation and/or change

(see Chapter Five).

ry. CONCLUDING STATEME}II

Extension of, and weathering and erosion within, drainage basins ensure the large supply of

rock and soil necessary for the deposition of alluvial fans in the western piedmont of the

Flinders Ranges. Flushing that sediment out of the drainage basins and into the piedmont

zone can be accomptished under present climatic conditions. Streams flow episodically,

and the powerful effects of summer cloudbursts in arid and semi-arid regions have been
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well documented (McGee, 1897; Pack, 1923; Beaty, 1963, 1970). The sediment supply

stored in the channels of streams draining the uplands will be supplemented or replaced in

future, for there is an abundance of loose detritus within the catchments. There is,

however, little material lying in the main channels waiting for redistribution, suggesting

that there may have been a recent flushing out of eroded material from the drainage basins.

Instead, primary alluvial fan deposits are being reworked and secondary features deposited

on distal slopes. Undoubtedly, the major alluvial fans of the study a¡ea have been affected

by changes in baselevel in response to tectonism and especially to climatic changes during

the Cainozoic. These implications will be examined in Chapter Five.
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CHAPTER FTVE

PEDIMENTS AND ALLI,IVIAL FANS: GENESIS AND RELATIONSHIPS IN THE

\ryESTERN PIEDMONT OF TIIE FLINDERS RANGES

I. STATEMENT OF PROBLEM

Though pediments and alluvial fans have a wider distribution, both landforms are

characteristic of, and coexist in, the piedmont zones of uplands in arid and semi-arid lands.

This study is concerned with the genesis and relationships of the two forms in the western

piedmont of the Flinders Ranges, where pediments and alluvial fans occur in similar

geological settings and in essentially the same climatic environment.

In Chapter One several specific questions were posed. They were concerned with the

distribution of pediments and alluvial fans in the study area, the relative and absolute ages

of the forms, and the processes responsible for their development. Two sectors of the

western piedmont of the Flinders Ranges, the Parachilna-Edeowie and Wyacca-Emeroo,

were chosen to illustrate the distribution of pediments and alluvial fans and to demonstrate

some differences in their occurence. Morphological maps were constructed (Figures 3.1

SL 3.2) using various criteria for identihcation of the forms (see Appendix I). The

landform assemblages were described in Chapters Three and Four.

II. DISTRIBUTION OF THE PEDIMENTS AND ALLUVIAL FANS

A. GENERAL STATEMENT

In summary, alluvial fans dominate the study area. The alluvial fans of the Parachilna-

Edeowie region are the largest in the study area, though so gentle are their distal slopes that

it is difficult to distinguish them from the alluvial flats of the Torrens Plain. To the south

in the'Wyacca-Emeroo region the alluvial fans are the dominant features in that landscape;
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pediments are present but poorly represented by minor remnants. The pediments of the

Parachilna-Edeowie region, however, are more prominent than in any other sector of the

piedmont. The length of the fringing pediments is determined by faults, which are located

marginal to the upland and which effectively truncate the toeslopes of the pediments

throughout the study area.

Structure has played a significant role in determining pediment and alluvial fan formation,

because bedrock, and notably fracture density in the sandstone and limestone of the front

ranges, have influenced which streams have become the master streams and hence which

have penetrated headwards and eastwards into argillaceous terranes. Thus, master streams

like the Parachilna and Brachina have exploited fault zones (Figure 1.6) in the front

ramparts of the uplands and have deposited major alluvial fans in the piedmont. On the

other hand, streams like the Walkandi Creek, though controlled by fractures, is not located

on a weakness sufficiently pronounced to allow its rapid regression. It remains confined to

the limestone and sandstone of the western ramparts and has eroded pediments in the

piedmont zone. Only incipient alluvial fans a¡e associated with V/alkandi Creek and they

have resulted from the dissection and reworking of pediments (Figures 3.1 & 4.10).

Indeed, it is the intrinsic strength of the limestone and sandstone escarpment between

Parachilna and Brachina gorges, and in the V/yacca and Emeroo ranges proper, which has

prevented its breaching by streams and accounts for the prominence of pediments in those

sectors of the piedmont.

B. EVOLUTIONARY SCHEME

Catchments are critical to understanding the distribution of pediments and alluvial fans in

the study area. The catchments of the drainage systems serving pediments and alluvial fans

differ in two major respects (Figure 5.1). The catchments draining to pediments are

comparatively small and are characterised by outcrops of resistant strata which, on

weathering, produce coarse detritus. Those catchments serving alluvial fans are both more

extensive and dominated by argillite. For the most part this weathers to fine, platy

fragments and to particulate debris readily transported some distance from the hill-plain
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junction: hence the contrasted length, structure and composition of pediments and alluvial

fans.

Map inspection of outcrop geology of catchments, and consideration of the weathering

characteristics of outcrops, and the mean size of catchments serving pediments and alluvial

fans, suggest that:

1. Catchments confined to resistant sandstone and limestone produce coarse debris.

2. On leaving the upland, streams from such catchments erode laterally and deposit an

allochthonous cover to form covered pediments.

3. As the streams and catchments extend, they penetrate beyond the western ramparts

of the uplands and into the extensive outcrops of siltstone and mudstone typical of the

anticlinal core of the Ranges (Figure 5.2).

4. These extended rivers have an increased potential discharge/stream competence and

load. The character of the load also changes, becoming finer, as a result of drainage

development (c/. Bull, I964b; Willgoose et a|.,1991).

5. Such rivers debouching from the uplands widen the narrow minor gorges cut below

the pediment surface and eventually form broad valleys or depressions in which

fanglomerates are deposited.

6. Some of the alluvial fan deposits head in the scarp foot zone, and extend distally and

laterally beyond and overlap the pediment limits (Figure 5.2). Others, however, originate

some distance from the scarp foot and the question arises whether the channel frll, implied

by the deposition of fanglomerates, could cause upstream deposition of detritus? (Figure

5.3a & b).

According to Lawson (1915), Balchin &. Pye (1955) and Denny (1967), regressive

deposition is capable of extending to the upland margin. In the study area, the thickness of

the deposits is known with certainty only for the Parachilna and Brachina-Bunyeroo alluvial

fans, in both instances about 60 metres (Anonymous, 1982; Cockshell, 1983). Given that
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mean slopes of pediments and alluvial fans are some 3" and 0.3', respectively, in the

Heysen Range piedmont, a build-up of a metre of fan materials would cause an upstream

extension of about 20 metres (Figure 5.3c). An accretion of 60 metres would lead to a

headward regression of some 1300 metres, which is comparable with the average 2.5

kilometre length of the pediment apron. No specihc thickness data is available for the

alluviat fans of the Wyacca-Emeroo ranges piedmont, but assuming a thickness similar to

the region to the north, but taking account of the steeper gradients (4" and 2') of the

pediment remnants and altuvial fans in that region, backfilling of stream channels would

cause fan regression of some 30 metres for an addition of one metre and some 1700 metres

for 60 metres of alluvial fan deposits (Figure 5.3d).

Thus, distal, lateral and headward growth of alluvial fans is theoretically possible, but there

is little field evidence in the study area of regressive fill, though this may reflect lack of

deep sections and paucity of bore data. It is hoped that future drilling, or geophysical

exploration might indicate such burial of covered pediments by fanglomeratic material.

The only evidence of such burial is at Aliena V/ashout (see below).

Consideration of the areal extent and lithological character of the catchments leads to the

suggestion that pediments and alluvial fans are members of an evolutionary sequence.

Pediments are eroded first by streams draining small, rugged catchments restricted to the

resistant strata of the upland escarpment. Then, as the drainage extends into the

argillaceous core of the Flinders Ranges alluvial fans are deposited. This scheme accounts

both for the relative ages, and the coexistence, of the two contrasted (erosional and

depositional) major piedmont forms. Complications are introduced, first, by the deposition

of a younger generation of alluvial fans related to the reworking of pediments, and second

by the development of riverine outwash plains, which are construed as incipient covered

pediments.
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C. INCIPIENT PEDIMENTS OR ALLUVIAL FANS?

Some streams in the Parachilna-Edeowie region have catchments which exceed in area those

typical of pediments in the study area, yet are restricted to the resistant outcrops of the

Heysen Range. Clearly defined pediments are not formed in their piedmont zones.

Instead, there are broad, virtually flat flood plains. It can be postulated that, under

catastrophic flood conditions, they will eventually be dissected. The washing out of fines

and the concentration of the coarse detritus will convert them into covered pediments.

Here, they are referred to as riverine outwash plains and are interpreted as representing the

initial stage in the development of covered pediments (see Chapter Three).

The catchments of most of the riverine outwash plains, e.g. 3, 4 &.27 in Figure 3.20, are

likely to extend into argillaceous terranes and their streams will then deposit minor alluvial

fans. The Edeowie riverine outwash plain, however, is associated with an unusually large

catchment (Figure 5.1), which is unlikely to extend beyond the resistant rocks of the

\ù/ilpena Pound structure (Figures 3.27 8¿ 3.28, Table 3.1). As the nature of the catchment

associated with the Edeowie riverine outwash plain is unlikely to change in the foreseeable

future, the riverine outwash plain will persist until it is dissected.

The riverine outwash plain is, therefore, an integral part of the evolutionary scheme being

suggested for the study area, in that it is the basic initial form which ca¡ develop into either

a covered pediment, if maintained in resistant strata, or an alluvial fan, if the catchment

extends into argillite.

D. MAJOR ALLUVIAL FANS AND SHIFTS IN BASELEVEL

There is a marked contrast in scale between major alluvial fans and the other elements of

the evolutionary sequence. However, major alluvial fans, like the other elements of the

evolutionary sequence from the study area, viz. riverine outwash plains, pediments,

incipient and minor alluvial fans, are associated with changes in size and character of their

catchments. This is an inherent feature of their development.
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The evolutionary scheme suggested for the sequential development of pediment and alluvial

fan in the study area is independent of baselevel lowering. However, several workers,

who have investigated other areas, have invoked tectonism as essential to alluvial fan

development. Bull (1977), for example, distinguishes between thin temporary fans due to

increased sediment yield or decreased competence of agencies transporting material across

pediments in the piedmont, and orogenic forms, the deposition of which is related to

tectonic movements.

In the study a¡ea lowering of baselevel due to tectonic movements may have facilitated the

deposition of the major alluvial fans. That there has been upfaulting in the study area is

evidenced by the reverse fault involving Late Pleistocene fanglomerates at the gorge mouth

of V/ilkatana North Creek and the truncation of the pediment surface which stands 40-60

metres above the level of the alluvial fans (Williams, 1973; Preiss, 1987). Putatively, and

more remotely in time, faulting has occurred at the outer margin of the pediment apron in

the Parachilna-Edeowie region, particularly between Brachina and Bunyeroo creeks

(Dalgarno & Johnson, 1968; Cockshell, 1983). Such dislocations would have initiated

stream rejuvenation, resulting in an increased supply of detritus to the piedmont, and

provided space for the accumulation of the relatively thick wedges of sediment that form the

major alluvial fans. Similar effects may have flowed from Quaternary lowerings of sea

level and any falls in the level of I¿ke Torrens (see Chapter One).

III. AGE RELATIONS OF THE PEDIMENTS AND ALLUVIAL FANS

In terms of the evolutionary sequence, pediments precede alluvial fans. Modern pediments

including riverine outwash plains exist, but the statement holds for the major pediments and

alluvial fans. All major pediments are dissected and are relic features. All predate all

alluvial fans, whether they are the older scarp foot type or the younger, distal-pediment

type. The older generation of alluvial fans is being dissected, possibly in consequence of

human interference with the environment, or of climatic change. Even this older

generation of alluvial fans, however, is younger than the larger pediments, for they, like the
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contemporary fans and riverine outwash plains, are deposited in valleys and depressions

eroded into and below the level of the erosional surface.

The near-surface strata of alluvial fans located in the Wyacca-Emeroo region ¿ì,re of Late

Pleistocene age (Williams, 1973), but there are no precise data on the age either of the basal

pafs of the fans or of the older pediments. They are Cainozoic forms and probably of

later Cainozoic age, for the piedmont surface is underlain at depth by Cainozoic basin

sediments of Eocene or, in some insta¡ces, (?)Miocene age, but there is no more precise

information on this point.

IV. PROCESSES RESPONSIBLE FOR THE PEDIMENTS AND ALLUVIAL FANS

Both pediments and alluvial fans are fluvial landforms. In a folded sedimentary terrain,

like the study area, the upland and piedmont zones are structurally determined.. On

emerging from the confines of their upland gorges, fully loaded streams divaricate across

the lowland. They laterally corrade the bedrock surface and deposit their bedload, which

forms an allochthonous cover. This protects the pediment surface between the stream

channels. Where streams have extended their catchments into more and readily available

sediment, they have built up the thickness of their alluvial deposits in the piedmont zone.

The resultant landform will be intrinsically of depositional character, an alluvial fan.

Thus, streams are responsible for the development of both pediments and alluvial fans.

And streams in flood are thought to be most effective (e.g. Davis, 1938; Rahn, 1967;

Twidale, 1983a; Beaty, 1990). The change in process from planation to deposition reflects

differences in discharge and volume and character of load.

At the present time, extreme rainfall events occur in summer in the Flinders Ranges, but

also as part of the winter rainfall regime (Appendix IV). Comparing rainfall records with

the preliminary stream gaugings taken for drainage basins adjacent to the study area has

established that flood events follow the cloudbursts (see also Table AIV.3). For example,

104mm of rainfall was recorded at Hawker for 10 February, 1955 and 280mm was reported
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from a rain gauge in the hills nearby. As a result, flood waters on Hookina Creek

uprooted and carried full-grown eucalypts, destroyed the railway bridge and reached Lake

Torrens (Twidale, 1966a; Dutton,I975). However, relatively little change of channel

position or the pattern of bars in major braided streams occurred in response to an extreme

rainfall event in January, 1992 (Figure 3.29). Nor, indeed, have any significant changes

been detected over a period of 34 years, which time spans seve¡al such meteorological

events (Figure 5.4).

V. RELATIONSHIPS BETWEEN THE PEDIMENTS AND ALLUVIAL FANS

A. GENERAL STATEMENT

Pediments and alluvial fans are construed as end members of an evolutionary sequence,

with pediments the initial forms and alluvial fans the later developments. Pediments stand

higher in the topography than alluvial fans. Changes in size and character of catchments

result in changes in discharge and volume and character and load of streams. Pediments

are dissected and fanglomerates deposited in the broad depressions so formed. Alluvial

fans consume the pediments: pediments are in effect replaced by fans not by burial but by

dissection and lateral substitution. This mechanism, as well as the influence of the

lithological character of catchment, is illustrated by the Aliena V/ashout (Frontispiece).

B. ALIENA WASHOUT

1. General Statement

The pediments and alluvial fan of Aliena rWashout, located south of Edeowie H.S., and in

the piedmont plain between V/ilpena Pound and Mount Burns, epitomise the relationships

between the two landforms, which surficially appear the same, but the nature of which are

morphologically, structurally and genetically quite different (Figure 5.5).
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2. Pediments

(a) Rock Pediment

Part of the upper slopes of the Aliena rù/ashout is distinguished by a rare pediment, a rock

fur (Frontispiece, Figure 5.6). An unnamed tributary of Aliena Creek drains a catchment

eroded wholly in steeply dþing, red, dolomitic shales (Bunyeroo Formation). The area

of the drainage basin is 0.29 square kilometres and its length is 800 metres. Where the

stream leaves the upland it has eroded an elongate, fan shaped pediment, also in the red

shales. The¡e is no allochthonous cover. The pediment slopes down at 6" and numerous

shallow channels, less than 1 metre d*p, score the surface. The bare rock surface is about

0.4 square kilometres in are¿ and its length is 800 metres. The toeslopes of the rock

pediment are buried beneath an accumulation of shale fragments and soil washed downslope

and alluvium contributed from either side by Siphon Well and Aliena creeks.

The bedrock exposed in the rock pediment is relatively fresh, but it is easily fragmented

because of its fissile and brittle nature (Figure 5.6b). The bedrock surface can be regarded

as exposed rock with shattered fragments. In this interpretation the feature is a rock

pediment. Alternatively the fragments are sufficiently numerous to form a veneer over

bedrock, in which case the feature is a mantled pediment; or they have been carried from

the catchment to the plain, and the pediment is of covered type. The first interpretation is

favoured.

O) Covered Pediment

A cover of allochthonous material has been deposited by the streams eroding the main

pediment surface on either side and on the toeslopes of the rock pediment (Figure 5.5).

Confined by upland slopes to the south, Aliena Creek flows parallel to the length, and along

the southern margin of, the rock pediment. Siphon Well Creek emerges from the upland at

a similar elevation to, and immediately north of, the stream eroding the rock pediment.

The covered pediment slopes at some 3-4'. The pediment cover is minimal near the scarp
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foot but thickens to some 2-3 metres in the vicinity of the two streams and downslope.

Subrounded limestone and sandstone boulders up to 30cm diameter form the cover,

although much larger boulders, up to 3 metres across, are exposed in the sides and beds of

the streams, where travertine coats many of the cobbles and boulders. About 1.5

kilometres from the scarp foot, sandstone cuestas with strata dipping 54oV/, strike bearing

34", stand 20-30 metres above the surface. They are the weathered and eroded

northernmost extension of the Elder Range (Figure 5.5). This ridge probably marks the

outer limit of the pediment apron.

(c) High Pediment

An older, covered pediment remnant stands 3-6 metres above the present channel bed, and

forms the northern bank, of Siphon Well Creek (Figure 5.5). It is covered with 1-2 metres

of pebble and cobble size quartzite and sandstone detritus in a clay and sand matrix. The

cover materials are mostly derived from the backing upland, but in places, additional rock

fragments are contributed from sandstone outcrops at the pediment surface. The pediment

is eroded across steeply (30"-50") dipping, calcareous shales and limestones which

otherwise form the ridges to either side. The surface is separated from the upland by a

fault-line (sca¡p foot) valley although it can be traced a little way upstream within an

embayment. The pediment slopes down from the upland at 6", decreasing to 3' some 500

metres from the scarp, before being covered with the thicker alluvial deposits of the fan

proper. A series of almost parallel streams some 3-4 metres deep dissect the surface.

Thus, the rock/mantled pediment of the scarp foot zone passes laterally into, and is

succeeded downslope by a covered pediment, which includes the lower slopes of an older

erosional surface. As the cover thickens downslope the pediment forms are replaced by the

alluvial fan.
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3. Alluvial Fan

The alluvial fan deposits are indistinguishable from the pediment cover on the mid slopes of

Aliena Washout, but are much finer in the distal portions of the fan (Frontispiece). The

area of the alluvial fan is twice that of the drainage basin (Table 4.4). The lateral spread

of the alluvial fan deposits is constrained by the walls of Wilpena Pound to the east and the

Mount Burns anticlinal structure to the west, resulting in the length of the fan being twice

that of its drainage basin.

