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5.4. Oligocene—Early Miocene

The change from a humid (Eocene) to a dominantly dry
climate during the Oligocene—Early Miocene protected the
Eocene valleys and their fills from significant fluvial erosion
during the early Neogene (Frakes, 1997; Alley et al., 1999).
Oligocene and Early Miocene conditions in the onshore Eucla
Basin and palacovalleys are represented largely by a phase of non-
deposition, erosion and weathering, during which the extensive
silcrete probably formed (Alley et al., 1999). In the central Eucla
Basin, following a phase of minor subsidence associated with
deposition of the Abrakurrie Limestone during the Late
Oligocene—Middle Miocene (Fig. 3), continued dynamic tilting
exposed the western Eucla margin, draining the associated
palaecovalleys (Fig. 7). Benbow et al. (1995a) also noted that such
tilting occurred but did not quantify the amount of uplift.

5.5. Middle Miocene—Pliocene

The prolonged nature of the dynamic tilting is indicated by the
north-eastward decline in elevation of the Eocene key-surfaces
and ‘reverse flow’ features of the Neogene valleys in the western
Gawler Craton (Fig. 4; Hou, 2004; Hou et al., 2001a).
Consequently, marine carbonates of the Nullarbor Limestone
were deposited in a new depocentre located in the Nullarbor Plain
during the Middle Miocene—Early Pliocene transgressions (Figs.
3 and 7). Extensive chains of shallow, alkaline lakes developed
along the Eucla palacovalleys were probably promoted by
interruption of the drainage by the large Ooldea and Barton
barrier/dune systems, and decreases in channel flow in the north-
eastern onshore basin. The small volumes of sandy sediments in
the Gamma Island and Garford Formations and Cowan Dolomite
suggest that the relief around the Eucla margins was relatively
gentle. Similarly, the presence of lacustrine facies throughout
most Eucla palacovalleys, implies relatively low stream gradients
and interrupted flow (Alley et al., 1999).

Although later Tertiary events are poorly dated (Alley et al.,
1999), a series of marine transgressions occurred in the Eucla
Basin from Oligocene times (Benbow et al., 1995a, b) through
to the Pliocene. These extended across the shelf to the inland
margin of the Bunda Plateau (Fig. 3), but do not appear to have
breached the Ooldea Range and thus had almost no influence on
sedimentation in the palacovalleys north and northeast of the
Ooldea Range (Alley et al., 1999). Therefore, the Middle
Miocene—Early Pliocene shorelines largely followed the Ooldea
barrier/dune system (Fig. 7). There is some evidence to suggest
that there may have been Neogene contributions to the Eocene
barriers/dunes along the Ooldea Range (Benbow et al., 1995a).
Several phases of rejuvenation of the Ooldea barrier/dune are
indicated by younger phases of Ooldea Sand during highstands
in the Early Miocene Upper Mannum Longford (Alley et al.,
1999) and Middle Miocene Cadell/ Balcombe Transgressions
(Benbow et al., 1995a) (Fig. 3).

The Eocene barriers/dunes may have been partly reworked and
redeposited as Neogene coastal sands (Yarle Sandstone and Ilkina
Formation; Benbow et al., 1995a) along the Ooldea Range,
particularly at the southeastern ends of the Ooldea and Barton
Ranges (i.e., western Eyre Peninsula) where a series of Neogene
strandlines have been recognised (Figs. 1 and 2) (Benbow, 1990;
Hou et al., 2003b, Hou and Warland, 2005). This is supported by
the presence of marine dinoflagellates south of the Ooldea Range,
indicating marine influence in the palacovalleys extending at least
into the central Eyre Peninsula (Alley et al., 1999). Significantly,
the Neogene shorelines developed in the southwestern Gawler
Craton during Middle Miocene—Early Pliocene transgressions
extended farther inland than those of the Eocene (Fig. 7; Hou,
2004). In the upper and middle reaches of the Kingoonya and
Narlaby Palaeovalleys, for instance, the Kingoonya Member of
the Garford Formation (Fig. 3) contains minor marine micro-
plankton and pollen, and their frequency increases significantly
farther west into the lower reaches of the palacovalleys, indicating
estuarine and marginal marine conditions that were open to the
ocean (Hou, 2004). Uplift and tilting of the Eucla Basin and
palaeovalleys followed in Middle—Late Miocene times (Benbow
et al., 1995b) (Fig. 6). In the onshore basin, mainly fluvio-
lacustrine evaporites were deposited in the Eucla palaecovalleys
during early Pliocene times, and palynological information shows
that dry open woodland and chenopod shrubland containing
isolated pockets of forest in edaphically suitable sites prevailed
from the southeast Yilgarn to the north east Gawler Cratons (e.g.,
Bint, 1981; Truswell and Harris, 1982; Clarke, 1994a; Benbow
etal., 1995b). This, together with the absence of clastic materials,
indicates very reduced, intermittent flow along palacovalleys and
a marked drying and/or warming. Increasing aridity during the
Pliocene was punctuated by warm, wet intervals (Benbow et al.,
1995b), which may have facilitated the widespread weathering,
silicification and ferruginisation that characterises the Pliocene
sediments in the Eucla Basin and palaeovalleys (Fig. 3). This fits
with a model of increased aridity and desertification for Australia
as a whole from 2—5 Ma as reported by Fujioka et al. (2005).

