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Long-term landscape evolution on Groote Eylandt, Northern Territory
Jonathan Nott 1
Like other areas throughout the north of the Northern Territory,
Groote Eylandt is dominated by a landscape of great age. Previous
interpretations have argued that this landscape experienced repeated
cycles of uplift and erosion during the Tertiary. This view is challenged
by the evidence of two palaeovalleys which traverse the island ; both
are filled with Cretaceous sedimentary rocks and are incised into a
plateau surface of supposedly Miocene age. The Cretaceous marine
transgression was the most important event in the long-term landscape
history of Groote Eylandt. The resulting raised base-level, and the

associated sedimentary infilling of valleys, lifted streams from their
existing valleys, and promoted the development of a new stream
network, which has persisted till the present. Apart from the obvious
drainage alterations, no other significant modifications to the Groote
Eylandt landscape have occurred since at least the late Mesozoic: an
escarpment traversing the island has retreated less than 500 m since
this time , and the upland plateau and surrounding lowland plains of
pre-Cretaceous age have maintained their general form.

Introduction
Recognising the long-tenn landscape evolution of a region
has obvious and important implications for understanding the
origin and development of the regolith. Groote Eylandt, site
of one of the world's largest economic manganese deposits,
represents a physiographic outlier of the East Arnhem Land
plateau. Like much of the remainder of the north of the
Northern Territory, few detailed investigations of its landscape
evolution have been undertaken.
Previous interpretations of the geomorphic evolution of
Groote Eylandt have argued that the present landscape
developed in response to several erosional cycles during the
Cainozoic (Hays 1967, 1968). Nott (1995), however, has
shown that substantial areas of the north Australian craton
have maintained their broad topographic outline since at least
the Early Cretaceous, and that there was little evidence for
even one cycle of erosion since the Cretaceous sea regressed.
In that paper, he mentioned two palaeovalleys which extend
virtually across the whole of Groote Eylandt. These features ,
filled with Cretaceous rocks, provide important evidence for
deciphering the age and nature of landscape development.
This paper documents further details of the nature and extent
of these valleys, their sedimentary fill , and the significance
of this fill and other Cretaceous strata for interpreting the
long-term regional geomorphic development.
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Geology and topography
Much of eastern Arnhem Land is dominated by horizontally
to subhorizontally bedded Proterozoic arenites , frequently
forming resistant plateaux 100 to 200 m above sea-level
(a.s.I.). On Groote Eylandt, this plateau is 100 to 140 m a.s.l.,
and dominates the southern half ofthe island. Here, it comprises
mainly Proterozoic Dalumbu Sandstone (Fig. 2) concordantly
overlying the Bartalumba Basalt (Haines 1994). An escarpment
separates the plateau from lowland plains dominating the
northern half of Groote Eylandt. These plains also extend
along the island's western and southern shores (Fig. 3). The
escarpment, in places up to 100 m high, bisects Groote Eylandt
roughly southeast to northwest. It then extends southwards
along the western side of the island, and trends east to west
along the island's southern side. In these areas, it is considerably
more indented than its straighter and more elongate form
across the central northern part of the island. Irregular outcrops
of the Bartalumba Basalt at the base of the escarpment suggest
that this topographic feature has fonned from scarp retreat
along the contact between the basalt and the overlying Dalumbu
Sandstone. The Bartalumba Basalt is thought to underlie the
Mesozoic and Cainozoic strata which cover the extensive
lowland plains of the northern half of the island (Haines
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Figure 1. Location map of Groote Eylandt.
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Figure 2. Geological map of Groote Eylandt. Modified from Pietsch et aI. (in press).

1994). Here and elsewhere across Groote Eylandt, Mesozoic
strata appear to be restricted to elevations lower than about
100 to 120 m a.s.1. Hence, the plateau is almost exclusively
dominated by Proterozoic sandstone.
Most streams on Groote Eylandt have their headwaters in
the sandstone plateau. As a consequence they collectively
form a radial drainage pattern (Fig. 3). This pattern apparently
developed during the post-Cretaceous, before which the
drainage was dominated by two substantial stream systems
flowing northwest and west. These ancient stream courses are
now marked by the presence of palaeo valleys carved into the
plateau, and extending virtually across the entire width of
Groote Eylandt. The northern palaeovalley is 0.5 to 3 km
wide, and presently extends for over 20 km to the northwest
from its headwaters, about 10 km west of IIlyungmadja Point
(Figs. 2 and 3). The southern palaeovalley rises 5 km inland
of the eastern shore of Groote Eylandt, about 15 km south
of the headwaters of its northern counterpart, and trends in
a more westerly direction towards the mouth of the Emerald
River about 15 km north of South Point. Both pa1aeovalleys
have a Cretaceous fill, whose surface expression is restricted
to isolated patches in their headwaters. Undifferentiated

