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Executive Summary
Funding has been provided by the Australian National Low Emissions Coal (ANLEC) body
for a study into the distribution and geometry of Latrobe Group intraformational seals in
the Gippsland Basin. The results from this research project will be used by the CarbonNet
CCS flagship project better understand fluid flow within the Latrobe Group. The project aims
to provide a detailed understanding of the stratigraphy and structure of the Latrobe
Group, with particular emphasis on the seal lithologies (coal and shale) within the unit.
Funding was granted in Q4 2016 with the contract signed on 29th November 2016. This
document represents the final report for the project.
In contrast to many previous researchers who have suggested a fluvio-deltaic
depositional setting for the offshore parts of the Traralgon Formation (the Eocene portion of
the Latrobe Group), we suggest that much of the unit was deposited in marine, marginalmarine and tidal (including estuarine and lagoonal) settings . The offshore Traralgon
Formation consists of a series of coastal barrier systems and laterally equivalent back-barrier
units that retreated landward during the Eocene (retreating around 70 km). Six sub-units
can be distinguished on a sequence stratigraphic basis and are here named, from oldest to
youngest, T5, T4, T3, T2, T1 and T0 (being consistent with existing onshore nomenclature of
T2, T1, and T0). The giant brown coals deposits of the onshore Latrobe Group were
therefore interpreted to be deposited in a lower coastal plain, back-barrier setting.
Well-developed fining-upwards cycles capped by coal (ranging from 3-30m thick) are
present in all sub-units of the Traralgon Formation. Well log and core observations indicate
that the fining-upwards cycles consist of, from base to top, sandstone, siltstone, mudstone
and coal. The sandstone and siltstone lithofacies contain sedimentary structures (flaser,
wavy and lenticular bedding, tidal rhythmites) and abundant trace fossils (Ophiomorpha,
Thalassinoides, Chondrites, Planolites and Paleophycus) indicative of shallow marine and
tidal settings. The siltstone lithofacies also contains marine and marginal-marine
acritarchs and dinoflagellates (Operculodinium, Spinidinium, Gippslandia, Michrystridium
and Spiniferites). The fining-upwards cycles capped by coal are therefore interpreted as
tidal cycles capped by non-marine ombrogenous peats.
In some of the tidal cycles, light-grey to white, kaolinitic clays or seat earths
(underclays) occur over the tidal siltstone facies and underlying the coals. Sedimentological,
mineralogical and palynological data suggest these seat earths were initially deposited in a
non-marine, reed-fern meadow-marsh environment that directly overlies marginal marine
and marine sediments. These seat earths were deposited in a non-marine setting that was
later subject to pedogenesis and intense kaolinisation (perhaps associated with humic acids
leaching from the overlying coals).
The thickest coals in the unit (with 100 m thick individual seams) occur in the onshore
portion of the basin, where basinal subsidence rates were lower (relative to the offshore).
This allowed the largely domed peatlands to grow and keep pace with accommodation space
creation. In the offshore, the generally high subsidence rates meant that the peatlands were
commonly drowned or inundated by marginal-marine siliciclastic sediments before thick coal
seams could develop. Only when the high tectonic subsidence rates were offset by stable or
falling sea levels during late high stands (or over local tectonic highs) were peatlands able
produce substantial thicknesses of coal. The enormous quantities of pure low ash coal in the
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Gippsland Basin have therefore accumulated because of an almost unique combination of
long-lived factors including a warm ever-wet climate, relatively high peat accumulation rates
balanced by subsidence rates, and the presence of a wave-dominated coastline with a welldeveloped barrier system.
A lower coastal plain setting for the Latrobe Group is consistent with the 10's of
kilometre scale lateral continuity observed for the coals from seismic and well log data.
Because the coals are associated with strong acoustic impedence contrasts, they are
clearly visible on seismic profiles and have hence been used historically as regional
marker units in the stratigraphy. Therefore, there is a reasonable degree of certainty
that the coals and underlying fine-grained lithologies (both lithologies being potential
seals) are laterally continuous over 10’s of kilometres. The major coal units tend to
prograde over much of the lower coastal plain towards the end of each sub-unit (T0, T1, T2,
etc). We suggest that this is due to the maturation and stabilisation of the barrier system
during the later stages of its development.
The close genetic relationship between the finer-grained lithofacies (non-marine
seat earth mudstones and tidal siltstones) also has an influence on the potential
distribution and continuity of intraformational seals within the Latrobe Group. It has
been demonstrated here that the seat earth mudstones are closely related to the
overlying coals, and are in fact, a precursor to coal formation. This is because the seat
earths have formed in a meadow-marsh setting and rainforest fringe setting (from
palynological data), as would be expected during the early stages of peat dome
formation (e.g. Korasidis et al. 2016, 2017). Seat earths are thus intimately associated
with coal development and would thus be expected to commonly be present under the
coals (hence the term "underclays"). Tidal siltstones would also be expected to occur in
close association with coals, being part of the upward-shallowing tidal cycle. Coals and
siltstones are observed to be interbedded with each other in virtually all portions of the
Traralgon Formation.
Despite the general lateral continuity of coals and siltstones/shales in the back-barrier
setting, there are major sand/gravel-filled channel systems that traverse through the coals
and tidal sediments. These large sand/gravel systems represent the meander belts of major
river systems that cut across the entire back-barrier system. Smaller sand-filled channel
systems are also present within some coals and these represent either smaller fluvial
channels, or tidal channels. The distribution of these sandy channels (as documented here)
will clearly have a major effect on the lateral continuity and thus seal capacity of the upper
Latrobe Group and careful mapping of these systems will be required for specific carbon
storage site candidates.
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1. Scope of Study
This project aims to provide a greater understanding of the stratigraphy and structure of the
Latrobe Group geological sequence of the onshore and offshore Gippsland Basin, with
particular emphasis on the seal lithologies within the unit (coal and shale). The project will
synthesise seismic, well log, core and lithological data onshore and offshore in order to
produce a 3D model of sea unit geometries within the Latrobe Group. This will provide
important information for the characterisation of CO2 storage sites in near- and off- shore
areas of the Gippsland Basin. Offshore studies already conducted by CarbonNet have
presented a model of time-transgressive back-stepping coal-clay seal units and barrier sand
reservoir couplets for the intra-Latrobe Group. When this model is projected into near-shore
and onshore parts of the basin there is significant conflict with existing models for the
onshore Latrobe Group coals (e.g. Holdgate,2003). In the onshore region there is more
abundant well log and core data and extensive 2D seismic surveys.
This project will develop and integrated geological model consistent with all available data
that will allow for a greater understanding of the way in which CO2 will migrate and be stored
within the Latrobe Group sediments. It will also provide a facies model for the Latrobe
Group coals, shales and sands that may be applied other coal successions globally.
1.1 Milestones
The project has been broken into a number of tasks referred to as milestones (Table 1).
Milestone 1 refers to the signing of the contract, which occurred on 29 November 2016. This
report relates to Milestone 4a (draft Final Report) after 22 months duration (up to 29th
September 2018) and covers all the outcomes of the study.

MILESTONE
NUMBER

Table 1:
Milestone description and projected timeframe as specified in the ANLEC
Funding Application
MILESTONE DESCRIPTION

MILESTONE TIMEFRAME

1

Signing of contract

Commencement date

2a

Draft of Milestone 2 submitted to ANLEC R&D

6 months from signing of contract

2

Report of Preliminary Latrobe Group stratigraphy approved by
ANLEC R&D

8 months from signing of contract

3a

Report on Milestone 3

16 months from signing of contract

4a

Draft of final report submitted to ANLEC R&D

22 months from signing of contract

4F

Final report covering all outcomes as detailed in Section 1.3 of the
Schedule approved by ANLEC R&D.
ANLEC R&D project finalization requirements met.

24 months from signing of contract

The final outcomes of the study are summarised (from original proposal) as:
3D mapping of seal units within the Latrobe Group and depositional model.
• Construction of 3D maps based on synthesis of all available data from seismic and
lithological analysis.
• Produce an integrated facies model for the onshore and offshore Latrobe Group
• Integrate mineralogy, texture and diagenetic history of samples into the facies model to
produce a model for seal capacity within the Latrobe Group
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2. Introduction
Peats and coals represent an unusual biologically-mediated sediment type formed in non-marine
settings. The deposition of pure peat without siliciclastic sediment invasion is not completely
understood, but probably requires a complex set of parameters governed by factors like floral
communities, climate, basin subsidence, siliciclastic sediment supply and global sea level change
(e.g. Bohacs and Suter, 1997). Conditions conducive to the deposition of large volumes of pure
peat are therefore relatively rare in Earth history. The onshore Gippsland Basin contains
extraordinary thicknesses of very pure, low ash Cenozoic coal, with continuous sections of lignite
reaching 300 metres thick at some localities. Furthermore, these ancient peatlands covered huge
areas and produced enormous volumes of coals. It has even been argued that the volume of peat
deposited in Southeastern Australia may have contributed to the overall drawdown of
atmospheric CO2 from the Eocene to present (Holdgate et al., 2009).
The onshore coals of the Gippsland Basin are largely of Eocene to mid-Miocene age and it
is the Oligocene-Miocene coals that are economically exploited for power generation (Korasidis et
al., 2016). In the offshore Gippsland Basin, there are extensive Eocene and older coals that extend
back into the Cretaceous. Laterally equivalent clean coastal sands to the coals provide the
reservoir units for the giant oil fields of the Gippsland Basin. Despite the academic and economic
significance of the Latrobe Group in both the onshore and offshore regions, there is relatively little
published information on the sedimentology of this unit (Bodard et al., 1986).
In this report, we have examined subsurface seismic profiles, well log and core data from
the siliciclastic sediments that were laterally-equivalent to the Traralgon Formation coals (within
Eocene Latrobe Group of the Gippsland Basin) in order to constrain the depositional setting for
this unusually large and long-lived peat-producing system. We suggest that this peatland system
was deposited in marginal-marine (tidal, estuarine, lagoonal etc) back-barrier environments in a
relatively high subsidence regime.
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3. Geological Setting
The Cretaceous to Eocene Latrobe Group of the offshore Gippsland Basin (Fig. 1) hosts the
major petroleum accumulations in the basin and consists of sandstones, siltstones, shales,
coals and some volcanics. The enormous brown coal reserves of the onshore Gippsland Basin
also occur within the Latrobe Group. The onshore succession hosts younger sediments (the
youngest coals being middle Miocene in age) but consists of essentially the same lithologies
as in the offshore Latrobe Group (e.g. Holdgate, 2003).
The stratigraphic terminology of the Latrobe Group has had a complex history, with the
succession being first known as the Latrobe Valley Coal Measures (Thomas and Baragwanath,
1949) from the onshore Latrobe Valley region. In the onshore, this sequence was subdivided
into groups which included the major known coal seams (Yallourn and Morwell groups,
Thomas and Baragwanath, 1949). Later work recognised an important set of older coalbearing sediments, known as the Traralgon Group (Gloe, 1960, 1967, 1975). Each of these
groups was further subdivided into the major coal seams and interseam sediments (e.g.
Morwell 1B, Morwell 1A etc, Gloe, 1960, 1967, 1975).
The onshore succession eventually became known as the “Latrobe Valley Group", and
the offshore as the Latrobe Group (James and Evans, 1971). The included groups were
downgraded to formations (i.e. Traralgon, Morwell and Yallourn formations) (Hocking, 1972;
Hocking et al., 1976). In this report, we use the term "Latrobe Group" for both the onshore
and offshore successions. For the offshore Latrobe Group, various subdivisions have been
proposed (Barracouta Sandstone, Traill, 1968; Bonita, Snapper, Stonefish and Trevally
Sandstones, Bodard et al., 1986) but have not been widely used.