The fan surface is inclined at 1.5'and Aliena Creek intersects the surface as it levels out

some 3 kilometres downslope. Minor streams are incised less than one metre in the

alluvial fan surface. Gilgai are extensively developed on the fan surface. Where lenses of

pebbles and cobbles, signifying old distributary creek channels, occur, rock fragments to

20cm are available to form stony flats, but even where rock is scarce, the gilgai patterns are

still distinguishable by plant growth in hollows and channels. Some of the streams of the

Aliena Washout join Wobma Creek, which skirts the footslopes of the fan as it drains

northward to disappear in the sand sheet which masks the alluvial Torrens Plain (Figures

s.s & s.7).

4. Drainage Basin

Aliena Creek drains a catchment of some 11 square kilometres (30 in Figure 3.20). It has

eroded a strike valley in shales between ridges of quartzite and sandstone underlying

V/ilpena Pound and Bunbinyunna ranges (Figure 5.5). The adjacent minor stream system,

Siphon Well Creek, is confined to the resistant quartzite of Wilpena Pound Range.

5. Implications for I^andform Assemblages of the Study Area

The relationships of pediment and alluvial fan for the study area are typified in the Aliena

Washout, though here the nature of the piedmont plain changes systematically in a direction

normal to the sca¡p, rather than along the sca¡p as in most of the region.
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Streams eroded the pediment surfaces at the head of Aliena Washout when their drainage

basins were smaller and restricted to the resistant front ridges of the escarpment of Wilpena

Pound Range. Both the main pediment and an older, higher pediment surface were cut

across steeply dþing, less resistant rocks and an allochthonous cover derived from the

backing upland was deposited simultaneously.

Part of the main pediment surface is of ¡ock type, which is, perhaps, merely fortuitous in

that catchment and pediment are eroded in the same rock type and there is no allochthonous

material available. On the other hand, in the 'Wyacca-Emeroo region, the location of

remnants of a dissected rock pediment in the valley of Petiana Creek, a tributary of

Willochra Creek, suggest that they have been stripped of their alluvial cover (Figure 5.8).

Certainly the pediment cover has been removed from the rock pediment remnants of the

Bundulla-Walkandi high pediment surface (Figure 3.2I).

Once Aliena Creek breached the snout of the plunging anticline associated with V/ilpena

Pound and Elder ranges its catchment was significantly enlarged into an area of weaker

rocks. The increase in drainage basin area, coupled with the easily eroded rock types of

the Aliena catchment, ensured a ready supply of sediment for the deposition of the bulk of

the alluvial fan which comprises the lower slopes of Aliena washout.

Lithological contrasts between the rocks underlying the upland and the piedmont explains

the initial erosion of the pediments, and extension of drainage systems accounts for the later

deposition of the alluvial fan.

VI. CONTRIBUTION TO THE STUDY OF PEDIMENTS AND ALLUVIAL FANS

This study of the landform assemblages in the western piedmont of the Flinders Ranges has

corroborated many previously expressed ideas concerning pediments and alluvial fans.

Some concepts, however, require modification in the light of this study, and in particular

the proposed evolutionary relationship between pediment and alluvial fan is emphasised.
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The following statements summarise the findings of this study of pediments and alluvial

fans coexisting in a piedmont.

Pedim.ents are eroded across weaker members of the folded sedímenta.ry sequen.ce

Most of the pediments of tlrc study area are of covered rype. Covered pediments are

formed, unde¡ flood conditions, by the simultaneous lateral planation of a bedrock surface

and deposition by divaricating streams of alluvial detritus. Flights of pediments are

evidence that such surfaces a¡e inherently dissected and cut at lowe¡ and lower levels.

Rock pediments occur in sedimentary tenain. Remnants of older cove¡ed pediments

survive in the piedmont of the Heysen Range. Most retain their cover but some siltstone

remnants have been stripped and are now rock pediments. They are not etch forms

because the present surface is not an exposed weathering front. The pediments at Aliena

and Pettana appeff to be rock pediments, but it is impossible, given the uniform character

of the country rock, and the fact that it would fragment rather than become rounded during

transport, to distinguish between shale fragments we¿thered in situ and any that may have

been washed even a short distance downslope. Thus, though the features can justihably be

called rock pediments, they may include some mantled elements.

The piedmont angle ís due to the concen.tration of moisture and the effects of weathering in

the scarp foot zone. The piedmont angle is not primarily located at a structural break.

Everywhere it is developed in the less resistant shale and siltstone, even in the Pa¡achilna-

Edeowie region, where the line of the piedmont angle is guided by the lithological junction

with the massive limestone which forms the dipslope escarpment of the Heysen Range.

The pediment cover comprises alluvial detritus comparable in size and degree of roundness

wíth th.e bedload of streams dissecting the surface. The thickness of the cover is consistent

with the depth of channel scour and bar deposits associated with single flood events. The

cover varies little in thickness between stream lines from that observed in creek cuttings.
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Pedimen.ts are not intrinsically n.or essen.tially the planate surfaces l.efi behind by scarp

retreat (e.g. King, 1949), for the dipslope structure of the pediments of the Parachilna-

Edeowie region precludes scarp recession (on the contrary-Twidale, 1972). The upland

margin in the Wyacca-Emeroo region has evidently been faulted but the abutment of

pediments and alluvial fans against the base of the scarp suggest that it has been locationally

stable through the period of piedmont development; in such circumstances neither scarp

retreat nor pedimentation is a valid mechanism or model of landscape evolution. On the

other hand, there is good evidence of scarp recession in the vicinity of Rawnsley Bluff.

The highest and oldest remnants of a flight of pediment surfaces are also furthest from the

scarp. Rock falls, and possibly debris flows, rather than stream deposits, form the

pediment cover and testify to the erosion of the bluff and retreat of the bounding slopes of

Wilpena Pound.

Covered pediments are frin.gin.g forms and do not dominate the landscape in geological

settings like those found in the study area. I-arge calibre detritus, essential to the

preservation of the form, cannot be carried far from the scarp foot. With dist¿nce from the

upland there is no coarse protective cover so stream density increases and the surface is

dissected. Interfluves are wasted and rolling or undulating plains þeneplains?) develop

(Twidale, 1983a).

Scarp recession is operative wh.ere pediments, capped by a coarse debris coyer, are

dissected: in the study area scarp retreat is active in the destruction of pediments but played

no part in their formation.

Distingu.ishing covered pediments from all.uvial fans is dfficult because the nvo landforms

are morphologically similar. The best means of identification in the study area are

thickness of the alluvial deposit, remote sensing imagery and catchment characteristics.

Other criteria, such as contour pattern, drainage density and length measured normal to the

upland front, are viable for large, but not for small scale examples of the forms.
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Relationships benween catclmrcnts and erosional and depositional landfornts in the study

area were clarifi.ed. Pediments are associated with catchments which are relatively small

and rugged and confined to resistant (sandstone and limestone) outcrop, whereas alluvial

fans develop in relation to drainage basins which have been enlarged to include argillite and

are less rugged.

Pediments are not degraied alluvial fans. Both the Edeowie and the Aliena examples, as

well as the general relationships between pediments and alluvial fans in the western Flinders

piedmont, contradict any suggestion that pediments are derived from fans by the selective

evacuation of fines from the latter. The known age relations are inconsistent with such an

interpretation, for the older alluvial fans are younger than the older pediments, and fans

appeff to succeed pediments in the evolutionary sequence.

The riverine outwash plain is the basic initial form which can develop into eith.er a covered

pedim.ent or an alluvial fan. The latter is not feasible in all instances. For example, the

Edeowie riverine outwash plain will not become an alluvial fan, because its catchment will

continue to be confined to the a¡enaceous strata of the V/iipena Pound structure.

The suite of alluvial fan deposirs, including incþient, riverine outwash plain, minor and

major, and the various positions of their fan apices within the pediment apron described

from the Parachilna-Edeowie region seems to represent stages in the development of alluvial

fans as they gradually replace the pediments laterally and headwards.

In terms of the evolutionary model, alluvial fan development is n.ot triggered by tectonic,

basel.evel or by climatic cha.nge, but is rather a reflection of the size and lithology of the

drainage basin. Superimposed on and enhancing this evolutionary trend, however, are

various "catastrophic" impacts, such as those due to tectonism, baselevel lowering, climatic

changes, and meteorological storms, the latter resulting in dissection of previously

developed flood plains veneered with coarse detritus.
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VII. CONCLUDING STATEMENT

The importance of catchment size and character is confirmed by the distribution of

pediments and alluvial fans in the regional context. For example, in the eastern piedmont

of the Flinders Ranges, the development of pediments and alluvial fans and their drainage

basins by streams flowing to I-ake Frome is comparable to that of the study area. In the

Mid North of South Australia, pediments a¡e associated with ranges of restricted area and

extent, as in the Hummocks Ranges, near the head of Gulf St. Vincent. Further south only

alluvial fans occur in the piedmont because the Mount Lofty Ranges are dominated by

readily weathered strata. In addition, given the proximity of Gulf St Vincent, shifts in

baselevel and sea level due to tectonism and climatic changes have facilitated the

accumulation of alluvial deposits.

Looking further afield, in central and northern Australia, pediments are well and widely

developed, but there are few, if any, alluvial fans. Uplands are either limited in area, like

the MacDonnell or James ranges, or the uplands are dominated by arenaceous strata, e.g.

Ooraminna, Hamersley and the Kakadu ranges. Even in granitic terrane, e.g. Everard

Ranges, where the rock weathers to sand, there are no signif,rcant alluvial fans.

Similar correlations of pediments and fans with different size catchments are in evidence in

other parts of the world. For example, in Nevada, north of McGill, Duck Creek has an

extensive catchment of some 150 square kilometres. It is associated with a large fan-

shaped landform in Steptoe Valley. Further north in the same valley, gently sloping

rectilinear plains are dissected by streams draining catchments that are ten times smaller in

Schell Creek Range. Again, the Cedar Creek Alluvial Fan, southeast of Ennis, Montana,

is associated with a catchment which is considerably larger than those that are related to the

pediments in the western piedmont of Madison Range.

In a review of the literature it was noted that Denny (1965, 1967) and Bull (1962a & b,

1964a &. b, 1972, 1977), in particular, examined the relationship between catchment size

and associated piedmont landforms. Denny remarked the importance of the geometry of
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upland and plain, but in relation to a state of integration, rather than an evolution, of

drainage:

"large highlands and smal.l lowlands favor complex fans where half th.e surface area moy no

I.onger receíve sediment but be subject to erosion, wh.ereos brood l.owlønds and small

highl.ands fa.vor extensive ped,imenfs " (Denny , 1967 , p.81).

Implicitly, Denny suggests that the pediments succeed alluvial fans, whereas the opposite is

true in the Flinders Ranges. It is not the size of the uplands per se but rather the extent

and character of the catchments, which leads to a change in stream action, and to pediments

being succeeded by alluvial fans. Nevertheless, though neither Denny nor Bull made such

a suggestion, the notion of a relationship between catchment and piedmont form prompted

the idea of an evolutionary relationship as outlined in this study. In the western piedmont

of the Flinders Ranges that relationship has been taken a step further in the proposed

evolutionary scheme.
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THE IDENTMCATION AND DISTRIBUTION OF PEDIMENTS AND ALLUVIAL

FANS IN THE WESTERN PIEDMONT OF THE FLINDERS RANGES, SOUTH

AUSTRÄLIA

A. GENERAL STATEMENT

Pediments and ailuvial fans occur in the western piedmont of the Flinders Ranges. As

noted before, though the two landforms are genetically distinct, they are morphologically

similar. Both are fan-shaped with the apex located at the scarp foot where a stream

emerges from the upland. The surface appearance of the allochthonous material of a

covered pediment is indistinguishable from that of an alluvial fan. Moreover, where

alluvial fans have coalesced they form smooth aprons, which are not unlike merged covered

pediments. It is difficult to differentiate or identify the forms.

In an attempt to distinguish pediments from alluvial fans in the study area, criteria based in

remote sensing, geology and detailed morphology have been tested in relation to specihc

pediments and alluvial fans, the identity and character of which has been determined by

field and borelog data. Reference is made to forms fringing the uplands of the study area,

which are known to be covered pediment remnants. The contact between the smooth, cut,

bedrock surfaces and its thin cover of atlochthonous material has been exposed by creeks

dissecting the surfaces and proven by digging trenches and by shallow seismic refraction

survey. The alluvial fans mentioned are known to be underlain by wedges of alluvial

deposits of considerable thickness, because borelog data is available for that part of the

piedmont zone of the study area and there is some dissection of the forms.
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B. METHODS USED TO DISTINGUISH PEDIMENTS AND ALLUVIAL FANS

1. Thickness of the Alluvial Deposits

By definition, alluvial fans a¡e formed by the build up of considerable thicknesses of

sediments, whereas the pediment cover is relatively thin. But what is meant by

'considerable' and 'relative', by 'thick' and 'thin', in this context? Covered pediments are

described as surfaces the morphology of which closely simulates that of the bedrock eroded

beneath the cover. But this could apply equally to covers hundreds of metres or less than

one metre in thickness. In most of the literature the thickness of an alluvial fan or a

pediment cover is described without giving dehnitive measurements (e.g. Blackwelder,

1931; Blissenbach, 1954; Tuan, 1962). However, several workers have placed limits on

the thickness of sediment underlying the surface of the form, in an attempt to distinguish a

covered pediment from an alluvial fan.

Some have resorted to arbitrary but commonsense thicknesses. Doehring (1970), for

instance, suggested that an alluvial veneer not exceeding 15.3 metres (50 feet) is the

limiting factor for distinguishing between covered pediment and alluvial fan. Such a

thickness of cover seems excessive in the context of the study area, where the pediment

cover is typically of the order of l-2 metres (Figures 3.lla &. 3.2I), and only 3-4 metres of

alluvium underlie incipient alluvial fans.

Others have appealed to geometric ratios between the size of the forms and the thickness of

the sedimentary cover. Bull (1977), for example, concluded that where the thickness of

deposits is more than 1/100 the length of the landform, the form is an alluvial fan rather

than a pediment. Applying this measurement in the study area, the Hayward Pediment, for

example, has a 2 metre thick cover (see Chapter Three) and ought to be about2}O metres

long. In reality it is about 2 500 metres in length and, according to Bull's ratio, could

carry up to 25 metres of detritus and be regarded as a pediment. If the cover on the
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Hayward Pediment were indeed 25 metres thick, then surely it ought no longer be described

as a pediment?

For those who assumed the pediment cover is, or has been, in transit, the average depth of

effective stream scour, that is the thickness of sediment worked by a particular stream in

flood, is critical (e.g. Howard, 1942). The nature of the alluvial cover on the Hayward

Pediment, for example, resembles that of the bedload in creeks dissecting the surface

(Figure 3.11b) and its thickness, some 1-3 metres, is compatible u,ith local maximum

stream scour, e.g. that measured over a two year period in Brachina C¡eek (Figure 3.29).

Some such measurement as depth of stream scour takes into account the local conditions.

The def,rnitive thickness of alluvial deposits between the covered pediment and the alluvial

fan ought to bejudged in each regional context. There can be no general case.

Several covered pediments occur in the study area and the base of the alluvial veneer is

exposed in creek cuttings. The most widely developed pediment surface of the Parachilna-

Edeowie sector of the western piedmont of the Fiinders Ranges is covered by up to 2

metres of alluvium. On remnants of higher pediment surfaces the alluvial cover is mostly

less than 1 metre thick. The relative thinness of this older pediment cover could be

attributed to the evacuation of fines. The pediment remnants mapped in the piedmont of

the Wyacca-Emeroo ranges also carry only a thin (1-2 metres) veneer of alluvium.

Modern pediments bear a discontinuous cover of alluvium, mostly concentrated in

abandonned stream channels. Minor landforms in the study area have been described

variously as minor alluvial fans, riverine outwash plains and incipient alluvial fans and are

considered distinct from the pediments on the bases of thickness of alluvial deposit and

topographic situation. The absolute thickness of their deposits were not measured.

Nowhere in the western piedmont of the Flinders Ranges can the bedrock contact beneath

the alluvial fans be observed. Thus information about the thickness of those deposits

depends on borelog and geophysical evidence. Unfortunately most of the bores spudded in

the study area were not logged. Even so their depth, in the range of 20-60 metres, drilled
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entirely in alluvial material provides a minimum thickness for alluvial sediments beneath the

fans and depositional plains. The few stratigraphic bores and drilling programmes,

together with geophysical surveys, indicate considerable depths of Cainozoic sediments

beneath the alluvial fans and plains of the study area (Figures I.4 8L 1.9, Table 1.1). In

the Brachina Alluvial Fan, for example, 444 metres of Cainozoic alluvial and lacustrine

sediments, including 50-60 metres of Quaternary fluvial deposits, over bedrock were logged

from the Edeowie No,1 Stratigraphic Bore located some 10 kilometres west of the Flinders

Ranges (Cockshell, 1983). Similar thicknesses of Tertiary and Quaternary sediments were

interpreted from the BRA preliminary seismic survey line some 3 kilometres from the

Brachina gorge mouth (D. Cockshell, 7992, pers. comm.). A minimum 140 metres of

similar Cainozoic sediments were identified beneath the Parachilna Alluvial Fan

(Anonymous, 1982; see also Figure 1.9).

Thus, field observations, corroborated by borelog data and shallow seismic survey, have

established that pediment surfaces immediately adjacent to the upland carry a relatively thin

cover of alluvium, of the order of a few metres. On the other hand, the thickness of

deposits forming alluvial fans is measured in tens of metres.

2. Remote Sensing

Stereoscopic study of aerial photographs was augmented by the use of satellite imagery

when mapping pediments and alluvial fans in the study area (Drury, 1987). Two scenes

(1600 pixels, each pixel 30 metres square, and 750 lines) with seven bands of data were

selected from Landsat 5 Thematic Mapper imagery dated December 1987. In the first, a

known large alluvial fan dominates the piedmont zone east of Parachilna in approximately

31"10'5 latitude (Figure AI.la). The drainage basin with which it is associated is

developed in the Blinman Dome structure in the centre of the Flinders Ranges. Pediments,

and a minor alluvial fan associated with Five Mile Creek, occur at the foot of the upland

(see also Figure 4.7). In the second scene, V/ilkatana North and Wilkatana South creeks,

with their drainage basins within the V/yacca Range, have deposited alluvial fans in
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approximately 32" 10'S latitude (Figure Al.2a). Remnants of the pediment surface fringe

the upland.

False colours of rock-soil and vegetation associations emphasise the various lithologies

involved in the folded structures of the Flinders Ranges. In addition, within the piedmont

plains, contrasting colours readily distinguish the prominent alluvial fans from the pediment

surfaces with their relatively thin cover of alluvium. Using the band ratios specified in

these examples (Figures AI.la &. AI.2a), the alluvial fans are predominantly purple/light

blue for non-vegetated active areas, green/mustard yellow for inactive areas, and red/brown

for vegetated channels and secondary fans. White, mustard yeilow and mid-green indicate

the pediments, with vegetation in stream lines appearing red to brown. The application of

a different set of band ratios provides a more startling colour contrast to distinguish covered

pediments from alluvial fans (Figure AI.lb e. AI.zb). Satellite imagery is a useful, even

critical, tool for mapping such an assemblage of landforms.