6. Implications for mineral exploration

The Eucla Basin and palacovalley sediments are potential
hosts to significant mineral resources including beach and
valley placer deposits, sedimentary uranium and coal deposits,
groundwater resources, and palygorskite (e.g., Benbow et al.,
1995a; Hou et al., 2001a, 2007a,b; de Broekert, 2002; Hou,
2004). Knowledge of their stratigraphic context, including the
impacts of climate and neotectonics on landscape evolution are
important factors that can aid exploration success.

6.1. Beach placers/heavy mineral sands

Our models of landscape evolution of the Eucla Basin margin
and associated shorelines can be utilised extensively to develop

Fig. 7. Schematic fence diagram showing stratigraphical relationships across the Tertiary Eucla Basin and adjacent onshore sediments in marginal marine and
palaeovalley settings. A schematic interpreted relationship between marine carbonate deposition and the extent of marginal marine carbonate and clastic equivalents

over time is summarized in the inset diagram.
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improved understanding of how to search for beach placers in the
region. Information provided on Heavy Mineral (HM) source and
tilting of the Eucla Basin gives encouragement that HM
accumulations may well be found further to the west than the
current batch of discoveries, since a major source of the zircons is
not in the immediate vicinity, but probably lies far to the west. A
detailed understanding of the sedimentary architecture and
transport systems of the Eocene Eucla Basin are important for
assisting discovery of new HM accumulations within this emerging
mineral sands province. While the Eocene shorelines along the
inland margin of the Eucla Basin extend over the entire ~2000 km
from east to west, HM concentration is not known to have occurred
continuously along this shoreline. The role of local control on
sediment dynamics leading to localised HM concentrations in
specific regions is essentially unknown. Given the predominant
eastward longshore drift in the Eocene beach system (Fig. 1),
knowledge of the cratonic source region for the HM is an important
predictive exploration tool. For example, if a solely Gawler Craton
origin could be shown, then mineralisation would not be expected
to extend for any significant distance westward, as this is not
supported by the present models derived from the landscape
evolution, including source of supply, Eocene longshore drift, and
epeirogenic tilting of the basin. In contrast, a source solely from the
Yilgarn/Albany-Fraser region would significantly extend the
prospective area of the Eucla Basin palacobeach placer province.
Therefore, although our studies indicate a predominantly Musgrave
Province source for the zircon fraction, multiple source regions for
other heavy minerals remain a possibility. Future work must
consider dating of other mineral fractions such as titanite, rutile and
monazite to provide a clearer picture of the source region.

This study provides a framework of climatic and tectonic
controls on sedimentation along the Eucla Basin margins
against which recent HM discoveries can be interpreted. The
location and stratigraphic context of individual deposits
provides the basis for assessing the potential for reworking,
dispersion and reconcentration. This will be a factor in
developing strategies to explore for additional deposits. Such
strategies need to consider the impacts of later sea-level change,
predominant wind and longshore drift directions and the effect
of dynamic tilting on reworking and realigning beach and
barrier deposits, during marine transgressions, particularly
during Neogene times.

7. Conclusions

The Eucla Basin near-shore coastal barrier systems, coastal
lagoons and palaecovalleys contain remarkably well-preserved
and varied sedimentary facies of mainly Cenozoic age. The
Eucla Basin and palaeovalleys had their origins prior to the
Eocene and palaeovalleys were probably incised in older valleys
initiated in the Cretaceous. Stratigraphic correlation of the
sediments across the Eucla Basin and palaeovalleys shows that
the marginal basin and adjacent palaeovalleys include at least
three main phases of sedimentation: Middle to Late Eocene,
Middle Miocene—Early Pliocene, and Quaternary. Prominent
weathering and erosion facies are of Cretaceous—Early Eocene,
Oligocene—Early Miocene, and Late Pliocene age. Differences

in elevations of marginal marine or lagoonal carbonaceous
carbonate sediments of late Middle Eocene and sponge spicule-
bearing sandstones of Late Eocene age across the Eucla margins
imply ~130 m relative vertical motion. Progressive (relative)
east-down tilting in combination with persistent westerly
weather systems explains the absence of large coastal barriers
in the western margin of the basin; the smoothly curved Ooldea
Barrier; a western and northern source of sediment supplies
indicated by sediment provenance studies; the series of parallel
‘J-Shape’ (Barton) barriers of Late Eocene age; ‘reverse flow’
features of Neogene channels draining the Gawler Craton; and
progressive reworking of older Eocene barriers during the
Neogene along the western Eyre Peninsula. Our analysis
provides new insights into the geological history of the entire
Eucla Basin and associated palaecovalleys that establishes a basis
for future investigations of the landscape and tectonic history of
the southern part of the Australian continent. This has particular
relevance to exploration for heavy mineral placer deposits along
the northern and eastern margins of the basin, where our
interpretation should assist in the definition of new exploration
targets in this, extraordinary, vast and still largely unexplored
palaeocoastline.
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