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The stratigraphic sequence of old land surfaces in 
northern Queensland 

K. G. Grimes' 

In northern Queensland there are several old land surfaces which are related to previous 
periods of erosional and depositional activity. The surfaces are of two main types-buried 
and exhumed unconformity surfaces formed during periods of active erosion and deposition; 
and terminal planation surfaces of both erosional and depositional origin which formed as 
stability returned at the end of each cycle of erosional activity. These terminal surfaces have 
generally been deeply weathered or duricrusted. The oldest landforms are exhumed uncon•
formity surfaces of Cambrian and Mesozoic age which formed the base of the Georgina 
and Carpentaria Basins respectively. Three sets of unconformity and terminal surfaces are 
related to cycles of activity within the Cainozoic Karumba Basin. They have been correlated 
with surfaces elsewhere in Queensland and the Northern Territory. There are also subsidiary 
depositional surfaces of the current cycle, and a suite of arid landforms which has previously 
been treated as a 'surface'. 

Introduction 
This paper defines and discusses the nature and strati•

graphy of old land-surfaces in the Cainozoic Karumba 
Basin, and in the Burdekin Uplands to the southeast 
(Fig. 1). It reports one aspect of the study of the 
Mesozoic Carpentaria and Cainozoic Karumba Basins 
by a combined Bureau of Mineral Resources and Geo•
logical Survey of Queensland team, which worked in 
the area between 1969 and 1974. The geology of the 
Karumba Basin is discussed by Doutch (1976) and 
Smart & others (in prep.). This study of the land sur•
faces builds on the earlier work of King (1949), 
Twidale (1956, 1966), Galloway & others (1970), and 
Wyatt & others (1970, 1971). 

The distribution of the old land surfaces is shown in 
Figure 1, based on plate 2 of Smart & others (in prep.). 
The southeastern part of this figure is outside the area 
studied by the field party and the distribution of sur•
faces in this area is based on an interpretation of air 
photos and previously published geological maps and 
reports, together with a brief field reconnaissance. Cor•
relation of surfaces between this area and the Karumba 
Basin is only tentative, and a separate nomenclature is 
therefore maintained. The Cairns hinterland has not 
been included in this study. Its geomorphic evolution is 
interpreted by de Keyser & Lucas (1968). 

In referring to physiographic regions, the nomen•
clature of Smart & others (in prep.) is followed. This 
incorporates many of the units originally named by 
Twidale (1966). 

Terminology and concepts 
Some of the old land surfaces within the area have 

been named by earlier workers; the nomenclature is 
further formalised here. In naming the surfaces the use 
of age terms has been avoided, as this can lead to prob•
lems if the chronology of the surfaces is later revised. 
Although a relative sequence of events is fairly well 
established in the region, the absolute ages of the sur•
faces are still uncertain. 

The old land surfaces within the study area can be 
classified into two major and several subsidiary types. 
The two major types are genetically related to erosion 

1 Geological Survey of Queensland, 2 Edward Street, Bris•
bane, Queensland 4000. 

cycles within the region. The concept of these cycles is 
discussed in Smart & others (in prep.). In general each 
cycle was started by uplift at the basin margins, or by 
some other disturbance, and its initial phase was one 
of active erosion at the margins and deposition in the 
adjoining depressions. In time, erosion, and therefore 
deposition, became less active as the source areas were 
worn down and the depressions filled as the cycle 
entered its final phase. Eventually, a terminal surface 
of low relief appeared and deep weathering of both its 
erosional and depositional parts became the dominant 
process. The development of the Mesozoic Carpentaria 
Basin was one such cycle, and three cycles occurred 
in the evolution of the Cainozoic Karumba Basin 
(Smart & others, in prep.). 

The two main types of old land surface recognised 
in the area are the unconformity surfaces which formed 
and were buried during the initial active phase of a 
cycle; and the terminal planation surfaces which appear 
during the final stable phase of each cycle. 

The unconformity surfaces are generally erosional 
surfaces, buried beneath the sediments of an expanding 
or migrating depositional area-though in the central 
part of the basin, where deposition commenced early in 
the cycle, downwarped remnants of earlier surfaces may 
have been buried and preserved with little erosion. The 
buried unconformity surfaces are generally diachronous, 
as erosional development was continuing in some areas 
at the same time as depositional preservation elsewhere. 
The oldest parts are generally near the basin centre 
where deposition first commenced, and the youngest 
parts near the basin margin, where burial only occurred 
late in the cycle. This concept is illustrated in Figure 
2, in which the age of the surfaces is shown on the 
vertical scale and geographic position on the horizontal 
scale. 

Generally unconformity surfaces remain buried, and 
their shape can only be interpreted in general terms. 
from borehole data or geophysics. For example. 
Grimes & Doutch (1978, fig. 5) have mapped broad 
valleys and ridges of the Sub-Claraville Surface in thts 
manner. Exposure by later erosion will generally 
destroy the surface, leaving only the unconformity trace 
between the older and younger rocks. However, if the 
rock below the unconformity is more resistant to ero•
sion than the sediments above it, then the surface may 
be exhumed with little modification. 
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Figure 1. Present distribution of old land surfaces in northern Queensland. 
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Figure 2. Temporal-spatial relationship diagram showing the relationship between. erosional, depositional and weather•
ing events; old land surfaces; and cycles of development in the Karumba Basin. Stages of fan deposition are 
indicated by Fh F 2, ••• 

Within the region studied, the Sub-Georgina, Sub•
Carpentaria, Sub-Bulimba, Sub-Wyaaba and Sub-Clara•
ville Surfaces are all unconformity surfaces. The names 
are taken from the overlying deposits, or the basins 
which they floor. Only the Sub-Georgina and Sub-Car•
pentaria Surfaces have been extensively exhumed. The 
younger unconformities are generally only recognisable 
in the subsurface. 

The more widespread type of old land surface recog•
nised in the region is the terminal surface, which 
appeared as the relief was reduced towards the end of 
an active phase of erosion and deposition. The evo•
lution of this type of surface is comparable to that of 
modern 'peneplains' or 'pediplains', though the genetic 
distinction between these two types generally cannot be 
made for ancient surfaces and the general term 'plana•
tion surface' is more appropriate. Terminal surfaces can 
have both erosional and depositional components, the 
former being most common near the margins of a basin, 
and the latter in its central parts (cf. Fig. 2). The 
Aurukun, Tennant Creek, Featherby, Kendall and Cam•
paspe Surfaces are terminal surfaces, though the Cam•
paspe Surface is not as widespread as the others and 
formed at the end of a subsidiary cycle. 

In addition to the types discussed above, several depo•
sitional surfaces occur on the younger set of fans and 
alluvial deposits in the area (Grimes & Doutch, 1978). 
They are only subsidiary breaks within the current 
Claraville cycle (cf. Fig. 2), and have not been given 
formal names. The name Holroyd Surface was used by 
Doutch (1976) for a set of desiccation features which 
he attributed to a period of aridity in late Pleistocene 
times. 

