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Aspects of landscape history and regolith in the Kalgoorlie region, 
Western Australia 
C.D. Ollier 1, R.A. Chan2 , M.A. Craig3, & D.L. Gibson4 

The regolith of the Kalgoorlie region includes saprolite in deep 
weathering profiles, and a range of surficial deposits, including 
colluvium, alluvium, and duricrusts, the distribution of which is the 
result of a long geological and geomorphic evolution. The generally 
accepted model of landscape evolution, with an old lateritised plateau 
being replaced by a younger plateau, is shown to be oversimplified. 
Features in the saprolite indicate changes in the former position of 
water tables. Sand plains are essentially confined to areas of granite; 

Introduction 
The Kalgoorlie area discussed here is part of the Yilgarn 
Block, bounded by Norseman to the south, Weebo to the 
north, Jaurdi to the west and Karonie to the east (Fig. 1). 

The landscape in the Kalgoorlie area is gently undulating, 
subdued relief being broken by low breakways, granite tors 
and greenstone strike ridges. Altitude ranges from 270 m to 
580 m a.s.l. - most of the terrain being 350 to 450 m a.s.l. 
- and generally decreases southwards and eastwards; 
numerous large playa lakes occupy the lower areas. 

Landforms largely reflect the underlying north•
northwest-south-southeast-trending greenstone belts and 
intervening granites of the Archaean Yilgarn Block. Two 
predominantly greenstone belts occur in the northeast and 
southeast of the Kalgoorlie region and give rise to ranges of 
low hills, strike ridges and broken slopes. Extensive regolith•
covered plains separate the ranges. 

Granite terrain in the northwest and centre of the area consists 
of sinuous ridges with extensive debris fans. In contrast, 
granite terrain in the southwest consists of undulating sandy 
plateaus with rims of exposed ferricrete, straddling a principal 
palaeodrainage divide between the Swan-Avon basin and 
country in the Kalgoorlie area draining to the east. Valleys 
have been incised into this plateau, and plains occupy the 
surrounding areas. Numerous granite hills occur in the south, 
especially around Cave Hill. 

Breakaways are associated with both greenstone and granite 
terrains where duricrusting has preserved the underlying deep 
weathering profile. 

The most notable account of the geomorphology of the 
Yilgarn Block is by Jutson (1914, 1934). He started his 
observations of the region in 1911, at a time when the science 
of geomorphology was new. Even the concept of the 
peneplain had only been introduced in 1899, and in using 
it Jutson was amongst the pioneers. His major work, The 
Physiography of Western Australia was published in 1914, 
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and red earths, to greenstone belts. Neither of these appears to have 
any significant aeolian component. Ferricrete is generally 
unconformable over various substrates: it originally formed on lower 
slopes, and occupies high sites in the present landscape because of 
repeated inversion of relief. Silcrete appears to have the same 
landscape relationships. In a new geomorphic chronology of the 
region regolith formation is treated as an integral part of the 
geological history since the Permian. 

which means that he must have collected his information very 
rapidly. It was reprinted, with some modifications, in 1934. 
A valuable assessment of Jutson's contribution, the place of 
his work in relation to that of his contemporaries, and a 
discussion of how his ideas relate to those of modern 
geomorphology has been provided by Brock & Twidale (1984). 
They did not attempt to assess his field evidence. 

To the present day there have been few critical comments 
about Jutson's work, and his model is still widely accepted 
(but note Bettenay & Hingston, 1964; Bettenay, 1984). We 
suggest that the model now stands in need of revision. Jutson 
would probably have thought so too, if he had the ease of 
access, modern maps and imagery, and the wealth of exposure 
that is available today. 

Jutson's model is extremely simple. A peneplain, the 'Old 
Plateau', is taken as the starting point. This is deeply 
weathered and capped by laterite. Then a phase of erosion 
starts. Jutson's figure is not clearly labelled, but seems to 
suggest that valleys first cut down to fresh bedrock, and then 
become wider, exposing a lower plain of fresh rock. This is 
the 'New Plateau '. 

Quite remarkably for his time, Jutson appeared to be 
espousing the development of young land surfaces by parallel 
slope retreat. He did not comment on this major difference 
from the Davisian model, but in fact it was not until the work 
of King (1953) that such ideas became widely accepted in the 
English-speaking world. (In Germany, Albrecht Penck had 
enunciated ideas of parallel slope retreat much earlier). Jutson 
also anticipated the 'etchplain' concept, in which a second 
surface is supposed to develop largely by stripping of 
weathered material (regolith) from beneath an older erosion 
surface (Fig. 2). 