Figure 1. Locality diagram for the Gippsland Basin with the location of stratigraphic cross
sections shown in figs 4-6 (modified from Geoscience Australia).
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More recently, it has been proposed that the Latrobe Group be subdivided into 4
subgroups (from oldest to youngest, Emperor, Golden Beach, Halibut, and Cobia) that are
separated by interpreted unconformities (Partridge, 1999; Bernecker and Partridge, 2001;
Bernecker et al., 2003). In this nomenclature, the Eocene portion of the Latrobe Group is split
into an older Halibut Subgroup and a younger Cobia Subgroup. However, some units in this
new scheme are synonymous with the better documented and previously published onshore
stratigraphy. For example, the “Burong Formation” (as proposed by Partridge, 1999;
Bernecker et al., 2003) appears synonymous with the earlier defined and very widely used
onshore Traralgon Formation. We suggest the introduction of a separate and overlapping
nomenclature system for the offshore Latrobe Group (e.g. Burong Formation) hinders
correlations with the better known onshore stratigraphy. Because the present report deals
specifically with both the onshore and offshore stratigraphy, we have used the existing
onshore stratigraphic nomenclature in this study and correlated it directly with the offshore
stratigraphy (Fig. 2).

Figure 2. Generalised chronostratigraphic diagram for the Gippsland Basin (Modified from
Norvick et al., 2001; Hoffman et al., 2012).
The informal nomenclature for the onshore coal seams in the succession appears to be
robust (e.g. Traralgon 1, Morwell 1B, Yallourn seams, abbreviated as T1, M1B etc), probably
because it is based on stratigraphy observed from thousands of onshore wells (stratigraphic,
coal, petroleum and water wells). This nomenclature is currently used in most onshore
studies of the Cenozoic terrestrial units (e.g. Holdgate et al., 2000; Holdgate and Gallagher,
2003; Holdgate, 2003). The oldest (Eocene to earliest Oligocene) of the onshore coal-bearing
units is the Traralgon Formation and this has three major coal-bearing intervals, known as the
T2, T1 and T0 seams in order of decreasing age. These subdivisions, while not having been
formally defined, could be viewed as members of the Traralgon Formation. Here, we will
refer to these subdivisions as informal sub-units (e.g. T2 sub-unit). The T2 and T1 subdivision
were first documented (Gloe, 1975; Hocking et al., 1976). The T0 seam was first recognised
by George (1965) who called it the T+ seam and it was later named T0 by Holdgate et al.
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(2000). We have used and extended this informal subdivision for the offshore stratigraphy. In
the offshore region, older coals are present below the documented Traralgon seams and we
have added older seams to the same onshore nomenclature scheme (e.g. T3, T4 and T5,
discussed below). The sequence of sub-units could potentially be extended deeper in the
Latrobe Group, but the present study is limited to the Eocene portion of the unit.
4. Database and Methods
The Traralgon Formation sub-units (T0, T1, T2, and T3) have been examined across the study
area using 2D and 3D seismic data in conjunction with wireline logs and core from exploration
wells (Fig. 3). Numerous 2D seismic surveys exist across the onshore and nearshore, and a
large 3D dataset exists in the offshore portion of the Gippsland Basin. A single onshore
modern 3D dataset is available over the Wombat gas field, and a lower quality 2D/3D 1988
survey is available over the nearshore Golden Beach gas field. These data were obtained
from the Geological Survey of Victoria. Data quality ranges from poor (in older 1960-1970s
vintage data) to very good. The 2D data was predominantly used in onshore and near-shore
positions to correlate the onshore and offshore stratigraphy. In nearshore and fully offshore
positions, a variety of high quality 2D and 3D data was used. The seismic data is easily
interpreted within the Eocene portion of the Latrobe Group due to the presence of strong
and distinctive reflectors from numerous coal beds which allow a unique and robust
correlation to be established. Seismic data was tied to well data using time-depth curves
obtained from well completion reports where available. Offshore well ties have a high
confidence due to availability of downhole velocity surveys and seismic positioning. However,
onshore wells are commonly positioned oblique to seismic lines and/or no velocity data is
available. Where no time-depth data is available velocity data from adjacent wells has been
used.