Because the terminal surfaces are of low relief and 
have survived in the landscape for a considerable time, 
the rocks beneath them have been subjected to deep 
weathering and the formation of duricrusts: a factor 

which has aided in their preservation, and which assists 
in their recognition and interpretation. Duricrust is used 
here as a general term for any indurated zone resulting 
from cementation at or below a land surface as a part 
of a weathering process. A ferruginous laterite is a duri•
crust which is cemented by iron; aluminous laterites, 
some of bauxite grade, are also present. Siliceous duri•
crusts are impregnated by silica, and when completely 
silicified are known as silcretes. The cemented duricrust 
is commonly the upper part of a deep weathering pro•
file. In- addition to a thin cover of loose sand at the 
surface, a laterite profile generally comprises an upper 
ferruginous or aluminous, cemented zone, the laterite; 
a middle mottled zone; and, in some places, a lower 
pallid zone. Ferricrete is used by some authors in the 
same sense as ferruginous laterite, but here it is used 
for less well developed ferruginous crusts and iron•
cemented weathering detritus which have only a poor 
profile development, or none at all. 

Pre-Cainozoic land surfaces 
The pre-Cainozoic geomorphic history is not well 

known except by deduction from the Mesozoic and 
older sedimentary rocks (see Smart & others, in prep.). 
Exhumed remnants of two buried unconformity sur•
faces are known: the late Precambrian to Cambrian 
Sub-Georgina Surface, and the Mesozoic Sub-Carpen•
taria Surface. Both have a fairly high local relief in the 
areas where they have been exhumed. 

The term 'Sub-Georgina Surface' is suggested here 
for the 'Pre-Middle Cambrian surface' recognised by 
Twidale (1966) and de Keyser (1969) in the south•
western part of the region (Fig. 1). The non-chrono•
logical term is preferred. This is an unconformity sur•
face at the base of the Georgina Basin sequence which 
has been exhumed in parts of the Isa Uplands. De 
Keyser l!, .. Cook (1972) illustrate a surface which 
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appears to have had a moderately strong relief. Ex•
humed remnants of the surface also 'occur further south 
(cf. Twidale, 1966, p. 31 & 42). 

up to and beneath outcrops of Mesozoic sediments•
thereby demonstrating its continuity with the buried 
unconformity (see Fig. 3 of this paper; and Twidale, 
1956, fig. 2) . In the absence of Mesozoic deposits the 
surface can be assigned to -an uplilnd surface or summit 
conformity provided that this lies above the levels of the 
Tertiary surfaces. 

The Sub.Carpentaria Surface is the Jurassic to Early 
Cretaceous unconformity surface at the base of the 
Carpentaria Basin sequence. It was buried by the 
Jurassic and Cretaceous sandstones and the transgressive 
Wallumbilla Formation and has been exhumed by later 
erosion in several areas. This is the 'pre-middle Meso•
zoic Surface' of Twidale (1956, 1966) , and the 'Gond•
wana Surface' of King (1949). The main requirement 
in the recognition of exhumed parts of this surface is 
the ability to trace the surface on pre-Mesozoic rocks 

The exhumed surface is best preserved to the 
southeast of Croydon (Fig. 1) where the Mesozoic 
sandstones have been stripped from Precambrian vol•
canics. Here remnants of the sandstone are common 
in the valleys, well below the level of adjacent hills of 
the older volcanics. Much of the present drainage pat-
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tern and general topography of this area appears to be 
similar to that which existed in Jurassic times. Twidale 
(1956, 1966) also recognised the following exhumed 
and dissected remnants of the surface: the plateau sur•
face of the Newcastle Ranges and other areas of resist•
ant volcanic rocks in the Einasleigh Uplands, the mesas 
and summit conformities of parts of the Isa Uplands 
(see also Grimes, 1974), and the benches in the Burke 
Plain to the south of the Isa Uplands. In the Cloncurry 
Plain accordant summits dipping towards the Carpen•
taria Basin appear to be related to a continuation of the 
buried unconformity (Twidale, 1956; Grimes, 1974) . 
The Sub-Carpentaria may also be present on the dis•
sected high surface of the McIlwrath Plateau in the 
Peninsula Uplands (Whitaker & Gibson, 1977). 

The Sub-Carpentaria Surface has an undulating and 
in places quite marked local relief; for example, east of 
Wrotham Park the unconformity beneath the Mesozoic 
sandstones has abrupt changes in elevation of up to 

40 m, resulting from differential erosion of the resistant 
Palaeozoic volcanics and more easily eroded older sedi•
ments. Old,gorges ~nd valleys with Mesozoic infillings 
are also present in the northwestern part of the Isa 
Highlands (Fig. 3) . A seismic reflector which shows a 
rugged relief beneath the western part of the Gulf is 
probably a buried part of the Sub-Carpentaria Surface 
(Smart & others, in prep.). 

Deposition in the Carpentaria Basin ended as the sea 
withdrew before late Cretaceous times. By analogy with 
the Cainozoic cycles discussed below one would expect 
a terminal planation surface to have formed as activity 
in the Carpentaria Basin drew to a close. Such a surface 
has not been definitely recognised within the study area 
though de Keyser and Lucas (1968, p. 147) refer to a 
'post-Lower Cretaceous' erosional plain which lies to the 
east of the Carpentaria Basin. The late Cretaceous to 
early Eocene Morney Profile of Idnurm & Senior 
(1978) may have developed on a contemporary surface 
in the Eromanga Basin, and the early stage of the 
Tennant Creek Surface in the Northern Territory 
(Hays, 1967) may also be contemporaneous (see Table 
1 ) . 

Cainozoic "land surfaces 
The Karumba Basin 

The development of the Karumba Basin can be 
divided into three major cycles, each of which produced 
deposits and land surfaces (see Introduction and Fig. 
2) . 
The Bulimba Cycle. This first cycle commenced with 
upwarping of the basin margins in the early Tertiary; 
it continued into the mid-Tertiary (?Oligocene) . In the 
initial active phase erosion occurred in the uplands and 
deposition in the depressed areas. These sediments in•
cluded the continental arkosic sand and clay of the 
Bulimba Formation on the western side of Cape York 
Peninsula, and the FloraviIIe Formation to the south 
of the Gulf of Carpentaria. Both these formations may 
extend for some distance beneath the present area of 
the Gulf. As the relief of the area was reduced, a stable 
planation surface evolved. The surface was lateritised, 
and in places silicified (the Aurukun Surface) . 

The Sub-Bulimba Surface is the unconformity at the 
base of the Bulimba Formation and its equivalents 
(Fig. 4). It has only been locally exhumed. Smart & 
others (in' prep.) show the generalised form of the 
buried surface beneath the area of the Gilbert-Mitchell 
Trough. On the basis of its outcrop trace in the Weipa 
area, and from detailed drilling (Pettifer & others, 
1976) it appears to have had a moderately low, undu•
lating, local relief. The Sub-Bulimba Surface was pro•
gressively buried by the spreading sediments as the 
downwarped area was filled. It is therefore a dia•
chronous surface of early Tertiary age, that is it had 
a similar time span to the Bulimba Formation-which 
formed with it and buried it (ct. Fig. 2). 

The Aurukun Surface (Doutch, 1976) is an early to 
mid-Tertiary planation surface which formed both as a 
depositional surface on the Bulimba Formation and as 
an erosional surface on the adjoining areas of older 
rocks. It is a flat or gently undulating surface which is 
best preserved on the Weipa Plateau (Smart, 1977) 
(Fig. 1), where it has a broad pattern of dendritic and 
commonly swampy valleys. This drainage pattern may 
have been inherited from the original surface 
(MacGeehan, 1972), although Doutch (pers. comm.) 
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Figure 3. Stereotriplet showing relicts of the Sub-Carpentaria and Tennant Creek Surfaces in the Isa Uplands. (Lawn 
Hill, CAB 4012, photos 2284, -6, -8). T = Tennant Creek Surface, C = Sub-Carpentaria Surface, Cs 
= summit levels related to the Sub-Carpentaria Surface, Q = Quaternary erosional areas. 

points out that though the valleys pre-date the bauxite 
they could still be younger than the original Aurukun 
Surface as the bauxite has developed in several stages. 