3. Contour Pattern

Several authors have noted that contours parallel to the scarp are likely to indicate thinly

veneered pediments, whereas those bowing downslope denote alluvial fans (e.g. Denny,

1965). To test this suggestion, generalised contours, after the style of Pannekoek (1970),

have been drawn for the piedmont plains of the study area (Figures AI.3 & AI.4).

Smoothing and generalising the contour lines eliminate distracting irregularities due to

structure and dissection. In broad view, contour lines run parallel to the range front of the

Heysen Range, where covered pediment surfaces are known to occur. Similarly, parallel

contour lines distinguish the pediment remnants surviving in interfan areas within the

piedmont of the Wyacca-Emeroo ranges. This pattern differs from those bowing

downslope on the large alluvial fans of the western piedmont of the Flinders Ranges.

The largest fan-shaped features, known to be alluvial fans, ale clearly delineated by the

contour pattern on all published topographic maps, even at the l:250 000 scale with a
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contour interval of 50 metres. Those in the Heysen Range piedmont each cover an area of

more than 127 square kilometres and their deposits are spread some 20 kilometres from the

upland. Those in the Wyacca-Emeroo ranges piedmont are less extensive, but no less

obvious, covering areas of 13-44 square kilometres and forming an alluvial apron 7-9

kilometres wide. Thus, contour pattern is a useful criterion for identifying large alluvial

fans.

At the foot of the Emeroo Range in the interfan area between Deep and Mundallio alluvial

fans, contours bowing downslope within a pattern of more or less parallel contour lines

define a minor alluvial fan, called here Ukat and related to an otherwise unnamed stream,

deposited on the covered pediment apron fronting the upland. However, in the Parachilna-

Edeowie sector of the Heysen Range piedmont, arcuate contour lines outline what ¿Ire, on

the field evidence, covered pediment fans as well as minor alluvial fans and riverine

outwash plains inset within the erosional surface. The length of these pediments and minor

alluvial fans, measured from scarp foot to toe, is 3-4 kilometres, i.e. approximately half

that of the alluvial fans mapped further south in the piedmont of the Wyacca-Emeroo

ranges. This situation demonstrates that the contour pattern method is a less reliable

criterion for distinguishing alluvial fans and pediments at small scale, particularly when the

two forms are of similar dimensions.

Where, however, alluvial fans have coalesced to form alluvial aprons, Ruhe (1964) noted

that the contour pattern is not unlike that of a pediment apron, i.e. the contours parallel the

mountain front. North of the V/ilkatana North Alluvial Fan a very narrow, covered

pediment contiguous with the backing scarp and with bedrock only 2 metres beneath the

surface occurs at the foot of the Wyacca Range, beyond which lies an alluvial apron (Figure

3.31). However, neither the transition from pediment to alluvial deposits, nor the

depositional nature of the piedmont plains, finds expression in the contour pattern, which

essentially parallels the scarp.
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Contour pattern is useful for distinguishing large scale features, but proved unreliable at

small scale and, in particular, where alluvial fans and pediment cones are of similar

dimensions.

4. Drainage Texture

From his consideration of a number of large pediments and alluvial fans Doehring stated

that "drain.age Íexture on. pedim.ents tends to become finer in a. h,eadward direction but

remains rel.ativeU constanÍ on alluviøl.fans" (Doehring, 7970, p.3111). In other words,

pediments tend to have numerous quite short channels incised in their upper slopes (Figures

AI.5a & b), a fact noted by earlier workers, e.g. Bryan (1922, 1936a) and Gilluly (1937),

whereas channels are the most obvious features of alluvial fan surfaces (Figure AI.5c).

Doehring (1970) analysed several identified pediments and alluvial fans by regressing the

number of fluvial channels, expressed as contour crenulations, on a number of contours.

He called the least squares linear regression lines thus calculated, texture curves. He

worked with large scale landforms and reported a perfect correlation between field

observation and their texture curves.

The method was effective for very few pediment surfaces in the study area (Figures AI.6 &

^I.7, 
Tables AI.1 & AI.2). Sample strþs, which include at least ten contour line

segments of equal lengths, could only be applied to the most extensive pediments, all of

which are in the Pa¡achilna-Brachina section of the Heysen Range piedmont, viz.

Barregowa, Bundulla and Hayward pediments (Figure 4I.6, 4, 5, 6in Figure 4I.8, Table

AI.2). The texture curve slopes, derived by Doehring (1970) for pediments, range from

0.38 to 3.73, and were generally applicable in the study area, although that for Hayward

Pediment did not fit, and neither did the covered pediment sector of Aliena Washout (13

Aliena East, in Figure 4I.8, Table AI.2). However, texture curve analysis for the upslope

contour segments of the Hayward Pediment (Figure AI.6, 8 Hayward F:st, in Figure 4I.8,

Table AI.2) was within the range of pediment values. Consideration of a significant set of

values downslope (Figure A1.6, 7 Hayward West, in Figure AI.9, Table 
^1.2), 

indicated
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that the feature was there an 'alluvial fan'. Whether this truly reflects that the pediment

cover has so thickened downslope that the intrinsic nature of the landform has changed

cannot be tested at this time.

The range of values for alluvial fans, -0.22 to 0.26 (Doehring, 1970) were applied to large

scale alluvial fans in the Parachilna-Edeowie region. Their texture curve sloped are

consistent with their being alluvial fans (Figures AI.6 8L 
^I.9, 

Tables AI.1 & AI.2). The

nine sections tested in the Wyacca-Emeroo piedmont, Yadlamalka Fan through Ukat Fan,

also frt within the alluvial fan texture curve range (Figures AI.7 8L AI.9; Table AI.1 &

Ar.2).

Limitations of the method, similar to those noted by Doehring (1970), were encountered in

the study area. Some of the features, known to be pediments, e.g. pediment remnants in

the piedmont of the Wyacca-Emeroo ranges with a cover of alluvium less than 2 metres

thick, are areally too small for the method to be applied satisfactorily. Analysis of others,

where the sample strip includes unequal length contour segments, i.e. upper slopes where

contours have too short a radius of curvature, proved inconclusiva, a.E. Five Mile Fan

(Figure 4I.6, 3 ln Figure AI.8). An erroneous result was also obtained for the 'Parachilna

V/SW Fan' sample strip, because it was partly drawn over portion of the Parachilna

Alluvial Fan which has numerous minor channels (Figure 4I.6, 2 inFigure AI.8). For the

method to work, sample strips must be drawn across one drainage texture domain and in

this instance it included more than one. On the other hand, the sample strip for Aliena

Washout coincides with one drainage texture domain, i.e. the main braided stream (Figure

AI.6). The texture curve slope is consistent with those of alluvial fans (11 in Figute

AI.9), although Aliena V/ashout is known to be a complex feature (see Chapter Five).

Drainage texture analysis can only be applied where the sample strip includes a signihcant

number of contour lines, i.e. at least ten. Given the available topographic coverage and

with due consideration of other limitations, the method is reliable only for large scale

features.
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5. Catchment Characteristics

Analysis of the catchments related to pediments and alluvial fans identified on field or

borelog evidence, together with the criteria mentioned above, demonstrates two contrasted

characteristics (Figure 5.i). First, the size of the catchment varies, those serving

pediments being smaller than those associated with alluvial fans. Second, and in large

measure a function of the areal extent of the drainage basin, those catchments related to

pediments are characteristically developed largely in the quartzites, szutdstones and

limestones that form the front ramparts of the western Flinders Ranges, whereas those

serving alluvial fans have extended beyond the margin of the upland into argillaceous

terrains.

In the Parachilna-Edeowie region streams with drainage basins less than 3.35 square

kilometres in area, average 2.41 square kilometres, have eroded pediments with a cover of

1-3 metres thick. The degree of dissection of the surface and the thickness of the pediment

cover are affected when streams further enlarge their catchments. Increased discharge

causes the stream to cut down more effectively into the pediment surface. The increase in

size of catchment results in an increased supply of sediment. Braided streams, which have

eroded catchments in the resistant rocks at least 3 square kilometres in area, deposit thicker

spreads of coarse alluvium, referred to as riverine outwash plains, e.g. drainage basins 3,

4,27 and 28 (Figures 3.20 &.5.1; Table 3.1). The supply of sediment has increased, but

the type has not changed.

Where a drainage basin has extended beyond the limestone and quartzite ridges to include

less resistant shales and siltstones of sequences older than Rawnsley Quartzite, then the

stream deposits minor alluvial fans, e.g. drainage basins 5, 8, 10, and (marginally) 7,73,

and 14 (Figures 3.20 &.5.1; Table 3.1). The supply of sediment has increased and the

type has changed.
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Catchments of major through streams, like Parachilna and Brachina-Bunyeroo, were

presumably restricted in size and located within the western ridges of the Flinders Ranges,

when they eroded their pediments. These a¡e relic forms for their streams a¡e incised 30-

40 metres below the level of the main pediment. Those streams have since headed back,

via faulted zones, through the Heysen Range and captured drainage basins with areas of the

order of hundreds of square kilometres. The sheer increase in size of these drainage

basins, coupled with the inclusion of a greater proportion of argillite susceptible to

weathering and erosion, ensured the deposition of major alluvial fans. This suggested

sequence of events differs only in terms of scale from that described for riverine outwash

plains and minor alluvial fans. The scale difference may, in part, be accounted for by the

duration of time: given time, and, if conditions are conducive, a riverine outwash plain

becomes a minor alluvial fan, and eventually a major alluvial fan. However, for these

larger forms, tectonism and possibly climatic effects have accentuated the fundamental

change from erosional to depositional behaviour by streams in the study area.

In the Wyacca-Emeroo region there is a clear distinction between the size of drainage basins

related to pediments and those associated with alluvial fans (Figure 5.1). Streams with

drainage basins less than 2.41 square kilometres in area have eroded the pediment. The

average sizes of catchments related to pediments in the three sectors of the Wyacca-Emeroo

region are considerably less than 2.41?rrr?,viz. 0.54km2 inth"V/yacca Range, 0.24lrr? in

the Central Section and 0.46km2 in E*"roo Range (Figure 3.37, Table 3.3). Their

drainage basins are restricted to the resist¿nt quartzite and dolomite strata of the western

escarpment of the Flinders Ranges. On the other hand, streams, which headed back via

faulted zones through the resistant front ridges of the Wyacca-Emeroo ranges into less

resistant argillite, have deposited major alluvial fans. Their catchments are at least three

times larger than those serving the pediments. They vary in size from 6.38 to 39.51

square kilometres.

Pediments are associated with small catchments restricted to arenaceous and carbonate

strata, which disintegrate to produce coarse blocþ detritus. Alluvial fans are deposited by
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streams which have enlarged their catchments into argillaceous sediments, which break

down readily to hne grained silt and clay.

6. Length

The length, measured normal to the upland front, of major alluvial fans and pediments is

apparently a distinguishing characteristic in the study area. The Parachilna and Brachina-

Bunyeroo alluvial fans are almost 20 kilometres long, whereas the covered pediment apron

is mostly of the order of 3-4 kilometres in length. In like manner, the alluvial fans

deposited in the piedmont of the Wyacca-Emeroo ranges are 6-10 kilometres long, but the

well dissected, covered pediment surface extends less than 650 metres from the scarp foot.

Some of the toeslopes of the pediment surfaces are truncated by known faults, o¡ at least

terminate in a dissected linear low scarp. Otherwise the lower pediment slopes are buried

in alluvial deposits, contributed by streams incised in the surface, and the exact position of

the toeslopes is unknown. Regression analyses (Draper & Smith, 1967) showed that the

lengths of major and minor alluvial fans a¡e related to the area and length of their respective

drainage basins, but those of pediments a¡e not (Appendix II). Thus, the superficial

impression that length might be used to judge between alluvial fans and pediments proved

untenable for the study area. Nevertheless, it is offered as a possible criterion for other

regions. Alluvial fan deposits, which are not restricted by topography, spread over

extensive areas of a piedmont, whereas pediments are fringing forms. Indeed Twidale

(1983a) suggested that with increasing distance from the upland the nature of a pediment

surface acquires many of the characteristics of the peneplain (see also Mabbutt, 1978).

7 " Other Criteria

There are several other criteria mentioned in the literature which were not rigorously tested

in the study area but are worthy of note.
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(a) Bedrock Hills and Ridges

Locally, bedrock residuals in the form of ridges and peaks stand within bevelled pediment

surfaces (e.g. Tuan, 1,959; Hunt & Mabey, 1966). Remnants of the high pediment

surfaces in the study areå are surrounded by the main pediment surface cut in the same

steeply dipping bedrock and thinly covered by alluvial detritus (Figure 3.21). However,

inliers like Mount Fort Bowen and Mount Brown, for example, appear to be similar

features. But they stand amid alluvial deposits of the Carpentaria Basin, which are some

200 metres thick (Doutch et a1.,1970). On the other hand, Bull (1977) refers to bedrock

knobs protruding through the pediment cover, but not occurring on alluvial fan surfaces.

Presumably these a¡e small features. They may resemble the weathenng in situ of some of

the largest sandstone boulders in the pediment cover of the study area (Figure 3.12a), but

no similarly weathered blocks were noticed in alluvial fan deposits.

O) Slope

Blackwelder (1931) and Bull (1977) noted that the gradients of alluvial fans are steeper than

those of pediments. The range of slopes for each landform, i.e. 1/2"-7o for pediments and

r/2"-10" for alluvial fans, allows the possibility. However, in the study area the opposite

proved true. Pediments a¡e consistently relatively steeper than the alluvial fans with which

they coexist.

(c) Relief Amplitude and/or Highest Points in Drainage Basin

Denny (1965, 1967) observed that 'large' uplands favoured the development of alluvial fans

and 'small' highlands were associated with pediments (see also Melton, 1965a). In the

Parachilna-Edeowie region the highest points in the drainage basins associated with the

erosion of pediments average 767m above present sea level. They are lower than the

highest points in drainage basins related to the deposition of alluvial fans. High points in

catchments draining to minor atluvial fans average 802m, and those of catchments draining
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to major alluvial fans averageS4Tm (Figure 4.2a). A similar relationship was noted in the

Wyacca-Emeroo region (Figure 4.2b).

(d) Ruggedness of Drainage Basin

The ruggedness of a drainage basin is expressed as a mathematical relationship between

measurements in drainage basins of relief amplitude and of area (Melton, 1965a).

Therefore, there is a relationship between ruggedness and the preceding section. In the

Parachilna-Edeowie region, for example, the relative relief, or ruggedness, ratio of

drainage basins associated with pediments averages 0.285. This value is greater than the

average ruggedness ratio for basins related to either major alluvial fans, which is 0.035, or

minor alluvial fans, which is 0.228 (Table 4.4).

(e) Granulometric Measurement of Surface Deposits

The alluvial inputs to covered pediments consist of comparatively small volumes of coarse

debris, in contrast with the large volumes of predominantly f,rne grained detritus deposited

in the alluvial fans. Pediment cover consists of bedload deposits of the streams which have

eroded the bedrock surface. The coarse debris of the pediments becomes relatively coarser

as fines are washed out of the dissected pediment cover. However, there is a mixture of

smaller calibre material let down into the deposit, as is seen in the dry channels of the local

episodically flowing streams, and a matrix of sand and silt derived from the weathering of

the cover material or washed in during flood events.

On the other hand, the nature of alluvial fan deposition is too variable to ascribe one surface

type as typical. Alluvial fans may be a mixture of, or wholly composed of, fluvial

deposits, coarse debris flow deposits, sieve deposits, or a series of mudflows. In the study

area, for example, alluvial fan deposits include lenses of coarse material of fluvial and

colluvial origin within beds of silt and sand. The hnes of the larger catchments are mixed
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with coarser materials derived in part from the extended catchments (for though dominated

by argillite there are minor outcrops of limestone and sandstone, for example).

C. CONCLUDING STATEME}{]

Of these criteria thickness and texture of the alluvial deposit, remote sensing imagery and

catchment characteristics provide the best means of identification of pediments and alluvial

fans in the study area. Others such as contour pattern and drainage density are viable for

extensive, but not for small-scale examples or minor remnants of the forms. They provide

supportive but not conclusive data.
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REGRESSION ANALYSIS: CHARACTERISTICS OF PEDIMENTS & ALLTIVIAL

FANS
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REGRESSION ANALYSIS: CHARACTERISTICS OF PEDIMENTS & ALLUVIAL

FANS

Regression Analysis performed using' MINITAB' (c) statistics package

TESTING NULL HYPOTHESIS THAT THERE IS NO RELATIONSHIP BETV/EEN

THE TWO VARIABLES.

If P : < 0.05 null hypothesis is REIECTED and it is accepted that there is a relationship

between the two variables tested.

If P : > 0.05 null hypothesis is RETAINED and it is accepted that there is no relationship

between the two variables tested

N.B. The piedmont landforms associated with Aliena and Edeowie creeks are regarded as

exceptional (see Chapter Five). They are not included in the observations tested. Nor is

the'minor alluvial fan', which appears to be associated with Walkandi tributary drainage

system (I4 in Figure 3.20), included. Walkandi tributary once flowed westward across

the pediment surface and deposited an alluvial fan (Figure 4.10). However, on emerging

from the upland, the present stream flows southwest to join Walkandi Creek. The minor

alluvial fan is disconnected from its drainage basin. Therefore, the characteristics of the

piedmont form are related to an older, smaller catchment.



APPENDIX II

PEDIMENTS

OBSERVATIONS (Figure 3.20, Table 3.1)
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MAJOR ALLUVIAL FANS

OBSERVATIONS (see Figure 4.3, Table 4.1)
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MINOR ALLUVIAL FANS

OBSERVATIONS (Figure 3.20, Table 4.4)
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APPENDIX II

c'6 C7

1
,2

3

4
5

6

1.5
i.9
1.8
7.7
2,7
')?

