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Résumé: Les biens géomorphologiques de l’Australie centrale. Dans les étendues 
semi-arides qui constituent le paysage dominant de l’Australie centrale se trouvent des 
biens géomorphologiques très intéressants et spectaculaires: Ayers Rock (Uluru), les 
Monts Olgas (Kata Tjuta) et le Mont Conner (Artilla). L’origine de ces modelés 
suggestifs doit être cherchée dans les complexes vicissitudes sédimentaires, 
tectoniques et climatiques qui se sont succédées par centaines de millions d’années, à 
partir de l’originaire formation géologique de l’Australie. Cet article décrit les 
particularités de cette région et illustre les principaux évents de caractère géologique 
et géomorphologique qui ont modelé l’environnement physique de cette portion du 
continent austral, avec la formation de ces monuments de la nature. 
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Introduction 
Since the early 1990s, many Earth Sciences research groups have focused their 

investigations on problems concerning the conservation and appraisal of natural sites which 
are important because of their significant geomorphological features (cfr. Wimbledon et al., 
1995; Poli, 1999; Stanley, 2002; Panizza, 2003; Reynard, 2004). Indeed, like the biological 
components of the environment, geomorphological sites can be considered natural assets of 
particular significance, owing both to their intrinsic beauty and spectacularity and for their 
role as witnesses of the most ancient history of the Earth. 

Australia has been particularly prompt in acknowledging the concept of 
“geomorphological asset”, considered as a cultural asset which can be known, preserved 
and appraised. This is shown by its present policy of safeguarding natural environments in 
all their components: physical, vegetational, animal and human (protection of Aboriginal 
minorities). In particular, the vast Uluru-Kata Tjuta National Park, in the heart of the 
Australian continent (Fig. 1), hosts geomorphological assets of paramount importance 
which appear on UNESCO’s World Heritage list: Ayers Rock and The Olgas, named by the 
aborigines “Uluru” and “Kata Tjuta”, respectively. In their proximity, the large salt basin of 
Lake Amadeus is also found, whereas the flat-topped ridge of Mount Conner (also known 
by the Aborigine name of “Artilla”) is set more to the west. 

 
Geographical setting 
The centre-western sector of Australia (Northern Territory) is occupied by an 

extremely vast semi-desert area which, from the geological standpoint, largely corresponds 
to the Australian shield, made up of a bedrock of crystalline rocks from the Proterozoic Eon 
(2500 to 542 Ma). 
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Fig. 1. Mean geographical location of the study area:  

 lat. 25°23' S, long. 131°05' E (asterisk) 
 

This region has irregular vegetation cover, mainly made up of herbaceous plants 
with prevalence of “porcupine grass” (Triodia spinifex) and euphorbias (Euphorbia sp.). 
Occasionally, thorntree (Acacia sp.) and desert oak (Allocasuarina decaisneana) specimens 
are found. The uniformity of this landscape is sometimes interrupted by lines of eucalypts 
(Eucalyptus sp.), which indicate the presence of a nearly always dry riverbed, or by the 
profile of a Casuarina sp. shrub. These plants make up the predominantly bushy outback 
environment known as scrub (Lotschert & Beese, 1988). 

The climate is warm semi-arid, with a wide daily temperature range. Precipitation is 
very irregular and mostly concentrated in the early summer months (December and 
January). Intense and occasional rainfalls are sometimes followed by years of complete 
drought. The mean precipitation of central Australia is around 180 mm/year. The drainage 
system is typical of endorheic basins, with occasional streams feeding the salt lakes 
scattered all over the area, of which Lake Amadeus is the largest. 
 

Geological history 
Between 900 Ma and 600 Ma, most of central Australia lay at sea-level, forming a 