Deep weathering of the Aurukun Surface has resulted 
in the formation of well developed laterite and bauxite 
profiles (Smart & others, in prep.). As later deep•
weathering events appear to be superimposed on the 
mid-Tertiary profile its original nature is difficult to 
assess. Ferruginous laterites which occur in places 
buried beneath the Wyaaba Beds in the Gilbert-Mitchell 
Trough are thought to be part of this profile because of 
their stratigraphic position, but in the Weipa Plateau, 
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Smart (1977) considers that it was initially an alu•
minous laterite which has been upgraded to bauxite by 
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Figure 4. Diagrammatic cross section of the northern flank of the Gilbert-Mitchell Trough. Showing relationships 
between old land-surfaces and depositional units. 
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apart from the Weipa Plateau; ferruginous laterite is 
developed in this area. Elsewhere in the Karumba 
Basin erosion has generally removed the upper part of 
the profile, leaving only the mottled and pallid zones•
which have commonly been silicified (Fig. 5) . Such 
areas are the hills and ridges to the east of the Weipa 
Plateau and, further south, in the Red, Mornington, 
Normanton, and Donors Plateaus (see Fig. 1). Accord•
ant summits and a few plateau surfaces in the Peninsula 
Uplands may also be derived from the Aurukun Sur•
face, as some of these have lateritic remnants and they 
lie above the level of nearby areas of the younger 
Kendall Surface (cf. fig. 2 of Whitaker & Gibson, 
1977) . 

The age of the Aurukun Surface can at present only 
be deduced from its position in the overall sequence of 
development (see Table 1) . It is developed on the 
Bulimba Formation, which is thought to be of early 
Tertiary age, though this estimate is partly based on 
ideas concerning the age of the Aurukun Surface 
(Doutch, 1976; Smart & others, in prep.). The Aurukun 
Surface pre-dates the Wyaaba Beds, which are probably 
of Miocene to early Pliocene age. An early to mid•
Tertiary age is therefore the best estimate from evidence 
within the basin. 

Doutch (1976) suggested correlations with several 
early Tertiary surfaces in Australia including the Ten•
nant Creek Surface (Hays, 1967) in the Northern Ter•
ritory (see below). The termination of the Bulimba 
Cycle, and therefore of the Aurukun Surface develop•
ment, could well be related to the Oligocene orogenesis 
in New Guinea, and warping similar to that in the 
Karumba Basin occurred elsewhere in Australia in mid•
Tertiary times. A mid-Tertiary (Eocene to Oligocene) 
age is therefore most likely (cf. Table 1). 

In summary, the main criteria in the recognition of 
areas of Aurukun Surface are : firstly its stratigraphic 
position (illustrated in Fig. 4), and secondly its topo•
graphic position above the later Kendall Surface (Fig. 
6). The broad drainage pattern and well developed 
lateritic or bauxitic weathering profile also assist but are 
not in themselves diagnostic. 

The Tennant Creek Surface (Hays, 1967) is a Late 
Cretaceous to early Tertiary planation surface that is 
well developed in the Northern Territory (Wright, 1963; 
Hays. 1967) . It is correlated here with the surface 
which caps the Mullaman Beds and the Precambrian 
rocks of the Isa Uplands in the southwest of the area 
(see Figs. 1 & 3) , i.e. the upland part of the 'Tertiary 
Surface' of Grimes (1974) and the 'Early to mid-Ter•
tiary Surface' of Twidale (1956, 1966). 

In the Isa Uplands the surface is preserved on the 
top of Mesozoic mesas, and elsewhere as an extensive 
summit conformity (Fig. 1) (cf. Grimes, 1974, fig. 11). 
It appears to have been a plain which truncated both 
the Mesozoic sediments and more resistant Precambrian 
rocks. Some remnants of old shallow drainage lines are 
present on the mesa surfaces (Fig. 3). The surface has 
generally been deeply leached, lateritised and silicified; 
with thick porcellanites developed on the Mesozoic 
mudstones. 

Hays (1967) deduced a Late Cretaceous to mid•
Tertiary age for the Tennant Creek Surface in the 
Northern Territory, but there seems to have been two 
stages in its development there (Table 1) . The older 
stage is a laterite developed on Mesozoic rocks and 
underlying the early Tertiary Van Diemen Sandstone 
on Bathurst and Melville Islands (Hughes & Senior, 
1974; Hays, 1967, p. 198) while the younger stage, 
which is also lateritised, overlies the Tertiary sediments. 
In the Isa Highlands the Tennant Creek Surface is deve•
loped on the Cretaceous sediments and pre-dates the 
mid-Miocene Carl Creek Limestone which lies in a 
valley cut below the level of the surface (Smart & 
others, in prep.). The surface therefore pre-dates the 
Wyaaba Cycle, but one cannot be sure which of the two 
Northern Territory Stages (if not both) is represented 
in the Isa Uplands. On Table 1 the surface is tentatively 
correlated with the younger of the two stages, and with 
the Aurukun Surface. 

The term Strathgordon Surface was first used, without 
definition, by Powell & others (1976) for a (ferru•
ginous) surface developed on the Wyaaba, Lilyvale, 
Yam Creek and Falloch Beds, which they considered to 
be contemporaneous units. Doutch (1976) considered, 
cn the basis of denudation chronologies in the separate 
areas, that the Wyaaba Beds were older than the other 
units . He used the name Strathgordon Surface for a set 
of silicified surfaces within the Karumba Basin which 
he thought postdated the Wyaaba Beds. He correlated 
the ferruginous surface on the other units with the 
Campaspe Surface (see below). Doutch's description 
of the Strathgordon Surface is brief and no reference 
area is given. It contains a conflict between the criteria 
of silicification and of post-Wyaaba age, and further 
by his apparent application of the term to ferruginised 
surfaces on the Wyaaba Beds and elsewhere. Doutch 
(pers. comm.) has indicated that he considers the cri•
teria of silicification more important than the concept 
of a post-Wyaaba age in defining the Strathgordon Sur•
face. 
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The main siliceous surfaces in the Karumba Basin 
are older than the Wyaaba Beds and are either equiva•
lent to the Aurukun Surface or represent a late stage 
in its development. To avoid the confusion resulting 
from the different applications of the term 'Strath•
gordon', the name Kendall Surface will be applied below 
to the ferruginised terminal surface on the Wyaaba 
Beds. 

'Strathgordon' silicification in the Karumba Basin is 
best developed on the Tennant Creek Surface on the Isa 
Uplands, and in conjunction with mottled and pallid 
zones of the Aurukun Surface in the Donors and Red 
Plateaus, though most of the surfaces in the region have 
localised areas of minor silicification. 

Doutch & others (1970) described a profile in the 
Donors Plateau which consists of a ferric rete zone 
(commonly stripped) and a mottled zone which has 
been silicified in its upper part to form a duricrust (Fig. 
5). They attributed this profile to three stages of deep 
weathering: an initial mottling as part of a laterite pro•
file, a second stage in which the mottled zone was sili•
cified after stripping of the upper part of the profile, 
and a final stage in which the ferricrete zone was 
formed. Doutch (pers. comm.) would correlate these 
three stages with the Aurukun Surface, the 'Strath•
gordon Surface' (in his sense) , and the Kendall Surface 
(as used here) respectively. 