Cainozoic strata overlie the rest of the Cretaceous valley fill.
The depth of Cretaceous strata in either of the palaeovalleys
is not known, but preliminary drilling suggests that the southern
one has at least several tens of metres of Cretaceous rock
below the Cainozoic cover (H. Berents, BHP Exploration,
personal communication 1994).
Along the western side of the island, the thickness of the
Cretaceous strata exceeds 100 m (Page 1994). Here and across
the lowland plains, these strata exhibit both vertical and lateral
facies changes. Near Angurugu, they comprise unfossiliferous
orthoquartzite overlain conformably by a late Albian shallow•
marine glauconitic claystone (Bolten et al. 1990). Towards
the southwestern comer of the island, they are dominated by
minor manganese-cemented sandstone and calcareous sandy
siltstone (Page 1994). Along the western side of Groote
Eylandt, these rocks generally dip gently to the west. Locally,
however, dip directions vary as the Cretaceous strata drape
basement ridges and irregularities. This underlying irregular
topography is a reflection of the heavily dissected landscape
dominating parts of Groote Eylandt before the Cretaceous
marine transgression (Page 1994).
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Figure 3, Physiography and drainage of Groote Eylandt. Note variations between large palaeovalleys trending northwest and west
in contrast to the modern drainage.

Landscape evolution
The most widely recognised account of the landscape evolution
of the Northern Territory is that of Hays (1967, 1968). Although
he did not mention Groote Eylandt in his regional account,
he did include the island in his map of the land surfaces.
Hence, by clear implication, Hays attributed the landscape of
Groote Eylandt to have developed in response to a series of
episodes of uplift and pediplanation during the Tertiary. Groote
Eylandt was mapped by Hays (1967) as part of the Wave
Hill surface, which he considered to have developed during
the Miocene after an episode of uplift associated with orogenesis
in Papua New Guinea. The Wave Hill surface is characterised
by its topographic position in the landscape-lower than the
Tennant Creek surface and higher than the Koolpinyah surface.

Both the Koolpinyah surface, which typically forms the modem
coastal lowland plains throughout the Northern Territory, and
the Wave Hill surface are also characterised by a mantle of
detrital laterite constituting the relateritised colluvial debris
left from the retreat of scarps into the next highest surface
(Hays 1967, 1968).
The two palaeovalleys present severe difficulties for Hays's
interpretation of the landscape evolution of Groote Eylandt.
The upland surface cannot have developed during the Miocene;
it must predate the Cretaceous because the valleys incised
into it are filled with Cretaceous sedimentary rocks. Further•
more, as the palaeovalleys debouch onto the lowland plains,
these features must also predate the Cretaceous. Cretaceous
strata across the lowland plains of the northern half of the
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island and along the western shores of the island add further
support to this observation. There is little doubt that the
landscape of Groote Eylandt had substantial relief before the
Cretaceous marine transgression, because the upland plateau,
lowland plains, and valleys of substantial size were clearly
present before this time. Like considerable areas across much
of the northern part of the Northern Territory (Nott 1995),
Groote Eylandt was not dominated by a single surface of low
relief before the Cretaceous marine transgression; it was
characterised by a landscape of considerable relief.
Apart from the obvious weathering and reworking of the
Cretaceous strata across the lowland plains of Groote Eylandt
and, of course, the deposition of Cainozoic alluvium and
aeolian sediments, only moderately minor modification of the
landscape has occurred since the Cretaceous sea retreated.
This is best exemplified by Cretaceous strata at the base of
the main escarpment dividing the northern lowland plains
from the upland plateau. In places, the Cretaceous strata abut
the base of the escarpment, demonstrating minimal, if any,
scarp retreat in the last 100 million years. In other areas, the
Cretaceous strata are less than 500 m from the escarpment's
base, and here scarp retreat has been less than 0.5 m per
million years since the Cretaceous sea retreated. Farther east,
outcrops of Cretaceous strata and the escarpment carved from
Proterozoic sandstone diverge considerably. Here too, undif•
ferentiated Cainozoic strata abut the base of the escarpment;
whether or not they overlie Cretaceous rocks is debatable,
but they appear to do so in other parts of the northern lowland
plains.
Minimal to very low rates of scarp retreat over the last
100 million years apparently are also recorded along sections
of the escarpment bordering the lowland plains in the southern
half of the island. About 15 to 20 km west of Marangala
Bay, manganese-rich Cretaceous strata abut the escarpment
(Bolten et al. 1990). Though Pietsch et al. (in press) have
mapped these highly weathered and manganese-rich strata as
undifferentiated Cainozoic, other investigations by BHP Ex•
ploration and the Groote Eylandt Mining Company suggest
that their age is Cretaceous.