depression known as the Amadeus Basin. At times large areas of the basin became partly 
blocked off from the sea, resulting in evaporation of its waters. Layers of evaporites were 
formed and were eventually covered by limestone, dolostone and sandstone sequences. In 
the Lower Cambrian, central Australia was subject to an important mountain building phase 
known as the Petermann Ranges Orogeny, at the end of which vast and widespread alluvial 
fans were formed along the margins of the mountain chains, in climatic conditions much 
wetter than present ones. During the Lower Palaeozoic the supply of alluvial fan sediments 
started to diminish following the erosion of mountain chains while the whole region was 
subject to intense subsidence. In the meanwhile, the setting up of diagenetic processes 
transformed the continental deposits, mainly made up of coarse sand, gravel and fluvial 
pebbles, into quartz-feldspar sandstone (Uluru Arkose) and sandstone-matrix conglomerate 
(Mount Currie Conglomerate) which makes up Ayers Rock and The Olgas, respectively 
(Harris & Twidale, 1991). 
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The mesa which is the most striking feature of Mount Conner with its flat top, 
consists mostly of a hard quartzite, whitish in colour, but with some red bands, possibly due 
to later weathering. Towards the base of this quartzite series there is a transition zone which 
divides it from the underlying softer mudstone (Ollier & Tuddenham, 1961). The 
sedimentary layers of Mt. Conner were deposited in a shallow sea during the 
Neoproterozoic Era (1000 to 542 Ma BP) in the then Centralian Super-Basin, which was 
divided into several sub-basins at the end of the Neoproterozoic. The rock of Mt. Conner is 
200 Ma to 300 Ma older than Ayers Rock and The Olgas. It is characterised by considerable 
cross-bedding and at least two sets of vertical joints which are fairly widely spaced and 
divide the rock into pillars which break further along bedding planes, especially the planes 
of cross-bedding. 

In the Devonian-Carboniferous intense compression stresses caused the crustal 
shortening of the entire region, with folding, faulting, uplift and overthrust: it is the 
beginning of the Alice Springs Orogeny (400÷300 Ma BP), during which the layers of 
arkose and conglomerate at Ayers Rock and The Olgas, which had been buried by hundreds 
of metres of younger Amadeus Basin sediments, were strongly folded and faulted, and the 
originally horizontal layers at Ayers Rock were rotated into a nearly vertical position. The 
Mount Currie Conglomerate at The Olgas was less affected; it dips to the SW at only about 
15 degrees. In the Upper Palaeozoic (280÷250 Ma BP) orogenic processes progressively 
decreased and eventually ceased, whereas erosional processes continued and removed the 
more superficial marine formations almost completely (Sweet & Crick, 1996). 

In the Upper Cretaceous (70÷65 Ma BP) the final modelling of the alluvial plain of 
central Australia took place. Finally, some 30,000 years ago, in climate conditions even 
more severe than the present ones, the sand dunes scattered all over the landscape of this 
region were formed. They are now mostly stabilised by vegetation. 

The main features characterising the physical environment of the Uluru-Kata Tjuta 
National Park are the inselbergs2 of Ayers Rock, The Olgas and Mt. Conner, which are the 
result of selective processes of exogenous agents and the intrinsic lithological and structural 
characteristics of these rock types. 

 

Geosites of the Uluru-Kata Tjuta National Park: Ayers Rock 
The table-shaped relief of Ayers Rock – which rises above the surrounding plain to 

a height of 350 m, attaining an elevation of 867 m a.s.l. – is not a sort of monolith uprooted 
from the surrounding geological context, as was believed for a long time, but the outcrop of 
a thick sequence of nearly vertical strata (≥80°) of well-cemented quartz-feldspar sandstone 
(arkose), often showing concave lamination with rare intercalations of conglomerate levels. 
The typical reddish rusty colour of this formation is due to iron oxidation; whereas the fresh 
unweathered rock is grey in colour. As shown by A–A’ geological section (Fig. 2), Ayers 
Rock is the summit of the upright flank of a great syncline developed within the Uluru 
Arkose Formation (Lower Cambrian) during the Alice Springs Orogenesis. The near-
vertical strata of Ayers Rock are highlighted by sand-blasting weathering, which results in 
the formation of raised ribs (Fig. 3). 
 

                                                 
2 Inselberg is from the German Insel, “island” and Berg, “mountain”: isolated hill that stands above well-

developed plains in sub-desert areas and appears like an island rising from the sea. The early German 
explorers of southern Africa were impressed by such features, and they dubbed the domed or castle-like 
highlands they saw Inselberge 



Giovanni TOSATTI 
 

36 

 
Fig. 2. Schematic geological sections through Mts. Olgas (O–O’) and Ayers Rock (A–A’). 