On the Donors Plateau the 'Strathgordon' duricrust 
produces a pattern of old valley forms which are now 
in inverted relief as a result of the erosion of their pre•
sumably less indurated interfluves. Similar valley forms 
in inverted relief occur in the Red Plateau, north of 
Georgetown. There, some of the duricrusted valleys 
contain a younger fill which is correlated with the 

Wyaaba Beds as in places it can be seen continuing 
beneath the Kendall Surface at the margins of the Hol•
royd Plain, and Wyaaba Beds underlie this surface. 

Doutch's 'Strathgordon Surface' would therefore 
appear to have developed prior to the deposition of the 
Wyaaba Beds. If the underlying mottled profile in the 
Donors Plateau is assigned to the Aurukun Surface, 
then the relationship suggests that the 'Strathgordon 
Surface' is a late stage of the Aurukun Surface in which 
siliceous solutions leached from the interfluves were 
deposited in the adjoining valleys. On the other hand 
if the mottled material were considered to be older, 
and perhaps could be correlated with the Morney pro•
file of Senior (1976), then the Strathgordon Surface 
would be a simple correlate of the Aurukun Surface. 

Silcretes and siliceous duricrusts become more com•
mon and better developed towards the south. No sil•
cretes have been identified north of about 13 oS latitude. 
On the other hand the Tennant Creek Surface on the 
Isa Uplands is extensively silicified. This trend could 
represent a climatically controlled transition within the 
weathering profiles of the time; from dominantly 
lateritic in the north to dominantly siliceous in the 
inland parts. Lithology exerts some local control but the 
regional trend is seen on all the lithologies. 

In view of the differing uses to which the term 
'Strathgordon Surface' has been put, and the suggestion 
here that if applied as a siliceous surface it is mainly 
a chemically distinctive 'facies' of the Aurukun Surface, 
it is recommended that the term 'Strathgordon Surface' 
be discontinued. 
The Wyaaba Cycle. This cycle commenced in the late 
Oligocene as a result of renewed upwarping of the 
Karumba Basin margins and downwarping of the Gil-
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bert-Mitchell Trough. The initiation of the cycle may 
be related to an Oligocene orogeny at the northern 
edge of the Australian Plate in New Guinea. The active 
phase disrupted the development of the Aurukuri and 
Tennant Creek Surfaces. Dominantly continental depo•
sition of a similar type to that of the preceding cycle 
occurred in the Gilbert-Mitchell Trough (Wyaaba 
Beds), and in smaller isolated basins (the Yam Creek 
and Falloch Beds in Cape York Peninsula, and the Lily•
vale Beds of the Laura Basin). The sea appeared in the 
Gulf area for a brief period during deposition of the 
Wyaaba Beds. Springs deposited the Carl Creek and 
Gregory Downs Limestones in the southwest of the 
Karumba Basin. As the cycle's active phase drew to a 
close the Kendall Surface developed and was lateritised 
or ferricreted. The Featherby Surface of the Charters 
Towers area also formed at the end of this cycle, though 
in that area stability would seem to have been achieved 
earlier than in the Karumba Basin. Both surfaces were 
disrupted and the cycle terminated by uplift, with asso•
ciated vulcanism, in the Pliocene. 

The Sub-Wyaaba Surface is the unconformity surface 
which has been recognised beneath the Wyaaba Beds 
in the Gilbert-Mitchell Trough (Fig. 4). No exhumed 
equivalents have been recognised, as the outcrop trace 
of the surface is mantled by younger colluvial sands. 
Mottled material has been identified in drill holes from 
immediately beneath the unconformity surface. This is 
probably a partly truncated remnant of the earlier 
Aurukun Surface weatheripg profile (Fig. 4). Equiva•
lent unconformity surfaces exist beneath the Lilyvale, 
Falloch, and Yam Creek Beds (Whitaker & Gibson, 
1977) . 

The name Kendall Surface is applied here to the 
planation surface which is preserved in the interfluves 
of the Holroyd, Croydon, and Strathpark Plains (Fig. 
1). This is the surface which was originally referred to 
(without definition) as the 'Strathgordon Surface' 
(Powell & others, 1976), but, as discussed as above, 
that name is best discarded. In the Explanatory Notes 
accompanying the geological maps of Cape York Penin•
sula, the Kendall Surface, as used here, was generally 
referred to as the 'Campaspe Surface', following 
Doutch's (1976) correlations. The latter term is best 
restricted to the Burdekin Uplands as its correlation 
with the Karumba Basin surfaces is uncertain (see 
below). 

The name Kendall Surface is derived from the Ken•
dall River and the northern part of the Holroyd Plain 
between the Kendall and Holroyd Rivers is suggested 
as a reference area. The surface is widespread through•
out the Karumba Basin (see Fig. 1). On the Holroyd 
Plain it has a chara.cteristic dendritic drainage pattern 
of shallow swampy valleys, which is illustrated in 
Doutch & others (1971, fig. 3). 

The Kendall Surface developed towards the end of 
the Wyaaba Cycle as a depositional surface on the 
Wyaaba Beds around the Gilbert-Mitchell Trough; on 
the Lilyvale. Falloch, and Yam Creek Beds in the Laura 
Basin and Cape York Peninsula; and as an erosional 
surface developed at the expense of the Aurukun Sur•
face on parts of the Bulimba Formation and older rocks 
elsewhere (Fig. 4). The depositional surface has under•
gone some mild erosional modification since its forma•
tion. The surface has been lateritised and ferricreted, 
and is also silicified in some places. The laterites are 
best exposed along the western side of the Lynd River 
and in the Strathpark Plain. The Yam Creek Beds have 
ferricrete cappings up to 3 m thick. 

Part of the Doomadgee Plain may be a correlative 
of the Kendall Surface (Fig. 1). Here the laterites are 
very well developed. In the Laura Basin the Jack Plain 
may also be equivalent; it has been poorly lateritised 
and, in places, silicified. 

The Kendall Surface is of Pliocene age as it post•
dates the Wyaaba Beds, of Miocene to Pliocene age 
(Smart & others, in prep.), and pre-dates the late Plio•
cene to Quaternary fan deposits (Grimes & Doutch, 
1978). The Gilberton Plateau was upwarped during the 
Pliocene (Smart & others, in prep.); the duricrusted 
surface on the plateau could be an upwarped equivalent 
of the Kendall Surface on the Strathpark Plain to the 
west (Smart, 1973). This plateau surface is an exten•
sion of the Featherby Surface of the Burdekin Uplands. 
If the correlation with the Strathpark Plain is valid then 
the overall Kendall-Featherby surface must be dia•
chronous, as to the southeast the Featherby Surface is 
older than Pliocene. In view of the different ages, and 
the lack of positive proof of continuity, a separate ter•
minology is adopted for the two areas. 

