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Abstract

The expansive Cenozoic carbonates of the Nullarbor Plain veneer older sediments that preserve an important record of Australia's rifting from
Antarctica, and development of the present-day southern passive margin. Importantly, the sediments of the onshore extension of the Bight
Basin (Madura Shelf) are far more accessible than those of contemporaneous offshore sub-basins within the Bight, but remain poorly studied
despite their relevance to understanding this frontier petroleum province. Stratigraphic logging of newly available boreholes drilled within the
WA portion of the Madura Shelf has been combined with pre-existing well-data to enhance 3D stratigraphic modelling within a GIS database.
New stratigraphic units have been identified underlying the Mesozoic sequence of the Madura Shelf, which testify to pre-existing depocentres
along the southern margin of Australia that may have influenced its later development. Through palynology, it has been possible to resolve the
relative timing and environment of deposition of lithostratigraphical units across the Madura Shelf. Localised anomalies in the development of
the Madura Shale suggest movement occurred during the Cretaceous along faults that may be correlated into 2D seismic lines offshore.
However, by the end of the Cretaceous, the Madura Shale had blanketed all significant pre-existing topography, with the preserved surface
showing little evidence for any later disturbance. In-fact, enigmatically, neither the Madura Shale itself, nor its upper surface, evidence the
extended periods of time they represent, with little variability/cyclicity or indicators of erosion preserved. Analysis of detrital zircon age-
populations recovered from the major stratigraphic units encountered beneath the Eucla Basin, and comparison with sediments from Cenozoic
shorelines and the Cretaceous Ceduna Delta indicate:

Q) Dominance of Musgrave Province- or Albany-Fraser-sourced sediment.

(i)  That these sediment pathways were long-lived.

(ili)  That a partitioning/disconnection existed between the sediment systems operating in the eastern and western Bight Basin, with little

to no sediment from the east being supplied to the west.



(iv)  That essentially syn-depositional mid-Cretaceous volcanism occurred in the western Bight Basin. This previously unrecognized
Cretaceous western volcanic activity may provide important age constraints and correlation opportunities, as well as having
implications for the thermal history of the margin.

References Cited

Bradshaw, B.E., N. Rollet, J.M. Totterdell, and I. Borissova, 2003, A Revised Structural Framework for Frontier Basins on the Southern and
Southwestern Australian Continental Margin: Geoscience Australia, Record 2003/03, 94 p.

Champion, D.C., 2013, Neodymium Depleted Mantle Model Age Map of Australia: Explanatory Notes and User Guide: Geoscience Australia,
Record 2013/44, 209 p. doi.org/10.11636/Record.2013.044

Hou, B., L.A. Frakes, M. Sandiford, L. Worall, J. Keeling, and N.F. Alley, 2008, Cenozoic Eucla Basin and Associated Palaeovalleys,
Southern Australia — Climatic and Tectonic Influences on Landscape Evolution, Sedimentation and Heavy Mineral Accumulation: Sedimentary
Geology, v. 203, p. 112-130.

Lowry, D.C., 1970, Geology of the Western Australian Part of the Eucla Basin: Geological Survey of Western Australia Bulletin, v. 122, 201 p.

Macdonald, J.D. S.P. Holford, P.F. Green, I.R. Duddy, R.C. King, and G. Backe, 2013, Detrital Zircon Data Reveal the Origin of Australia's
Largest Delta System: Journal of the Geological Society, v. 170, p. 3-6.

Ninkovich D, R.S.J. Sparks, and M.J. Ledbetter M.J, 1978, The Exceptional Magnitude and Intensity of the Toba Eruption, Sumatra: An
Example of the Use of Deep-Sea Tephra as a Geological Tool: Bulletin of VVolcanology, v. 41, p. 286-298.

Totterdell, J.M., and A.A. Krassay, 2003, Sequence Stratigraphic Correlation of Onshore and Offshore Bight Basin Successions: Geoscience
Australia Record 2003/02, 50 p.



ST .