9.13
3.41
4 .67
5.04

2 ,94

517
3e1
450
504
408
534

C+

0,17609i
0.218?54
0 ,25527 3

0 . 23 0449
0,322279
0.36r128

0.9ti04?i
0.532754
0.663701
0.702437
0.574031
0..i68347

2.0
a) ')

3.8
2,8
2.3

-.1,b
o.a

,).4
O/1

i.6

'MINORFAN'
I (5) Five Mile
2 (7) Barregowa South
3 (8) Tea Cosy
4 (10) Bathtub
5 (13) Bundulla
6 (17) Ilina North

COLUMNS
c1 (FS)
c2 (BA)
C3 BH
C4 FS
C5 BA
C6 BL
C7 FL

Fan Slope
Basin Area
Basin High Point
logten(FS)
logten(BA)
Basin Length
Fan Length

LIST OF REGRESSION ANALYSES & TEST RESULTS FOR 'MINORFAN'

Null hypothesis REIECTED
Null hypothesis REIECTED
Null hypothesis REIECTED
Null hypothesis RETAINED
Null hypothesis REIECTED
Null hypothesis REIECTED

I
2
3
4
5
6

BL on BA
FL on BA
FL on BL
FL on BH
FL on FS
BA on FS

c6 on c5
c7 on c5
c7 onc6
c7 onc3
c7 onc4
c5 on c4



l',fTB > plot c6 c5

c6

3.50+

Predictor
Constant
C5

0.60

*

0.70

*

*

3 .00+

2 ,50+

2.O0+

*

*

*
+---------+---------+---------+---------+--------c5

MTB >

MTB ) regr c6 1 c5

The regression equation is
c6 = o,627 + 3.65 C5

0.50

Stdev
0.8052

1 .203

t-ratio
0.78
3.03

0.80

62 .7%

0.90

p
.0386

s = 0.4687 R-sq

Analysis of Variance

SOURCE
Regression
Error
Total

MTB >

MTB >

MTB >

MTB >

69.7% R-sq( adj )

DF
1

4
5

SS
2 . O2r5
0.8785
2.9000

MS
2 .0215
0.2196

F
9, 205



MTB > plot c7 c5

3.60+

c7

0.50

MTB >

I'ÍTB > regr c7 1 c5

The regression equation is
C7 = 0,291 + 3,76 Cb

*

3 .00+

2 .40+

1 .80+

**

**

+---------+---------+---------+---------+--------c5

*

Predictor
Constant
c5

Coe f
0 . 2913
3.7553

0.60

SS
2.1413
0.5520
2.6933

Stdev
0.6382
0.9533

0.70

MS
2.1413
0.1380

t-ratio
0,46
3.94

0.80

74.4%

0.90

p
.0170

s = 0.3715 R-sq

Analysis of Variance

SOURCE
Regress ion
Error
Total

MTB >

MTB >

MTB >

MTB >

79,5% R-sq( adj )

DF
1

4
5

F
15.51



l"lTB > pJ-ot c7 c6

3.60+

C7

1

MTB >

MTB ) regr c7 1 c6

The regression equation is
c7 -- 0,25L + 0.828 C6

*

**

3 .00+

**2 ,40+

80+

*

Pred ictor
Constant
c6

Coef
0,2506
o ,827 6'

Stdev
0.7603
0,2469

t-rat io
0.33
3.35

s = 0,4205 R-sq =

Ana.l-]¡sis of Variance

SOURCE
Regression
Error
To taI

MTB >

MTB >

MTB >

MTB >

73,7% R-sq( adj ) = 67 ,2%

DF
1

4
5

MS
1.9862
0.1768

F
71,23

p
.0285



MTB > plot c7 c3

3.60+

C7

*

**

3.00+

2.40+ * x

1 .80+

,(

--+---------+---------+---------+---------+---------+----c3
400 42õ 450 47 5 500 525

MTB >

MTB > regr c7 1 c3

The regression equation is
C7 = 2.19 + 0.00116 C3

Predictor
Constant
c3

s = 0.8171

Coe f
2.190

0.001160

Stdev
2 ,952

0.006263

R-sq = Q. g2

t- rat io
0,74
0.19

R-sq(ad.j ) 0 ,0%

l"lS
0 , 0229
0.6676

Analysis of Variance

SOURCE
Regress ion
Erro r
Total

MTB >

MTB >

MTB >

MTB >

DF
1

4
5

SS
0,0229
2 .67 05
2.6933

F
.0376

p
.8557



MTB > plot c7 c4

3.60+ *

c7

3.00+

*2 .40+

1.80+

*

+
0.175 0.210 0,245

*

*

*<

MTB >

MTB > regr c7 1 c4

The regression equation is
c7 -- 5.60 - 10.6 C4

Pred ictor
Constant
C4

Coef
5.6005

-10.589

Stdev
0.4668

1.683

t-rat io
12 .00
-6.29

s = 0.2486

Analysis of Variance

SOURCE
Regression
Erro r
Total

MTB >

MTB >

MTB >

MTB >

R- sq 90,8% R-sq(adj) = 88,5%

DF
I
4
5

SS
2,4462
o ,247 2
2.6933

MS
2 ,4462
0.0618

F
39.58

p
.0033



MTB > plot c5 c4

*

0.90+

c5

0.45+

0.75+

0.60+

*
*

*
*

+ + +

*

+c4
0.1?5 0.210

MTB >

I,ITB > regr c5 7 c4

The regression equation is
C5 = 1.3I - 2.43 C4

0.280 0,315 0.350

t-ratio
9,27

-4.78

R-sq(adi ) = 81',4%

0.245

Stdev
0.1413
0.5094

Predictor
Constant
C4

s = 0.07524

Analysis of

SOURCE
Regressi-on
Erro r
Total-

MTB >

MTB >

MTB >

I'ÍTB >

Coe f
1 .3092

-2 ,4337

R-sq = 85,I%

Variance

DF
1

4
5

SS
o , 12920
o.02264
0.15184

MS
0.12920
0,00566

F
22.82

p
.0088



APPENDIX III

SHALLOW SEISMIC REFRACTION SURVEY: HAYWARD PEDIMENT



APPENDD( Itr

SHALLOW SEIS]\{IC REFRACTION SURVEY: HAYWARD PEDIMENT

29-30 April, 1994.

Team led by Dr. R. Hillis* and M. Rutty (Flinders University of South Australia) assisted

by S. Squirex and J. A. Bourne*.

*(Department of Geology & Geophysics, University of Adelaide)

EQUIPMENT

24 geophones, 23 metre line, outtake cable connected to seismograph (Bison Digital

Instantaneous Floating Point Signal Stacking Seismograph) and computer, hammer and

plate.

Equipment on loan, by kind permission of Professor S. A. Greenhalgh, Earth Sciences

Department, Flinders University of South Australia.

Grid references: l:50,000 Topographic Series, map sheet 6635-3 Oraparínna, Department

of Environment and Natural Resources, South Australia.



APPENDIX III

TEST SITE: G.R. TL651333, slope 6', bearing 230".

Line 30 metres in from stream line and section exposed in bank (Figure 3.11a). Alluvial

gravels, including sandstone, quartzite, limestone, I-2.5 metres over steeply dþing

(50"SD, Billy Creek Formation red-brown, micaceous sandstones and shales.

METHOD

Shots from either end and centre of geophone spread. Offset shots at 12 and 24 metres

(too much additional noise with latter) at either end for conltrmation re refractive layers.

ILLUSTRATION

Series of computer print-outs for test site on following pages:

2000.su Test shot. Station 0.

2001.su Test shot. Station 0.

2002.su Stacking Test. Station 0.

2003.su Downslope shot. Station 25.

2004.su Stack of above. Station 25.

2005.su Single blow. Station 25.

2006.su Single blow. Station 25.

2007.su Midspread. Station 12.5.

2010.su 12 metres offset from Stn 1. Station -11.

201l.su 12 metres offset from Stn 24. Station 36.

(2008.su & 2009.su) 24 metres offset shots from either end of spread. No record.

RESULTS

Allowance made for dip of layer in relation to surface, i.e. thins downslope in

southwesterly direction. Two velocities: V1 450 ms-1, 2.5-1.6 metres atluvial gravels; V2

2280 ms-l, bedrock.
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PEDIMENT RUN L: G.R. TL649337, slope 0.5"-1', bearing 135'.

Line located on southern side of pediment, about 60 metres north of unnamed creek cut in

weathered Cambrian red-brown shales beneath alluvial gravels which mask slopes and the

alluvium-bedrock contact.

METHOD

24 gæphones, 1 metre spread. Shots either end, centre, 12 metre offsets at either end.

Tried 24,36 and 48 metre offsets at NW end. No additional information received. Three

metre spread (69 metres) with long (30 metres) offset test at NW end. Virtually joined by

Pediment Run 4.

RESULTS & INTERPRETATION

Two velocities: V1 590 ñS-1, 1.8 metres alluvial gravels; V2 1100 ffis-l, 6.5

metres*(assuming V3 3000 ms-l) Q)weathered bedrock.

PEDIMENT RUN 2: G.R. TL645342, slope 0"-0.5o, bearing 135".

Line located on northern side of pediment, about 100 metres south of Hayward Creek,

where Cambrian red-brown arkosic sandstone outcrops in channel beneath alluvial gravels.

METHOD

24 geophones, I and 3 metre spreads. Shots either end, centre and offsets at 15 and 30

metres.

RESULTS & INTERPRETATION

Three velocities: Vl 400 ffis-l, 1.7 metres alluvial gravels; V2 1000 mS-l, 12.6 metres

(?)weathered bedrock; V3 2300 ms-l, bedrock.



APPENDIX III

PEDIMENT RfII\ 3: G.R. TL647338, slope 1', bearing 135'

Line located midway between and in line with Pediment Runs 2 and 3, centre of pediment

remnant surface. Alluvial gravels but no outcrop.

METHOD

As for Pediment Run 2

RESULTS & INTERPRETATION

Three velocities: Vl 400 flS-l, 1.6 metres alluvial gravels; V2 1350 ms-1, 6.3 metres

1(?)weathered bedrock; V3 3000 ms- , bedrock

PEDIMENT RIJN 4: G.R. TL648338, slope 0o, bearing 135".

Line from SE end of Pediment Run 3 to NW end of Pediment Run 1

METHOD

As for Pediment Run 2. Extra offset shots within 100 metres at NW end, checked by

reverse offset at SE end.

RESULTS & INTERPRETATION

Two velocities: Vl 440 ms-l, 1.3 metres alluvial gravels; V2 1300 ms-l, (?)weathered

bedrock.
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PEDIMENT RIJN 5: G.R. TL647338, slope 3" , banng225"

Line normal to line of Pediment Run 3 and lengthways at pediment centre

METHOD

As for Pediment Run 2, but only 15 metre offset shots taken

RESULTS & INTERPRETATION

Three velocities: Vl 390 ffiS-l, 1.3 metres alluvial gravels; V2 1400 ßs-1, 10 metres

(?)weathered bedrock; V3 3000 ûS-1, bedrock.
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APPENDIX TV

RAINFALL EVENTS IN TIIE F'LINDERS RANGES REGION

A. GENERAL STATEMENT

The Flinders Ranges occurs in the arid to semi-arid interior of South Australia, yet the

assemblage of landforms in the western piedmont zone is clearly related to stream activity,

past and present. Reports from other arid regions (e.9. Shreve, 1934; Thornthwaite, L937;

Sharon, f972; Osborn & Laursen, 1973) indicate that severe rainsto¡ms are most effective

in flushing loose debris from the catchment into the piedmont zone where alluvial fans are

deposited (Beaty, 1963; Rachocki & Church, 1990). If, on the other hand, sediment

supply is limited, and the detritus coarse, streams in flood erode pediments in bedrock

(Johnson, r932b; osborn & du Toit, 1991; Twidale, 1983a, 1987) or fanheads are

entrenched (Denny, 1967; Bull, 1964b; Beaty, 1974). Parameters for precipitation,

together with any stream gauging figures, are pertinent to this study of pediments and

alluvial fans.

B. RAINFALL RECORDS FOR THE FLINDERS RANGES REGION

The rain-gauge network in the Flinders Ranges region, as in other parts of Australia,

records point rainfall events only, and there a¡e no rainfall intensity values, because gauges

are checked only daily. Records have been kept for less than forty years at three synoptic

weather stations, viz. Port Augusta at the head of Spencer Gulf, Hawker and Arka¡oola

within the upland (Figure AIV.l). However, many pastoral stations and smaller

communities have undertaken weather recording from time to time, so that other records for

varying periods are available throughout the a¡ea.



Lake

Frome

J

d

Lake

Torrens

A KAROO
A

11(_
zú
í1u(,

o

4HAWKER
ò

o Narcoona

( . ouo'.n

PORT AUGUSTA

ÐÀ
àon

Ct)

SCALEok* 100

Figure AIV.1 Location of synoptic weather stations and selected rain gauge stations in the

Flinders Ranges region.



APPENDIX IV

Mean annual rainfall for the Flinders Ranges is 250mm to 350mm and for the Torrens

Plain, 150mm to 250mm (Laut et aI., 1977). In particular, readings for Port Augusta

average 238mm, Hawker 352mm and Arkaroola 238mm. An attempt was made to

establish the occur¡ence and frequency of storms in the Flinders Ranges region using the

limited data available from the synoptic stations for 1978-1992 (Table AIV.l). It was

assumed that days when rainfall exceeds 50mm indicates storms rather than light, steady

rain (Bureau of Meteorology, J. Dickens, pers. comm. , 1994). On this basis ten storms

were identified over a fourteen year period, and none of them affected the whole region.

They were significant events, because in one day about one fifth, or more, of the mean

annual rainfall was recorded. Most of the rainfall events listed occurred during the

summer months, when thunderstorm activity is known to occur.

Consideration of available rainfall data from selected rain gauge stations within and adjacent

to the study area suggest that simila¡ extreme rainfall events have occurred. Three pairs of

rain gauge stations were chosen. Each pair includes one from the upland and the other

from the piedmont zorre, and both stations occur on approximately the same latitude (Figure

AIV.1; Table AIV.2). Their records indicate that there are months and even years when

little or no precipitation is received. In some years rain falls mostly during the winter and

severe storms occur occasionally.

C. STREAM DISCHARGE RECORDS

The South Australian Engineering & Water Supply Deparment programme for measuring

stream discharge in the Flinders Ranges does not include any of the streams of the study

area. A stream gauge on the Kanyaka Creek at Old Kanyaka south of Hawker, however,

confirms that maximum discharge corresponds to most of the signihcant rainfall events

recorded at Hawker (see Table AIV.3).



Table AIV.l Occurrence and frequency of storms in the Flinders Ranges region.

EIGEEST DAILY RAINFAIJL (>50 nn/day) FoR SyNopIrc STATIoNS

PORT AUGUSTA BAWKER ARXÀROOI,A

32032 's 137047,8 31053's 139o25'F; 30019,s 139020,8

DATE R^AINFAI,L DÀY* RÀINFAI,L DAI* R¡,INFAI¡L DAY*

07-09-7 I 5.6

17-O]--'79 <15.4

2l-o2-79 <26.4

28-09-79 <30. 6

22-O4-80 <L4.2

28-01-81 t7.6

14-01-84 <9.0

14-03-89 #50.4

01-03-92 #90.8

o6-IO-92 <15. 6

20

23

27

23

26

I

<15.0

8.0

<28. 0

<2t.6

#60.8

#s9. o

<4.O

#t73.O

18. I

#s3.8

22 #s4.o

#50.2

23 #113.0

27 #s6 -o

<36.4

<13.4

26 #t82.O

I

23

29

0

<5. 8

# denotes daily rainfall in excess of 50 mm: probable thunderstorm
DAY* recorded daily maximum for the month (for a different day)

SOuTce: NATIONAT. CLIMÀTE CENTRE. BUREAU oF METEoRoLoGY



Table AIV.2 Rain gauge stations within and adjacent to the study area.

EIGEEST DAILY RAINFALL EACE MONTE OF YEAR FOR SELECTED SÎATIONS

ÎORRENS PLÀIN ELINDERS RA. TOR.RTNS PLATN F'LINDERS RÃ.

MO DAY YEAR R/F DAY YEAR R/F MO DAY YEAR R/F DAY YEAR R/F

PAAÀCEIÍ,Ti¡A P O

( 1930-1e80 )
Lat. 31 o 08's
Long. 138 o 24 'E

ANGORICEINA
( 1866-1977 )

Lat.31o08'S
Long.138o34'E

FLTNDERS RA.

QUORN
( 1883-1972 )
Lal-.32 o 19 'S
Long.138"15'E

EDEOWIE
( 1884-1e66 )
Lat.31o27'S
Long.138o27'E,

193 7
19 s0
19 10
t92t
1889
1957
19]-7
1886
19 64
19 08
1920
19 14

WII.PENA STN.
( 1903-198s )
Lat.31o31's
Long.138o37'E

17 \946
2s ]'939
17 19s0
29 1954
29 ]-92t
29 t939
12 t969
t9 t979
16 1975
13 1976
12 1920
23 79]-4

J3
F2
M]-7
A19
r'4 t4
J20
J11
A18
S8
o7
N29
Dt2

]-94t
19s0
19 50
19 68
t9'14
1957
19 69
t9?9
19 49
1975
1937
tg'ts

693
1143

841
335
582
483
267
238
279
3s6
516
574

4 1968
2 1950

17 19s0
13 1976
9 t974

20 t957
16 t973
24 1938
19 1946
8 197s

29 1958
13 197s

572
I27 5

739
558
490
493
292
302
267
470
318

106s

J19
F2
M6
A7
M2
J19
J18
À18
s27
o16
Nt2
D23

813
762
594
457
533
668
234
305
442
335
940
808

848
1 143
1011

457
940

r372
813
572
762
546

]-257
11 18

TORRENS PLAIN

NARCOONA
(L940-197 4l
Lat. 32 o 13 'S
Long. 137 o L4'E

¡.ro DÀY yEAR R/F DAY YEAR R/F

J 31
F18
M2
AT4
M10
J8
J24
À27
S7
ot4
N11
D1

r97 4
L946
194 1

19 s4
19s6
t97t
t949
t97 3
19 60
19s6
197 0
19 66

s30
737
338
4L4
396
292
206
292
284
330
173
s18

19 1937
18 1946
L I92I

r7 l9'Ìr
12 1884
13 1898
s 1968

30 1910
19 191s
23 1938
t2 1920
16 1923

66s
983

]-32t
432
s49
533
376
462
318
460
s11
480

SOuTce: NATIONAL CLTMÀTE CENTRE. BUREAU OF METEOROLOGY.



Table AIV.3 Stream gauge records for Kanyaka Creek compared with rainfall records at

Hawker.