The main criteria for the recognition of the Kendall 
Surface are firstly its stratigraphic position: younger 
than the Wyaaba Beds and Aurukun Surface, but older 
than the current cycle of erosion and deposition; 
secondly its topographic position below the level of the 
Aurukun Surface; and to a lesser extent its typical land•
form in the Holroyd Plain, and the nature of its laterite 
profile which is generally not as strongly developed as 
the Aurukun Surface. 
The Claraville Cycle. Pliocene tectonism upwarped 
the Gilberton Plateau and other areas, and initiated the 
Claraville cycle. This cycle has continued to the present; 
it contains a number of recognisable subcycles, for 
instance the five stages of fan development in the Gil•
bert-Mitchell area (Grimes & Doutch, 1978). Contem•
poraneous volcanism occurred in the Burdekin Uplands. 

The Sub-Claraville Surface is an unconformity sur•
face beneath the deposits of the present Claraville 
Cycle. It has not been exhumed. The lithological simi•
larities between the fans and the older Wyaaba Beds 
make the surface difficult to identify in some areas. It 
has only been mapped south of the Gilbert-Mitchell 
Trough, where the deposits overlie Cretaceous rocks 
(Grimes & Doutch, 1978, fig. 5). 

Grimes & Doutch (1978) have recognised five stages 
of deposition of fans and related alluvial plains in the 
Karumba Basin. Each of these stages has left a depo•
sitional surface, and the recognition of the stages is 
based to a large extent on the morphology and relation•
ships of these surfaces. 

Within the Gilbert and Mitchell fans area the oldest, 
stage 1, fans are generally restricted to valley sides in 
the fan heads. Further to the south and west, stage 1 
plains stand topographically above the younger sur•
faces; they have been ferruginised. Stage 2 fans are also 
ferruginised. Stage 3 fans are widespread and may have 
formed during the last interglacial. Stage 4 and 5 are 
late Pleistocene and Holocene flood plains. 

Doutch (1976) applied the name Holroyd Surface to 
a suite of features developed on Stage 3 fans and most 
older surfaces, which he considers formed during a 
period of desiccation. The concept is therefore different 
to that of the other surfaces discussed here. Doutch 
cited 'sand dunes on the Millungera Plain and dune-like 
forms, sand plains with clay pans, deflation features and 
choked drainage' as evidence for aridity. He considered 
that these features occurred after the formation of the 



42 K. G . GRIMES 

NW SE 

Allingham 
Formation 

. . . . . .. . . . Campaspe Surface 

25km 

La/war/h Creek Hann Creek Fea/herby 1 Range 

Hann Creek flOW! 
( 1·2- 1·3my.) 

~ 

Featherby Surface 

Tertiary 
Sediments 

QIA/614 

Figure 7. Diagrammatic cross section north-west of Charters Towers, showing ' the relationship between the old land 
surfaces and dated basalt flows. 

Stage 3 fans and the oldest beach ridges ( 100 000-
120000 years B.P.) and before the formation of the 
stage 4 fans and the younger, Holocene ridges (6500 
years B.P. or older). They may correlate with the end 
of the last glacial maximum, which was a time of 
lower rainfall (Kershaw, 1975). 

Although I do not dispute that there was a period (or 
periods) of aridity during the last glaciation, I doubt 
if all of the features cited by Doutch should be attri•
buted to arid effects. Some of the 'clay pans', which 
Doutch apparently considers to be deflation hollows, 
could also be laterite-karst depressions of the type 
described on the Doomadgee Plain (Grimes, 1974), or 
even true karst in the case of the leached beach ridges. 
Most of the sand plains in the Karumba Basin lie above 
lateritised surfaces; these sands probably represent the 
A horizons of the laterite profiles (cf. Smart, appendix 
4 in Doutch & others, 1973) ; that is, they indicate a 
seasonal humid climate, rather than aridity. By 'dune•
like forms' Doutch (1976) appears to be referring to 
the wanderrie patterns described by Grimes & Doutch 
( 1978) . These occur only on the Stage 1 and 2 fans, 
and are truncated by the earliest of the Stage 3 fans . On 
the other hand the 'clay pans' and the dunes of the 
Millungera Plain are younger, because they occur on 
the stage 3 fans and the oldest beach ridges. This sug•
gests at least two periods of aridity, whereas Doutch's 
usage of the term Holroyd Surface implies a single 
event. 

Land-surfaces of the Burdekin Uplands 
The early Tertiary history of the Burdekin Uplands 

is not well known. The Glendower Formation, though 
considered to be of Pliocene age by Whitehouse (1940), 
may well be older and related to the Wyaaba Cycle•
or possibly even the Bulimba Cycle (cf. Table 1). The 
nature of its contained silcrete boulders has been 
debated by Vine & others (1963) who consider that they 
may have formed in situ, and not been derived from an 
older silcreted surface as was suggested by Whitehouse. 
However, the conglomerates in the formation contain 
silcrete cobbles which appear to be definitely detrital. 
The Glendower Formation would seem to have formed 
after a period of silicification ; the Formation has sub•
sequently been lateritised, and locally silicified-possibly 
in separate events. Tertiary sediments, the Southern 
Cross Formation of Wyatt (1970), occur beneath a 
lateritised surface in the Charters Towers area. and may 
be of similar age. 

The name Featherby Surface is applied here to an 
undulating lateritised surface in the Burdekin and Bina•
sleigh Uplands (Figs. 7 & 8). The surface was first 
mapped by Wyatt & others (1970, 1971) as laterite 
(unit TI) on the Charters Towers and Townsville 
1 :250 000 Geological Sheets. A suitable reference area 
for the surface is on, and west of, the Featherby Range, 
about 18 km west of Charters Towers. It would appear 
to have been a stable surface which was lateritised at 
the end of the Wyaaba Cycle. Wyatt & others (1970, 
p. 63) described the well-developed laterite profile, and 
they also related the silcretes in the area to this surface. 
The Featherby Surface is well developed on the Tertiary 
sediments and older rocks in the Charters Towers•
Hughenden area and further south. Farther to the north 
and west it is generally only represented by isolated 
mesas (Fig. 1), which hinders its extrapolation into the 
Karumba Basin. However, these remnants can be traced 
as far as the Gilberton Plateau and the Lucy Tableland 
(Fig. 8) . The older parts of the Alice Tableland to the 
south (Whitehouse, 1940; Vine & Doutch, 1972) would 
also appear to be correlates of the Featherby Surface; 
as would the gently undulating surface of the 'Denna 
Plain' .(Coventry, in prep. ) and the surface on the 
Glendower Formation, both areas lying east of Hughen•
den. 

Although typified by thick laterite profiles and red•
earth soils, parts of the surface also exhibit yellow 
earths (Coventry, in prep.) . The undulating nature of 
the surface on the Southern Cross Formation indicates 
that there has been some erosion since the deposition 
of that unit. It may be that there has been more than 
one stage of weathering in the evolution of this surface, 
with the yellow earths formed by partial stripping and 
reweathering of the initial laterite profile. Some thick, 
uniform, red earths found in the lower parts of the 
surface may be redistributed lateritic soils derived from 
the interfluves. 

The Featherby Surface can be traced beneath the 
Campaspe Beds (Fig. 7) , and buried laterites of the 
surface are exposed at R~d Falls (Wyatt & others, 1970; 
p. 63 and figs . 16 & 17) . The surface also occurs 
beneath basalt flows of the Nulla Province; slightly 
stripped laterite profiles of the surface underlie both 
the Allensieigh Flow (dated at 4.5 m.y. by Wyatt & 
Webb, 1970) and the early Pliocene Allingham Forma•
tion ; near AJlensleigh and Bluff Downs homesteads 
respectively (Wyatt, 1969; Archer & Wade, 1976). 
Thus the Featherby Surface has an upper age limit of 
earliest Pliocene. 
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Figure 8. Stereopair showing Featherby (F) and Campaspe (C) Surfaces, and more recent erosion (Q) in the Lucy 
Tableland, south of Mount Garnet. (Einasleigh CAB 278, Run 5, photos 30, 32). 