Drainage evolution
Probably the most significant alteration to the landscape of
Groote Eylandt since the retreat of the Cretaceous sea has
been the inception of new drainage networks. Streams now
form a radial pattern across the island as they flow mainly
from the upland sandstone plateau. Before the Cretaceous sea
invaded Groote Eylandt, the two main stream systems, as
defined by the two palaeovalleys, flowed to the northwest
and west from the eastern side of the island. Modem drainage
near the northern palaeovalley cuts across the ancient stream
courses. Parts of the headwaters of the northward-flowing
Anarrama Creek, for instance, are located in the middle of
this palaeovalley (Fig. 3). Nearby, and still within the palae•
ovalley, a drainage divide separating northwesterly/southwest•
erly from mainly southeasterly/northeasterly flowing streams
now exists. The southeasterly/northeasterly flowing stream
system drains into Angurugubira Lake, located behind the
coastal barrier complex on the eastern side of the island
(Fig. 3). The northwesterly/southwesterly flowing streams
form part of the headwater network of Angurugu Creek
draining to the western shore of Groote Eylandt (Fig. 3).
Mainly west-flowing streams still occupy the headwater
reaches of the southern palaeovalley. Little change, therefore,
has occurred in these headwater reaches. However, downstream
the modem drainage diverts to the south and flows to the
Gulf of Carpentaria via the southern shores of the island
(Fig. 3). Before the Cretaceous, the southern palaeostream
system did not flow to the south, but continued west towards
the mouth of the Emerald River. A small drainage divide is

presently located within this palaeovalley west of the modem
southward-flowing stream system. West of this divide, a few
small streams drain into the mainly west-flowing Emerald
River.