Figure 3. Map showing the position of seismic data and wells used in the study.
The vertical resolution of high resolution 2D seismic is estimated at 6 m (e.g. GL88
Survey across the Golden Beach structure), but resolution in the order of 10 m is typical for
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the majority of the 2D data. Offshore the 3D-Geo “Megacube” 3D seismic volume (an
amalgamation of several 3D surveys) was used. The maximum vertical resolution of the 3D
seismic dataset is estimated at approximately 10 m. Analysis of the seismic was carried out
using the IHS Kingdom software. Seismic data is presented as SEG European polarity
convention and approximately zero-phase wavelet (i.e. a low impedance layer like coal that is
less than 20 m thick produces a positive over negative or peak over trough response).
Over 50 onshore wells and > 150 offshore wells have modern well log data, including
gamma, sonic, neutron porosity, sonic, neutron density, and neutron logs. In wells with
gamma, density and/or porosity logs, an electrofacies log was constructed with the method of
Collins and Doveton (1986), using the Kimeleon software, developed by the Kansas Geological
Survey. In this method, a colour cube is used, with the addition of colours from the three
axes (gamma, density and porosity) defining the final colour for each lithology. This method
is one of a series of electrofacies methods developed to automatically recognise facies and
lithology (Serra and Abbott, 1982; Busch et al., 1987).
The colours on Kimeleon logs relate directly to lithology. In the Latrobe Group
lithologies, sandstones have low gamma, moderate matrix density and relatively low neutron
porosity, shales have high gamma, high matrix density and high neutron porosity, and coals
have very low gamma, very low matrix density, and very high neutron porosity. In the system
used, shades of green denote sandstone of various porosities, shades of light and dark blue
denote siltstone and shale respectively, and red denotes coal. In offshore wells, the only
other significant variable is the presence of abundant hydrocarbons, which give the
sandstones a yellowish hue due to lower apparent bulk density (a gas effect). In addition to
these colours, the gamma log is used on the x-axis, with the colours described used as a fill.
This method results in a graphic log that resembles conventional sedimentological/lithological
logs used for outcrop and core descriptions, with the gamma curve substituting for the
grainsize axis and colours representing different lithologies. The method works exceptionally
well for the Latrobe Group sediments, and allows the identification of lithologies and
importantly, lithological transitions not easily visible with raw wireline log curves. In wells
that only have gamma and neutron logs, a usable graphic log is produced with slightly
different colour codes (sandstone is yellow, rather than green).
A limited quantity of conventional core was available in offshore wells, and several such
wells were examined, including Seahorse-1, and Snapper-1. The onshore well Wulla-Wullock7, has a fully cored section through the T2, T1 and T0 sub-units and this was examined in
detail and used as our standard section. Visual comparison of sedimentological logs made
from study of core with well log-derived Kimeleon graphic logs indicates that the Kimeleon
logs provide an accurate representation of the major lithologies present in the core.
The chronostratigraphic framework for the Latrobe Group is largely derived from
palynological spore-pollen and dinoflagellate zonation schemes (James and Evans, 1971;
Partridge, 1971; Stover and Partridge, 1973; Stover and Evans, 1973; Partridge 1976;
Partridge, 1999; Warne et al., 2003; Partridge, 2006) in combination with numerous
unpublished palynological reports that are available for most petroleum wells from the
Gippsland Basin. These biostratigraphic zonation schemes have here been updated to the
Gradstein 2012 time scale (Gradstein et al., 2012). In addition, we have re-examined both the
coal and siliciclastic lithologies in the onshore well Wulla-Wullock-7 in order to refine the
biostratigraphic zones.
Palynological analysis was completed on kaolinitic mudstones collected from the WullaWullock-7 core. Eight samples were processed using palynological techniques that involved a 10%
hydrochloric acid solution, a coarse sieve (150 ), heavy liquid separation (lithium
heteropolytungstate) and hydrofluoric acid (48%). Previously examined slides from the WullaFinal Report Project 7-1115-0289 - DRAFT
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Wullock-7 core (Holdgate et al. 2000) were also used in this study. All slides were counted and
scanned using a Zeiss AxioScope A1 microscope at x400 and x200 magnification.
X-ray Diffraction analysis on seat earth and related samples was carried out on a Bruker
D8 Advance Diffractometer at the Materials Characterisation and Fabrication Platform
(University of Melbourne) using Ni-filtered Cu K alpha radiation on powdered unoriented
samples (step size 0.020 degrees, count time 0.5 S). The clay minerals present in the samples
was identified using the methods of Carroll (1970). The degree of order for kaolinite was
determined using the procedure of Hinckley (1962).
5. Latrobe Group Stratigraphy
In the offshore Latrobe Group, coal seams form prominent seismic reflectors in the
uppermost portions of the Latrobe Group (upper 300-500m). The coals are continuous over
distances of tens of kilometres on east-west oriented seismic profiles. Because of their
continuity and prominence, the major coal seams have been used as seismic markers in the
vicinity of many petroleum fields in the basin (e.g. Roder and Sloan, 1985, Glenton, 1988). The
youngest of the seams in the study area correspond to the onshore-defined T2, T1 and T0
sub-units, which are middle Eocene to Early Oligocene in age. In terms of the Gippsland Basin
spore-pollen zones, the T2 sub-unit is within the upper portion of the Lower N. asperus zone,
the T1 sub-unit spans the Middle N. asperus zone, and the T0 sub-unit occurs in the upper
portion of the Middle N. asperus and Upper N. asperus zone.
In the onshore, these units have been defined by their distinctive distribution, chemistry
and age (Holdgate et al., 2000). In many onshore areas, these three units can amalgamate
and form a thick succession of relatively continuous coal (e.g. at the Wulla-Wullock-4 well).
However, moving from onshore to offshore, these units become thicker, and are diluted with
clastic sediment intercalations (Figs.4-6). This means that in nearshore and offshore sections,
Traralgon sub-units consist largely of clastic sediments (sands, silts and shales) with relatively
thin coal seams (up to 20 m in thickness, except in some local areas such as the Golden Beach
anticline).
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Figure 4. Geological cross section constructed using seismic and well log data from onshore
to offshore. The section illustrates the geometry of coals from the Early Eocene through to
the Oligocene. The difference in character between the onshore and offshore coals.
Onshore coals tend to be much thicker and have little clastic material between the seams.
See Fig. 1 for location of section.
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Figure 5. Seismic line (upper) and geological cross section (lower) illustrating a series of
coastal barrier sand systems with coals and back-barrier sediments landward (westward).
Thick (10-20 m thick) coal seams appear on the seismic line as strongly negative (red)
reflectors. See Fig. 1 for section location.
From well logs and core, each of the sub-units (T0, T1, T2) change laterally from a series
of sands, silts, muds and coals in landward positions, to sand dominated systems in seaward
positions. This lateral transition seaward into sands can be observed both in well logs and on
seismic profiles. On horizon-flattened seismic profiles, the seaward sands form NNE-SSW
oriented lenticular or mound-shaped geometries that lack strong internal reflectors (because
of their dominantly sandstone composition). The seaward sand masses have a width of
around 10-20 km and thickness from 100 to over 200 m thick. These sands are visible on 3D
seismic amplitude maps of the region and commonly display arcuate linear trends (Fig. 7). On
seismic and well logs, coal seams tend to become thinner and split into multiple smaller
seams as they approach the laterally time-equivalent lenticular sand bodies.
The typical succession of lithologies within each of the sub-units (T0, T1, T2) landward of
the lenticular sands is, from base to top, 1. clean sands that fine upwards into silts and shales;
2. Silts and shales with interbedded coals; and 3. Coals with minor interbedded silts and
shales. The thickest (on well logs) and most prominent (on seismic) coal seams tend to occur
at the top of each sub-unit (T0, T1, T2). The coal that occurs at the top of each unit is
commonly abruptly (without gradation) overlain by the basal sands of the overlying unit. The
coal-bearing units are significantly thinner (due to post-depositional compaction) than the
seaward, laterally equivalent lenticular sands.
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Figure 6. Seismic line (upper) and geological cross section (lower) illustrating a series of
coastal barrier-sand systems with coals and back-barrier sediments landward (westward).
Each of the units, from T5 to T0 are illustrated on the cross section. The "notch” in the T1
barrier system is visible as a strandline on Fig. 7 below. See Fig. 1 for section location.

Older coal-bearing units have a very similar stratigraphic geometry and have here been
named the T3, T4 and T5 sub-units from youngest to oldest. The T5 sub-unit is Early Eocene
(Lower and Middle M. diversus zone) in age, the T4 sub-unit spans the Early to Middle Eocene
(Upper M. diversus-P. asperopolus zones) and the T3 sub-unit is middle Eocene (lower portion
of the Lower N. asperus zone) in age. The thick and prominent coal seams at the top of each
of these units were named, from oldest to youngest, as the M. diversus marker (T5 coals), the
P. asperopolus marker (top T4 coal), and the Lower N. asperus marker (top T3 coal) by Roder
and Sloan (1985) in the Barracouta field area. Glenton (1988) in a study of the Snapper Field,
referred to the two prominent coals in our T5 sub-unit as the M. Diversus coal (older) and the
N1.9 coal (younger). In the same study, our top T4 coal was referred to as the N1.4 coal.
In map view, the elongate mound-shaped sand bodies at the seaward termination of
each of the units have a slightly arcuate geometry and occur in pairs (T5+T4, T3+T2 and
T1+T0) (Fig. 7). These sand systems are visible on a seismic amplitude map for the top
Latrobe surface. Parallel arcuate linear features of 20-50 m amplitude are prominent at the
seaward margins of the T1 and T0 sands, particularly to the north and west of the Amberjack
1 well (Fig. 7D). Similar linear features are also present in the T2 and T3 sands.
The uppermost portions (300- 500 m) of the offshore Traralgon Formation contain
significant coal seams (commonly greater than 3 m thick), but below this zone, the succession
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transitions into a coal-poor succession consisting of sands or shales. The position of this
transition from coal-rich to coal-poor sediments becomes further offshore for successively
older strata, indicating that it is a facies transition.

Figure 7. Map view of barrier sands from the Traralgon Formation showing backstepping of
~ 70 km from base T5 to top T0. A. Approximate position of barrier complexes to each
Traralgon Formation unit, as mapped from seismic and well logs. B. Same area with topLatrobe Group amplitude map from 3D seismic data. Red colours indicate sands and
green/blue colours are shales and coals. C. Top-Latrobe Group structure map showing
strandline geometries visible in the T0 and T1 barrier systems. The black arrows highlight a
strandline feature running for approximately 70 km within the T1 barrier system
(corresponds to the "notch" in Fig. 6). Modified from Hoffman et al. 2013. D. Amplitude
map from top-Latrobe surface in 3D seismic with colours to highlight strandline geometries
within the T0 and T1 barrier systems.

5.1 Depositional interpretation of large scale stratigraphy
The general transition seaward from coals, silts and shales to sands with minor coals is
interpreted as the transition from back-barrier to coastal barrier facies. The mound-shaped
geometry, and linear to arcuate shape in map view are consistent with a coastal barrier
facies. Linear and arcuate features visible on the top Latrobe seismic amplitude map (Fig. 7)
are suggestive of strandlines, consistent with a coastal barrier origin for the lenticular sands.
The greater thickness of the barrier sands is almost certainly due to differential compaction,
with the back-barrier clay and coal-bearing sediments compacting significantly more than the
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sand-dominated barrier facies. Hence, on seismic and well log sections, the barrier sands have
a mound-shaped geometry, with back-barrier coals and clays appearing to climb onto the
barrier sands (Figs 4-6).
The large-scale geometry of Eocene Latrobe Group is therefore interpreted as a set of 6
distinct coastal barrier systems with time-equivalent coal-bearing back-barrier facies lying
landward of each barrier system (Fig. 8). Successive barrier systems are established in
progressively more landward positions, indicating an overall transgressive geometry. The
distance between the oldest (T5) and youngest (T0) barrier system is around 70 km, indicating
a coastal retreat of around 3 km/million years for this system within the Eocene.
This barrier and back-barrier interpretation is consistent with the stratigraphic geometry
and lithological distribution within each sub-unit. The mound-shaped barrier systems consist
predominantly of clean sand with minor coals and silts, consistent with a high energy coastal
(beach, upper shoreface and lower shoreface) depositional setting. The abrupt change from
coal to sand at the top of each sub-unit is interpreted as an unconformity that separates each
of the barrier and coastal plain successions (T5-T0). The seaward equivalent of the barrier
systems is the thin and much condensed glauconitic Gurnard Formation (James and Evans,
1971).
This interpreted depositional setting is similar to that interpreted for the younger
onshore coals of the Gippsland Basin. The onshore Morwell and Yallourn formations
(Oligocene to mid-Miocene) are found to be laterally equivalent to the marine sands of the
Balook Formation, which is also interpreted as a barrier system (Thompson, 1980; Holdgate
and Gallagher, 2003). The marine equivalent unit seaward of the Balook Formation is the
Seaspray Group, which consists predominantly of cool water carbonates.
Blake (1986), working from 2D data only, similarly interpreted our T2, T1 and T0 sand
units as barrier systems (which he called the orange, red and yellow barriers respectively).
Holdgate et al. (2000) likewise interpreted the T1 and T0 sands (which were named the
Dutson Sand Member) as a barrier system to the back-barrier coals and estuarine facies
occurring landward of these sands. Bernecker and Partridge (2005) documented a similar
series of paleoshorelines in the Gippsland Basin using the maximum seaward extent of coal
during the Cenozoic.
The overall subdivision of the Eocene Traralgon Formation offshore into a lower,
landward, coal-poor zone, and an upper, seaward, coal-rich zone is likely to represent a facies
transition from upper coastal plain (coal-poor facies) to lower coastal plain (coal-rich facies).
Due to the overall transgressive nature of the Traralgon Formation, the upper coastal plain
facies underlies the lower coastal plain facies. In the onshore stratigraphy, a conglomeratic
unit beneath the coal measures of the Traralgon Formation has been named the Honeysuckle
Hill Gravels (Gloe, 1975). This unit name has been associated with older Cenozoic
conglomeratic deposits from a variety of locations onshore (Bolger, 1979a, b) and has been
described as a largely fluvial unit containing only thin coal seams (Holdgate, 1996). We have
not examined this deeper landward facies from the offshore in detail, but it appears likely
that this coal-poor facies is a similar lithology to the Honeysuckle Hill Gravels and we refer to
it as such throughout this report.
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Figure 8. Lithostratigraphic diagram illustrating the major relationships for the Eocene
Traralgon Formation of the Latrobe Group in the study area. The Traralgon Formation is
here divided into six informal stratigraphic sub-units (T5-T0) spanning a time interval of 24
Ma. The biostratigraphic ages (based on numerous unpublished palynology reports) are
shown.
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6. Electric Log and Core lithofacies
We have used a lithofacies nomenclature based on four major facies: mudstone. siltstone,
sandstone and coal. This simple lithofacies scheme is used in order to integrate observations
from both core and wireline logs. This means that the lithofacies documented here can be
recognised in both onshore and offshore wells, despite the variable quantity and quality of
well log and lithological data from these two regions. The Traralgon Formation is rarely
exposed onshore and therefore no large-scale outcrops can be examined. This means that
the characteristics of some lithofacies are not well documented. For example, the
characteristics of the sandstone lithofacies is less well known lithologically because many of
the sandstone lithofacies within the Traralgon Formation are only weakly consolidated and
tend to be lost in coring operations, particularly at the shallower formation depths. In
addition, large-scale structures (like large scale crossbedding) are not visible in core.