Legend: 1) Neoproterozoic igneous and metamorphic formations; 2) Neoproterozoic sedimentary formations; 3) 
Lower Cambrian Mt. Currie Conglomerate Formation: arenaceous-matrix conglomerate; 4) Lower Cambrian 
Uluru Arkose Formation: quartz-feldspar sandstone; 5) Upper Cambrian-Ordovician marine formations 
(sandstone, clay shale and limestone); 6) Upper Cretaceous alluvial deposits (sand and sandy silt with carbon 
levels); f) faults (modified after Sweet & Crick, 1996). 

 
From the structural viewpoint, the Ayers Rock cliff is particularly compact, since 

fissility planes or discontinuity systems are not present. In some points along the relief 
slopes, though, large boulders are found which are separated from the underlying rock by 
slightly arcuate fractures. It is thought that these superficial discontinuities are the result of 
unloading3 processes, following the erosion of superincumbent loads, leading first to radial 
expansion and then to rock breaking down (Ollier & Tuddenham, 1961; Twidale, 1978). 
 

 
Fig. 3. Raised ribs in the Uluru Arkose Formation, Ayers Rock 

 (photo by the author) 
 

As for degradational processes, the inselberg of Ayers Rock is mainly affected by 
hydrolysis and exfoliation (or spalling). The former is due to water chemical weathering 
with dissolution of some of the minerals making up the rocks followed by flaking and 

                                                 
3 Unloading is the release of confining pressure as rock is brought nearer the earth’s surface through the erosional 

removal of overlying rock. On being brought to the surface, the rock expands slightly and, in the process, 
thick shells of rock break free from the parent mass below. 



Geomorphological assets of central Australia 
 

37 

crumbling of the most superficial rock levels. On the contrary, exfoliation is prevalently a 
physical weathering process, with rock volume changes due to heating during the day and 
sudden cooling during the night, accompanied by capillary water motion. In this way, 
hardened rock crusts are formed which eventually detach from the main rock body leaving 
cavities along the slopes (Fig. 4). 
 

 
Fig. 4. Coalescent cavities due to hydrolysis and exfoliation at Ayers Rock  

(photo by the author) 
 

Similarly to what was observed in other desert regions (Panizza, 1972), the 
progressive widening of the niches scattered over the slopes and summit of Ayers Rock 
seems mainly due to hydrolysis weathering, favoured by the constant presence of a certain 
degree of humidity in the inner and more protected rock surfaces. Hydrolysis leads to the 
kaolinization of feldspars, with consequent progressive scaling of the rock into thin layers. 
The most advanced phase of this process leads to the formation of caves, mainly distributed 
along the basis of the relief4. 

Finally, it is interesting to observe that at the foot of Ayers Rock there is no debris 
cover. In fact, the materials resulting from rock falls and scaling are further reduced by 
weathering, carried away by aeolian deflation and eventually redistributed evenly over the 
surrounding plain (Mabbutt, 1968). 

 
Geosites of the Uluru-Kata Tjuta National Park: The Olgas 
The group of The Olgas which reaches its maximum height with Mount Olga at 

1069 m a.s.l., is located some 35 km west of Ayers Rock. This mountain ridge is entirely 
made up of a coarse conglomerate of well-cemented sandstone blocks and granite, basalt 
and porphyry pebbles named Mount Currie Conglomerate (Lower Cambrian). The matrix is 
composed of fine-grained sandstone rich in epidote. Differently from Ayers Rock, where 
strata were sub-vertical, at The Olgas a dip of some 20° SE was measured. 

 According to various authors (Harris & Twidale, 1991; Korsch & Kennard, 1991), 
the Mount Currie Conglomerate attains a total thickness of over 5000 m in proximity of The 
Olgas, as shown by geological section O–O’ (Fig. 3). 
 

                                                 
4 The main caves of Ayers Rock were for a very long time (at least 22,000 years) inhabited by Aborigines who 

decorated them with paintings and carvings, thus adding artistic-archaeological value to the natural beauty of 
the area. 
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Fig. 5. View of the Olgas at sunset (photo by the author) 
 

The Aborigine name of The Olgas (Kata Tjuta = “many heads”) conjures up the 
most singular feature of this mountain groups made up of 31 rounded reliefs, similar in 
shape to human heads, separated by narrow gorges and canyons (Fig. 5). The latter were 
formed by rill-wash erosion concentrated along the numerous joints spread all over this 
group. 