Discussion
There is no need to invoke stream capture and tectonism to
explain the changes in drainage patterns across Groote Eylandt.
Here, the Cretaceous marine transgression has been the single
most important event affecting the long-term landscape evo•
lution. The substantial rise in base-level as a function of the
marine transgression and sediment-infilling of the two palae•
ovalley networks effectively liberated the stream systems from
their valleys, and enabled them to flow across the upland
plateau surface. During the ensuing milJions of years of higher
sea levels, these streams adopted new courses, and new divides
were established.
The absence of recognised Mesozoic strata across the
upland plateau outside the palaeovalley networks suggests
that the Cretaceous sea did not cover the plateau, but, rather,
penetrated the plateau region of the island via the palaeovalleys:
the modem escarpments might have formed sea-cliffs at these
times. The plateau may have been modified or lowered during
this period, for streams draining the plateau were probably
graded to the elevated seas. Despite the apparent absence of
Mesozoic strata across the plateau surface, the level of the
Cretaceous sea must have been close to the level of the plateau
at the time because Cretaceous marine facies are clearly
evident in the headwater reaches of the southern palaeovalley.
Southwest of Groote Eylandt, in the Yiyintyi and Tawallah
Ranges near the western shores of the Gulf of Carpentaria,
facies changes within Cretaceous strata filling palaeo valleys
incised into sandstone plateaux suggest that the level of the
seas during the Cretaceous was close to the level of these
upland plateaux (Nott 1995). A similar relationship applies in
western Arnhem Land (Nott 1995). These observations indicate
that the lowland plains in these regions may well be older
than adjacent upland plateaux, which might have been
erosionally modified in response to the elevated sea levels.
The Cretaceous marine facies in the headwaters of the
palaeovalleys, and the lack of Cretaceous strata elsewhere
across the plateau, lead to a similar conclusion on Groote
Eylandt, where the Cretaceous sea might have attained a
height of about 100 to 140 m above present sea level.
Tectonism appears to have had no or at most only a minor
role in the post-Cretaceous evolution of the Groote Eylandt
landscape. This is not to deny that uplift or warping occurred
throughout this time, for gentle regional warping appears to
have occurred in the Tawallah and Yiyintyi Ranges since the
Cretaceous rocks accumulated (H. Berents, personal commu•
nication 1994). However, the major features of the Groote
Eylandt landscape have not developed as a consequence of
any such possible tectonism. Previous interpretations of the
Cainozoic landscape evolution of various parts of the Northern
Territory regarded the pre-Cretaceous landscape to have been
essentially flat, subsequently covered by the Cretaceous sea,
and then uplifted and eroded to form the present-day upland
plateaux and lowland plains (e.g. , Hays 1967, 1968; Galloway
1976; Williams 1991). Hence, the present upland plateaux
were seen to represent a land surface that lay at low elevation
during the Cretaceous and was subsequently uplifted during
the early Tertiary. However, this explanation does not satisfy
the evidence on Groote Eylandt-nor in the Tawallah and
Yiyintyi Ranges and west Arnhem Land regions (Nott 1995).
The same is true of at least parts of mainland eastern Arnhem
Land, for Cretaceous strata occupy moderately low positions
in landscapes of considerable relief in the Parsons and Mitchell
Ranges (Skwarko 1966; Crick 1994).
The antiquity of the Groote Eylandt landscape, like that
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of other areas of the Northern Territory (Nott 1995), suggests
that previous estimates of the time required to complete a
full erosional cycle (e.g., Gillully 1955; Schumm 1963) are
not applicable in these regions. The form and preservation of
the upland plateau on Groote Eylandt over at least the last
100 Ma is largely a function of the resistance of the Proterozoic
Dalumbu Sandstone. The present lowland plains appear to be
developing as a result of scarp retreat around the perimeter
of the plateau, but the rate of scarp retreat is, as mentioned,
exceedingly slow. According to the observations presented
here, and until a change of tectonic regime, it would appear
that the gross morphology of Groote Eylandt will continue
unchanged for some considerable time.

Conclusion
One of the most striking characteristics of much of the
Australian landscape is its considerable antiquity. This has
been especially well demonstrated for parts of southeastern
Australia (Young 1983 ; Young & McDougall 1985 , 1993;
Bishop et al. 1985; Taylor et al. 1985 , 1990) and southern
Australia (Twidale 1989). Until recently, however, few obser•
vations (except for Twidale 1984; Oilier et al. 1988; Young
1992; Nott 1995) have been made of the Mesozoic age of
landscapes throughout tropical Australia. The palaeovalleys
carved into resistant sandstone plateaux and filled with
Cretaceous rocks throughout much of the Northern Territory
highlight both the antiquity and exceedingly slow rates of
change of these landscapes. Identical features on Groote
Eylandt further illustrate the extent of this evidence. Previous
interpretations, suggesting that much of the landscape of the
Northern Territory resulted from several cycles of uplift and
erosion throughout the Tertiary, should now be treated with
considerable caution.

Acknowledgments
I am grateful to David Rawlings, Peter Haines, and Barry
Pietsch of the Northern Territory Geological Survey for their
valuable advice and access to unpublished geological notes
and maps. I also thank Robert Young, Cliff Ollier, and Lisa
Worral for their reviews of this manuscript.

References
Bishop, P., Young , R.W. & McDougall , I. 1985. Stream
profile change and longterm landscape evolution: Early
Miocene and modern rivers of the east Australian
highland crest, central New South Wales, Australia.
Journal of Geology, 93, 455-474 .
Bolten, B.R., Berents, H.W. & Frakes , L.A. 1990. Groote
Eylandt manganese deposit. In: Hughes, EE . (editor),
Geology of the mineral deposits of Australia and Papua
New Guinea. The Australasian Institute of Mining and
Metallurgy, Melbourne, 1575-1579.
Crick, I. , 1994. Evolution of some landforms and regolith
in eastern Arnhem Land. In: Pain , e.F, Craig, M.A .
& Campbell, I.D. (editors), Abstracts, Australian Re•
golith Conference '94, Broken Hill, 14-17 November
1994. Australian Geological Survey Organisation, Re•
cord 1994/56, 22.
Galloway, R.W., 1976. Geomorphology of the Alligator
Rivers area. In: Lands of the Alligator Rivers area,
N.T. CSIRO, Land Research Series, 38, 52-88.
Gilluly, J., 1955. Geologic contrasts between continents
and ocean basins. Geological Society of America,
Special Paper 62, 7-18.
Haines , P.w. 1994. Groote Eylandt 1:250 000 sheet, data
record . Northern Territory Deptartment of Mines &