5722 Y Geological Survey of

A\"~ )5 Western Australia
AsS,

] cutnunversty [ e DEOEN  obo 1 s iorc
DDA?G‘E‘ &3 &= Curtin University
Pﬂlaeontology,Ancientﬂimcteand &oswtem; GEOSCIENCE RESEARCH (TIGeR) T é“ —a} -

Stratigraphy, age and provenance of Madura Shelf
sediments, WA: implications for the evolution of the
Bight Basin and Australia’s southern margin

Milo Barham®*, Shane Reynolds, Mick O’Leary & Chris Kirkland




i
'y,
LT
Gr.
+ l Ve ry 0Vr’n-::e+
e I
0@@ |
et |
<@ '
e | ~
|
|
Yilgarn /) r ~ Gawler+
Craton | N (Craton
Madura 1 Eudla N\
Shelf | Basin \
/ =
Mezozoic
Eucla Absent
Basin
Eyre Sub Basin
Bight Basin

New wells penetrating the Madura SQeIf (onshore
extension of the Bight Basin) = wide-ranging significances

After Bradshaw et al. (2003); Hou et al. (2011)
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New, previously unknown sedimentary sequences.

Madura Shelf sequence comprises basal clastics overlain
by siltstones and shales, becoming more obviously marine
upwards. Approximately equivalent to Bronze Whaler to

Shanes Dam Decoration
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Pre Cambrian Crystaline Basement

Disconformably overlain by Eucla Gp. (DT playground)



Basement elevatlon and sedlment thlckness

New borehole data
(GSWA stratigraphic
program and EIS) 2>

GIS database of
stratigraphy
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Basal clastics distribution
Ao St Apparent isolation
: - *2: of sedimentation on

irregular surface at
different times

Ages not well-
constrained for
Shanes Dam
Conglomerate and
Decoration
Sandstone

However, paucity of
deeper penetrating
boreholes prevents
fine resolution of
seds or basement
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Madura Formation development
Pl e e Near shore-parallel
contour lines show:

e infilling of
topography

and

e ~retention of

original surface 2
largely lacking
evidence for
protracted hiatus
and exposure in
early Cenozoic (DT
constraints?)




* Biostratigraphy adapted from Totterdell and Krassay (2003)
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Cretaceous development of the Madura Shelf
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Sediment provenance and age

constraints
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U/Pb detrital zircon
age population data

Dating zircon populations
constrains sediment age and
enables correlation to likely
source regions
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U/Pb detrital zircon
age population data

Source regions

Same AF/Musgrave sediment
sources seem stable into more
recent times
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‘“New” Cretaceous
volcanism in west?

Eyre 1 core

Lapilli fragmental tuff .... rounded
breccia bombs with cryptocrystalline
selvages...bedded volcanogenic mafic
ash ash
bed... black ash ....tuff... quartz chlorite
tuff.... green chlorite tuff .... Tuff ....
abundant darker feather-like ash
debris... ash tuff .... ash matrix....
abundant lappilli...
psuedoporphyblastic fabric)

Fanciful interpretation. So where?
Hf data is key
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Albian zircons common component
associated with SLIP volcanism
producing large volumes of
volcaniclastics

No evidence of any closer
Antarctican sources

Palynology, CL, morphology,
Hf-isotopes, missing distinct
populations relative to
Ceduna Sub-basin data and
palaeowind suggests super-
eruption
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Conclusions

GIS database of boreholes beneath Eucla established to constrain stratigraphic architecture
(identify older depocentres) and provide absolute constraints on DT

Constraining the timing of mid-Cretaceous highstand and identification of fault movement
both of which contributed to inundation of the interior of the Madura Shelf (seismic interp)

Musgrave Province was the likely sediment source (via multiple cycles?) for the Madura Shelf
and this routing system was stable/long-lived (no significant changes in detrital populations)

The Madura Shelf and Ceduna Sub-basin operated as distinct sedimentary systems - east-
west decoupling (no “Gondwanan” signal in west)

~107 Ma zircon population suggest eastern SLIP super-eruptions = absolute age constraints

Are the wells regionally representative, or unique due to the specific magnetic targets etc?

What are the distributions of the older sedimentary packages, when did they form, how do
they influence later basin evolution?

Where is the evidence for prolonged deposition of the Madura Fm. Or the 25-60Ma hiatus
and exposure between Cretaceous and Eocene sediments?
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