STREAM GAUGE RECORDS

509503 KÀ¡tyAXA CREEK at Old Kanyaka Lat.32o05' Long.138o17' (1977-1990)
Catchment: 180 km2

YEAR ANNUAL

MEAN

ANNUAL

TOTAL

1 5ó .90

696.10

92.54

127.70

58.?6
1472.00

98.95

102.10

106.70

227.50

75.71

4589.00

DAI LY

I'IAX

28.2?
577.70

3.40
36.76

0. ó3

700. ó0

?1.57
28.38
13.12

1 07.50

8.90
3898. 00

DAILY

M I N REi.IARKS

1977

1978

1979

1 980

1 981

1982

1 983

1984

1 985

1 98ó

1987

1 988

1989

1990

0 .43

1.91

0.25
0.35
0.1ó
4.04
0.27
0 .28

0.29
0.62
o.21

1?.57

0 .00

0.00
0. 00

0.00
0.00

0. 00

0. 00

0. 00

0.00
0.00
0.00
0.00

Record began Sept ,l9,

late Nov max 2850

earty Jul 66.1/156.9+nax¡
tate Dec 581.8,/ó9ó. 1+max;

late Jan max;

ear Iy Apr 733.7 / 1472+nax;

28 Feb max,'

mid I'lar 4171 /4589+nax;
Record ceased 27 Aug

DRY I'IONTHS

mid Jan- [ate I'lar

Jan- tate Feb

míd Jan-mid Apr',mid Nov-Dec

Feb-mid May,Nov-Dec

Jan-tate May,Nov-Dec

J an- I'la r
mid Jan-mid May,mid Nov-Dec

Jan- [ate May

Jan-Apr, Dec

Jan-?7 Feb,Nov-Dec

Jan-Apr, Oct - Dec

Jan- Feb, I ate Dec

Jan-29 Apr;

28 November
27 June
22 April
28 January
4 ApriL

28 February
14 March

Stream discharge volume in megalitres.
Source: Engineering & Water Supply Department, South Australia

MAXIMT'M STRAA¡'I DISCEARGES COMPARED I'¡ITE RÀINFAI.L R.ECORI)

509503 KÀIÍYAKA CREEK
I{AX. STREAM DISCEARGE
DAv/MOrflrE YEAR

late November
early JuIy
,tmin. discharge
late January
early April
28 February
mid March

1977
19 ?8
1980
198 1
1983
1987
1989

85. I
29.O
60. I
59. O

38.8
42.O

173.0

EAVTKER P o Lat.31o53'S Long.138o25'E (1966-19921
RAINFAI,I, RECORDS

MOIflTE MONTELY EIGEEST DATE
TOIAI. mñ DAILY nn

November 103.6
June 95.2
April 106.6
January 85.4
April 61.8
February 44.8
March 236.0
N.B. No other rainfall events when
>44.8mm fell on one day recorded at
Hawker

Source: NATIONAL CLIMATE CENTRE. BUREAU OF METEOROLOGY.
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D. DISCUSSION

A two to three day cycle of easterly moving high and low pressure systems is typical of the

weather patterns affecting southern Australia. During the winter months and associated

with the eastward moving low-pressure systems, strong cold front activity resulting in

thunderstorms extends northwards into the study area from the southern settled districts of

South Australia. During the summer months warm to hot conditions prevail when high

pressure systems situated south of the Great Australian Bight direct a southeasterly air flow

over the state. Little or no rain falls as a result of frontal activity. However, severe

thunderstorms lasting from a few minutes to several days occur during the summer and

autumn months in the Flinde¡s Ranges, when moist tropical air streams into South Australia

from the north and 'hooks up' with cold fronts associated with the prevailing westerlies.

They may be isolated convective cells, or numerous convective cells embedded in larger

storm systems. The thunderstorms are of convectional origin, but their development is

enhanced by the orographic effect of the precipitous western sca¡p of the Flinders Ranges

(Bureau of Meteorology, 1991).

The smallest thunderstorms for the Flinders Ranges are likely to be only 5-10 kilometres

across (J.Dickens, Bureau of Meteorology, pers comm. , 1994) and therefore may go

undetected by the rain-gauge network. The few severe short-duration rainstorms that have

been well-documented in Australia indicate that the rainfall potential here is similar to that

of the United States of America, which has a much larger data base. Using 'adjusted

United States data' estimations are made for PMP, i.e. probable maximum precipitation,

for areas of 1000 square kilometres and durations of threæ hours in inland and southern

Australia. Design Rainfatl Isopleth mapping indicates that in the study area thunderstorms

with an intensity of 18mm per hour will occur once every two years and those with an

intensity of 50mm per hour will occur only once in fifty years (Institution of Engineers,

1987).
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Most of the catchments of the V/yacca-Emeroo region are of similar dimensions to the

typical size and shape of storm ceils for the study area. Therefore, it is impossible for one

storm cell to be restricted to one catchment and have only local effects. Further nofih,

however, streams like the Parachilna, Brachina and Bunyeroo, drain areas of more than 250

square kilometres and thunderstorm activity could be entirely contained within their

boundaries and cause unique morphological effects.
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BOLILDER MEASIJREMENTS: MAIOR ALLWIAL FANS, \ryYACCA-EMEROO

REGION

Field work 23-28 February &.24 Jlly 1992

METHOD:

Series of boulder measurements taken in the Wyacca-Emeroo piedmont using station tracks

to make several radial crossings.

Every 300 metres and 10 metres from the track, the largest rock lying on the surface within

a 3 metre square was measured.

Three axial measurements, rock type, degree of roundness and setting were recorded.

See also Figure a.fi @) Boulder measurement ('b' axis) graphed against distance from

fanhead (kns), and (b) location map of boulder measurement sites.



BO-1 WILKATANA NORTH: E-V/ RADIUS

SITE BOI]LDER AXES SHAPE
ABC

ROCK TYPESETTING

APPEI\DD( V

FAN
SLOPE

1

1

2

3*

4

5

6

7

8

9

10

10

11

t2

13

14

15

r6

17

18

T9

20

110

r250

t20

190

600

190

510

220

2t0

220

160

440

200

440

65

370

t40

120

90

r20

160

80

500

110

170

240

170

220

180

160

180

90

430

90

430

60

230

90

80

80

70

140

70

320

60

90

220

140

140

r20

100

90

70

240

80

240

55

190

80

60

80

70

t20

sub-angular

sub-rounded

sub-rounded

sub-angular

sub-rounded

sub-angular

sub-angular

sub-angular

sub-angular

angular

sub-angular

rounded

angular

sub-rounded

sub-rounded

rounded

rounded

sub-angular

rounded

rounded

sub-rounded

sandstone

quartzite

sandstone

sandstone

quartzite

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

quartzite

sandstone

quartzite

quartzite

quartzite

sandstone

sandstone

quartzite

sandstone

sandstone

general scatter

bar and terrace

gilgai

gilgai

scatter*one bo.

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

) soil, (rock

gilgai: pebbles

gilgai: cobbles

gilgai

gilgai, no topsoil

mostly soil

thin scatter

thin scatter

thin scatter

patch, gullies/dam

no rock

rF Soil sample 965{1 (see Appendix VI: XRD results and sediment analysis)



BO-2 DEPOT CREEK: E-W RADIUS

SITE BOIJLDER AXES SHAPE
ABC

ROCK TYPESETTING

APPENDX V

FAN
SLOPE

1.50

2"

1

<1"

1

2

3

4

5

6

7'r

8

9

10

11

T2

t3

t4

15

16

17

18

19

20

180

180

r20

130

360

290

300

240

200

t40

220

330

180

120

160

130

100

90

t20

140

80

120

270

r20

230

180

110

100

130

250

160

r20

110

90

80

80

90

80

60

100

220

100

200

170

100

80

110

230

100

60

100

70

70

65

???

angular

angular

sub-angular

sub-angular

sub-rounded

sub-angular

sub-rounded

sub-angular

sub-rounded

sub-angular

sub-angular

sub-rounded

sub-rounded

sub-angular

rounded

sub-rounded

sub-rounded

sub-rounded

sandstone

sandstone

sandstone

quartzite

sandstone

quartzite

limestone

quartzite

sandstone

quartzite

quartzite

limestone

sandstone

sandstone

limestone

quartzite

sandstone

quartzite

scatter

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

no rock

rock fill at gate

* Soil sample 965-59 (see Appendix VI: XRD results and sediment analysis)



BO-3 DRY SOUTH CREEK: ESE-WN\il RADIUS

SITE BOULDER AXES SHAPE
ABC

ROCK TYPESETTING

APPENDD( V

FAN
SLOPE

201

2

3

4*

5

6

7

8

9

10r*

11

t2

13

1,4

15

460

460

150

2t0

110

130

r40

90

100

80

70

r60

130

170

290

330

350

100

120

80

110

110

60

70

70

60

110

90

90

160

280

240

70

110

80

100

100

60

50

60

50

100

80

90

140

sub-rounded

sub-angular

sub-angular

sub-angular

sub-rounded

sub-rounded

sub-rounded

sub-angular

sub-angular

rounded

sub-rounded

sub-rounded

sub-rounded

sub-angular

sub-angular

sandstone

sandstone

siltstone

siltstone

quartzite

sandstone

sandstone

sandstone

sandstone

siltstone

sandstone

sandstone

sandstone

sandstone

sandstone

bar and terrace

ba¡ and terrace

scatter, low bars

scatter, low bars

scatter, low bars

bar and terrace

gilgai

gilgai

scatter

gilgai

gilgai

gilgai

scatter

gilgai

gilgai

*

,F ¡F

Soil sample 965-56 (see Appendix VI: XRD results and sediment analysis)

Soil sample 965-55 (see Appendix VI: XRD results and sediment analysis)



BO-4 SOUTH CREEK: ENE-WSW RADIUS

SITE BOI]LDER AXF,S SHAPE
ABC

ROCK TYPESETTING

APPENDD( V

FAN
SLOPE

20

0.5'

1

2

3

4

5

6

7

8*

9

10

1l

T2

13

14**

15

16

t7

18

,k*

130

450

250

t70

290

180

170

400

340

400

70

400

460

60

330

90

100

100

90

350

190

130

2r0

100

r40

350

320

350

50

340

290

50

220

75

70

70

70

300

180

130

130

70

100

320

220

230

25

230

230

50

200

45

40

50

sub-rounded

rounded

sub-rounded

sub-rounded

sub-rounded

sub-rounded

sub-rounded

rounded

sub-rounded

sub-rounded

sub-rounded

sub-rounded

sub-rounded

sub-rounded

sub-rounded

sub-rounded

sub-angular

sub-angular

quartzite

quartzite

sandstone

sandstone

quartzite

sandstone

quartzite

sandstone

quartzite

limestone

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

general cover

bar and terrace

scatter

scatter

scatter

gilgai

gilgai

gilgai

gilgai

bar and tenace

scatter

ba¡ and terrace

bar and terrace

general cover

scatter

bar and terrace

bar and terrace

very few

,1. Soil sample 965-53 (see Appendix VI: XRD results and sediment analysis)

Soil sample 965-54 (see Appendix VI: XRD results and sediment analysis)



BO-5 DEEP CREEK: SE-NW RADIUS

SITE BOIJLDER AXES SHAPE
ABC

ROCK TYPESETTING

APPENDD( V

FAN
SLOPE

2"

10

< 10

I

2

3*

4

5

6

7

8

9

10

11

t2

13

r70

220

140

130

180

160

180

160

190

120

180

180

150

130

70

70

130

100

100

150

t20

80

100

160

80

80

60

50

80

90

90

110

80

60

70

110

angular

angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-rounded

sandstone

sandstone

quartzite

quartzite

sandstone

sandstone

sandstone

sandstone

sa¡dstone

sandstone

sandstone

sandstone

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

gilgai

general cover

gilgai

general cover

very few

Soil sample 965-51 (see Appendix VI: XRD results and sediment analysis)



80-6 DEEP CREEK: NE-SV/ RADIUS

SITE BOI.]LDER AXES SHAPE
ABC

ROCK TYPESETTING

APPENDX V

FAN
SLOPE

2"1

2

3

4

5

6*

7

8

9

10

l1

T2

13

l4

130

r20

260

470

360

250

180

190

130

180

90

260

t70

110

90

90

140

340

220

140

130

150

90

150

85

t40

1s0

75

60

80

70

290

210

t0

100

130

50

r20

40

140

110

70

sub-rounded

sub-rounded

angular

angular

sub-rounded

angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

sub-angular

angular

sandstone

sandstone

sandstone

quartzite

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

sandstone

quartzite

limestone

quartzite

general cover

general cover

bar and terrace

bar and terrace

bar and terrace

bar a¡d terrace

bar and teûace

bar and terrace

ba¡ and terrace

bar and terrace

general cover

bar and terrace

bar and te¡race

general cover

Soil sample 965-52 (see Appendix VI: XRD results and sediment analysis )
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X.RAY DIFFRACTION ANALYSIS OF SOIL SAMPLES: MAJOR ALLUVIAL

FANS, WYACCA-EMEROO REGTON



APPENDX VI

X.RAY DIFTRACTION ANALYSß OF SOIL SAMPLES: MÀIOR ALLWIAL

FANS, \ryYACCA-EMEROO REGTON

Mr J. Stanley, Department of Geology & Geophysics, University of Adelaide, undertook

the X-Ray Diffraction analyses and also demonstrated how to isolate the clay fraction from

each sample.

METHOD

Place soil sample in labelled container 6mm deep

Add dispersion solution (2.5m1 for 10g of sample)

Shake for 10 minutes in manual shaker

Pour mixture into 500m1 cylinder, add distilled water to fill container and mix thoroughly

I-rave to settle for 35 minutes

Pipette off the top 5cm without disturbing the mixture and return to washed (with distilled
water) labelled container

Wash pipette with distilled water between samples to avoid cross contamination.



APPENDIX VI

X.RAY DIFFRACTION ANALYSIS: BULK SOIL SAMPLES, MÀTOR ALLWIAL

FANS, WYACCA-EMEROO REGION
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APPENDIX VI

X-RAY DIFFRACTION ANALYSIS: CLAY FRACTION OF SOIL SAMPLLS,

MAIOR ALLIIVIAL FANS, WYACCA-EMEROO REGION





ld
.

hÞ

þ*
Þ

*
ål

-Þ
*'

! 
¡!

q5
'

I \=
: 

!

t.J Þ ¡i

LF t* tf t 
tl iL
:

-,
J

3

ts
4

a 
'=

.':
,

)<
) 
#

>
-



3+lJalrlú J a¡rv

¿alil'+
nal\w"/ +
jLtlq|il +

?*tnw¡ù+
Vt,t t:tt a4¿ I

-14tr:v) J n./

I i ! Ir i,-:

.. i ì. t

,/. :::, ;- ,;' " ,:: 
- i ti ì'1 ,' i .::'

iri:: 
"jl'':- 

l,,ìi!" i..: 1.-. --'j_-t:, l..¡r..i¡,.r ....j,:,.

i.. i:-ì i.' i.. i. ..' r.... .ì:-. :., ,t...

'...i ¡¡'i ll ,l .:f

j-. .. J r È À. ¿-...f .. ri ..... ..r
t./ r::. ¿..4:¡ ¡.i r.,r :j..¡ /::.. \.., i.-.

-:r.":.:..,-i ! ,. ..,j_, ": ; ,j 'ï
i:...i::i f i.-. iî -....t.t .r ::ì |

._ ! ,i_..."., r_-' .: ._1
': i¿r i. j :i j:i t,.j Ì::l jt. i::; !.

i i.....ì.,-. ì. .:1. !-.i li ¡i i.¡ j.

,--.,--.,: j_ . ¿ ,r.ì i._::.1 : i-r'i. '1:.. ':: ' .':'.:-..| ...'¿ i'l .:i- l.J l

I i i', ,::::, :r r. ¡ ljl i..¡ L..i i.

,i l-1 ,. ;- :i ,:: i ¡ ..".: :.; , ì
j .r ,- -: ; .L. - .r" i-. .:r 11 ¡,¡

.r-.i,- .:1, ! i. i ,.r i....

i. ).

t.t

t-:r

't:T

i-rìì:::: 1

,l

=. tU



Ë
* + rL
T

F {=
rl

\"
F

.

I Ía
J

fl

'F
- * !t 1Ï
!

¡Þ
&

å\
}

!.e Ê
:;

E
-¡

j

E
ltJ

Þ c
^ñ

Ë
tu

t
ñ

1È
É

'

I

ìñ

\



Itç - tzc-

_-!f.i .¡ _-it.ilr

tii

i -i.-

.i. .i. ,

:::,,:r

!: 'j 1-¡

.ìt.i; i

r !l !r ¡

ii-ii.i

-', .'L;

I I .J! ì

1...1¿_.].-.

,t

,n

-':

.r.LL! 
' 

I i

i.!;... .::

l. rL:,..'-l:: r,.r

1.-,i II

tLì--!il

'.t !.i t!

nJçc,oJ, tt
+ c4+1"trL14É

+ (ftouxJttÉ

+ Qwøry
+ F?uïy"4L
] c'+.tt++
4 +krt
fnltrt.ft tt+1 ?



q-t

?+(=

çft

! 
tÈ

¡

L3

! r"ÌE

:ft

d
æ

¡

{Y
4

,*=
 6 ¡F

F
-3

r-

4t

#

Õ
Ll}



l"rd4. 7+LÞa7v 5

a1r+ +
+t-ttUnþf

a+t|'nJ1vt', f
¿ nt4f tt ofl) +

'*taq+ùJ. !.1.! i" : .i" i

i ì :ir'

!:'.j

=t

r-' ì 'ia Ì i :j I i '.j Ì _: r i i ,ìl

; î5 ^ 5î¡



'yti5-5dl {tltr *k¡ flvil*{,üu¡n}
i"ü^ 1l

ts

t*

I

f,i

,i

.,, sü j {ì,, ü{} 'ü ff f\l\
,å,rJ' , ljij' *¡iþ,, {i'4} t:[i, {}#' l+i¡, {}*

J iï

f{\ ?

frt\

s.
q f,,l

i{

q

$. -,Í
.ïr
¡"¡

r{\

Íü,

0
t.l
L

ft



I.tWrc J+tt7"wJ
1yJsk41 +

aþrnil +
+)ila ob +

ct:l+ t
A-ItNnaþ)+

a+t 
^v?soul* ilntúy?

I ! 1+ ii.¡

l-i l. i_¡L-J

i..i i..ji:..ú

;..ì irr;... ¡

ii¡:i:,/1.!r

1-.r fl i..1 ::r I
,-ì ¡, i.,::..¡;

! | i i ¡ r i,j

/-.li¡1(j " i"

i_, L.J 
"-¡ 

! r:
.ì- t.il-'ì'I '-. l; ¡!.- i! i- ,i:

i:- L¡ (-r rl, J:.

r¡ j, r:l-. .:¡ ; .Ç

j'l l'i-',-1 l-r

,-._F? 1 n .I
i:, i... l l. !-.

t.J t-.,:- rl. i,¡.1

ür:lTi.:ì'r:iT

¡. r-' -i ! ' += -i'
(-¡ Ìl l. Lr ¡,r I

\-jUJ:.. i .¡-

í it ti ¡

¡ ¡î?i ¡ ¡ L.

..-..-::-r r j ,ir

,'..¡-!-:r..i..._:r

l_.rr_,r4:.¡ l. 'j..'

r...''? Li l./ I.

r..r {::¡ t:} !.-

I t.r .j !

i.{ i.

,¡-, I,

::t ¡
¡... 'i
i..i.

':.. ï'

L'.. ¡

l.i

':1.

È

':j' i. i- t- . .- ;'.. -::- ._. t"ì 
_t'

..:: 
..-1 j 

..i ' 
rj

iì¡l

i=r .i:..

,d,.

