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Abstract

Sedimentary geologists have long recognised the Eyre Basin of central Australia as a natural archive of
Cretaceous environmental change, yet its stratigraphic framework remains coarser than those available
for comparable intracontinental basins elsewhere. This research refined the lithostratigraphic and facies
architecture of Cretaceous sequences in the south-western Eyre Basin using wireline logs, cuttings
descriptions, and core data from six exploration wells penetrating 300 m of section. Five facies
associations were identified—fluvial channel, overbank fines, marginal marine, shallow marine, and
offshore mud—distributed across the Oodnadatta, Mackunda, and Winton formations. Fluvial channel
deposits dominated the Winton Formation (up to 35.8%), while marginal and shallow marine facies
peaked in the Mackunda Formation (combined 49.5%). Grain-size profiles and gamma-ray log
signatures revealed three transgressive-regressive cycles within the succession, with the maximum
flooding surface placed at the base of the Mackunda Formation. The results provide a higher-resolution
stratigraphic template for resource exploration and paleoenvironmental reconstruction in an under-
studied sector of the Eyre Basin.

Keywords: Stratigraphy, cretaceous, sedimentary sequences, basin analysis, paleoenvironment, Eyre
Basin, facies association, wireline logs, transgressive-regressive cycles, lithostratigraphy

Introduction

Leading Australian basin analysts, including Krieg et al. [l and Alley and Gravestock 12,
have argued that the Eyre Basin preserves one of the most complete Cretaceous
intracontinental records on the Australian plate, yet much of this record has been interpreted
at the formation scale without the high-resolution facies work that underpins modern
sequence-stratigraphic models. The basin covers roughly 1.1 million square kilometres
across South Australia, the Northern Territory, and Queensland, and it accumulated fluvial-
to-marine sediments throughout the Early and Late Cretaceous as the epicontinental
Eromanga Sea transgressed and retreated across the continental interior [,

Three principal formations make up the Cretaceous fill in the south-western sector: the
Oodnadatta Formation (Albian), the Mackunda Formation (Cenomanian), and the Winton
Formation (Cenomanian-Turonian) . Collectively, they record a long-term regression from
fully marine conditions in the Oodnadatta to dominantly fluvial conditions in the upper
Winton, punctuated by at least two shorter-period transgressive-regressive cycles whose
timing and spatial extent remain debated I,

Wireline logs, particularly gamma-ray and resistivity curves, offer a cost-effective way to
correlate facies patterns between wells when core recovery is incomplete—a common
situation in the Eyre Basin, where only about 15% of exploration wells have cored the
Cretaceous section [®1. Combined with cuttings descriptions and the limited core available,
log-based facies analysis can reconstruct depositional trends at a resolution sufficient for
both academic paleoenvironmental models and practical resource appraisal [71.

This research aimed to: (a) define facies associations from core and cuttings in six wells, (b)
calibrate those associations against wireline log motifs, (c) construct a well-to-well
correlation panel, and (d) identify transgressive-regressive cycles within the Cretaceous
succession €1,

Instrumentation and Analytical Methods
Wireline log suites available across the six wells included gamma ray (GR), spontaneous
potential (SP), resistivity (deep and shallow laterolog), sonic (DT), and neutron porosity.
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Logs were depth-matched and normalised to a common GR
scale using the two-point histogram-equalisation method of
Shier 1. Core and cuttings were examined under a Leica
M205C stereo microscope at the Institute of Applied
Geosciences, Agadir. Grain-size analysis of 42 core samples
used a Malvern Mastersizer 3000 laser diffractometer, and
results were expressed in phi units. Thin-section
petrography was performed on 18 sandstone samples to
determine framework composition and diagenetic features.

Limitations

The six wells used in this research lie within a roughly 120-
km east-west transect, so along-strike (north-south) facies
variability could not be assessed. Core recovery was
complete in only two wells; the remaining four relied on
cuttings and log motifs, which carry higher interpretive
uncertainty. Additionally, biostratigraphic age control was
limited to published palynological zones rather than new
sampling, meaning that the placement of the transgressive-
regressive cycle boundaries carries an age uncertainty of
approximately one ammonite zone (roughly 1-2 million
years). Future work should incorporate seismic data and
additional biostratigraphy.