Jutson's model is very close to that of Linton (1955), who 
also envisaged a mainly horizontal contact between weathered 
rock (regolith) and fresh rock, which he called the 'basal 
platform' of weathering. Linton also thought, like Jutson, 
that the regolith is entirely removed in the erosion phase. Later 
workers have generally conceived of a much more irregular 
contact between regolith and fresh rock, which is now called 
the 'weathering front', and stripping of regolith is generally 
thought to be only partial. 

In the Kalgoorlie region we found both partial and complete 
stripping. For example, flat to low domed granite outcrops 
stripped completely of their regolith are scattered over a large 
area to the west of Widgiemooltha. Unloading sheets on 
Bullabulling Dome may result from stripping of the regolith 
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Figure 2. Jutson 's diagrammatic explanation of the formation of the 
New Plateau from the Old Plateau. This involves (I) formation of 
the Old Plateau; (2) deep weathering beneath the Old Plateau, with 
the formation of a 'hard cap' (ferricrete); (3) incision of valley -
Jutson did not label the dashed line that the river cuts to, but it is 
probably meant to be the basal surface of weathering, the contact 
between fresh and weathered rock; (4)valley widening, with parallel 
retreat of the valley sides and exposure of fresh rock on the New 
Plateau, which in reality is not yet a plateau, but a stripped plain 
or etchplain. 

here. 37 km SW of Widgiemooltha, Cave Hill is an outcrop 
of hard granite that rises 60 m above the surrounding country 
and may be ~onsidered an inselberg. Partly stripped weathered 
granite in situ often forms aprons around these exposures. 
However, in most other parts of the Kalgoorlie area, other 
than some greenstone strike ridges and basic dykes, the 
regolith is only partly stripped. 

The only real advance in explanation of the geomorphology 
of the Yilgarn in recent years has been the use of the etchplain 
concept to integrate deep weathering and stripping into the 
supposed geomorphic history of two plateaus (e.g. Mulcahy, 
1967, 1973; Finkl, 1979). Finkl's map shows various degrees 
of stripping, giving different sorts of etch plains (incipient, 
partial, etc.), which relate to the amount of exposed bedrock. 
The Soils Atlas oj Australia (Northcote & others, 1968) has 
some similar boundaries and may be based on the same 
concept. We suggest that the geomorphic history of the 
Yilgarn is more complex, in both landform and weathering, 
than has previously been supposed. 

Landform features 
Hills above the Old Plateau 

.Jutson's figures suggest that the Old Plateau is very flat, but 
in fact hills rise above it. Mount Burges (554 m), about 15 

km north-northwest of Coolgardie is a fine example, and 
dominates the local scenery. A more subdued example is 
Mount Leonora (450 m) 1.5 km northeast of the Sons of 
Gwalia Mine, Leonora. Anoth~r is Mount Malcolm (456 m), 
12 km ENE of Leonora. In fact Jutson was aware of these 
'monadnocks' rising above the Old Plateau (Jutson, 1934, 
pp.96, 196; Brock & Twidale, 1984, p. 116), but this has tended 
to be overlooked with time and a simpler model has often 
been accepted. 

Sloping ferricrete 

Jutson's figures suggest that the ferricrete on the Old Plateau 
is close to horizontal. In reality, some ferricretes have a 
considerable initial slope. At the Sons of Gwalia mine, near 
Leonora, a massive ferricrete has a 4° slope. 8 km north of 
Jaurdi Homestead there is a gentle dome of ferricrete which 
has been extensively breached by erosion. The ferricrete on 
the remains of the dome has slopes of over 5°. Sloping 
ferricrete has been illustrated by previous writers including 
Playford (1954) and Bettenay & Hingston (1964), (Fig. 3). 

Tertiary drainage, lakes and tectonics 

Jutson (1934, part X) discussed many hypotheses of 
formation of salt lakes in the area, and he favoured the 'main 
contention as to the wind origin of the lakes'. Gibson (1909) 
and Gregory (1914) regarded the lakes as the remains of large 
rivers, and this view is seen to be correct today. Aerial 
photographs, space imagery, and digital terrain models all 
show an integrated dendritic drainage pattern of major, wide 
valleys, described in some detail by Van de Graaff & others 
(1977). Valley fill includes Eocene sediments with plant 
remains, and spongolite resulting from a marine incursion 
(Fig. 4). The valleys are older than the tectonic movement 
along the Jarrahwood axis, which has warped them, and a 
case has been made for them pre-dating the break-up of 
Australia and Antarctica (Oilier, 1979). The ancient valleys 
in the Kalgoorlie area drained towards the Nullarbor Plain. 