? lrí ''çrú



\,,ti.¡ llJlhtü ''þflffi{} 'ËtT;Ls,fj 'f, [í.rdl '{¡

{'{lir¡1:'.þ.llþ.!}-T# lÏpXn¡ SË*Ë9Ë

ü

h

s:t
[¡

üþ

'(l'[;

ü,il

t uilT

n\,J
) p

lrt
{r T:, þ

X
r
iJ

\^l

\n
J
ll¡

\^l

ü
,

4;

T: 
'[.

4iU

)
p

'f" .i:ÍTF'

{": rn

;t



'/ê> {

..i',..!

l] i:.f i i :,t1 .i_ 
',r.; i::j i:. ;..i .::, := .L = i_i

,'i ,,i i i'iï. :'.j: i-.: i::: :r:í- il. i'Ìi:: i. !:i'.1'i

¡.i

¡ lì

i.r'

orl"o rLt4r-

I K kouñt'tÉ

I rulî!,o,Jrrt-

t4¿*rtrY
Þ {ftt'u

1- f.rkt-ct fL

do l nfuft#- C.r,rt"l



t-
å

hÞ
+

!L
a

L.
i . Ê :fi ú; +
:

f. J¡

tl

#
E

T
h

L-
fr

L,
-

L-
¡

3

t4
F

?

(\

,Þ
,=

+

L

ts
*F

-



'Jolt l¿YJ-$)dJ 
- UJ 4l¡.na41t -tl aéþ1e fit:1q',1?

h*tc 1+Ura¿3 olrN

"1Vþ 
j1r+n +

,.n+y? -þ
z+t"tS,l/yr) +
+)^taf+

7t 11/ûln+
'tU l¡c,lJ¡,r,1

{-¡ :1¡ LJ j:-

i-J '5L 
I

¡ I L... .r

t-.; ::: t t.

;."!- +=- - ,:'1

.i j", .Li_. Í ¡_.

'::i ?./-- ?, -;r

t-..t t_.! t-t I !

i,_r t....1...; r_¡ t_

¡ I t..¡ ',.J '.,.¡

.::,. i::r :;l L.¡ i! ¡

..-.¡-.¡. ! _f /".

\-.',:::! ì. i::i ,i.,..

i-.r.i:y Ì::l l. r:..

lt!¡J t!.J

i-iil.!r i:r i
i-lr-ir-..i " i¡ -i'

i.. ì'

-i-. t.

ii
i. l

lli'

,:lii

ri.

li

I

.1.ì-i[i:i;rii-1 jii.-t'j,::Li.-¡i] l...1.ijii':.i..;i i,.i

,l'

'l

?15'5tþ



+
.¿ r> F |\å

P
F

LÞ
r 

it

Ê ;_ É
.È

:_
i ; J

r"
-Þ

a 
Ë

.!,

lÒ
 

LE
"

7 
--

ar

7
q:

¡

3
;-

^

* ¡_
-:

-¡ .; 'Ã 4:
J

^
F ï:*



nls - Ç';,-"

'l a :-j -i't'

a ,..., r t.l-¡_, j ¡,..,

'i :i: i_ \ .'l i::, ¿.

! .rt j, i {::!-:

'''! :: .i:- -a J I

.: r.-t- r ¡

':1 ":f l¡ ij r'_:

":r r'1 -:r r-n- ;:a

n\oçLôútlÉ
tKftoct*r t1É
*otfuorct +ê
+qúftrv'fz
+ fé4L$ftt¿z

în etntr r-u41

I 
:.-:

7



*?

Jr

*q5

=
4

d:üa t

*
"i:ai
¡F

i

I
.>L)

ha2

È

Z
=¡ì 

¡

É
{

¡¡ 
I

E

+
J

d
{=+

{
frt

#

ai4
tr 

¡
"¡}



l.r4.n Vþl+176r¡

7þtry1Ø+
na)JQ.tÐl

cnat+ *
<+ttvnþ)

y'LrnaoJ ow +
7l tr"natÐ/f

=11,¡1/ 01f{J

{,J I ¡:..

fi " L:,; i -i'

t'\â'11:',-i r..,r iii) 1..¡ i

l,/ J-. r:! t

i*r if ir l:¡ ¡.

.J_L_r.ü_ L,

¡.-, ¡ tn :: r¡ 
.Ì

:i l-. r-. I

\,J ¿.,, ¡- 1

f-r B ,-, -jr J -r 1-¡ trr i.,,i-- i.-..

r. r I ¡ -¡
.r:-.¡ þ ¡ .È.

'-.1 .t..'ì r .-.

tì{<. I ¡. ':

r-¡ i .:1..':. .L

i- ri. l*';;' " a-

¡'!.¡t rL

l ¡!. iJr-, ¿.

l'\-¡lJ.'- i

/:./::ii T " t'î
r'.., r-.' i.' ¡). :r i

.ir-,i:- l.' ¡ {:i i

i.1.i.!'j.t-. à r T

r_r ¡.- J... ! ," ' ¡ 1
r...' i¡' i,' .i:...;:..

r-1':' r-! r :; ':1

r_r ¡J rl-_ r .:..

r-tl¡? q _ r:'
r-¡i-r I ir1.

1-r i-¡ iÌ.. {..¡ i..¿

rr¡s.- /nr È r¡ lr

¡ t.r 1. .ti.r

L,/ / L¡ ¡. L..

ttìTJ li,¡

.r',.;r,i r ¿" -¡
i.j l-r Þ ¿¡ !

.._1 ìr,.-r f ì- 
.?

l-ì îv'; " i-ì 
'T

t-rL¿E ì

i..;'Í ,:i.. :iÌ

tr' i,

:ai
Li

,L- |

ir

1...¡ ¡.

¿.

.t"

.¡:.,

I

..i..|*li,j ï;ji'i ]j.-iH,;:il-:il r-i.¡,.;1i-ì.i.ir:, i"i

!.-¡ i = ì::;ì\i.::i;::j Í:i i. :ij: i"l,..ji::i

i". 'r

i:r ..¡:-

-7 g; s"2,ó



\¿
É

5

j.',ï R
l

Æ
,

çv

ra- 
G

-

È
\¿

I

é

r=
a

2=
 

¿

ç,-¡

"*,

É

qli
d

+
¡

ç4.¡

¿
-r

r{

fa
ritr



lis . sç:

':f ljì

,t .J'1 i.!, _: ,¡ ¡-_ - ¡-.:

(:l

jai-:l.i

:; ìr' 
.,¡ i. i_i

i i r- | i . i:

tll,to¡¿ ¡A
* Kfuou rl t¡t ?

.lru¡|ø fttL
+ qr+¿p

f'n e urtrê cuh



* Þ

E
t

Ë
lÞ

1}
+

iF
.

E
. + =

r

1-
é

(.
J þ+ +
-.

+
qi ¡:

t r-
å

;- _= ij L;

F 7

þ"
+

3

E
\}

ç- 7

Þ
E

\

=



ii ç ,.,re ¿

:.: .j , ;. ,;:: i ...: , ...1r':.,'-r, 'i:: i.;i::: i t::i , ,

i. ....j

:r r:i jl ._r

: r:i 'j ,i

:: i :: .i i ,

.i .:i. " 
,'j..- ' j

i .i .i..-1

,l i ! '- -l- -l- -i:.
¡ ,t i t. _:¡

1 *i., I ¡i

.: l- 1..' ';

: -;.ii, :f

:: ! ¡ t , i

i i i ti: ! i

thl to tt- t ¡L

| rura*

] Q,tnnra

*-fnu'
+teuù çf r+/L

N¿ ('ftot-tJ,lÉ?

Ç|ttÉcrttf c ur+-t



APPENDIX VI

X.RAY DITTRACTION ANALYSIS: CLAY FRACTION OF SOIL SAMPLES \ryITH

ETHYLENE GLYCOL, MAJOR ALLWTAL FANS, WYACCA-EMEROO REGTON
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Figure 1. I

Location map @ase map: Griffin & McCaskill, 1986, p.49)
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Figure 1.2

Tectonic geology map (after Griffin & McCaskill, 1986, p.47) Inset map A: Lineaments

and three major gravity corrido¡s (G-) affect the Adelaide Geosyncline (after O'Driscoll,

1983, p.7). Inset map B: Structural regions of South Australia (after Preiss, 1987).
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Figure 1.3

All earthquake epicentres recorded 1883-1992 in the I¿ke Torrens region (Geophysics

Branch, Department of Mines and Energy, South Australia).
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Figure 1.4

Geologically logged bore locations, seismic survey lines, major faults and generalised

geology in and adjacent to the study area

(a) Parachilna.Edeowie region (after Dalgarno & Johnson, 1966; Cocksheil, 1983;

Hydrology Section, Department of Mines and Energy, South Australia)

(b) V/yacca-Emeroo region (after Dalgarno et al., 1968;

Department of Mines and Energy, South Australia).

Hydrology Section,
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Figure 1.5

View north from Stokes Hill Lookout of summit surface, central Flinders Ranges.

Resistant ridges and knolls, for example Patawarta Hitl (left sþline), stand above the high

plains.





Figure 1.6

Short, en echelon faults indicate possible thrusting and rotational movements:

(a) Parachilna-Edeowie region: between Parachilna and Brachina creeks (after Dalgarno

& Johnson, 1966; Anonymous, 1982)

O) Parachilna-Edeowie region: between Brachina and Edeowie creeks (after Dalgarno

& Johnson, 1966; Anonymous, 1982)

(c) Wyacca-Emeroo region (after Dalgarno et al., 1968; V/illiams, 1973; Preiss &

Faulkner, 1984; Sukanta, 1987).
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Figure 1.7

Thrust fault, \ù/ilkatana North Creek (see also Figure 1.5c) described by Williams (1973)

(a) general view

(b) detail, 53mm camera lens cap for scale.





Figure 1.8

Geological sections

(a) Parachilna-Edeowie region: A - B l¿ke Torrens to mouth of Parachilna Gorge (after

Dalgarno & Johnson, 1966; Johns, 1968a; Anonymous, 1982; Vakil, 1983) and C - D Lake

Torrens to mouth of Brachina Gorge (after Dalgarno & Johnson, 1966; Johns, 1968a;

Anonymous, 1982; Cockshell, 1983)

LEGEND

Quaternary lake bed dePosits

Quaternary alluvial fan deposits

?Miocene

Eocene

Cambrian

Proterozoic

(b) Wyacca-Emeroo region: E - F Torrens Basin west of Wyacca Range (after Johns ¿¡t

aI.,1964; Johns, 1968a; Dalgarno et a|.,1968)

Cainozoic

Cambrian

Upper Proterozoic

l.ower Proterozoic

(c) Location map for sections (after Coxhead, 1982).
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Figure 1.9

Borelogs of Cainozoic sediments, outer piedmont zone of Parachilna-Edeowie region. CO-

2 and CO-6 were drilled within 5 kms of the fanheads of Parachilna and Brachina-Bunyeroo

alluvial fans, respectively, CO-3 and CO-5 in the lower parts of the Brachina-Bunyeroo

Alluvial Fan, some 9 kms from the fanhead. CO-6 and CO-7 pass through ?Miocene

limestone. The Eocene woody coal fragments in CO-7 indicate that the floor of the sub-

basin is near (after Anonymous, 1982). See Figure 1.4 for location of bores.
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Figure l.l0

Streams incised in channel fill

(a) Brachina Creek has cut down through 6-8 metres of alluvium and to a similar depth

in bedrock.

O) River terraces of Hookina Creek. Upper (U) terraces stand some 10-15 metres

higher than the lower (L), which, in turn, are some 5 metres above the present stream bed.

(Drawn from Aerial Photography, Survey 2696110, 1981, Department of Environment and

Natural Resources, South Australia).
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Figure 1. 1l

I¿te Pleistocene high sea level events in South Australia, compared with (a) the sea level

record for Australia (Chappell & Shackleton, 1986), and (b) the benthic oxygen isotope

record from deep sea core V19-30 (Shackleton, 1986). (G) glacial maxima, (I-G)

interglacial. (after Drexel & Preiss, 1995, p.228)
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Figure 2.1

(a) Pediments eroded across steeply dipping quartzites, meet the backing upland in an

abrupt break of slope, made more angular by a scarp foot depression, which is marked by

vegetation, western Cape Fold Belt, southern Africa (C. R. Twidale).

(b) Remarkably smooth, gently sloping pediments in the eastern piedmont of the Front

Range, near Boulder, Colorado (C. R. Twidale).

(c) Pediment surface eroded in bedrock meets the sandstone upland in a narrow,

concave upwards, zone of curvature, or piedmont angle, in Monument Valley, Utah-

Arizona.
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Fígure 2.2

The abrupt hill-plain junction is not formed in bedrock and is, therefore, not a piedmont

angle: alluvial deposits bury the lower slopes at the base of the upland, Death Valley,

U.S.A. View across the fanhead trench eroded by Furnace Creek drainage diverted

through Gower Gulch. covered pediments (left middle ground) of Figure 2.6.

Figure 2.3

(a) Inselberg landscape in granitic gneiss, where the piedmont angle is a sharp break of

slope, or piedmont angle, in Namaqualand, southern Africa (C. R. Twidate).

(b) The piedmont angle develops as a result of moisture concentration, weathering and

erosion of the granitic bedrock at the foot of the scarp in Namibia, southern Africa.





Figure 2.4

(a) Eroded bedrock floor of Gower Gulch resembles a pediment embayment as Furnace

Creek undercuts and trims the sedimentary walls of its valley below Zabriskie Point, Death

Valley, U.S.A. (C. R. Twidale).

(b) Pediment pass eroded in gneissic upland in Namaqualand (C. R. Twidale).
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Figure 2.5

Laterally corrading streams have not eroded the pediments surrounding this small, well

jointed, granite inselberg, or nubbin at Naraku, in northwestern Queensland.

Figure 2.6

Pediments, thinly covered with detritus, are eroded across the steeply dþing, sedimentary

sequence below Zabriskie Point. They stand higher than the surface of the alluvial fan, in

the foreground, deposited at the lower end of Gower Gulch, Death Valley, U.S.A. (C. R.

Twidale).

Fígure2.7

Mantled pediments, eroded in weathered granite, slope gently away from the foot of

Ucontitchie Hill, a domed granite inselberg on northwestern Eyre Peninsula, South

Australia.
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Figure 2.8

Fault scarps disrupt the upper slopes of Badwater alluvial fan at the foot of Black

Mountains, Death Valley, U.S.A.

Figure 2.9

Successive flows of deposits are defined by the depth of colour of desert varnish on an

alluvial fan in Death Valley, U.S.A.

Figure 2.10

Alluvial fan of sieve deposits, described by Hooke (1967), NNE of Badwater in Death

Valley, U.S.A.
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Figure 3.1 (MAP POCKET)

Morphology map: Parachilna-Edeowie region.

(base map: Aerial Photography, Surveys 2501 &.2502, 7979, Department of Environment

and Natural Resources, South Australia).



Figure 3.2 (MAP POCKET)

Mo¡phology map: Wyacca-Emeroo region.

@ase map: Aerial Photography, Survey 4304, 4316, 1991, Department of Environment and

Natural Resources, South Australia).



Figure 3.3

Transverse profr.les of inner piedmont zone: Parachilna-Edeowie region.

(a) Sector between Parachilna and V/arekila creeks

(b) Sector between Bundulla and Brachina creeks

(c) Location of profiles indicated on accompanying map.

Source: 1:50 000 Topographic Series, map sheets 6535-1 Parachilna, 6535-2 Meowie,

6635-3 Oraparinna, 6635-4 Blinman, Department of Environment and Natural Resource,s,

South Australia.
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Figure 3.4

Stages in development of sca¡p foot valley and exaggeration of pediment fan form, in plan

view and cross section.
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Figure 3.5

Scarp foot valley eroded by tributaries of Walkandi Creek.

Figure 3.6

The piedmont angle is coincident with a lithological boundary.

(a) The smooth gentle slope of the Hayward Pediment meets the upland in an abrupt

break of slope, or piedmont angle.





Figure 3.6

The piedmont angle is coincident with a lithological boundary.

O) Oblique aerial view of the inner piedmont zone north of Brachina Creek. To the

right the main pediment surface associated with Hayward Creek (a). Former hill-plain

junctions marked by weathered bedrock and breaks of slope on the scarp face are related to

the high pediment surface (left), remnants of which stand above the level of the main

pediment.

(c) Piedmont angle advances downdip in Parachilna-Edeowie region (after Twidale,

1972).
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Figure 3.7

Bevelled limestone ridge and the main pediment surface

(a) View south across Bunyeroo Creek into the scarp foot valley. The projected level

of the covered pediment surface (note the steeply dipping bedrock in the side of the mesa)

on the right is coincident with the bevelled surface of the limestone ridge.

O) Oblique aerial view of (a).





Figure 3.8

(a) Radial profiles (1-20) of the piedmont: Parachilna-Edeowie region.

Creek (P Ck), Brachina Creek (Br Ck), Brachina Overflow (Br O).

Parachilna

(b) Location of profiles indicated on accompanying map

Source: 1:50 000 Topographic Series, map sheets 6535-l Parachilna,6535-2 Edeowie,

6635-3 Oraparinna, 6635-4 Blinman, Department of Environment and Natural Resources,

South Australia.
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Figure 3.9

(a) Alluvium fills the irregularities of the eroded bedrock surface and contributes to the

smooth appearance of the covered pediment adjacent to Bunyeroo Creek.

(b) Bevelled bedrock surface beneath the alluvial cover in a pediment remnant adjacent

to Ilina Creek North.





Figure 3.10

Maps of main pediment surface associated with Hayward Creek

(a) Topography. Inset map (below) shows location of shallow seismic refraction

survey lines 1-5 and the test site (T) - see Appendix II. Source: 1:50 000 Topographic

Series, map sheets 6535-2 Edeowie, 6635-3 Oraparinna, Department of Environment and

Natural Resources, South Australia.

(b) Geology (Dalgarno & Johnson, 1966).

LEGEND

Qr Quaternary alluvial and slope deposits

ap Quaternary piedmont gravels

€f Middle Cambrian sandstone & siltstone

€w MiddleCambrianshale/limestone

€b Middle Cambrian shales

€h Lower Cambrian massive limestone (Wilkawillina Limestone)

(c) Mo¡phology : main pediment (P), dissected (dP), Bundulla-V/alkandi high pediment

remnants (hP), minor alluvial fans (af), exposures of alluvial pediment cover-bedrock

contact (x) in the vicinity of Hayward Pediment, upland margin (short dashed line) and line

of strike (base map: Aerial Photography, Survey 25011031, 1979, Department of

Environment and Natural Resources, South Australia).
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Figure 3.11

(a) About 2 metres of alluviat detritus derived from the upland covers a bedrock surface

cut across steeply dipping siltstones, seen in the channel of a minor stream incised in the

main pediment north of Brachina Creek. Hammer 30cm long.

(b) The calibre and type of rock in the bedload of Brachina Creek compares well to that

of the pediment cover.