307

Energy (unpublished).
Hays, J. , 1967. Land surfaces and laterites in the north
of the Northern Territory. In: Jennings, J.N. & Mabbutt,
J.A. (editors), Landform studies from Australia and
New Guinea. Australian National University Press ,
Canberra, 182-210.
Hays, J. , 1968. Notes on geomorphology. In: Walpole,
B.P., Dunn, P.R. & Randal , M.A. (editors), Geology
of the Katherine-Darwin region, Northern Territory.
Bureau of Mineral Resources, Australia, Bulletin 82.
Nott, J. , 1995. The antiquity of landscapes on the north
Australian craton and the implications for theories of
long-term landscape evolution. Journal of Geology,
103, 19-32.
Ollier, e.D., Gaunt, G.EM. & Jurkowski , I. , 1988. The
Kimberley plateau, Western Australia: a Precambrian
erosion surface. Zeitschrift fUr Geomorphologie, 32,
239-246.
Page, M. , 1994. Groote Eylandt, 1 :250 000 sheet, data
record. Northern Territory Department of Mines &
Energy (unpublished).
Pietsch , B.A. , Haines , P.W. & Rawlings , D.J. , in press.
Explanatory notes , Groote Eylandt, 1: 100 000 Geo•
logical Map Series. Northern Territory Geological
Survey, Department of Mines & Energy.
Schumm, S. A., 1963. The disparity between present rates
of denudation and orogeny. United States Geological
Survey, Professional Paper 454-H.
Skwarko, S. K. , 1966. Cretaceous stratigraphy and pa•
laeontology of the Northern Territory. Bureau of
Mineral Resources, Australia, Bulletin 73.
Taylor, G., Taylor, G.R., Bink, M ., Foudoulis, C., Gordon,
I. , Hedstrom , J. , Minello , J. & Whippy, E, 1985.
Pre-basaltic topography of the northern Monaro and
its implications . Australian Journal of Earth Sciences,
32,65-71.
Taylor, G. , Truswell , E.M., McQueen, K.G. & Brown ,
M.e., 1990. Early Tertiary palaeogeography, landform
evolution and palaeoclimates of the southern Monaro,
N.S.W., Australia. Palaeogeography, Palaeoclimatol•
ogy, Palaeoecology, 78, 109-134.
Twidale, e.R., 1984. The enigma of the Tindall Plain,
Northern Territory. Transactions of the Royal Society
of South Australia, 108 , 95-103.
Twidale , e.R. , 1989. The antiquity of the Australian
landscape; evidence and implications. Cuaderno. Lab.
Xeoloxico de Laxe Coruna, 13 , 7-30.
Williams, M.A.J. , 1991. Evolution of landscape. In:
Haynes, e.D. , Ridpath, M.G. & Williams, M.A.J.
(editors) , Monsoonal Australia: landscape ecology and
man in the northern lowlands. A.A. Balkema, Rotter•
dam, 5-17.
Young, R.W., 1983 . The tempo of geomorphological
change: evidence from southeastern Australia. Journal
of Geology, 91, 221-230 .
Young, R.W., 1992. Structural heritage and planation in
the evolution of landforms in the East Kimberley.
Australian Journal of Earth Sciences , 39, 141-15l.
Young, R.W. & McDougall , I. , 1985. The age, extent and
geomorphological significance of the Sassafras basalt,
south-eastern New South Wales. Australian Journal of
Earth Sciences, 32, 323-33l.
Young, R.W. & McDougall , I., 1993. Long-term landscape
evolution: Early Miocene and modern rivers in southern
New South Wales , Australia. Journal of Geology, 101,
35-49.