Weathering features 
Ferricrete 

In 1915 Walther gave an account of the weathering profiles 
and 'laterites' of Western Australia. He provided one of the 
classic descriptions of the lateritic profile, with a ferricrete, 
a mottled zone, and a bleached zone overlying fresh rock. 
A fine example can be seen at Niagara Dam. He was aware 
of the great depth of weathering, and of the importance of 
'breakaways' in the landscape. His figure is reproduced (Fig. 
5) with English descriptions. It is notable that Walther 
included in his figure some surficial material, looking like 
a valley filled with alluvium, which is also subject to the 
effects of lateritisation, and also a quartz vein extending into 
the ferricrete, showing ferricrete formed from saprolite. 

The Jutson model implies that the laterite is related to the 
Old Plateau, and that its dissection led to the formation of 
the New Plateau. In this case the New Plateau would be free 
of 'laterite'. This concept was pressed most fervently by 
Woolnough (1927), who made a case for a Great Australian 
Peneplain. This was thought to be of Miocene age, and to 
be distinguished by a duricrust. A duricrust was conceived 
as a hard layer or crust within or on top of a weathering 
profile, and might consist of laterite (ferricrete), silcrete, or 
some other material. Some duricrust is the indurated upper 
part of the saprolite, which is frequently mottled. 
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after Bettenay & Hingston (1964). 
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Figure 4. Eocene valley revealed in cross section at Princess Royal mine, Norseman. 

Indiscriminate use of the word 'laterite' to refer to both 
indurated saprolite and to other sorts of ferricrete appears 
to have caused much confusion. Woolnough thought that the 
formation of duricrust was restricted to peneplains of great 
perfection. 

Some significant points arise from our own investigation of 
ferricretes. 

Multiple ferricretes. Although hard ferricrete and breakaways 
are confined to what appears locally to be the 'Old Plateau', 
ferruginous nodules, ferricrete, and incipient 'laterite' appear 
to be present on many lower surfaces too. Honman (1917) 
and Jutson (1934, p. 191) also recorded 'several levels of 
breakaways'. 

Location of ferricrete. Much modern work on ferricretes 
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Figure S. The lateritic profile of Western Australia as described by Walther (191S). 
Deep weathering affects both saprolite, as evidenced by presence of quartz veins, and transported material. 

suggests that it is formed on lower surfaces, along drainage 
lines, and only becomes exposed as breakaways on the edge 
of upper surfaces after incision and inversion of relief (e.g. 
Moss, 1965; Young, 1976). On this hypothesis, ferricrete 
would be confined to ridges and plateau edges; that is, there 
would not be continuous hard ferricrete underlying broad 
plateaus. Our own observations appear to confirm this. The 
location of other ferricretes is still something of a mystery. 
For example, we cannot explain the situation 8 km north of 
Jaurdi Homestead, where a breached dome-shaped hill 
appears to be completely encased in ferricrete. Such ferricrete 
could not have formed at seepage sites on lower slopes. 

Thickness of ferricrete. Ferricrete ranges in thickness from 
a few centimetres to several metres. Southwest of Kalgooflie, 
near Seven Mile Hill, a 10-60 cm thick ferricrete has 
developed on surficial sediments with gravel at the basal 
unconformity, grading up into fine sand. In some places the 
ferricrete is reduced to a few centimetres resting directly on 
fresh Archaean bedrock. The relief along the unconformity 
reaches 40 cm. In contrast, pits at Sand King open-cut mine 
in the Ora Banda area northwest of Kalgoorlie, reveal 5-10 
m thick ferricrete, consisting of boulders up to 2 m across 
in ferruginous sand-to-pebble matrix. The boulders are 
thought to be transported, and the undulating base of the 
ferricrete is an unconformity. About 8 km north of Jaurdi 
Homestead a steep semi-circular breakaway is eroded into 
a dome-like hill. The ferricrete thickness increases from 0.5 
m in the north to 4 m towards the south, together with a 
general increase in surface elevation from north to south. The 
thickest parts consist of indurated mottled zone material with 
an irregular base. 

Unconformities beneath ferricrete. Unconformities can be 
detected beneath many ferricretes. They are most clearly 
demonstrated where a line of quartz gravel separates a thin 
surficial cover, now converted to some form of ferricrete, from 
underlying weathered bedrock. Examples are shown in Figure 
6. In the absence of a basal conglomerate, it is difficult to 
detect a surficial layer, especially after it has been ferruginised. 
We therefore consider that the process may be much more 
common than we can prove. 

The formation of ferricrete is frequently restricted to surficial 
material, probably because of contrast in texture between the 

porous upper sediment and the underlying saprolite at the 
time of conversion to ferricrete. With such thin, intensely 
weathered layers correlation is almost impossible. All we 
know is that time and again a weathering profile has been 
partly stripped, covered with a thin veneer of surficial 
materials, and then the whole weathering profile has changed 
again, often forming a ferricrete in the surficial material. If 
an upper layer was irregular in thickness, like a gully fill, then 
the ferricrete that replaces it will also be of variable thickness. 
(see thickness of ferricrete for examples). 