Figure 9. Two stratigraphic columns from the Whiting-2 well, illustrating the major well log
characteristics of lithofacies from the Traralgon Formation. The coloured stratigraphic
sections represent a combination of the gamma, neutron porosity and bulk density logs
(Kimeleon logs, Collins and Doveton, 1986).
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6.1 Mudstone lithofacies
On well logs (e.g. Fig. 9), mudstones from the Traralgon Formation are characterised by
a high natural gamma (>110 API units), relatively high matrix density and high neutron
porosity (Fig. 9). Mudstone intervals are typically quite thin (usually less than 3 metres thick)
and commonly occur in direct association with coals in the Traralgon Formation. Mudstones
generally have gradational contacts with both coals and siltstones.
In Seahorse-1 &-2, and Snapper-1 well cores, most of the finer grained lithologies
typically consist of finely laminated dark mudstones with varying degrees of bioturbation.
Burrow types include Thalassinoides, Planolites and Paleophycus (Fig. 10). There is a
complete transition observable from the siltstone lithofacies, consisting of interlaminated fine
sand/silt and clay laminae, through to the mudstone lithofacies, consisting predominantly of
clay with minor laminae of silt. Bioturbation is evident in all of the mudstones observed.
Isolated fragments of organic matter are present in the mudstones. Vertically-oriented
strings of organic matter are infrequently present in the mudstones and may be plant rootlets
(Fig. 10). Slickensided fracture surfaces are also abundant within the mudstones.

Figure 10. Core photographs illustrating lithologies from the mudstone lithofacies. A. Dark
mudstone with thin laminations of silt and fine sand. Chondrites and Planolites type
burrows are common. Seahorse 1, 1411 m. Upper T2 sub-unit. B. Light-grey to white
kaolinitic mudstones (seat earth) beneath coal. Strings of vertically-oriented organic
material are interpreted as rootlets. Wulla-Wullock-7, 638.6 m. Lower T2 sub-unit. C.
Typical slickenside found within kaolinitic mudstones (seat earth) beneath coal. WullaWullock-7, 638.8 m. Lower T2 sub-unit.
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6.2 Siltstone lithofacies
On well logs (e.g. Fig. 9), siltstones from the Traralgon Formation are characterised by a
moderately high natural gamma signature (~75-110 API units), moderate matrix density and
low neutron porosity. Siltstone intervals are generally thin (<3 metres thick) and most
typically have transitional contacts with sandstones and mudstones. In core from WullaWullock-7, Seahorse-1, and Snapper-1 wells, siltstone lithofacies display a large variety of
sedimentary structures, the most prominent being lamination and bioturbation (Fig. 12). The
most common lithology consists of alternating laminae of fine sands with dark mudstones.
The fine scale alternation of quartz-dominated fine sand laminae with dark mudstone lamina
will be averaged in all of the electric log data, producing an intermediate ("siltstone")
signature between sandstones and mudstones (even though the dominant grainsizes in this
facies are fine sand and clay size). These lithologies have previously been referred to as
"heterolithic" (Davis, 2012).
The coarser quartz-dominated laminae are commonly lenticular and/or sedimentloaded and vary in thickness from less than 0.5 mm to 0.8 cm thick. The interlaminated
mudstones are generally organic-rich, with abundant small intraclasts of coal sometimes
present. This facies grades into the sandstone facies with a gradual increase in silt/sand
laminae and coarsening grainsize. Similarly this facies grades into a dark mudstone facies by
the gradual thickening of dark mudstone laminae.
Alternating fine-sand and mud laminae commonly have rhythmic thickness variations
and, in some cases, resemble tidal rhythmites (Fig. 12A) (Kvale and Archer, 1990). Small-scale
(< 5 mm of erosional truncation) erosion surfaces are also commonly present in this lithology.
Small-scale isolated ripples (< 2 cm wide and 5 mm high) are commonly present and these are
commonly sediment-loaded. Vertically-oriented silt and sandstone filled fractures are
sporadically present in this lithofacies and these structures generally show evidence of
deformation during compaction (indicating their early synsedimentary origin). These features
appear to be either sand-filled syneresis cracks or true desiccation cracks. Small-scale
synsedimentary faulting is also common in this lithofacies.
Small-scale isolated ripples (< 2 cm wide and 5 mm high) are commonly present and
these structures generally show evidence of sediment-loading. These isolated ripples within
mudstones produce textures that range from lenticular bedding (mud rich) to wavy bedding
and through to flaser bedding (silt-sand-rich) (Reineck and Wunderlich, 1968).
In the Wulla-Wullock-7 bore, the siltstone lithofacies from the T2 and T1 sub-units
contains a diverse assemblage of dinoflagellates including Operculodinium, Spinidinium,
Gippslandia, Spiniferites, Corrudinium and the acritarch Michrystridium (Fig. 11).
Operculodinium, Spinidinium, Spiniferites and Michrystridium are associated with marginalmarine and marine environments (Brinkhuis, 1994; Kurita and McIntyre, 1995; Lord et al.,
2014). In terms of the spore-pollen assemblage, the lithofacies contains relatively high
concentrations of Araucariaceae, Podocarpaceae and Nothofagaceae. Holdgate et al. (2000)
also found that the siltstone lithofacies from many onshore interseam facies (including the T0
and T1 sub-units) consistently contained dinoflagellates. They also noted that this facies was
associated with a high abundance of Nothofagaceae.
Dinoflagellates have been recorded from numerous offshore petroleum wells within the
siltstone facies (Partridge, 1976). For example, Macphail (1985) recorded dinoflagellates (like
Areosphaeridium diktyoplokus) sporadically throughout the T2 sub-unit within the well Barracouta
5. Macphail (1985) also recorded sparse dinoflagellates within the T3 and T4 sub-units of the
same well.

Final Report Project 7-1115-0289 - DRAFT

16

Figure 11. Dinocysts and acritarchs from Wulla-Wullock-7. Specimens photographed in
transmitted light and under differential interference contrast and are illustrated at the same
magnification (=40μm scale). 1-2) Operculodinium centrocarpum (Deflandre & Cookson) Wall
1967 at 466.9m, 3-4) Operculodinium centrocarpum (Deflandre & Cookson) Wall 1967 at
495.7m, 5) Spiniferites sp. at 530.3m, 6) Spiniferites sp. at 641.3m, 7) Spinidinium sp. at 516.7m,
8) Spinidinium sp. at 516.7m, 9) Gippslandica extensa (Stover) Stover & Williams 1987 at
530.3m, 10) Corrudinium sp. at 641.3m, 11-12) Michrystridium sp. at 641.3m, 13) Dinocyst sp. at
641.3m, 14) Dinocyst sp. at 641.3m.

6.3 Sandstone lithofacies
On well logs (e.g. Fig. 9), sandstones from the Traralgon Formation are characterised by
relatively low natural gamma (<50 API units), moderate matrix density and low neutron
porosity. Sandstone intervals can be thick (commonly >20 m) and typically have gradational
contacts with the siltstone lithofacies. Sandstones commonly overlie coals with a sharp
(probably erosional) contact. In core from Snapper-1 and Seahorse-1, sandstones commonly
display bioturbation, cross lamination, and thin mud laminae. Sandstones show a complete
gradation into the siltstone lithofacies by a gradual increase in clay laminae and decrease in
grainsize. Flaser bedding structure (Fig. 13) is commonly present. A variety of burrow
morphologies is present in this lithofacies, including Ophiomorpha, Planolites, and
Paleophycus (Fig. 13).
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Dipmeter logs from West Seahorse 1 and 2 indicate the presence of thick (metre-scale)
cross bedding in sandstones from the upper portions of the Traralgon Formation (Battrick,
1983). Dark grains resembling glauconite pellets are common in sandstone lithofacies cores
and glauconite is commonly reported from sandstones intervals on cuttings log (e.g. West
Seahorse-1 wellsite lithology log) (caving from the overlying Gurnard Formation might also be
possible).