(c) Palaeodrainage line on the Edeowie pediment surface is marked by coarse debris

(horizon), similar in all respects to the bedload of Black Oak Creek (foreground).
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Figure 3.12

Rock type of typical boulders of pediment cover and the weathering of same

(a) Sandstone boulder planed off flush with level of surrounding pediment surface.

Hammer 30cm long.

(b) Rounded quartzite boulder split into angular fragments. Hamme¡ 30cm long.

(c) Typical pediment cover of subangular sandstone and quartzite rocks in a matrix of

gravels and fines. Hammer 30cm long.
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Figure 3.13

The alluvial cover appears to be about 2 metres thick when viewed along the southern

margin of the Ralston 'Pediment', near Boulder, Colorado, U.S.A. However, the

thickness of the alluvium, exposed in the road cutting, increases away from the stream from

2 metres to at least 15 metres (right to left). (C. R. Twidale).

Figure 3.14

Shallow seismic refraction survey team setting up on the main pediment surface associated

with Hayward Creek.
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Figure 3.15

Computer printout samples of shallow seismic refraction survey of Hayward Pediment.

(a) Pediment Run 2 (P2 in Figure 3.10a): south end test shot (500 samples), geophones

spaced at one metre intervals.

O) Pediment Run 2 (P2 in Figure 3.10a): south end test shot (1000 samples),

geophones spaced at one metre intervals.

(c) Pediment Run 4 (P4 in Figure 3.10a): centre shot, geophones spaced at one metre

intervals.

(d) Pediment Run 5 (P5 in Figure 3.10a): east end shot, geophones spaced at three

metre intervals.

(e) First breaks from Pediment Run 1 (PI in Figure 3.10a): Vl - 590mr-1, V2 -

1100ms-1. Refractive layer at 1.8 metres interpreted as contact between atluvial pediment

cover and (weathered) bedrock.
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Figure 3.16

(a) Section drawn from results of shallow seismic refraction survey (see Table 3.2)

0) Diagram of presumed behaviour of water table.



A. HAYWARD PEDIMENT

P2

V1

P5

_ --\i-

P4 P1P3

t re

ediment
ove

weathered zone
- - - -?

V3

b
E
oo
U'

E
(It
(¡)

Ø covered pediment

I

/f

_v.
O
o
LJ
0)



Figure 3.17 (MAP POCKET)

Bundulla-\ù/alkandi high pediment remnants in the piedmont of the Heysen Range. Special

Project Map, 2 metre form lines (vertical accuracy *l-2 to 3 metres), using data base for

1:50 000 Topographic Series, map sheet 6635-3 Oraparinna (Resource Information Group,

Department of Environment and Natural Resources, South Australia).



Figure 3.18

Bundulla-V/alkandi high pediment remnants stand up to 50 metres above the level of the

main pediment. The higher, ild therefore older, remnants are fufhest from the scarp.

The projected level of the high surface is marked on the escarpment by a break of slope.

Streams are eroding a modern pediment (foreground) some 20 metres below the level of the

main pediment.





Figure 3.19

Profiles of Bundulla-Walkandi high pediment area are compared with that of Hayward

Pediment, which is part of the main pediment

(a) profiles superimposed

O) profiles separated

Source: Special Project Map, see Figure 3.17.
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Figure 3.20

Map of drainage basins excluding those related to major alluvial fans: Parachilna-Edeowie

region (see Table 3.1).

Source: 1:50 000 Topographic Series, map sheets 6534-1 Moralana, 6534-4 Wilpena,

6535-1 Parachilna, 6535-2 Heowie,6635-3 Oraparinna, 6635-4 Blínman, Department of

Environment and Natural Resources, South Australia.
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Figure 3.21

The alluvial cover, approximately one metre thick, protects remnants of the high pediment

surfaces (lefÐ. Several peaks and rounded hills without an alluvial cover stand above the

level of the main covered pediment, which slopes gently, left to right, down towards the

Brachina Alluvial Fan.





Figure 3.22

(a) Oblique aerial view from the west of the Bunyeroo 'high' pediment (right

foreground) and the Flinders Ranges upland. Note the influence of structure on the shape

in plan of the pediment remnant and its proximity to Bunyeroo Creek, which provides the

local baselevel for streams dissecting the pediment on either side.

(b) View along the northern margin of the Bunyeroo pediment of orthoquartzite

outcrops which buttress the distal slopes of the remnant (see also Figure 3.23).

(c) Sedimentary structures in orthoquartzite. Hamme¡ 30cm long.
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Figure 3.23

Map of orthoquartzite outcrops and the Bunyeroo 'high' pediment.

Source: Aerial Photography, Survey 25011002, 1979, Department of Environment and

Natural Resources, South Australia.



BUNYEROO''HIGH'' PEDIMENT

unve roo

lll I r¡

x

r\t

I I
X

x

{
C,tØ

{il ,r,, 

I
IV

ite

LEG EN D

Pediment remnants

x Orthoquartzite

/ . Upland margin

u / strike ridge

SCALE
0 2kms 31



Figure 3.24

Modern pediment eroded at the expense of the main pediment by a tributary of Brachina

Creek (see also Figure 3.18). Note the structural ridge to the east (right of view) which

carries no alluvial detritus and probably represents a dissected remnant of the former

pediment level which included the Lookout hill/mesa, from which the photograph was

taken.

Figure 3.25

The dissection of the main pediment surface results in mesas and low, rounded hills, which

stand above the level of the modern pediment eroded by tributaries of Bunyeroo Creek.





Figure 3.26

(a) Low structural ridges (foreground) stand above the modern pediment associated with

'White Cliff Creek'. The Creek is named for the weathered Cambrian bedrock exposed

where the stream has undercut the margin of the Bunyeroo 'high' pediment (see white patch

left background).

O) Pediment cover of alluvial detritus over weathered Cambrian bedrock in White Cliff

section. Height of figure 1.5 metres.

(c) Surface of the modern pediment associated with 'V/hite Cliff Creek' scored by a

pattern of rills marked by small calibre bedload deposits. Eventually such deposits will

cover, and protect from further erosion, the pediment surface cut in bedrock.

(d) Surface of the modern pediment being eroded at the foot of Rawnsley Bluff, the

southeastern extremity of Wilpena Pound. A surface pattern of old channel deposits,

similar to that noted in (c) but of coarse detritus, is left behind to protect the surface as the

stream channel migrates.
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Figre3.27

Map of the Edeowie riverine outwash plain (r/op), which is virtually a flat flood plain,

compared to the slightly convex-upward transverse profile of the Edeowie pediment surface

(P) to the north. The pediment is separated from the upland by a scarp foot valley (s-f v)

eroded by tributaries of Cattle V/ell Creek (see also Figure 3.28).

Source: 1:50 000 Topographic Series, map sheets 6535-2 Heowie, 6535-3 Oraparinna,

Department of Environment and Natural Resources, South Australia.
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Figure 3.28

Oblique air photograph of the Edeowie riverine outwash plain looking southeast into

Wilpena Pound, which encompasses the Edeowie Creek catchment. The riverine outwash

plain has developed at the expense of the southern half of the Edeowie Pediment. Note

white of weathered bedrock eroded at the margin of the pediment remnant, marked P in

Figure 3.27, in the scarp foot zone.

(Aerial Photography, Survey 43731027, 1991, Depafment of Environment and Natural

Resources, South Australia)





Figure 3.29

Topographical cross sections of the bars and channels of Brachina Creek (after Doeglas,

1962), at the point where the stream leaves the channel incised in the pediment apron and

deposits an alluvial fan. Measurements taken 7 November l99l and 23 November 1993.

Very little change is apparent, although the river flooded in response to summer rainstorms

in January 1992.
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Figure 3.30

Alluvial fan and catchment area of Deep Creek, \Wyacca-Emeroo region

(a) Computer generated block diagram of Deep Creek Alluvial Fan and its catchment in

Emeroo Range. Note the truncated bevelled spurs in the scarp foot south of Deep Creek

(right of diagram), which may be remnants of the upper slopes of a covered pediment, most

of which surface has been downfaulted and lies beneath the alluvial fan deposits.

Remnants of the pediment surface occur behind protective structural ridges in the scarp foot

zone to the north of the Creek. (Research Information Group, Department of Environment

and Natural Resources, South Australia)





Figure 3.30

Alluvial fan and catchment area of Deep Creek, Wyacca-Emeroo region

O) View of (a) at ground level

(c) Field sketch of the bevelled spurs south of Deep Creek gorge.
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Figure 3.31

The alluvial cover of pediments at the foot of Wyacca Range thickens downslope as it

merges with the alluvial basin deposits shown in:

(a) vertical air photograph of part of the V/yacca Range piedmont

(Aerial Photography, Survey 43041163, L99I, Department of Environment and Natural

Resources, South Australia).





Figure 3.31

The alluvial cover of pediments at the foot of \ù/yacca Range thickens downslope as it

merges with the alluvial basin deposits shown in:

O) ground level view looking southeast across the piedmont

Figure 3.32

Several natrow, bevelled spurs are regarded as remnants of a covered pediment surface

immediately north of Depot Creek. The pediment stands some 50 metres above the level

of the alluvial fan surface (foreground).





Figure 3.33

(a) Remnants of the pediment surface north of Thompson Creek are protected by a

discontinuous ridge of resistant rock, parts of which appear bare of vegetation (middle

ground).

O) Field sketch emphasises the protection affo¡ded the pediment surface by the

disposition of strata.

Figure 3.34

Pediment surface north of Deep Creek protected by a rampa¡t of resistant strata (righÐ.

Note the break of slope related to the pediment surface ma¡ked by weathered bedrock

exposed in the scarp foot.
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Figure 3.35

(a) Field sketch of the pediment embayment eroded by South Creek

@) View looking into the embayment and, in the foreground, across a broad river

terrace some 15 metres below the level of the pediment surface.
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Figure 3.36 Relationship of pediment and alluvial fan surfaces.

(a) The covered pediment remnant, distinguished by blue-grey vegetation, at the mouth

of the Deep Creek pediment embayment stands some 20 metres above the surface level of

Deep Creek Alluvial Fan.

(b) The covered pediment surface fringing the upland stands 50-60 metres higher than

the alluvial fan deposits of South Creek (foreground).





Figure 3.37

Drainage basins other than those associated with major alluvial fans of the Wyacca-Emeroo

region. The inner piedmont zone) including covered pediments (P) and the apices of

alluvial fans, is defrned by major streams, upland margin (dashed line) and selected

contours. (See Tables 3.3 & 3.4 for the catchment area and the average size of catchment

for each section of the upland.)

(a) Wyacca and Emeroo ranges. In the Wyacca Range only catchments 22 &.23 have

eroded beyond the Emeroo Quartzite into Skillogalee Dolomite. In the Eme¡oo Range

catchments l-I2 are also eroded in Emeroo Quartzite, and although catchments 14-22 occur

in older strata, there is no marked contrast in size. Catchment 13, however, is larger

because Ukat Creek has eroded weaker rock in the older sequence at the lithological

boundary with Emeroo Quartzite. Note the location of catchments mentioned in Table 4.1,

viz.22-Wí1k N and 23-Wilk S in the Wyacca Range, l3-Ukat, l5-Emeroo N, 16-Emeroo S

in the Emeroo Range.

(b) Central Section between V/yacca and Emeroo ranges. Catchments are eroded in

Emeroo Quartzite except for the sector between Thompson and South creeks where the

pediments are eroded across the Quartzite and the escarpment is Skillogalee Dolomite.
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Figure 4.1

Alluvial fans dominate the study area.

(a) Pa¡achilna-Edeowie region

(b) V/yacca-Emeroo region



A. PARACHILNA-EDEOWIE REGION

I

!
t
I

I

I

t

\
\

f'
f-
C
3
(-

LAI(E

FROfVIE

PLAI¡I

I
I

I
I

t

Lake
{
rfl
Õ IV

FLINDERS RANGES

Torrens (
I
\

-l1

z
U)

LEGEND

-.¿
,t-., í' Drainage basin boundarY \.---

Breaks of slope
Upland margrn _--,¿

c)
Pediment

Alluvial fan /.¿'-'
Alluvial plarn

,

TORRENS PLAI-N

-4 tl
SCALE
O 5 10 15kms20

LOWLAND
OUTER

N

INNER
UPLAND



Lake b. WYACCA-EMEROO REGION

Torrens
Willochra

¿$ I

AL
a
,t

P
í"ð

v)
s
.l

q

g t

I ,
l
I
,

¿ -s t

a I I

Øz
¿{

,
a
,

o
\
)

/
I
I
t

BD
PN

ot
-¡ \

)
/

q, J

S
I
J
J

It

,
I

I
I
I P

t
t

t

Ib ô
a

I
I

¡

\

(

\
)

/

S CALE

O 5 10kms15
t

,
t
o

I
I
,
t
t
¡
a

t
t
t
t

ot
¿¿J

¿¿/

(

LOWLAND
O UTER INNE

A PIEDMONT

U PLAN D



Figure 4.2

Diagrammatic profiles of (a) Parachilna-Edeowie region and O) Wyacca-Emeroo region

show that major alluvial fans in the study area are backed by uplands, which stand high

above the piedmont. Those upland sectors backing the pediments are lower.

Source: 1:50 000 Topographic Series, map sheets 6433-L Wilkatana, 6433-2 Port Augusta,

6533-4 Willochra., 6534-3 Neuroodla, 6535-1 Parachilna, 6535-2 Heowie, 6635-3

Orapa.rin.n.a., 6635-4 Blinman, Department of Environment and Natural Resources, South

Australia.

LEGEND

a Line joining high points (H/P in Table 4.4) in catchments

related to major alluvial fans

b Line joining high points (H/P in Tables 3.1 8L 3.3) in

catchments related to pediments (and riverine outwash

plains and minor alluvial fans)

c Hill-plain junction þiedmont angle where pediments occur)

d Line joining apices of major alluvial fans

e Line joining lowest points of major alluvial fans

P Pediment

F Alluvial fan
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Figure 4.3

Drainage to I¿ke Torrens, Flinders Ranges, South Australia.

Source: l:250 000 National Topographic Map Series, map sheets SH 53-16

TORRENS, SH 54-13 PARACHILNA, SI 54-1 ORROROO, SI 53-4 PORT AUGUSTA,

South Australia, Edition I, Division of National Mapping.
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Figure 4.4

Vertical air photograph of Parachilna Alluvial Fan

(Aerial Photography, Survey 25021005, 1979, Department of Environment and Natural

Resources, South Australia).
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Figure 4.5

(a) Axis and azimuth profiles: Parachilna-Edeowie region. Upper parts of an alluvial

fan tend to slope more steeply than distal parts and flanking slopes more than the æris, or

longitudinal, sloPe.

The line of axis determined by the orientation of the last one hundred metres of the main

channel within the upland. The azimuth of any other radius chosen (e.g. 22'5" & 45') is

measured as an angular distance from the axis (after Hooke & Rohrer, 1979)

(o) Location of profiles indicated on accompanylng map'

Source: 1:50 000 Topographic Series, map sheets 6535-1 Parachilna, 6535-2 Heowie,

6635-3 Oraparinna, 6635-4 Bl.inman, Department of Environment and Natural Resources,

South Australia.



PARACHILNA ALLUVIAL FAN

0o

150

150

150

ALIENA WASHOUT

180

170 1 80

180

CH A
0o

BRACHINA-BUNYEROO ALLUVIAL FAN

BUNYEROO axis
0o

s

170

450
22.5"

0o
22.50.-

450 250 300
metres ASL

AXIS & AZIMUTH PROFILES: PARACHILNA-EDEOWIE REGION



o-:\

)

'/ (

\
ì

,)

';
D.- Swamp

'bo-mmodote

).

/

ì

,/

BRACHINA.BUN ALLUVIAL

)

AXIS & AZIMUTH: PARACHILNA-EDEOWIE BEGION

-Y

\
-\

\
-J,

\
,l

,\
,1.,)'{(_

'1.
I
(

I

lt
-N

Edeowie

Swamp \
'l
I

/,,o

tì

I

END

\
Upland margin

Selected conlours

) I Axis ot-'\Azimuth 45

(

,( SCALE

O 1 2 3kms 5

t-ALTENA wASHouT I



Figure 4.6

Oblique view of the upper slopes a¡rd catchment of Parachilna Alluvial Fan. Vegetation

associations highlight different drainage texture domains on the altuvial fan surface. South

(right) of the mouth of Parachilna Gorge, pediments fringe the upland. The level of the

erosional surface is some 50 metres higher than that of the depositional feature.

Figure 4.7

Satellite imagery of Parachilna Alluvial Fan makes clear the variations in soil and

vegelation, which indicate fan segments and secondary fan deposits. Note also the minor

alluvial fan associated with Five Mile Creek, which emerges from the upland some 7

kilometres south of the mouth of Parachilna Gorge.

BAND COLOUR GUN DATA LIMITS

WITHIN HISTOGRAM

Blue 40-126

Green 10- 90

Red 2-105

STRETCH

Source: I-andsat 5, Thematic Mapper data for December 1987.

1 Visible Blue

3 Visible Red

7 mid I/Red

Gaussian Equalise

Gaussian Equalise

Gaussian Equalise



\

,T,Y -4,

¡i



Figure 4.8

Braided channels of Brachina Creek migrate laterally and erode their own earlier deposits.

I-enses of coarse alluvial material are exposed in such profiles, but the bulk of the material

consists of clay and sand.

(a) Brachina Creek Alluvial Fan is entrenched throughout its length. The stream is

incised some 4 metres at this location in the midfan area. Lens of cobbles, at least one

metre thick, in the alluvial fan deposits protects the northern bank of the Creek from

undercutting.base of the cliff. Height of figure 1.5 metres.

(b) Upward-f,rning sequence exposed in 1.5 metre section cut in mid-channel bar of

Brachina Creek. Camera for scale.

Figure 4.9

Brachina Creek emerges from a confined valley incised in the bedrock of the pediment,

some 3 kilometres from its upland gorge mouth. Thence the Creek divides into two

braided streams, Brachina Creek (left) and Brachina Overflow (righÐ, which are entrenched

in their own alluvial fan deposits.
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Figure 4.10

The piedmont landform assemblage immediately north of Brachina Creek.

(a) Vertical air photograph

(Aerial Photography, Survey 25011031, 1979, Department of Environment a¡d Natural

Resources, South Australia)





Figure 4.10

The piedmont landform assemblage immediately north of Brachina Creek.

(b) Diagram of (a), where letters indicate main pediment (P), high pediment (hP), modern

pediment (mP), riverine outwash plain (r/op), major alluvial fan (AF), minor alluvial fan

(af¡ and incþient, or secondary, alluvial fans (f).
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Figure 4.11

Coa¡se detritus comprises much of the deposit related to Ilina Creek North, the surface of

which is very uneven due to the development of gilgai. The feature is mo¡phologically a

minor alluvial fan, although the catchment includes no argillite. Coarse alluvial deposits

are banked behind a north-south structural ridge, which is parallel and 1200 metres west of

the upland. A remnant of the covered pediment (right background) stands some 10 metres

higher than the surface of the depositional feature.