When ferricrete is separated from the underlying weathered 
bedrock by an unconformity, there is not necessarily a direct 
genetic connection between the ferricrete and the lower part 
of the weathering profile. Elementary geochemical studies 
of weathering profiles that assume simple vertical profile 
relationships are likely to be very much in error. 

Unconformable ferricretes appear to be widespread. 
Churchward & Bettenay (1973) recorded complex profiles 
elsewhere in Western Australia. Milnes & Bourman (1985) 
have written that, although there may be laterites in South 
Australia that are simple profiles, they have never found one 
during their extensive studies: unconformities prevail. Milnes 
& others (1985a) wrote of the situation in South Australia 
(which appears to be like that in Western Australia) 
' .. . examination of field relationships . .. points ... to 
complex reworking and continuous weathering of relic 
landscapes since early Mesozoic times, leading to the intricate 
patterns of sediments and soils forming the present regolith. 
Ferricrete crusts sporadically distributed on the highland 
surfaces are interpreted dominantly as remnants of iron•
impregnated sediments of ancient valleys or depressions'. 
Further details have been given by Bourman & others (1986) 
and Milnes & others (1985b). & R,W. Galloway (personal 
communication) found a similar situation in Queensland. 

Silcrete 

Evidence of silicification is scattered over a wide area within 
the Kalgoorlie region, and ranges from small silcrete 
concretions (e.g. just north of Lake Cowan) to small areas 
of silcrete capping (e.g. at Dover Cliffs). Silicification affects 
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Figure 6. a and b - Ferricrete unconformably overlying weathered bedrock, showing irregular base, 'Gulch Pit', near Sand King mine. 

c - Ferricrete with basal gravel marking unconformity, Lake Brown. 

a range of regolith materials derived from various parent 
rocks, and varies both in degree and depth of occurrence. 

At Niagara Dam the classical Walther profile includes a 
breakaway with silicified iron pisoliths capping a mottled, 
deeply weathered granite. Nearby is a classical silcrete profile 
that grades from a pseudo-conglomerate at the base to fine 
siliceous material at the top, with columnar jointing forming 
pillars in the nodular silcrete. 

At Sand King mine silicification extends deeper into the 
regolith profile. Some possibly silica-cemented pebbles occur 
at the base of a transported layer about 5 m thick. The 
mottled zone changes laterally into a siliceous zone (tens of 
metres below the surface). Pallid material is also partly 
silicified. The parent rock for this weathering profile is basalt, 
exposed in the pit floor over 100 m below the surface. 
Silicification in the form of silica-filled vugs is evident at 
depth in nearby 'Patch', 'Gulch' and 'SM7' pits. 

d - Ferricrete with basal gravel, Seven Mile Hill. 

Silicification of transported material can be seen near Seven 
Mile Hill, southwest of Kalgoorlie. The silicified, slightly 
ferruginised, and mottled transported gravels and fines pinch 
out against the underlying truncated pallid zone, which is 
only slightly silicified, in weathered Archaean fine 
sedimentary rock. The silcrete is about 2 m thick. 

Silicification is also evident in 'fresh' rock, as seen in the 
silicified cleaved schists which stand above the so-called 'Old 
Plateau' lkm south of Tower Hill, near Leonora. 

The Wiluna Hardpan (Bettenay & Churchward, 1974) is a 
siliceous, indurated layer in red-brown soil, possibly related 
to silcrete. The hardpan is red-brown, vesicular, massive or 
laminated, and may contain gravels. It looks like a red-brown 
soil, but is hard enough to be an obstacle to digging or 
drilling. Its presence in very young alluvium suggests it is still 
being formed (Mabbutt & others, 1958). The Wiluna Hardpan 
extends northwards from about Menzies, where there is a 
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marked change in vegetation, to beyond the northern 
boundary of our study area. 

Our observations shed little light on the origin of silcrete. 
What is significant is that in the formation of landscapes, 
silcrete appears to have a role very similar to that of ferricrete. 

Features within the weathering profiles 
Mega-mottles 

The mottled zone of deep weathering profiles usually has 
mottles of reddish brown material a few centimetres across. 
Some weathering profiles display mega-mottles, dark brown 
patches up to a metre across. They sometimes have an abrupt 
boundary with the surrounding pallid material: sometimes 
there is a transition through a few centimetres of yellowish 
material. Some of the mega-mottles display colour banding 

(Liesegang rings), which resembles the grain in wood, with 
individual bands about a millimetre thick. The bands are 
abruptly truncated by pallid material, although faint 
remnants of banding may be retained in the pallid material 
(Figs. 7, 8) 

The bleaching extends down cracks in some instances, and 
also down root channels, accounting for vertical cylindrical 
bodies of pallid material. Evidently, the whole material was 
once oxidised and brown, sometimes with colour banding, 
and the bleaching is a later event. This indicates a change 
from oxidising to reducing conditions, and therefore a change 
in groundwater conditions. 