Figure 12. Core photographs illustrating lithologies from the siltstone lithofacies. A.
Interlaminated fine sandstone and dark mudstone. Sandstone and mudstone laminae have
rhythmic thickness variations resembling tidal rhythmites. Note isolated ripple in upper
left. Seahorse 1, 1428.6 m. T2 sub-unit. B. Isolated ripples of fine sand intercalated with
dark mudstone drapes, resembling wavy bedding structure (Reineck and Wunderlich,
1968). Burrows are abundant. Snapper-1, 1325.9 m. Basal T3 sub-unit. C. Interlaminated
siltsone and organic-rich mudstone with small synsedimentary faults present. Wulla
Wullock-7, 641.2 metres. T2 sub-unit. D. Dark mudstone with lenticular laminae of siltstone
resembling lenticular bedding structure (Reineck and Wunderlich, 1968) Snapper-1 - 1296.0
m. T3 sub-unit

6.4 Coal Lithofacies
On well logs (e.g. Fig. 9), coals have coals have very low natural gamma (<20 API units), very
low matrix density, and very high neutron porosity. In onshore positions, individual coals can
be very thick (up to 50 metres thick), but in offshore positions, coals tend to be less than 20 m
thick. Major coal seams are laterally continuous on the scale of tens of kilometres (commonly
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greater than 40 km continuity) and for this reason, have been extensively used as
stratigraphic markers within the upper Traralgon Formation (e.g. Roder and Sloan, 1985)

Figure 13. Core photographs illustrating lithologies from the sandstone lithofacies. A.
Ripples in fine sandstone displaying thin mudstone drapes resembling flaser bedding
structure (Reineck and Wunderlich, 1968). Seahorse 1 - 1427 m. T2 sub-unit. B. Laminated
and bioturbated medium-grained sandstone. Prominent Ophiomorpha burrows present.
Snapper-1-1386.0m. T4 sub-unit. C. Bioturbated fine-grained sandstone with Planolites and
Paleophycus-like burrows. Snapper-1- 1324.6 m. Basal T3 sub-unit. D. medium-coarsegrained sandstone with large-scale cross bed sets. Snapper-1 - 1339.6 m. Upper T4 sub-unit.
In onshore positions where the coals are buried to depths of between 500 and 600 m
(e.g. Wulla Wullock-7 well), the coals have the typical appearance of brown coal, having a
dark brown colour and being poorly consolidated. Woody material and plant fragments are
readily identifiable. Where the coals have not seen significant burial and still have relatively
high moisture contents (>50 %), drying upwards lithotype cycles are clearly visible and each of
these lithotype colours are related to particular coal depositional environments (Holdgate et
al., 2014; Korasidis et al., 2016, 2017). In offshore localities, where the coal has been subject
to burial depths of 1200 m or more, the coal has a black colour, is well consolidated and has a
semi-conchoidal or conchoidal fracture (Fig. 14). The typical Traralgon Formation sulfur
content of the coals varies from 2 to 8 wt %, and the ash content varies from 2 to 50 wt %.
Calorific values and vitrinite reflectance values for the offshore coals of the upper Traralgon
Formation indicate that they would be classified as high-rank brown coals (Suggate 1974;
Smith and Cook, 1984). Moisture contents (in-situ or bed moisture) from the onshore coals in
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the Wulla Wullock-7 well average between 45 and 50 wt % at a depth of 500 to 600 m. The
distribution and controls on moisture content for the onshore coals has been documented by
Holdgate (2005).
Coals commonly occur at the top of fining upwards cycles and have gradational contacts
with the underlying siltstone or mudstone lithofacies (discussed below). Regardless of
whether shallowing upwards cycles are present, the coals are almost always associated with
either mudstones or siltstones.

Figure 14. Core photographs illustrating lithologies from the coal lithofacies. A. Pure (low
ash) coal from the major seam in the upper portion of the T4 sub-unit. Snapper-1, 1332.6
m. B. Laminated organic-rich mudstone/impure coal from the T2 sub-unit. Cracks are due
to dehydration in the core. Seahorse 1, 1472.2 m.

6.5 Lithofacies associations and cycles
Well log data from the onshore and offshore Traralgon Formation very commonly display a
series of lithological cycles that consist of, from base to top, sandstone grading upward into
siltstone and mudstone, the mudstone grading upwards into coal and then sharply overlain
by sandstone again (Fig. 9, 15). The cycle thickness varies from 3 to 30 m, but more commonly
are around 10-15 m thick. The cycles are commonly incomplete but the relationship between
intra-cycle lithologies is generally maintained in the incomplete cycles.
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Figure 15. Series of wells illustrating the typical fining upwards cycle of lithologies observed in
the Traralgon Formation. The colour logs represent a combination of the gamma, neutron
porosity and bulk density logs (Collins and Doveton, 1986). The typical cycle consists of
sandstone grading up into siltstone and mudstone. Coal forms at the top of each cycle. The
cycle is terminated by a sharp (erosional) contact with the overlying sandstone. Cycles vary in
thickness from greater than 20 metres to less than 5 metres. All depths are in metres.

The gradational nature of the contacts between the sandstone and mudstone and the
shale and coal indicate a genetic relationship between these lithologies. However, the abrupt
nature of the contact between the coal and overlying sand suggests an erosional origin.
These cycles are best developed in the back-barrier portions of the system, distal to the sandy
barrier sediments (20 kilometres or more). Closer to the barrier systems, the mudstone
lithofacies become less prominent and the cycle typically consists of, from base to top,
sandstone, siltstone, and coal. Within the barrier system itself, this lithological cycle is
generally absent. Instead, thick sands are present, with thin intercalations of coal and minor
siltstone. Generally, the contacts between lithologies are sharp. The sands show a blocky
character on gamma ray logs, with little evidence of fining or coarsening upwards.

Final Report Project 7-1115-0289 - DRAFT

21

7. Analysis of Clay Seal Lithologies
In continuously cored sections from the basal Traralgon 2 unit in the Wulla-Wullock-7
well, some mudstones have a distinctive unlaminated character with a light grey to white
colour (Fig. 10). In the Wulla-Wullock-7 well, these light-grey-white clays transition into the
overlying coals by a gradual increase in organic content (Fig. 16). Downwards, the mudstones
show a gradual increase in quartz silt and in one example, display a transition into the
laminated siltstone facies (Fig. 16). X-ray diffraction data indicate that the clays
predominantly consist of kaolinite, with lesser amounts of 2M illite (muscovite) and quartz. In
the two sections studied in detail from the Wulla-Wullock-7 well, there is a gradual increase
in kaolinite upwards towards the coal. In the uppermost section (642-638 m), the upper most
sample immediately beneath the coal shows a very high proportion of well-ordered kaolinite
(Hinckley Index 1.3). However, most kaolinites are moderately disordered (Hinckley Index 0.5
to 0.9). The light-grey-white mudstones from the Wulla-Wullock-7 wellappear to have all the
characteristics of "seat earths" or "underclays" that have been similarly described from other
coal successions globally (e.g. Logan, 1842).

Figure 16. Stratigraphic columns and mineralogical data (x-ray diffraction) for light-greywhite kaolinite-rich mudstones (seat earth) beneath coals in the Wulla-Wullock-7 well.
There is a significant increase in kaolinite upwards towards the coal in each section. These
sections are from the basal portion of the T2 sub-unit.
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Palynologically, these seat earths do not contain dinoflagellates, but have a surprisingly
well-preserved and abundant spore-pollen assemblage. In seat earths examined from the
Wulla-Wullock-7 well (Fig. 17), the lower portions contain relatively high concentrations of
Epacridaceae (reeds), Cyatheaceae (tree ferns), Gleicheniaceae (coral or tangle ferns) and
charcoal. Higher in the seat earth, and just below the coal, there are high concentrations of
Proteaceae and Myrtaceae. Dinoflagellates or acritarchs of any type are completely absent
from the seat earths.

Figure 17. Palynology of kaolinitic mudstone (seat earth) within the Wulla Wullock-7 well.

7.1 Spectral gamma log
Spectral gamma logs from the Whiting-2 well show that each of the lithologies in the section
have distinctive Th/K characteristics (Fig. 18). Coals have the lowest Th/K values (mean value
~2.5), while sandstones have higher values (mean value ~4.4). Siltstones and mudstones both
have very similar Th/K values, with two distinct populations, (means ~2.2 and ~5.6). On
Thorium vs Potassium plots (Fig. 19), virtually all measurements fall within the field of Illite
and Muscovite, with most values in the Illite field (relatively low K). Concentrations of both
Th and K are correlated with grainsize, with finer grained lithologies having higher
concentrations of both elements. Mudstones and siltstones beneath thicker coals tend to
have relatively high Th/K values (around 6-8), reflecting low potassium concentrations.
Stratigraphically, the potassium concentration displays a very strong cyclic character (Fig.
9), with a gradual lowering in potassium concentration upwards, followed by a sharp increase
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in potassium. Individual potassium cycles are at a scale of 1 to 10 metres, the thicker cycles
being present in sandstones. These cycles are not obvious in any of the other logs and are at
a smaller scale than the sand-coal cycles describe above. The potassium cycles are not
directly correlated with Thorium and potassium peaks tend to have lower Th/K ratios than
potassium highs. This suggests that potassium highs are controlled by the presence of
potassium-rich mineral. The Th/K ratio in the clastic lithologies (sandstones, siltstones and
mudstones) is likely to be controlled by a mixture of minerals including illite, muscovite,
kaolinite, feldspar and glauconite. The potassium-rich mineral causing the cycles is likely to
be either feldspar or glauconite.
The distinctive spectral gamma signature of the coals (low Th/K and low concentrations of
K and Th) may be controlled by organically-derived potassium and wind-blown detrital
minerals.