Remnants of the surface can be traced on air photos 
into the Mount Coolon 1 :250000 Sheet area, which is 
wutheast of the area shown on Fig. 1. On the Mount 
Coolon Sheet a possible lower age limit can be deduced. 
Here the surface is developed on the Suttor Formation, 
which in turn overlies a lateritised basalt flow with a 
minimum age of least 29.2 m.y. (Sutherland & others, 
1977). If the correlation between the two areas is valid 
then the age of the Featherby Surface could range from 
Oligocene to earliest Pliocene, with a Miocene age most 
likely. 

The Featherby Surface can be recognised by its strati•
graphic and topographic position (Figs. 7 & 8): it 
either stands above the younger Campaspe Surface, or 
is buried by the Campaspe Beds and their equivalents. 
The undulating surface is distinct from the flat to gently 
sloping Campaspe Surface. The laterite is generally 
better developed on the Featherby.Surface. 

The early Pliocene upwarping heralded the start of 
the current Clara ville Cycle. The earliest deposits in 
the Burdekin Uplands are the Campaspe Beds (Wyatt 
& others, 1970). The Campaspe Surface is the flat-lying 
depositional surface on these beds in the Charters 
Towers area. It has a ferricreted surface which Wyatt 
& others (1970, 1971) mapped as unit Tf. Doutch 
(1976) first applied the name Campaspe Surface, and 
correlated it with the surfaces on the Yam Creek and 
Falloch Beds in the Karumba Basin. The term was also 
applied to what is here called the Kendall Surface (see 
above). 

The Campaspe Surface is best developed on the 
Campaspe Beds northwest of Charters Towers. There 
it is a depositional surface, but some erosional equiva•
lents can be recognised elsewhere in the region (see 
below) . Wyatt & others (1970, p. 63) describe the 

poorly developed laterite profile, which consists of less 
than a metre of ferricrete overlying a thin mottled zone. 
This profile is not as well developed as the laterite of 
the older Featherby Surface, although in the Lucy 
Tableland (Fig. 8) an equivalent of the Campaspe 
Surface has a better developed profile, which is difficult 
to distinguish from adjoining areas of Featherby Sur•
face. The Campaspe Surface is well preserved in the 
Charters Towers area, generally with only minor dis•
section near streams. In places it is buried by deposits 
that are apparently equivalent to the Stage 3 and 
younger fans of the Karumba Basin (ct. Grimes & 
Doutch, 1978). In the Einasleigh Uplands there are 
erosional and depositional surfaces which lie below 
the level of the remnants of the Featherby Surface, but 
pre-date later erosion; they are therefore correlated 
with the Campaspe Surface. 

The age of the Campaspe Surface can be deduced in 
the Charters Towers area (Fig. 7). Wyatt (1969) 
reported that ferricretes, probably part of the Campaspe 
Surface, are developed on a thin outwash deposit cover•
ing the Allensleigh Flow of the Nulla Basalt. Wyatt & 
Webb (1970, p. 47) suggest that the Campaspe Beds, 
which underlie the Campaspe Surface, may also post•
date the Allensleigh Flow, which has an age between 
3.9 and 4.5 m.y., though they admit to some uncer•
tainty. Near Wyandotte homestead in the Einasleigh 
I : 250000 Sheet area, a 2.3 m.y. basalt flow (Griffin 
& McDougall, 1976) antedates an erosional surface 
which might correlate with the Campaspe Surface. The 
Campaspe Surface antedates the Hann Creek Flow (1.2-
1.3 m.y.) which lies in a valley cut into the surface 
(Fig. 7) (Wyatt & others, 1970, p. 66) . The age of the 
surface may therefore be between 3.9 and 1.3 m.y.•
possibly between 2.3 and 1.3 m.y.; that is mid-Pliocene 
to early Pleistocene. 
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Conclusions 
This paper defines and describes a number of old 

land surfaces in northern Queensland. Many of these 
had already been recognised by earlier workers (e.g. 
Twidale, 1956, 1966; Wyatt & Webb, 1970) but had 
not been formally named. Some age names had been 
used, but I consider this inadvisable because of the 
lack of definite data on the ages of the surfaces. 

Usage of the term 'Strathgordon Surface' has become 
confused, and this term should be abandoned. 

The recent geological mapping in the Carpentaria 
and Karumba Basins, together with correlations with 
adjoining regions, has allowed the surfaces to be placed 
in the overall stratigraphic sequence. The regional cor•
relations of the old land surfaces were complicated by 
differences in the local tectonic histories in different 
areas, and by variations in the nature of the weathering 
profiles. The tectonic variations caused differences in 
the times at which the periods of stability and activity 
started and ended. The variations in profile are probably 
the result of regional differences in the climates of the 
time. 

The old land surfaces were recognised in the first 
place by their topographic form and their soils-which 
contrast with the currently forming surface. Particular 
land surfaces were then identified and correlated on the 
basis of their stratigraphic and topographic relation•
ships, and to a lesser extent by their surface morphology 
and the nature of the duricrusts or weathering profiles 
developed on them. In the case of the exhumed uncon•
formity surfaces the main criteria was the ability to 
trace the surface back to the unconformity and thereby 
establish its stratigraphic position (cf. Fig. 3) . Where 
this was not possible then the topographic position in 
places allowed the surface to be identified. 

The terminal surfaces were identified by their strati•
graphic relationships to each other and to the related 
deposits. These relationships are illustrated in Figs. 2, 4, 
& 7. In addition, their relative topographic positions 
helped in the recognition of the sequences. The younger 
surfaces either lie at a lower level and evolved at the 
expense of the older, higher surfaces (Fig. 6) , or 
formed on deposits which have buried the older sur•
faces (Fig. 8). Most of the terminal surfaces have a 
similar form, but the Kendall Surface sometimes has 
a distinctive drainage pattern, while the undulating 
nature of the Featherby Surface is useful in distinguish•
ing it from the flatter Campaspe Surface in the Bur•
dekin Uplands. The duricrusts and weathering profiles, 
while diagnostic of the terminal surfaces as a group, 
were less useful in distinguishing or correlating parti•
cular surfaces, as the degree of weathering and its 
nature shows regional variations resulting from climatic 
trends, and local variations caused by lithological dif•
ferences . The laterites could provide material suitable 
for palaeomagnetic dating. 

The oldest surfaces within the region are the Sub•
Georgina and Sub-Carpentaria Surfaces. These are both 
preserved as unconformities beneath a sediment cover, 
and have been partly exhumed. The oldest terminal sur•
face expe~ted in the area would be that formed at the 
end of the Carpentaria Basin cycle, but within the 
~egion this appears to have been completely destroyed 
hy later erosion. However. in the Northern Territory 
it could be renre~t'nted hv the earlv stage of the Tenn"lnt 
Creek Surface (Hays. 1967): and to the south of the 
region the late Cretaceous to early Eocene Morney Pro•
file of Tdnurm & Senior (1978) is developed on an ana-

logous terminal surface in the Eromanga Basin (see 
Table 1). 