Rock structures such as joints or bedding planes usually have 
no bearing on the position or orientation of mega-mottles. 

EHect of parent rock on mottles 

Mega-mottles and complex profiles are largely restricted to 
the greenstones. On granites the mottles are generally more 
even, sometimes becoming distinct ferruginous nodules, 
which may be cemented together to form a ferricrete. On a 
rhyodacite at Lake Brown the mottles are orange with diffuse 
boundaries and about 10 em across - larger than usual, but 
not mega-mottles. 

Deep weathering profiles 

Jutson (1934, p. 230) wrote that the plateau 'was covered by 
a hard lateritic cap, beneath which the rocks were apparently, 
as now, much decomposed for a moderate depth'. From other 
statements, it appears that he probably thought of tens of 
metres as 'moderate depth'. We now know from many 
boreholes and several deep open-cut mines that the regolith 
can be over a hundred metres thick. The mines provide the 
best evidence, for there the regolith can be observed in three 
dimensions. 

Princess Royal, Sand King, and Teutonic Bore mines display 
t:xcellent sections of very deep weathering profiles, which are 

Figure 7. Mega-mottle (dark area) with bleached pipes, Lake Brown. all complex. There appears to be a change in the lower levels 

Figure 8. Detail of a mega-mottle, showing colour banding that has 
been truncated by later bleaching. 

to unoxidised regolith, but the intermediate zones appear to 
be complicated by changes in the position of the groundwater 
table within the profile. At Princess Royal mine the top of 
the reduced saprolite has an irregular 'cauliflower' surface, 
which might result from an irregular wetting front rather than 
a simple, horizontal water table (Fig. 9). Some oxidised 
material is fairly uniform in colour at depth, but the mottling 
of the 'lateritic' profiles comes in higher up. Almost 
everywhere, the uppermost materials are complicated 
transported matter that ranges widely in age and composition. 

Surficial materials 
Calcareous clay 

Clay-rich red calcareous soil is especially common on the 
greenstones. It has often been regarded as a wind blown 
addition to the landscape (sometimes thought to come from 
the Nullarbor, but this seems to require an improbable reversal 
of wind direction). If it is wind blown, it is hard to see why 
it should be restricted to the greenstones, but, on the other 
hand, it does not seem likely that it could be derived from 
the underlying rock. 

Chartres (1983) has examined known wind blown clays in New 
South Wales, which can be distinguished to some extent by 
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Figure 9. Effects of ancient water table, resulting in 'cauliflower' 
surface at top of reduced saprolite in Princess Royal Mine, Norseman. 

pelletal structure. He has examined the micromorphology of 
the calcareous clays from the Kalgoorlie area and finds no 
peletal evidence for an aeolian origin. He reports (personal 
communication) that the material contains some large quartz 
grains, angular haematite grains, and fragments of sandstone 
and silcrete. There is evidence of considerable reworking by 
soil fauna, and the material is heavily iron-stained. It is 
possible that there is some wind blown component to the red 
clay, but it seems to be dominantly of fairly local origin, but 
probably reworked by colluvial processes and organic sorting, 
and affected by chemical leaching and precipitation. 

The carbonate is generally redistributed into nodular, laminar 
or massive calcrete. A pipe structure in a quarry about 2 km 
northwest of Golden Ridge was filled with nodular calcrete 
and overlain by about 0.5 m of red soil packed with iron 
pisoliths. In some places, as at Sand King, several 
superimposed calcretes suggest that there have been several 
periods of addition of calcareous clay, and subsequent 
mobilisation of the carbonate. 

Cover 'sands 

On the granites a layer of yellow non-calcareous sand is 
common'. Some writers have thought the sand to be wind 

blown, though why it should be restricted to the granite if 
windblown is not clear. Others have explained them as 
remnants of ancient podzol soils. Carroll (1939) concluded 
that there were essentially two different sand-plain soils in 
the Yilgarn: those with a metamorphic heavy-mineral suite 
and those with a granitic heavy-mineral suite. She further 
concluded that the sand plain soils are mostly sedentary rather 
than transported. Mulcahy (1959) and Mulcahy & Hingston 
(1961) favoured a depositional origin for the sandplains in 
the York-Quairading area. They suggested that the materials 
were released by weathering from lateritic ferruginous or 
mottled zones. Brewer & Bettenay (1973) held that at least 
the upper zone of the sand plains is transported material. 
This view is contrasted by the earlier opinion of Prider (1966), 
who suggested the sand plains formed in place and represent 
the upper part of a lateritic profile. Bettenay (1984) has also 
provided an account of the nature and origin of the sand 
plains and has suggested they are linked with erosion of 
extensive lateritic mottled and pallid zones. 