Figure 18. Thorium/potassium ratios from spectral gamma logging in Whiting-2. Each
lithology has a distinctive Th/K distribution, reflecting a particular suite of K-bearing
minerals.
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Figure 19. Thorium vs potassium plot for lithologies in Whiting-2. Mineral chemistry curves
modified from Hurst, 1990 and Quirein et al., 1982. Most lithologies have relatively high
Th/K ratios, reflecting generally low concentrations of potassium.
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8. 3D mapping and Paleogeography of the Upper Traralgon Formation
This section documents the T2, T1 and T0 sub-units in terms of their large-scale depositional
geometry as observed from seismic mapping. The geometry and morphology of these sub-units
are integrated with the lithofacies and used to produce a detailed depositional paleogeography for
each unit. The detailed stratigraphic succession for each of the upper Traralgon Formation subunits (T2, T1, T0) is also presented.
8.1 Depositional components of the T0 to T2 sub-units
8.1.1 Back barrier coals
Coals are interpreted to have low acoustic impedance and appear as “bright” strong negative
amplitude (red on seismic section figures), parallel and continuous reflectors on seismic (Fig.
20). In comparison, the adjacent seismic reflectors above and below display relatively low to
moderate amplitudes. The vertical resolution of the seismic dataset is approximately 10 m
(see Section 4 – Database and Methods). However, coals ranging from 5 to 10 m thick (as
verified by well logs) can usually be recognised on seismic by their strong negative amplitude.
This is due to the very large density and velocity difference between the coals and adjacent
sands and silts. Therefore, seismic reflectors with a strong (negative) amplitude response are
indicative of coals > 5 m. Coals that are less than 5 m are considered sub-resolution for
seismic mapping purposes. Coals are recognised on well logs by very low gamma (< 20 API),
very low matrix density and very high neutron porosity (Fig. 9).
Coals generally exhibit a tabular geometry forming laterally extensive sheets, which
extend across the study area for tens of kilometres and are variably incised by channel
features (Fig. 21). Coals range from very thick seams (up to 50 m) in onshore positions down
to a few metres. Coals generally increase in thickness up-section within a sub-unit, with the
thickest coal at the top of the sub-unit (Figs 22-24). High amplitude reflectors are also observed
extending over and across the landward side of the barriers, terminating prior to their crest.
Amplitudes of the coal reflectors gradually decrease in the opposite direction away from
these barrier systems, possibly due to sub-resolution thinning or a lateral facies change.
These high amplitude reflectors correspond to relatively thin coals (~5 m) in well logs.
In well logs, the lower contact of the coal beds is predominately gradational with an
underlying siltstone facies. Less commonly, coals can overlie sandstones with a sharp
contact, particularly within the barrier sand facies. The upper contact of coals is generally
sharp and planar with a variable overlying lithology from clays through to sands.

Final Report Project 7-1115-0289 - DRAFT

26

Figure 20. Seismic line (upper) and interpretative geological cross section (lower)
illustrating the relationship of barrier to back-barrier tidal flat and coal deposits and their
internal geometry. Megamerge 3D Arbitrary Line flattened on Top T3 horizon.

Figure 21. Map view of channel morphology observed within the 3D seismic of the
Traralgon Formation T2 sub-unit. Meandering, interconnected dendritic network of
channels up to 300 m wide extend across coal and adjacent deposits.
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Figure 22. Well log correlation panel for the Traralgon Formation T2 sub-unit showing the
lateral variation in the stratigraphy in landward to seaward wells.

Figure 23. Well log correlation panel for the Traralgon Formation T1 sub-unit showing the
lateral variation in the stratigraphy in landward to seaward wells.
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Figure 24. Well log correlation panel for the Traralgon Formation T0 sub-unit showing the
lateral variation in the stratigraphy in landward to seaward wells.

8.1.2 Back barrier channel features
Large channel features are present in the Traralgon Formation T0 to T2 sub-units (e.g. Fig.
21). These features have dimensions of hundreds of metres to kilometres in transverse section
and tens of kilometres in longitudinal section (Figs 25 and 26). The lower bounding surface of
these large channel features has a continuous, moderate amplitude and commonly planoconcave character. The upper boundary commonly has a mounded geometry. The truncation
of underlying reflectors and a higher amplitude lower reflector suggests erosional incision and
possible coarser basal sediment deposition. The internal reflectors are typically low
amplitude, sub-parallel and discontinuous to chaotic. Dipping reflectors (up to 5°) are
commonly present in these channel features. These dipping reflectors have a moderateamplitude and downlap on (or are concordant with) the lower bounding surface of the channel
feature (Fig. 27). The dipping reflectors probably represent surfaces of lateral accretion caused by
lateral migration of the channel. The cross-sectional geometry of the channel features is
consistent with an incised erosional channel. The upper mounded morphology may be due to
the differential compaction of the sand infill relative to the surrounding silts and coals.
Mapping of 3D seismic data shows the channel features have a sinuous to meandering
geometry (Fig. 26). Meander loops and abandoned channels are observed on seismic
amplitude extractions (Fig. 28). These channels are more common towards the top of the subunit.
Several wells intersect these channel features (e.g. Mulloway-1, Snook-1, Wonga
Binda-1). Well logs show a low gamma (< 50 API), moderate density and low neutron porosity
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response, which is interpreted as a predominantly sandstone lithology. A blocky to finingupward character is observed with interbedded siltstones defined by a comparatively higher
gamma signature (~75-100 API). Core descriptions from these intersecting wells indicate fine
to very coarse, angular to subrounded, poor to well-sorted sandstones with carbonaceous
silty claystones (e.g. Short, 1988; Clare, 1990). Where seismic coverage is absent, the channel
features can be recognised in well correlation panels by the presence of thick sand units
laterally adjacent to wells with abundant coal (Fig.22). It is notable that despite the welldeveloped channel system, hydrocarbons are still trapped at T2 level in the wells Mulloway-1,
Whiptail-1, and West Whiptail-1 (Hoffman et al., 2015). This suggests that the influence of
seismic-mapped channel features on seals is not definitive and that effective seals can
underlie even quite large channels.
Smaller channels features can be recognised on amplitude extraction maps derived
from the 3D seismic volume. These smaller channels have meandering and interconnected
dendritic morphologies in plan view (Fig. 21). In seismic section, these small channels appear
as small, discontinuous, lens-like splits within a single reflector, and can be up to up to 300 m
wide. No wells intersect these small features and sediment fill is interpreted as a mixed siltysandy lithology based on a relatively low seismic response compared to adjacent high
amplitude coal events.

Figure 25. Map view of channel morphology observed within the 3D seismic of the
Traralgon Formation T2 sub-unit. Sinuous, meandering channels of varying complexity.
Note evolving channel width that appears to narrow inland.
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Figure 26. Map view of broad channel forming a meander belt in the Traralgon Formation
T2 sub-unit and corresponding seismic cross section illustrating relationship with adjacent
coal. Note mounded upper morphology. Oil is trapped by seals below the channel in
Mulloway-1 and adjacent wells

Figure 27. Composite onshore 2D seismic line across the mapped channel at the top of the
T0 sub-unit. Low amplitude, sub parallel and discontinuous to chaotic reflectors typifies the
internal seismic response interpreted as channel sands within interbedded siltstones.
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Figure 28. Amplitude extraction of 3D Megamerge seismic volume of a 25ms window
across the basal T2 sub-unit sand. Cut off meander loops show a predominately northwest
orientation suggesting a lateral migration of the channel to the southeast.

8.1.3 Back barrier silts, sands and muds
Mixed silts, sands and muds are positioned landward of the barrier systems and display a
broad tabular geometry extending for kilometres. This component is generally characterised
by a variable seismic response of parallel to sub-parallel and wavy, continuous to semicontinuous, low to moderate amplitude reflectors (Fig. 29). The upper and lower surfaces are
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either “bright” high amplitude, parallel and continuous reflectors interpreted as coal seams or
low amplitude, discontinuous and sub parallel to chaotic seismic reflectors representing
sands. Wireline logs through this component are characterised by fining-upward cycles.
These cycles consist of, from base to top, sandstone, siltstone, thin mudstones and coal (e.g.
Seahorse-2 - T2 sub-unit). Individual cycles range up to 30 m thick.

Figure 29. Seismic line (upper) and interpretative geological cross section (lower)
illustrating relationship of barrier to back-barrier tidal flat and coal deposits and internal
geometry. Megamerge 3D Arbitrary Line (see fig. 33 for location) flattened on Top T3
horizon.
Cores from the Seahorse-1 & -2, Snapper-1 and Wulla Wullock-7 wells intersect these
fining upward cycles (Figs 12, 30). In core, the cycles show a complete gradation from
sandstone to mudstone by a gradual increase in clay laminae and decrease in grainsize. The
sandstones are characterised by cross lamination and thin (mm-scale) mud laminae, with thin
mudstone drapes resembling flaser bedding. Bioturbation is common with burrow structures
identified as Ophiomorpha, Palaeophycus, Planolites and Teichichnus. The siltstone facies
recorded in the well logs appears to be an “averaged” intermediate response to thinly
laminated beds of fine sand alternating with dark mudstone. The siltstones commonly display
extensive lamination and bioturbation. Small-scale isolated sand ripples within the mudstones
show textures ranging from lenticular to wavy and flaser bedding. Lamina of alternating finesand and mud commonly exhibits a rhythmic thickness (mm-scale) consistent with tidal
periodicity (Reineck and Wunderlich, 1968). Planolites and Thalassinoides burrows are
common with minor Arenicolites. A diverse assemblage of dinoflagellates associated with
marginal marine and marine environments have also been found in the siltstone beds of
Wulla Wullock-7 (see Section 6.2 – Siltstone lithofacies; Holdgate et al., 2000).
The finest grained lithologies are represented by finely laminated dark mudstones that
are a continuation of the gradation from underlying siltstones. Bioturbation of the mudstones
is always present in the cores examined, and include Planolites and Thalassinoides burrows.
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The trace fossil assemblage observed through the fining upward cycles varies little and is
dominated by a high density of simple forms (e.g. Planolites). This is consistent with a
marginal-marine, brackish water setting where individual densities may be high but there is
an overall low diversity of simple structures (Pemberton et al., 1982; Gingras and
MacEachern, 2012). This in conjunction with the lithology, sedimentary structures and
dinoflagellate assemblage support a marine-influenced depositional setting for this mixed
lithology component.