The geological evolution of the region in the Caino•
zoic is summarised in Table 1. The Bulimba Cycle was 
initiated by earth movements in late Cretaceous or early 
Tertiary time. The Sub-Bulimba Surface is the uncon•
formity buried beneath the early Tertiary sediments of 
this cycle. The terminal Aurukun Surface appeared 
towards the end of the cycle, and has been deeply 
weathered to form aluminous and ferruginous laterites, 
with some silicification in the south. Possible equiva•
lents outside the Karumba Basin are the later stage of 
the Tennant Creek Surface (Hays, 1967) in the 
Northern Territory, which extends as a ferruginised 
and silicified surface into the Isa Uplands, and the 
silicified and ferruginised Curalle and Canaway Profiles 
developed on the Cordillo Surface of the Eromanga 
Basin (Wopfner, 1974; Idnurm & Senior, 1978). The 
Canaway Profile has been dated as late Eocene to early 
Miocene (ldnurm & Senior, 1978). The pre-basaltic 
silcretes of the Fitzroy uplands may also be contem•
poraneous (Table 1) with this profile. 

The Wyaaba Cycle started with Oligocene warping, 
and continued until early Pliocene times. The terminal 
Kendall Surface of this cycle has a laterite profile deve•
loped on it. It is of Pliocene age and may correlate 
with the Wave Hill Surface of Hays (1967) in the 
Northern Territory. The Featherby Surface in the Bur•
dekin Uplands occupies a similar stratigraphic position, 
but appears to have been terminated earlier by renewed 
earth movements in the late Miocene and Pliocene. 
Correlations with the Eromanga Basin are uncertain at 
present, though some late Miocene to Plio:::ene silcretes 
and ferricretes do occur in that area (Table I) . 

The Campaspe Cycle started in the Pliocene, and 
has continued to the present. The Kendall Surface may 
have been continuous with the Featherby Surface of 
the upwarped Gilberton Plateau. and if one compares 
the local denudational sequences then the relationship 
between the Featherby Surface, Campaspe Beds, Cam•
paspe Surface, and younger alluvial deposits in the 
Charters Towers area is similar to that between the 
Kendall Surface and the fans units in the Carpentaria 
Plains (Table 1). If compared in this way the Kendall 
Surface occupies a similar position in the sequence to 
the Featherby Surface, and the Campaspe Beds and 
Camoaspe Surface might he equivalent to the oldest 
fans, Stage I in the nomenclature of Grimes & Doutch 
( 1978). As discussed above the oldest fans surfaces in 
the Karumba Basin have been partly ferruginised and 
silicified . In the Northern Territory the Koolpinya sur•
faces formed in several stages during this cycle (Hays. 
1967). The Holroyd Surface of Doutch (1976) differs 
in concept from the other surfaces in the region. The 
term was used for a set of climatically controlled land•
forms . 

Acknowledgements 
] am indebted to my colleagues in the Carpentaria 

Basin field party for use of their published and unpub•
lished r.esults, and in particular to H . F. Doutch with 
whom T had many useful discussions during the forma•
tive stages of this paper. R . F . Coventry, R . W. Day, 
P. J. G. Fleming. B. R. Senior, C. R . Twidale. and 
G. E . Wilford made constructive criticism of the manu•
~" ript at various stages. The raper is puhlished with the 
permission of the Under Secretary. Department of 
Mine~ . Queensland. The figures were drawn by G. 
Butterworth, G . Bates, and R . Fabbo. 



OLD LAND SURFACES IN NORTHERN QUEENSLAND 45 

References 
ARCHER, M., & WADE, M., 1976-Results of the Ray Lemley 

Expeditions, Part I . The Allingham Formation and a 
new Pliocene vertebrate fauna from Northern Queens•
land. Memoirs of th e Qlleensland Museum 17, 379-97. 

BAIN, 1. H. C., & MACKENZIE, D. E. , 1974- Karimui, PNG 
-I :250000 Geological Series. Bllrl'allof Min eral 
Resources A ustralia-Explanatory Notes SB/55-9. 

BL~KE , D. H. , 1971 -Geology and Geomorphology of the 
Morehead-Kiunga Area; in Land Resources of the 
Morehead-Kiunga Area, Territory of Papua and New 
Guinea. Commonwealth Scientific and Industrial 
Research Organisalion , Land Research Series 29, 56-68. 

COVENTRY, R. 1., in preparation-Late Cainozoic geology, 
soils, and landscape evolution of the Torrens Creek 
Area, North Queensland. 

DOUTCH. H . F ., 1976-The Karumba Basin, northeastern 
Australia and southern New Guinea. BMR Journal of 
Australian Geology and Geophysics, 1, 131-40. 

DOUTCH, H. F ., INGRAM, 1. A. , SMART, 1., & GRIMES, K. G. , 
1970-Progress report on the geology of the southern 
Carpentaria Basin. Bureau of Mineral Resources. 
Australia-Record 1970/39 (unpublished) . 

DOUTCH, H. F. , SMART, 1., GRIMES, K. G., NEEDHAM. S. , & 
SIMPSON, C. 1. , 1972-Progress report on the geology 
of the central Carpentaria Basin. Bureau of Mineral 
Resources, A IIstralia-Record 1972/64 (unpublished). 

DOUTCH, H . F., SMART, 1., GRIMES, K. G., GIBSON, D. L. & 
POWELL, B. S., 1973-Progress report on the geology 
of the Carpentaria Basin in Cape York Peninsula, 
1972. Bureau of Mineral Resources , Allstralia-Record 
1973/187 (unpublished). 

GALLOWAY, R. W ., GUNN, R. H ., & STORY, R., 1970-The 
lands of the Mitchell-Normanby area, Queensland. 
Commonwealth Scientific and Industrial Research 
Orgallisation , Land Research Series, 26. 

GRIFFIN, T. J., & McDOUGALL, I., 1976-Geochronology 
of the Cainozoic McBride Volcanic Province, Northern 
Queensland. Journal of the Geological Society of 
Australia, 22, 387-96. 

GRIMES, K. G., 1974-Mesozoic and Cainozoic geology of 
the Lawn Hill, Westmoreland, Mornington and Cape 
Van Diemen 1:250000 Sheet areas, Queensland. 
Bureau of Mineral Resources, Australia-Record 
1974/106 (unpublished). 

GRIMES, K. G. & DOUTCH, H. F., 1978-The late Cainozoic 
evolution of the Carpentaria Plains, north Queensland. 
BMR Journal of Australian Geology and Geophysics, 
3, 101-112. 

HAYS, J., 1967-Land surfaces and laterites in the north of 
the Northern Territory; in JENNINGS, J. N., & MABBUTT, 
1. A., (Editors): LANDFORM STUDIES FROM AUSTRALIA 
AND NEW GUINEA. Canberra, A ustralian National 
University Press, 182-210. 

HUGHES, R. J., & SENIOR, B. R., 1974-New stratigraphic 
names for Cretaceous and Cainozoic units of Bathurst 
and Melville Islands and Cobourg Peninsula, NT. 
Australasian Oil and Gas Journal, 20(2), 10-17. 

IDNURM, M., & SENIOR, B. R., 1978-Palaeomagnetic ages 
of Late Cretaceous and Tertiary weathered profiles in 
the Eromanga Basin, Queensland. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 24, 263-77. 