Brewer & Bettenay (1973) described the morphology of the 
sands in detail. Samples of Yilgarn sand plains from the 
Boorabbin-Merredin region were examined by M.A. Craig. 
The granulometric data do not support a wind blown origin 
for the cover sands, and a sedentary origin for the lower 
portion seems probable, with reworking in the upper layers. 
Similar conclusions were reached by Butt (1985). 

Alluvium 

Alluvium along modern channels is very variable in colour, 
composition, and thickness, as might be expected. In the 
greenstone areas it is mainly a red calcareous material. 

Playa lake materials 

Evaporitic, aeolian, colluvial, and alluvial surficial materials 
have been deposited in and near wind-eroded plains, playa 
lakes, and associated flats, which are remnants of ancient 
drainage lines. Bettenay (1962) described the main features. 
Lacustrine deposits of gypsum, halite, clay, silt, and sand, 
along with solonchak soils occur in the salt lakes and clay 
pans. Kopi dunes and lunettes form peripheral aeolian 
deposits, mainly on the southern and eastern margins of the 
playas. Gilgai containing carbonate and with a wavelength 
of a few metres were evident in lunettes 19 km north of 
Menzies. The soils have been reworked, especially by wind, 
during recent arid periods (Bowler, 1976). 

Evolution of the landforms 

A typical catena of a Yilgarn slope is shown in Figure 10. 
It suggests that the 'laterite' is on the Old Plateau, and that 
the salt lakes, dunes, etc. are on the Young Plateau. The figure 
could be repeated symmetrically to indicate the relationship 
of the catena to a simple landscape with an Old Plateau and 
a New Plateau (Fig. lla). But the same catena diagram can 
also be drawn as a recurring sequence (Fig. llb). In this case 
the landscape is essentially saw-toothed, breakaways are not 
necessarily the edges of plateaus, and they do not correlate 
into a single planation surface or peneplain. This figure is 
also too stylised: there is no reason why the catenas should 
not occasionally appear in mirror image (Fig. llc). This gives 
a complex surface, with a large degree of random variation. 

In brief, there may be no Old Plateau and no New Plateau! 
There has been a history of repeated incision, alluviation, 
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Figure 10. Typical catena in the Yilgarn region. 
This is a composite diagram, not an actual measured profile. 

and the formation of weathering profiles and duricrusts. At 
any particular spot a duricrust outlier, bounded by 
breakaways, may dominate the local landscape. Because the 
vertical dimensions of the landscape are so small compared 
with the great widths, the duricrust may appear to be the 
remnant of a former plateau. 

As this idea may be hard to comprehend, an analogy might 
be useful. In areas of lava flows in eastern Australia, inversion 
of relief eventually causes lava flows that were originally in 
valleys to be located on hills, often ridges with steep basalt 
bluffs equivalent to breakaways. In an area where relief 
inversion has happened many times, as around Armidale, 
NSW, for instance, there is a broad plain with numerous 
basalt caps rising above it. It is tempting to correlate the 
basalts, and attempts have been made to draw the sub-basaltic 
surface. But we now know that the basalts range in age from 
at least 40 Ma to 20 Ma, and relief inversion has happened 
several times. It would be quite incorrect to link the tops of 
the basalt plateau remnants as parts of an old plateau, as 
they were never all there at the same time. 

The duricrusted plateaus in the KaIgooriie region all have 
a similar origin, but there is no reason to suppose they are 
all contemporary, and there is no justification for casting a 
phantom erosion surface over numbers of outliers to 
reconstruct an 'Old Plateau'. 

The old idea that laterite is formed on peneplains of great 
perfection (e.g. Woolnough, 1927) is no longer generally 
accepted. A common modern view is that iron accumulates 
on lower slopes and on valley plains, eventually forming 
ferricrete (Fig. 12). Detailed expositions of this view have been 
given by Foister (1964), Maignien (1966), and Rohdenburg 
(1970). Milnes & others (1985a) have provided the most 
detailed Australian evidence (from South Australia) to 
indicate that ferricretes are remnants of iron-impregnated 
sediments of former valleys or depressions. Our own 
observations described earlier suggest that the ferricretes form 
in sediments that unconformably overlie either bedrock or 
saprolite. Iron solutions pass through the relatively porous 
and permeable sediments and cement them. The sediments 
themselves occur mainly on footslopes and along drainage 
lines. 