Figure 30. Core photographs illustrating siltstone lithofacies. A. Interlaminated fine (pale)
sandstone and dark mudstone. Laminae have thickness variations resembling tidal
rhythmites. Note the sand filled Planolites burrows in upper mudstone. Seahorse-1, 1428.6
m T2 sub-unit. B. Finely laminated sandstone and mudstone with isolated sand ripples
disrupted by Arenicolites, Planolites and Teichnichnus burrows. Note the small
synsedimentary fault (upper left). Seahorse-1 well, 1418 m T2 sub-unit.

8.1.4 Barrier systems
Curvilinear features are commonly recognised on seismic amplitude maps seaward of the
back barrier silts, sands and muds (e.g. Fig. 7). In map view, these arcuate features are several
tens of kilometres long. In seismic cross section, these barrier systems display a mounded
morphology, with a width of approximately 10-20 km (Figs 20, 29). Internally, the barrier
systems are characterised by low amplitude, discontinuous and sub parallel to chaotic seismic
reflectors. In some sections, gently dipping (< 2°), high amplitude reflectors are observed
towards the base of the feature. These correspond to thin (< 5 m) coal beds based on logs
from intersected wells (e.g. Beardie-1; Fig. 20). The barrier systems represents the seaward
extent of the Traralgon Formation sequence. Consequently, the upper surface of these
features in part forms the contact with the overlying Seaspray Group. The Seaspray Group is
generally disconformable with the underlying Latrobe Group, the contact commonly being
hiatal in nature. The lower contact if the barrier is typically the uppermost coal of the
underlying sub-unit. The main body of the barrier system reaches a thickness of 100-200 m
and thins seaward to below the resolution of the seismic (<10 m). Well logs that intersect the
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barrier features commonly display coarsening upward cycles of siltstone to sandstone (e.g. T1
– Snook-1, Flying Fish-1, Sealion-1; T0 – Golden Beach West-1) or thick blocky sandstone
packages. Thin (< 5m) internal coals are also observed. In a landward direction the barrier
systems displays a lateral change to a variable seismic response of parallel to sub-parallel and
wavy, continuous to semi-continuous, low to moderate amplitude reflectors (Fig. 29).
8.2. Traralgon Formation stratigraphy
The Traralgon Formation is characterised by a series of fining-upwards cycles consisting of basal
sands grading into interbedded sands and silts that fine into muds. Coals commonly occur at
the top of fining-upwards cycles and have gradational contacts with the underlying siltstone
or mudstone lithofacies (Fig. 15). The tops of sequences are defined by a thick (up to 50 m)
upper coal interval. The successive events represent lateral shifting or backstepping of the
barrier complex landward. Although the general pattern of deposition is found to be the same for
each sub-unit, the overall position and distribution of paleoenvironments within the back-barrier
setting varies. The paleogeographic setting of the depositional environments as they occurred for
each of the Traralgon Formation sub-units has been reconstructed below.
8.2.1 Traralgon T2 sub-unit
The Traralgon T2 coal sub-unit forms a thick (approximately 200 m) laterally extensive and
complex package in both the onshore and offshore regions (Fig. 22; Maps 1, 2, 3). The base of
the T2 sub-unit is characterised by a thick (~ 10 m) sand deposit with a sharp base and blocky
gamma wireline log signature. The sand overlies the uppermost coal of the underlying T3
sub-unit (Fig. 28). Amplitude extraction maps show that the basal sand unit of T2 corresponds
to an area characterised by a series of features resembling cut-off meander loops interpreted
to be formed by the migration of a meandering channel system. A series of fining upward
cycles overlies this basal sand.
The coals of the T2 sub-unit generally thicken and amalgamate onshore (Fig. 22).
However, in contrast to the T1 and T0 sub-units, the thickest coal does not occur in the
uppermost portion of the sub-unit Instead two thinner coal cycles are present above the
thickest (~40 m) seam, which splits seaward forming a series of thinner (< 10 m) coal beds
grading from siltstones. Generally the top of the T2 is defined by an upper coal seam, but a
sand unit up to 30 m thick commonly replaces the coal. Sand units at the top of the T2 subunit offshore (e.g. the Snook-1 well) have complex meander channel geometries visible on
amplitude extraction maps. These features are interpreted as channels formed adjacent to
and contemporaneous with coal seams. The channel systems can be recognised landward by
the distribution of thick (tens of metres) sand units in onshore wells (e.g. Lake Reeve-1,
Seaspray-1, Wulla Wullock-5 wells) that are laterally equivalent to coals (Fig. 22). Interbedded
coals within these sands are interpreted to be related to channel migration across peatland
domes and subsequent reestablishment of organic deposition following channel
abandonment. Overall, the T2 sub-unit appears sandier in character than the T1 and T0 subunits.
Numerous channels are present within the T2 subunit (Fig. 31, Map 3). A major
meander belt dominates the central zone of the mapped area. A similar feature is present in
the far northern portion of the mapped area. In the central north section of the study area,
the back-barrier setting is characterised by an interconnected network of meandering
channels with a dendritic drainage pattern. To the south of the central channel there is an
absence of wider meander belts and smaller sinuous channels dominate. Seismic amplitude
extractions at different intervals vertically through the T2 sub-unit indicate that the channels
are present throughout the unit.
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Figure 31. Paleogeographic reconstruction of the uppermost portion of the T2 Traralgon
Formation sub-unit showing the position of the barrier and back-barrier environment.
Dashed line indicates interpretation from onshore well log distribution (as opposed to 3D
seismic data).
8.2.2 Traralgon T1 sub-unit
The T1 sub-unit extends from the onshore to offshore, but only a few wells offshore intersect
the sub-unit and all of these penetrate the T1 barrier system (Fig. 32; Maps 4, 5, 6). Similarly
the 3D seismic predominately encompasses the seaward extent of the barrier facies of the
sub-unit. The T1 sub-unit is a relatively thin sediment package overall, ranging from 40 m in
landward positions (e.g. the Wulla Wullock-4 well) up to 120 m in seaward wells through the
barrier (e.g. the Golden Beach-1A well).
The base of the T1 sub-unit rests directly on the uppermost T2 coal. The basal
sediments of the sub-unit are characterised by fine grained (siltstone) lithologies based on
wireline log character (high gamma-ray, moderate density and low neutron porosity; Fig. 23).
A diverse assemblage of dinoflagellates (characteristic of marginal-marine and marine
environment) has been found in this siltstone lithofacies in the Wulla Wullock-7 well
(Holdgate et al., 2000).
Above the basal sediments, three broad cycles of deposition are identified in central
and seaward locations that amalgamate to form one thick coal seam in the most landward
wells (Fig. 23). The first cycle is a series of thin (few metres thick) fining-upward cycles of
sands, silt and clays culminating in m-thick coal beds. Above this, the second cycle is a single
fining upward cycle capped by a ~ 5 m thick coal, and the third and final cycle fines upwards
from sands and silts to a ~ 10 m thick coal. As in the other sub-units, there is a progression
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towards coalier lithologies upwards within the T1 sub-unit. Sandier sediments occur in the
upper cycles in well positions more proximal to the barrier (e.g. the Golden Beach West-1
well). The thickness of these cycles varies in central and seaward wells but shows a general
pattern of increasing coal bed thickness up-section that culminates in the thick upper coal
unit behind the barrier. The seaward edge of this upper coal against the barrier sand displays
a sharp, linear trend parallel to the orientation of the T1 barrier system (Fig. 33).
A very prominent strandline feature is present within the T1 barrier system (visible on
seismic amplitude extraction maps) and has a strike length of approximately 60 km (Map 6).
This corresponds to a small scarp-like feature or “notch” on seismic sections of the barrier
facies (Fig. 33). The basal surface of this notch correlates with the base of the third and
uppermost cycle of the T1 sub-unit (Fig.29). The top of the underlying cycle is in part marked
by a thin (~3 m) coal that is laterally equivalent to the adjacent barrier sand facies.

Figure 32. Paleogeographic reconstruction of the uppermost T1 Traralgon Formation subunit showing the position of the barrier and back-barrier environment. Dashed line
indicates interpretation from onshore well log distribution (as opposed to 3D seismic data).
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Figure 33. Map showing an area of seismic amplitude extraction across the 3D Megamerge
seismic volume dataset for the upper T1 sub-unit. Arcuate linear features illustrate paleoshorelines due to retreat of the coast associated with ongoing transgression.
The prominence of the “notch” on amplitude maps, and its approximate correlation to the
base of the third fining up cycle in the T1 unit (Fig. 23) indicates the possibility of subdividing the
T1 unit into two smaller units; T1A (upper) and T1B (lower). In this subdivision, T1A would
encompass the uppermost cycle within the T1, and T1B would include the remainder of the unit
(tentative subdivision shown on Fig. 23)
Amplitude extraction maps of the upper cycle of the T1 sequence in the 3D seismic display
a channel system with minor tributaries in the south. Analysis of the underlying cycle shows the
channel to previously have been in a more northern position and coal reflectors appear more
dominant to the south.
8.2.3 Traralgon T0 sub-unit
The T0 sub-unit is the youngest and most landward of the Traralgon Formation sub-units,
being confined to the onshore and nearshore section of the study area (Fig. 34, Maps 7, 8, 9).
No offshore wells intersect the sequence in the study area. Therefore mapping is
predominantly derived from onshore wells, 2D seismic and a small area of 3D seismic data
west of Wasabi-1 well. The base of the sequence overlies the uppermost T1 sub-unit, which is
a thick (10 to >35 m) coal seam. The upper boundary of T0 sub-unit underlies the Seaspray
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Group. A thick (> 10 m) coal bed is generally present in the uppermost portion of the T0 subunit. The gradational contact between the T0 sub-unit and the Seaspray Group is interpreted
as a drowning sequence. However, at some localities (e.g. the Glencoe South-4 well) there is
evidence of erosion at this contact, with a thinner upper T0 coal and sharp erosional surface
being present. On seismic cross sections, this erosional contact correlates with a channel
feature in the Seaspray Group.