Figure 4.12

Transverse profiles: Wyacca-Emeroo region, piedmont between Thompson a¡d Deep

creeks

Source: 1:50 000 Topographic Series, map sheet,6433-2 Port Au.gusta, Department of

Environment and Natural Resources, South Australia.
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Figure 4.13

Angular material contributed to the upper parts of alluvial fans

(a) View across the 15 metre deep fanhead trench of the V/ilkatana North Alluvial Fan to a

large talus cone formed on the surface of the fan, immediately north of the gorge mouth.

(b) Streams of blocky detritus occur above the De€p Creek gorge cut through Emeroo

Quartzite. Sorting by size is apparent in the rock screes (see also Figure 4.28).





Figure 4.14

Minor debris flow deposits included in the yellowish-red fluvial deposits of Wilkatana

North Creek. I-arge boulder lying in younger, brown alluvium and above the debris flow

material is approximately a metre in diameter.

Figure 4.15

Fluvial deposits, rather than debris flow deposits, are typical of fanglomerates of the

Wyacca-Emeroo region. Present channel of Deep Creek undercuts the southern bank to

expose cut and frll deposits.





Figure 4.16

(a) Axis and azimuth prohles: Wyacca-Emeroo region. The line of axis determined by

the orientation of the last one hundred metres of the main channel within the upland. The

azimuth of any other radius chosen (e.g. 22.5" &. 45") is measured as an angular distance

from the axis (after Hooke & Rohrer, 1979).

@) Location of profiles indicated on accompanying map

Source: 1:50 000 Topographic Series, map sheets 6433-l Wilkatana,6433-2 Pon Augusta,

Department of Environment and Natural Resources, South Australia.
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Figure 4.17

(a) Series of boulder measurements taken in the V/yacca-Emeroo piedmont. Three

axial measurements, rock type, degree of roundness and setting were recorded (see

Appendix V). Measurement of the 'b' axis of each boulder is graphed against dista¡ce

from fanhead for the six traverses of the major alluvial fans of the region. A decrease in

size of sample down the fan slope is apparent.

(b) Location of boulder measurement sites indicated on accompanying map. Sites also

shown on each traverse, where soil sampled for X-Ray Diffraction analysis.

Source: 1:50 000 Topographic Series, map sheets 6433-l Wilkatana, 6433-2 Pon Au.gusta,

Department of Environment and Natural Resources, South Australia.
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Figure 4.18

In the Wyacca-Emeroo region Deep Creek has deposited a major alluvial fan (Figure 3.2)

Deep Creek is incised at the southern margin of the pediment embayment and flows directly

westwards and normal to the range front in a 500 metre long fanhead trench before

emerging at the intersection point (I P) and depositing its sediment load (see also Figure

4.19b). Some 30 years ago, after heavy rains, Deep Creek choked its axis channel with

sediment and was diverted into several channels flowing southwest over the southern half of

the fan (J. Brook, pers. comm., L992).

Bar and channel topography (B & C) in brown-dark-brown alluvium occurs in the fanhead

trench, which is eroded in older yellowish-red alluvium. North of the fan axis gilgai is

developed in the yellowish-red alluvium of the main or upper level of the alluvial fan (U).

The surface of Deep Creek Alluvial Fan south of the Creek, some 2 metres above the bars

and channels of the braided main stream, is of bar and pavement topography (B & P) in

brown-dark brown alluvium. Note that streams incised in this part of the fan develop

meanders. Some of the minor distributary streams, on the flanks of the lower fan area,

tend to meander (m), probably reflecting lower discharges through finer sediment. Many

minor streams, with dendritic drainage patterns and no more than one metre d*p, erode the

toeslopes of the alluvial fan.

(Aerial Photography, Survey 43161080, 1991, Department of Environment and Natural

Resources, South Australia)
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Figure 4.19

Intersection points

(a) Thompson Creek emerges from a conf,rned 6-10 metres deep channel about one

kilometre from the fanhead. Formlines indicate that the stream has deposited sediment

below the intersection point. Site of Figure 4.22a (C0), 3m red alluvial cliff (C1),

coloured section this Figure (C2), l-2m red cliff (C3), 2m brown cliff (C4), ( lm red cliff

(c5).

Source: Aerial Photography, Survey 43161005, 1991, Department of Environment and

Natural Resources, South Australia.

(b) Deep Creek is associated with a similar pattern of fanhead incision and deposition of

alluvium below the intersection point some 500 metres from the fan apex (see also Figure

4.18). Cliffs 4m red (C0), 3-4m red (C1), 2m reÁ (C2),I-2m red (C3).

Source: Aerial Photography, Survey 4316/080, 1991, Department of Environment and

Natural Resources, South Australia.
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Figure 4.20

Bar and pavement topography of Dry South Creek Alluvial Fan





Figure 4.21

Diagrammatic cross sections, based on field sketches, show stratigraphic relationship of

younger (brown) over older (yellowish-red) alluvial deposits in the main channels of Dry

South, Wilkatana North, Depot and Deep creeks (see also C2 in Figure 4.19a).
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Figure 4.22

Younger @rown) over older (yellowish-red) alluvial deposits

(a) Thompson Creek erodes both younger and older alluvial deposits as it scours at the base

of 4m cliff wall of the fanhead trench (see line of section a¡d C2 in Figure 4.19a).

(b) Cut and fill feature is emphasised by the different coloured alluvial deposits in

V/ilkatana North Creek.
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Figure 4.23

Example of X-Ray Diffraction analyses of bulk, clay fraction and clay fraction with

ethylene glycol added:

(a) Depot Creek soil sample 965-59, taken from the upper alluvial fan surface affected

by gilgai development. The convexity in the graph at the lower end of the bulk sample

trace and the occurrence of chlorite and kaolinite suggest the presence of smectite, or

swelling clay. The clay fraction trace confirmed this. Ethylene glycol was added to the

clay fraction sample to elucidate further the presence of smectite. See Figure 4.17b for

site location and Appendix VI for all data.
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Figure 4.23

Example of X-Ray Diffraction analyses of bulk, clay fraction and clay fraction with

ethylene glycol samples:

(b) Dry South Creek soil sample 965-56, was taken from the bar and pavement surface

of the alluvial fan. The bulk sample and clay fraction traces a¡e smoothly curved.

Chlorite is present, but not kaolinite. Smectite is not present. See Figure 4.17b for site

location and Appendix VI for all data.
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Figure 4.24

The resolution of the nominally 3.55Ä peak into two peaks, for example, on the clay

fraction trace for the Deep Creek soil sample 965.52, is diagnostic of the presence of both

chlorite and kaolinite (see Table 4.7). Chlorite indicates that swelling clay (smectite) may

be present. See Figure 4.17b for site location and Appendix VI for all data.
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Figure 4.25

Drainage basins of the major alluvial fans: Wyacca-Emeroo region

Source: l:50 000 Topographic Series, map sheets 6433-l Wilkatana,6433-2 Port Augusta,

Department of Environment and Natural Resources, South Australia.
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Figure 4.26

Deep Creek drainage basin

(a) Geology (Dalgarno et al., 1968)

LEGEND

1. A.B.C. Range Quartzite

2. V/illochra Formation, upper unit (sandstone/siltstone)

3. V/illochra Formation, upper unit (calcareous siltstone)

4. Tapley Hill Formation (calcareous siltstone)

5. Appila Tillite

6. Unnamed (dolomitic shale)

7. Skillogalee Dolomite

8. Rhynie Sandstone/Emeroo Quartzite.

(b) Percentage slope (after Strahler, 1952) is related to rock type shown in (a). H valley-

side slopes vary from 0.27-0.68, L valley-side slopes vary 0.08-0.24. See Table 4.9 fot

measurements of the 26 valley-side slope segments marked on this map.

(c) Catchment zoned according to height above present sea level. On the eastern perimeter

some 5% of the catchment is higher than 600 metres, 49% of the basin area occurs between

between 600 and 400 metres, the remainder (4670) lies between 400 metres and 200 metres

above present sea level at which point Deep Creek emerges from the upland.

Source: 1:50 000 Topographic Series, map sheet 6433-2 Pon Augusta, Departrment of

Environment and Natural Resources, South Australia.

(d) Drainage Network: 'blue-line' network (continuous stream lines) includes perennial and

intermittent streams with well-defined permanent channels, in the judgement of the mapping

authority, whereas contour crenulations indicate all sites where channel flow has occurred

(dotted stream lines) (after Kennedy, 1978).
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Figure 4.27

Sediment is readily available in the Deep Creek catchment, for example:

(a) in minor alluvial terraces

(b) dammed behind bedrock bars

(c) talus cones.
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Figure 4.28

Rock screes on quartzitic upland slopes south of Wilkatana North Creek gorge. Blocþ

detritus, typically 15-25cm in diameter, rests on the slopes and sides of channels. Lichens

grow on the exposed surfaces of larger rock fragments, 45-100cm, which lie in the bottom

of channels and lower areas of the scree slopes.

Figure 4.29

Minor alluvial fan deposited on the pediment surface in the scarp foot immediately south of

South Creek. The stream has eroded a shallow channel (centre and left) in the alluvial fan

sediments.





Figure 5.1

Graph illustrates that catchments are critical to understa¡ding the distribution of pediments

and alluvial fans in the study area.

Drainage basins confined to the western rampart of the Flinde¡s Ranges are characterised by

outcrops of resistant strata which, on weathering, produce coarse detritus. These

catchments are less than 3 square kilometres in area and are associated with pediments (see

Chapter Three). On the other hand, major alluvial fans are related to drainage basins that

are more than 6 square kilometres in area and are dominated by argillite (see Chapter

Four). The piedmont landforms which occur in the 'transition zone' , i.e. drainage basins

larger than 3km2 and smaller than 6km2, are associated with riverine outwash plains, where

the catchment is eroded in resistant strata, and minor alluvial fans, where the catchment

includes argillite. The riverine outwash plain associated with Edeowie Creek is

exceptional (see Chapters Three & Five for description and discussion).
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Figure 5.2

Diagram of evolutionary sequence suggested for the development of pediments and alluvial

fans.
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Figure 5.3

Pediment replaced by distal, lateral and headward growth of alluvial fan

(a) in plan view

(b) in cross section

(c) calculation, and its geometrical expression, for the Parachilna-Edeowie region, where

pediments typically slope 3" and alluvial fans 0.33'

(d) calculation, ild its geometrical expression, for Wyacca-Emeroo region, where

pediments typically slope 4" and alluvial fans 2o.
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Figure 5.4

Vertical air photographs of the braided channels of Brachina Creek and Brachina Overflow.

Scale approximately 1:40 000. Minimat changes to thepattern of bars and channels have

occurred between 1958 and L992. The most obvious changes are in size of the occasional

tree growing in the beds of the streams.

(Aerial Photography, Survey 27719466, 1958, & Survey 42451116, IggO, Department of

Environment and Natural Resources, South Australia).





Figure 5.5 (MAP POCKET)

Morphology and geology maps of Aliena Washout and environs

Source: Aerial Photograpy, Survey 4236, 1990, Department of Environment and Natural

Resources, South Australia; Dalgarno & Johnson, L966.



Figure 5.6

(a) A rock pediment, or rock fan, forms part of the upper slopes of Aliena V/ashout.

(b) The fissile and brittle nature of the bedrock exposed in the rock pediment surface of

Aliena Washout.

Figure 5.7

Gullying, some 5 metres d*p, by Wobma Creek and its tributaries in the western

footslopes of Aliena Washout, in part follows the straight line of a former roadway.

Alluvial fan deposits exposed in the walls of the Creek include about 3 metres of silty sand

sheets, thin (2cm) mudflows and occasional lenses of pebbles over a layer of cobbles, at

least 2 metres thick.
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Figure 5.8

Remnants of rock pediment associated with Pettana Creek. Pettana Creek is a strike

stream draining a catchment located at the northern end of \ù/yacca Range. Covered

pediments (P) slope gently (3") away from the uplands on either side of the valley.

Several rock pediment remnants (rP) occur near the axis of the valley. Further north the

covered pediment surface merges with alluvial fan deposits (F).

(Drawn from Aerial Photography, Survey 26961047, 1981, Department of Environment and

Natural Resources, South Australia).
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I Visible Blue

3 Visible Red

7 mid I/Red

Figure AI.1

(a) Satellite image centred on the Parachilna Gorge, Parachilna-Edeowie region (see

also Figure 4.7). Colour banding indicates the lithology of the folded sequence of the

upland, e.g. green (visible red) for Brachina Formation, minimal red areas indicate sparse

vegetation, west-facing slopes are in shadow, and light blue (visible blue and green) shows

the pattern of streams and tracks. Within the piedmont, the Parachilna Alluvial Fan is

readily distinguished from the covered pediment slopes south of the gorge mouth, but

comparable with the minor alluvial fan associated with Five Mile Creek. Note the effects

of fencing and watering points on the Parachilna Atluvial Fan surface.

BAND COLOUR GUN DATA LIMITS

WITHIN HISTOGRAM

Blue 40-126

Green 10- 90

Red 2-105

STRETCH

(b) Image centred south of the mouth of Parachilna Gorge. Colour variations for the

pediment surface and the minor alluvial fan associated with Five Mile Creek, noted in

Figure AI.1a, enhanced with by applying different band ratios.

BAND COLOUR GUN DATA LIMITS

WITHIN HISTOGRAM

Blue 0.24-1.07

STRETCH

3 Visible Red

1 Visible Blue

7 mid I/Red Green 0.15-1.11 HistogramEqualise

1 Visible Blue

7 mid I/Red Red 0.48-1.18 Histogram Equalise

4 nea¡ I/Red

Source: I-andsat 5 Thematic Mapper imagery using the ERMAPPER software package on

SUN SPARC, Station 2.

Gaussia¡ Equalise

Gaussian Equalise

Gaussian Equalise

Histogram Equalise
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I Visible Blue

3 Visible Red

7 mid I/Red

Figure AI.2

(a) Satellite imagery centred on Wilkatana North a¡d South alluvial fans in the Wyacca-

Emeroo region. Colours are similar to those of Figure AI.la, but a greater proportion of

the alluvial fans have a sparsely vegetated, stony surface with few active channels (mustard

yellow), compared with the lower, more active parts of the fans þurple/light blue).

Narrow fringing pediment remnants lie at the foot of the Wyacca Range with a thin alluvial

cover, mostly sandstone from the scarp behind (mustard yellow and mid-green). Dark and

red/brown areas, in the upland, interfan areas, and secondary fans on the distal slopes of the

major fans, indicate the wetter conditions in this more southerly region. Swamps and

salinas occur within the Torrens Plain dunef,reld.

BAND COLOUR GUN DATA LIMITS

WITHIN HISTOGRAM

38-107

9- 8l

l- 74

STRETCH

O) Image enhanced with different band ratios. In particular active (upper surface) and

inactive areas (bar, pavement and channel surface) of the alluvial fan surfaces are dehned.

BAND COLOUR GUN DATA LIMITS

WITHIN HISTOGRAM

Blue 0.11-1. 17

STRETCH

3 Visible Red Histogram Equalise

1 Visible Blue

7 mid I/Red Green 0.01-1.38 Histogram Equalise

I Visible Blue

7 mid I/Red Red 0.02-2.16 Histogram Equalise

4 near I/Red

Source: I-andsat 5 Thematic Mapper imagery using the ERMAPPER software package on

SUN SPARC, Station 2.
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Figure AL3 (MAP POCKET)

Generalised contours of the Parachilna-Edeowie region (after Pannekoek, 1970)

Source: Source: 1:50 000 Topographic Series, map sheets 6535-1 Porachilna, 6535-2

M.eowie, 6635-3 Oraparinna, 6635-4 Blinrnan, Department of Environment and Natural

Resources, South Australia.



Figure AI.4 (MAP POCKET)

Generalised contours of the \ù/yacca-Emeroo region (after pannekoek, lgTo).

Source: 1:50 000 Topographic Series, map sheets 6433-l Wilkatana, 6433-2 port Augusta,

Department of Environment and Natural Resources, south Australia.



Figure AI.5

(a) Between Bundulla and V/alkandi creeks numerous short streams are incised in the

main pediment surface at the foot of the esca¡pment.

@) Fewer streams dissect the distal slopes of Hayward Pediment
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Figure AI.5

(c) Flows of water and sediment are channelled over the entire surface of alluvial fans.
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Figure AI.6

Location map of drainage texture curve sampling strips: Parachilna-Edeowie region.

Source: 1:50 000 Topographic Series, map sheets 6535-1 Parachilna, 6535-2 Edeowie,

6635-3 Oraparinno., 6635-4 Blinman, Department of Environment and Natural Resources,

South Australia.

Texture curve data were produced for a number of alluvial fans and pediments in the

western piedmont of the Flinders Ranges, adapting the method described by Doehring

(1970). For the available map scale of l:50 000, sampling strips were obtained by

drawing two parallel lines 2cm apart, across at least 10 contour lines and approximately

normal to the trend of the contour lines. 'Where possible the margins of a landform we¡e

not included. Uphill kinks in a contour line, but not broad gentle bends, were counted as

contour crenulations (Table AI.1). The count is subjective but recounts made months apart

returned surprisingly consistent results. The number of fluvial channels, expressed as

contour crenulations are regressed on a number of contour lines. The least squares

regression lines thus calculated are called texture curyes (Table Ar.2).
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Figure AI.7

Location n:ap of drainage texture curve sampling strips: Wyacca-Emeroo region

Source: 1:50 000 Topographic Series, map sheets 6433-l Wilkatan,a, 6433-2 Pon Au.gusta,

Department of Environment a¡d Natural Resources, South Australia.
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Figure AI.8

Texture curves for pediments from the western piedmont of the Flinders Ranges (after

Doehring, 1970). Texture curyes for Parachilna WSW (2) and Five Mile (3) are

comparable with those of pediments and are included in this graph, although they are

regarded as alluvial fans. Those for Hayward (6) and Aliena East (13) are included for the

landforms are known to be pediments, although their texture curves do not fit (see text for

further explanation). See also Tables AI.1 & AI.2 for data set.

Figure AL9

Texture curves calculated for alluvial fans from the western piedmont of the Flinders

Ranges (after Doehring, 1970). Texture curves for Hayward (6) and Aliena East (13) are

similar to those of alluvial fans and are included in this graph, although they are regarded as

pediments. See also Tables AL 1 & AL2 for data set.
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Figure 3.17

Bundulla-Walkandi high pediment remnants in the piedmont of the Heysen Range. Special

Project Map,2 metre form lines (vertical accuracy tl-2 to 3 metres), using data base for
1:50 000 Topographic Series, map sheet 6635-3 Oraparínna (Resource Information Group,

Department of Environment and Natural Resources, South Australia).
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Figure 5.5

Morphology and geology maps of Aliena washout and environs.

Source: Aerial Photograpy, Survey 4236, 1990, Department of Environment and Natural

Resources, South Australia; Dalgarno & Johnson , 1966.