Upwards movement of iron through weathering profiles is 
possible (e.g. Mann & Oilier, 1985), but nevertheless, as 
groundwater geologists have long known, the dominant 
movement of groundwater is lateral, to discharge sites on 
lower slopes, and such groundwater would carry iron in 
solution. 
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Three important conclusions follow from this idea. Firstly, 
if iron is moving in solution through a hillside and forming 
ferricrete only where it oxidises on lower slopes, then hard 
ferricrete is only an edge effect. An excavation located 10 or 
2 m in from a ferricrete breakaway may encounter relatively 
soft mottled-zone material, but no hard ferricrete. 

Secondly, if ferricrete is formed on lower slopes, why is it 
found on plateaus and at the tops of breakaways. The 
explanation lies in the inversion of relief. Many examples of 
relief inversion may be found in the literature (Maignien, 
1966, p. 72; Goudie, 1973, p. 45; McFarlane, 1976, pp. 97-100; 
Van Kerchaver, 1985). The basic idea is illustrated in Figure 
13. The lower slopes are the most indurated, and as they are 
then resistent to erosion, rivers tend to erode the softer 
material around, leaving the former lower slopes as the edges 
of mesas or cuestas. 

Thirdly, if induration occurs on lower slopes it is not 
surprising that the ferricretes can have a noticeable initial 
dip. This explanation also accounts for the otherwise 
mysterious observation that the ferricrete often slopes away 
from the breakaway rather than towards it (Fig. 3; Bettenay 
& Hingston, 1964). The ferricrete would have formed with 
an initial dip towards a valley, but with inversion of relief 
it appears to dip into the ridge of the present day. The more 
complicated attitudes of ferricrete figured by Playford (1954) 
can be explained in similar fashion. 

For simplicity, this account of possible landscape evolution 
has been confined to ferricrete, but silcrete appears to behave 
in the same way, capping ridges after inversion of relief. 

Geomorphic history of the Kalgoorlie region of 
the Yilgarn 
The area may well have been a land area, and well planated 
even in Precambrian times, but there is little record of any 
landforms before the Permian, which will, therefore, be 
adopted as a starting point. 

1. Permian glaciation 

2. Mesozoic deep weathering, with minor planation. This is 
indicated by the fact that major valleys of at least early 
Tertiary age are incised into what was already a remarkably 
level surface, and into rock that was already deeply weathered. 

3. Establishment of a drainage pattern with major valleys 
several kilometres wide. The modern lines of salt lakes follow 



o L 0 
PLATEAU NEW PLATEAU OLD PLATEAU NEW 

Figure 11. a (upper) - Repetition of the typical Yilgarn catena, giving rise to apparent Old Plateau and New Plateau. b (middle) - Repetition of the typical Yilgarn catena to form a saw-tooth landscape 
of low amplitude. It is not valid to connect the various breakaways to produce a hypothetical 'Old Plateau'. c (lower) - Irregular repetition of the typical Yilgarn catena, with breakaways at several 
levels. Again, it is not valid to connect the various breakaways to produce a hypothetical 'Old Plateau'. 
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FRESH BEDROCK 

2B/ H51 / 10 

Figure 12. The formation of ferricrete on lower slopes and valley floors by cementation of hillwash and alluvium. 

l/tl 

Figure 13. Inversion of relief. 
a - An old valley is eroded, and the floor and lower slopes of the 
valley are partly covered with alluvium and colluvium, which is then 
cemented to form a ferricrete. Ferricrete is especially prevalent on 
footslopes. 
b - Later erosion attacks neighbouring weathered rock, and the 
resistant ferricrete comes to occupy the edge of a plateau. 

these old valleys. There was a major divide between the 
Swan-Avon catchment and the Kalgoorlie area draining to 
the east (Fig. 14). The latter covers most of the Kalgoorlie 
region (Fig. 1), but the drainage to the west gives most clues 
to the geomorphic history. 

4. The break-up of Gondwanaland. The break-up probably 
started in the Jurassic, with a rift valley stage and limited 
drift about 100 million years ago (Crook & Taylor, 1985), but 
sea-floor spreading became more important after about 54 
Ma. The broad valleys of the Swan-Avon catchments are 
many kilometres wide at their start. Such wide valleys require 
catchments extending beyond their present limits. The most 
likely place for such extension is Antarctica, before drift 
brought about the loss of the headwaters. This is the basis 
for supposing that the major valleys pre-date the break-up 
of Gondwanaland. 

5. Incision of valleys. By the Eocene, rivers had cut a system 
of valleys into the deeply weathered bedrock. Some major 
valleys were several kilometres wide, but the system of 
tributaries included very minor valleys. In the Eocene the 
valleys started to aggrade with valley-fill sediments, including 
some organic horizons. 