JESSUP, R. W., & NORRIS, R. M., 1971-Cainozoic strati•
graphy of the Lake Eyre Basin and part of the arid 
region lying to the south . Journal of the 'Geological 
Society of Australia, 18, 303-31. 

KENNETT, 1. P., BURNS, R. E., ANDREWS, 1. E. , CHURKIN, 
M. JUN., DAVIES, T. A., DUMITRICA, P., EDWARDS, 
A. R., GALEHOUSE, J . S., PACKHAM, G . H., & VAN PER 
LINGEN, G . 1., 1972-Australian-Antarctic continental 
drift, palaeocirculation changes and Oligocene deep-sea 
erosion. Nature Physical Sf:ience, 239, 51-5. 

KERSHAW, A. P., 1975-Late Quaternary vegetation and 
climate in northeastern Australia; in Suggate, R. P., & 
Creswell, M. M., (Editors)-Quaternary Studies. Royal 
Society of New Zealand, Bulletin 13, 181-7. 

DE KEYSER, F. , 1969-The phosphate-bearing Cambrian 
formations in the Lawn Hill and Lady Anne districts, 
northwest Queensland. Bureau of Mineral Resources, 
Australia-Record 1969/147 (unpublished). 

DE KEYSER, F., & COOK, P. J. , 1972-Geology of the middle 
Cambrian phosphorites and associated sediments in 
northwestern Queensland. Bureau of Mineral Resources 
Australia-Bulletin 138. 

DE KEYSER, F. , & LUCAS, K. G.. 1968-Geology of the 
Hodgkinson and Laura Basins, north Queensland. 
Bureau oj Mineral Resources, Australia-BIIlletin 84. 

KING , L. C., 1949-The cyclic land-surfaces of Australia. 
Proceedings of the Royal Society of Victoria, 62, 79-95. 

MACGEEHAN, P ., 1972-Vertical zonation within the Auru•
kun Bauxite deposit, north Queensland, Australia. 24th 
International Geological Congress, Section 4, 424-34. 

MALONE, E. J., CORBETT, D. W. P., & JENSEN, A. R., 1964 
-Geology of the Mount Coolon 1 :250000 Sheet area. 
Bureall of Mineral Resources, Australia-Report 64. 

PATEN, R. J., 1964-The Tertiary geology of the Boulia 
Region, Western Queensland. Bureau of Mineral 
Resources, Australia-Report 77. 

PETTIFER, G., SMART, J., HORSFALL, M. C., McDOWELL, 
M. I., & GIBSON, D. L. , 1976-Cape York Peninsula 
geophysical and geological groundwater investigation, 
1974. Bureau oj Mineral Resources, Australia-Record 
1976/3 (unpublished) . 

POWELL, B. S., GIBSON, D. L., SMART, J., GRIMES, K. G., & 
DOUTCH, H. F., 1976-New and revised stratigraphic 
nomenclature, Cape York Peninsula. Queensland 
Government Mining Journal 77, 178-89. 

SENIOR, B. R., I 976-Southwest Queensland geomorphology. 
Bureau of Mineral Resources, Australia-Report 196, 
25-8. 

SENIOR, B. R., 1978-The Whitula Formation. Appendix 1 
in SENIOR, B. R., MONO, A., & HARRISON, P. L., -
Geology of the Eromanga Basin. Bureau oj Mineral 
Resources, A ustralia-BuUetin 167, 49-50. 

SMART, J. , 1973- Gilberton, Qld-I :250 000 Geological 
Ser:ies. Bureau oj Mineral Resources, Australia•
Explanatory Notes SE/54-16. 

SM.~RT, 1., 1 977-Weipa, Qld-l :250 000 Geological Series. 
Bureau of Mineral Resources, Australia-Explanatory 
Notes SD/54-3. 

SMART, 1., GRIMES, K. G., DOUTCH, H. F., & PINCHIN, J., 
in prep.- The Mesozoic Carpentaria and Cainozoic 
Karumba Basins, Queensland. Bureau of Mineral 
Resources, Australia-Bulletin. 

SUTHERLAND, F. L. , STUBBS, D., & GREEN, D. c., 1977-· 
K-Ar ages of Cainozoic volcanic suites, Bowen-St 
Lawrence hinterland, North Queensland. Journal of the 
Geological Society of Australia, 24, 447-59. 

TWIDALE, C. R., 1956-Chronology of denudation in north" 
west Queensland. Geological Society of America•
Bulletin 67, 867-82. 

TWIDALE, C. R., 1966-Geomorphology of the Leichhardt•
Gilbert area, northwest Queensland. Commonwealth 
Scientific and Industrial Research Organisation, Land 
Research Series 16. 

VINE, R. R., BASTIAN, L. Y., & CASEY, D . J., 1963-Progress 
report on the geology of part of the Northern Ero•
manga Basin. Bureau of Mineral Resources, Australia•
Record 1963/75 (unpublished). 

VINE, R. R., & DOUTCH, H. F., 1972-Galilee, Qld-
1:250000 Geological Sel;es. Bureau of Mineral 
Resources, Australia-Explanatory Notes SF/55-10. 

WEBB, A. W., & McDOUGALL, I., 1967-A comparison of 
mineral and whole rock potassium-argon ages of Ter•
tiary volcanics from central Queensland, Australia. 
Earth and Planetary Science Leiters 3, 41-7. 



46 K. G. GRIMES 

WHITAKER, W. G ., & GIBSON, D . L., 1977-Coen, Qld-
1 :250 000 Geological series. Bureau of Mineral 
Resources, Australia-Explanatory Notes SD/54-8. 

WHITEHOUSE, F. W., 1940-Studies in the later geological 
history of Queensland. Papers, Department of Geology, 
University of Queensland 2. 

WOPFNER, H., 1974-Post-Eocene history and stratigraphy 
of northeastern South Australia. Transactions, Royal 
Society of South Australia, 98, 1-12. 

WOPFNER, H., CALLEN, R., & HARRIS, W. K., 1974-The 
lower Tertiary Eyre Formation of the southwestern 
Great Artesian Basin. Journal of the Geological Society 
of Australia 21, 17-51. 

WRIGHT, R. L., 1963-Deep weathering and erosion surfaces 
in the Daly River Basin, Northern Territory. Journal oj 
the Geological Society of Australia 10, 151-63. 

WYATT, D. H., 1969-A note on the geology of the Bluff 
Downs-Allensleigh area. Queensland Government 
Mining Journal 70, 296-303. 

WYATT, D. H., 1970--Regional geology-an outline; ill 
STEPHENSON, P. J., SUGDEN, W., & ELLIS, P. L. 
(Editors) -1970 field conference, Townsville-Charters 
Towers. Geological Society of Australia (Queensland 
Division), Brisbane, 16-21. 

WYATT, D. H., PAINE, A. G. L., CLARKE, D. E. , & HARDING, 
R. R., 1970--Geology of the Townsville 1 :250 000 
Sheet area, Queensland. Bureau of Mineral Resources, 
Australia-Report 127. 

WYATT, D. H., PAINE, A. G. L., CLARKE, D. E., GREGORY, 
C. M., & HARDING, R. R., 1971-Geology of the 
Charters Towers 1 :250 000 Sheet area, Queensland. 
Bureau fa Mineral Resources, Australia-Report 137. 

WYATT, D. H., & WEBB , A. W., 1970-Potassium-argon 
ages of some northern Queensland basalts and an 
interpretation of late Cainozoic History. Journal of the 
Geological Society of Australia 17, 39-51. 