Material and Methods

Material

Data were compiled from six petroleum exploration wells
drilled in the south-western Eyre Basin between 1987 and
2018. The wells penetrate 180-300 m of Cretaceous section
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and are spaced 18-42 km apart along a broadly east-west
transect. Core was available from two wells (Wells A and
F), with a combined recovered interval of 87 m. Cuttings
descriptions at 3-m intervals were available for all six wells
from the South Australia Department of Energy and Mining
well-completion reports. Wireline log suites were obtained
in LAS format from the same repository. The research was
conducted under institutional approval from the Institute of
Applied Geosciences, Agadir (Protocol 1AG/2022-011,
approved 14 February 2022).

Methods

Five facies associations were defined by integrating grain
size, sedimentary structures (where core permitted), fossil
content, and log response: (a) fluvial channel—blocky to
fining-upward GR motif, medium-coarse sandstone with
cross-bedding; (b) overbank fines—high GR, siltstone-
mudstone with rootlets; (c) marginal marine—serrated GR,
interbedded sandstone and mudstone with brackish-water
trace fossils; (d) shallow marine—Ilow GR, well-sorted fine
sandstone with Skolithos ichnofacies; (e) offshore mud—
uniformly high GR, dark grey mudstone with Cruziana
ichnofacies [ /1. Facies proportions were calculated for each
formation in each well. Transgressive-regressive cycles
were identified from vertical facies stacking patterns and
confirmed by GR log trends. Well-to-well correlation used
the maximum flooding surface as the datum.

Results

Table 1: Facies association proportions (%) by formation across six wells

Formation Fluvial Channel | Overbank Fines | Marginal Marine | Shallow Marine | Offshore Mud

Winton Fm 31.2 24.6 19.1 15.4 9.7
Mackunda Fm 16.8 17.1 25.3 24.2 16.6
Oodnadatta Fm 8.4 12.7 18.6 29.8 30.5

Table 1 confirms the basin-wide regressive trend: fluvial
channel deposits increase from 8.4% in the Oodnadatta to

31.2% in the Winton, while offshore mud drops from 30.5%
t0 9.7%.
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Fig 1: Composite grain-size profile from Well A showing the Winton, Mackunda, and Oodnadatta formations.
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Figure 1 displays a general fining-upward trend within the
Oodnadatta (offshore to marginal marine) and a coarsening-
upward trend in the Winton (marginal marine to fluvial).

https://www.geojournal.net

The Mackunda Formation occupies the transitional position,
with oscillating grain-size values that reflect the interplay of
transgressive and regressive pulses.
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Fig 2: Facies association distribution (% of total thickness) by well across the Eyre Basin transect.

Figure 2 shows lateral variability in facies proportions. Well
F (westernmost) has the highest fluvial channel content
(35.8%), while Well E (easternmost) is the most marine-
influenced, consistent with a paleogeographic model in
which the Eromanga Sea retreated from east to west during
the Cenomanian-Turonian [,

Discussion

The three transgressive-regressive cycles identified here
refine the single-cycle model that dominated early
interpretations of the south-western Eyre Basin [, The first
cycle spans the Oodnadatta Formation, with the maximum
flooding surface at its top—a placement consistent with the
palynological dating of Alley and Gravestock [@. The
second cycle occupies the lower Mackunda, and the third
straddles the upper Mackunda and lower Winton.

The lateral facies gradient revealed by the well-to-well
correlation—more marine in the east, more fluvial in the
west—matches the paleoshoreline orientation reconstructed
from earlier mapping of the Eromanga Sea coastline [ I,
Wells A and F, positioned further from the inferred
paleoshoreline, accumulated thicker fluvial sequences and
thinner marine intervals, while Well E, closer to the
persistent marine embayment, retained a stronger marine
signal even in the Winton Formation.

The dominance of overbank-fine facies in all three
formations (12.7-24.6%) implies that floodplain deposition
was volumetrically important throughout the Cretaceous, a
finding relevant to groundwater exploration because these
fine-grained intervals may act as aquitards controlling fluid
flow in the Great Artesian Basin 81,

Conclusion
This research provided a higher-resolution stratigraphic

framework for the Cretaceous succession in the south-
western Eyre Basin by identifying five facies associations
and three transgressive-regressive cycles across six wells.
The results show a basin-wide shift from marine-dominated
deposition in the Oodnadatta Formation to fluvial-
dominated deposition in the Winton Formation, modulated
by shorter-period sea-level oscillations visible in the
Mackunda.

The lateral facies gradient across the 120-km transect
confirms an east-to-west regression of the Eromanga Sea
and provides a template for predicting reservoir and seal
distributions in future resource exploration. Integration of
seismic data and updated biostratigraphy would strengthen
the sequence-stratigraphic interpretation.
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