6. Upper Eocene marine incursion. This marine transgression 
was probably the result of a eustatic rise, but the region was 
already so flat that marine deposits extended for great 
distances along valleys, and yet did not overtop the divides. 
Remnants of the marine sediments are found as valley fills, 
as at Norseman and near Lake Cowan. 'The Eocene 
transgression extended up to 270 km inland from the present 
coast. Marine deposits consist of spongolite and minor 
limestone and dolomite, and they are associated with non•
marine to parallic sandstone, siltstone, and shale.' (Playford 
& others, 1975). 

7. Tectonic activity. Tectonic uplift brought the valleys above 
sea level. This was largely epeirogenic uplift of about 300 m. 
Deposits at several places are at about this height, including 
localities near Lake Cowan, and a marine erosional bench 
in the Stirling Range area (Johnstone & others, 1973). The 
Stirling Range stands about 1000 m above the plain to the 
north, and is thought to be a fault block uplifted not long 
before the Upper Eocene transgression. However, although 
inland Eocene deposits may presently be at around 300 m 
a.s.l., near the south coast the Eocene deposits are only a 
few metres above present sea level, so there was evidently 
differential movement, with a bend down towards the coast. 
The axis of differential uplift was identified by Cope (1975) 
and is known as the Jarrahwood Axis (Fig. 14). Some of the 
Eocene rivers cross the axis, as near Norseman, and the slope 
of major rivers south of the axis is reversed. 

8. Cenozoic landscape evolution. After the filling of valleys 
with Eocene sediments, weathering continued throughout the 
Cenozoic, and duricrusts formed. Ferricretes are essentially 
formed in surficial sediments, as are silcretes. Landscape 
evolution probably entailed many inversions of relief, and 
a sequence of cut and fill alternating with weathering and 
crust formation that is too complex to trace in detail. The 
formation of ferricrete and silcrete (at least hardpan) probably 
continues to the present day. 

9. Climatic change. In the Mesozoic and Cenozoic the 
climate was probably warm and moist for most of the time. 
Quite late in geological history, aridity set in, with the 
complications of salt weathering, and aeolian deposition of 
sands and calcareous clays. Drainage became limited, and 
ground waters became saline, with great geochemical effects 
as chloride came to dominate chemical reactions. The major 
valleys became the sites of chains of salt lakes. Vegetation 
started to take on its modern aspect, and would in turn have 
affected the nature of weathering and effectiveness of erosion. 
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• Salt lake chain - - - Palaeodrainage divide -- Edge of palaeoplain - - Major fault 

Figure 14. Major physiographic and tectonic features of southwestern Western Australia (modified after Mulcahy, 1973). 

Discussion 
The idea that the Kalgoorlie region and neighbouring parts 
of Western Australia are part of a single Great Australian 
Plateau is far too simple. So too is the two-surface model 
of an Old Plateau and a New Plateau. Even the multi-level 
modern model of etch planation appears to be too simple. 

The region has had many periods of planation, weathering, 
and duricrust formation. There have also been several 
episodes of cut and fill, not easily correlated from one place 
to another. There is no validity in the process of casting an 
imaginary plateau surface through remnants of duricrust, as 
these may have formed at several quite different times. 
Furthermore, there may be no geochemical connection 
between ferricretes and the underlying weathered rock (Milnes 
& others, 1985a). The ferricretes are mainly iron impregnated 
sediments of diverse age: the saprolite beneath the ferricretes 
(often regarded as the mottled and pallid zones of a 'laterite' 
profile) is the product of weathering and related processes 
throughout Mesozoic and Cenozoic times. The zones within 
the deep weathering profiles relate to former water tables, 
but are complex: they do not fit the oversimplified 
generalisation of pallid and mottled zones. 

The model of landscape evolution that best fits the area is 
perhaps that of the cratonic regime of Fairbridge & Finkl 
(1979). In this model the erosion-sedimentation history is one 
of repeated exhumation and reburial. The reduction of the 
cratonic surface is ascribed to an alternation of etchplanation 
and pediplanation, leading to the formation of a polygenetic 
surface of low relief. 

Landscape evolution cannot yet be described in detail, and 
must await description of the landscape in empirical terms, 
not in relation to oversimplified models. BMR has started 
by compiling a regolith map of the Kalgoorlie 1:1 000 000 
sheet area, which will provide a basis for geomorphic 
interpretation. Further studies are required at larger scales 
to provide detailed ground truth to test the present 
hypothetical model, and a further need is to enlarge the area 
of investigation and so relate the Kalgooriie region to a wider 
part of Western Australia. 
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