Unlike Ayers Rock, one of the main factors controlling the morphological evolution 
of The Olgas seems to be ascribed to mechanical unloading (Sweet & Crick, 1996). 
Following this process, the extensional joints which are formed parallel to the topographic 
surface generate detached rock blocks which slide to the foot of the slope due to gravity, 
where eventually they are further dismembered into smaller pieces owing to the daily cycles 
of thermal expansion and contraction (Fig. 6). 

Like the situation observed at Ayers Rock, aeolian erosion does not seem to have 
played a major role in the morphogenesis of the Olga reliefs but was limited to the 
redistribution of previously formed debris. 

 
Geosites of central Australia: Mount Conner 
Mount Conner is a monolith reaching 859 m a.s.l. and 300 m above ground level. It 

is located some 88 km ESE of Ayers Rock. Mt. Conner is a flat-topped, horseshoe-shaped 
inselberg, part of the same vast rocky substrate thought to be beneath Ayers Rock and The 
Olgas. Its lower 150 m are covered by a scree slope, while the upper 90 m are sheer cliffs 
(Fig. 7). 

As for weathering, exfoliation seems to be a dominant process, often combined with 
chemical weathering, although the whiter purer quartzite undergoes prevalently mechanical 
disintegration due to heat which produces a block-type breakdown. The progressive 
dismembering of this mesa into several blocks is clearly controlled by joint systems 
intersecting each other. Recent mass wasting seems to have occurred along the upper 
slopes, producing thick layers of talus. On the lower slopes some gullies have cut back 
through the bedrock giving rise to steep-sided valley heads (Ollier & Tuddenham, 1961). 
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Fig. 6. Detached rock blocks at The Olgas following unloading processes  

(photo by the author) 
 
The fact that the rocks exposed at Mt. Conner are much older than those cropping 

out at Ayers Rock and The Olgas has been explained by two theories. One theory is that the 
surrounding layers of sedimentary rocks were more easily eroded at Mt. Conner, leaving 
the bedrock formations better exposed than in the previous cases discussed. A second 
theory is that Mt. Conner survived the impact of a bolide, as it resides in the impact blast 
protected zone next to the central impact site. The surrounding layers were then removed at 
the time of the impact. The base of Mt. Conner takes the form of a tear drop, with the 
tapered end pointing away from the impact site. Erosional processes active since the time of 
the impact, left the inselberg that we see today (Connelly, 2009). 

 

 
Fig. 7. Panoramic view of the flat-topped ridge of Mt. Conner 

 showing its sheer cliffs and gentler scree slopes   
(photo by the author) 

 

Final remarks 
By comparing the examples of inselberg of the study areas, it is possible to pinpoint 

the analogies and differences which have characterised the morphological evolution of 
these singular reliefs of the Australian outback. In all three cases examined their present 
shape is derived from selective erosion which has removed the surrounding materials 
leaving the inselbergs of Ayers Rock, The Olgas and Mt. Conner as the only witnesses of 
ancient geological formations once emerging well above the present level of erosion. Whilst 
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at Ayers Rock the dominant degradational processes are hydrolysis weathering and 
exfoliation with the formation of cavities, at The Olgas mechanical unloading, rock 
crumbling due to heat expansion and progressive widening of the structural discontinuities 
due to erosion seem to prevail. At Mt. Conner the major weathering process on the quartzite 
is blocky disintegration, which seems to be due to insolation since it occurs on the fresh 
white quartzite and, to a lesser extent, also on the red weathered quartzite (Ollier, 1963). 
Weathering is therefore of primary importance in the formation of Ayers Rock and The 
Olgas, but at Mt. Conner it is erosion and slope development which is responsible for the 
shape of this mountain. Furthermore, there is evidence that the intense diagenesis, 
presumably due to deep burial, that took place at The Olgas did not affect the other areas 
studied. 

Thanks to the effective conservation and appraisal actions carried out by the 
Australian Government, the inselbergs of Ayers Rock, The Olgas and Mt. Conner are now 
geomorphological assets of paramount importance and have become an area of attraction 
for international tourism, respecting the delicate balance governing the physical and 
biological environment of this remote region of the Earth. 
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