Figure 34. Paleogeographic reconstruction of the uppermost portion of the T0 Traralgon
Formation sub-unit showing the position of the barrier and back-barrier environment.
Dashed line indicates interpretation from onshore well log distribution (as opposed to 3D
seismic data).
At the base of the T0 sub-unit, a thin (< 3 m) siltstone characterised by a high gammaray (~ 75-110 API), moderate density and low neutron porosity log response. In core from the
Wulla Wullock-7 well, this siltstone displays prominent lamination and bioturbation (e.g.
Planolites). This siltstone facies is also found to contain dinoflagellates characteristic of
marginal-marine and marine environments (see Section 6.2 – Siltstone lithofacies; Holdgate et
al., 2000).
Above the basal siltstone, wells through the T0 sub-unit display three types of
succession depending on where they are located relative to the barrier (Fig. 24). Wells in the
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most landward positions (e.g. the Wulla Wullock-4 and -7 wells) show a stacked sequence of
siltstone grading upwards to coal, with an increase in coal thickness upwards. Central wells
(e.g. the Wombat-4 and Seaspray-1 wells) are dominated by mixed cycles of sands and silts
grading to thin coals (a few metres thick). In this central setting, thick coals (> 10 m) only
occur at the top of the sequence. The most seaward wells penetrate the barrier system (e.g.
the Lake Reeve-1, Dutson Downs-1 wells) where a thick (tens of metres) package of sand
dominates with minor interbedded silts and metre thick coals.
The T0 sub-unit also shows a decreasing influence of sand deposition away from the
barrier and a corresponding increased thickness and dominance of coal seams, which
culminates in a thick upper coal seam across the margin. Overall the thickness of the package
thickens seaward, which is probably largely due to differential compaction resulting from
increased sand content associated with the barrier.
A channel system is present across the area running behind the barrier with a NNE
orientation from the Salt Lake-1 well and turning east in the vicinity of the Glencoe South-4
well (Fig. 34). The channel is intersected in the Wonga Binda-1 well where fine to very coarse,
angular to sub-rounded, poor to moderately sorted sandstones with carbonaceous silty
claystones are described through the section (Short, 1988).
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9. Depositional Model
Integrating the data on cyclicity and lithofacies associations from well logs, core observations
and the large-scale stratigraphy enables the development of a generalised depositional model
(Figs 35-36).
A marginal marine (including tidal, estuarines and lagoonal) setting for much of the
Traralgon Formation is indicated by the lithologies and sedimentary structures and is
consistent with the presence of repeated fining-upwards cycles displayed on electric logs.
The tidal indicators described from core are derived from the siltstone and mudstone
portions of these fining-upwards cycles. Fining-upwards cycles have been recognised in many
modern and ancient clastic tidal successions (e.g. van Straaten, 1954; Sellwood, 1972; Evans,
1975; Tucker, 1973; Knight and Dalrymple, 1975; Weimer et al., 1982; Dalrymple et al., 1990;
Fan, 2012) and have been suggested as being characteristic of regressive tidal successions
(Terwindt, 1988).
The tidal succession generally consists of basal cross bedded and bioturbated sands
fining upwards into bioturbated interbedded sands and silts that fine into muds and this is
consistent with observations from this study. Many authors have interpreted this succession
to represent progradation of the tidal flat (Evans, 1975). The sandy base of the succession is
interpreted as being deposited from a variety of subtidal/lower intertidal environments,
including tidal channels, tidal bars, sand flats, and washover deposits (Dalrymple et al., 1990).
The finer sediments above these sands are suggested to be the result of deposition in
intertidal mixed sand/mudflats, mudflats and supratidal sediments (Dalrymple et al., 1990).
The character of supratidal sediments at the top of the cycle is strongly controlled by
climate. In many temperate settings, the supratidal zone is capped by salt marsh sediments.
In tropical, humid settings, the upper intertidal and supratidal zone is more often
characterised by organic-rich mangrove swamps (Tucker, 1973). Coleman et al. (1970)
described a succession from a tropical Malaysian peritidal setting which consisted of muddy
intertidal sediments overlain by saline mangrove clays, and this in turn, is overlain by
freshwater peats. Several authors document the existence of extensive peats overlying back
barrier tidal flat successions (e.g. Van Wagoner et al., 1990; Sellwood, 1972).
Tropical domed peatlands such as those in Malaysia and Indonesia can occur in microtidal
to macrotidal coastal plain settings (Coleman et al, 1970; Cameron et al., 1989; Staub and
Esterle, 1994) and the resulting peats can be up to 20 metres thick. Furthermore, the coals of
domed peatlands tend to have very low silicate ash contents, like the coals of the Gippsland
Basin (Cameron et al., 1989). The Eocene coals of the Latrobe Group (T5 to T0 units) were
probably deposited in either tropical or subtropical settings and likely formed in a domed
peatland setting. However, domed peatlands probably also formed in the more temperate
regimes of the Oligocene and Miocene of the Gippsland Basin (Korasidis et al., 2017).
Combining the well-established fining-upwards progradational tidal succession (Terwindt,
1988; Dalrymple et al., 1992) with an overlying domed peatland would produce all of the
characteristics of the cycles found within the Latrobe Group. We therefore suggest that the
Latrobe Group cycles represent progradational fining-upwards tidal cycles capped by domed
peatlands. This would produce a “tidal parasequence, (Van Wagoner et al., 1990) that has
been observed in some ancient successions (Sellwood, 1972; Kamola and Van Wagoner,
1995).
Evidence for a back-barrier tidal setting for much of the Traralgon Formation is also
provided by the large-scale stratigraphy, where it can be clearly shown that the coal-bearing
successions are situated landward of well-mapped sandy barrier systems. The existence of
the barrier systems is indicated by well logs, core observations and 2D/3D seismic profiles
showing mounded sand bodies (Figs 4, 5, 6, 20, 29). Furthermore, the existence of distinct
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arcuate strandline geometries on 3D amplitude maps of the top-Latrobe Group surface
confirms the beach-barrier origin of the sand bodies (Figs 7, 33).

Figure 35. Summary of lithofacies and interpreted environments of deposition for an
idealised cycle within the Traralgon Formation.

Figure 36. Summary of depositional system for the Traralgon Formation. In the youngest
Traralgon Formation sub-units (T2, T1, T0), the landward facies is a series of very thick
amalgamated coal seams (50 to > 100 m thick) with little siliciclastic interseam material. In
contrast, the older sub-units (T5, T4, T3) have a landward-facies consisting of a coal-poor
upper coastal plain succession (Honeysuckle Hill Gravels), interpreted as being of largely
fluvial origin. In all units, the lower coastal plain facies consist largely of coals interspersed
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with tidal and estuarine sediments. Lenses of fluvial sediments within the lower coastal
plain facies probably represent river systems that developed across the coastal plain.
The stratigraphy and lithologies of the Traralgon Formation are consistent with coal
formation adjacent to tidal flat deposits in a back-barrier setting. The laterally continuous
nature of the Traralgon Formation coals suggests a broad coastal plain environment rather
than deposition within the confines of a fluvio-deltaic setting.
A facies model has been developed to explain the stratigraphic relationship observed
in a single depositional cycle of the Traralgon Formation sub-units (Fig. 37). At the start of
each cycle, sea level rises, flooding the margin. The transgression drowns the preceding
uppermost peat and barrier of the underlying sub-unit. An area of tidal flats forms and
extends landward across the margin, depositing tidal sediments that bury the peat. Initially,
the shoreline resembles an open-coast tidal flat with no well-developed barrier (Fig. 38A). A
barrier development phase follows and corresponds with a series of fining-upward tidal cycles
dominated by silts and capped by thin (1-2 m) coals as the rate of aggradation keeps pace
with a rising sea level. Once the barrier has re-established itself in a new landward position, a
thick accumulation of paralic peat forms associated with the final stages of this transgressive
phase. This final peat accumulation extends seaward towards the barrier.

Figure 37. Facies model for a single transgressive cycle.
A single cycle of transgression is not sufficient to explain the overall stratigraphy of the
Traralgon Formation sub-units. A model for the paleogeographic evolution of the coastal plain
has been developed to explain the relationship observed in the Traralgon Formation sub-units
(Fig. 38). Repeated coal-topped packages suggest minor transgressive events that flood the
margin and return the coastal plain to a predominately tidal setting (Fig. 38 B and C).
However the position of the barrier sand does not undergo significant back-stepping and
instead only a minor lateral shift landward occurs with no separation of the barrier evident.
Each minor transgression results in a minor retreat of the shoreline and barrier (Fig. 38D). The
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associated sea level rise appears to be longer-lived resulting in the accumulation of
progressively thicker peat deposits, culminating with the thickest at the top of the sub-unit.
At this point under a stable sea level the paralic sediments prograde seaward and peat (Fig.
38E) formation extends to the coastal barrier, which continues to aggrade. The next cycle
begins when the margin is flooded by a subsequent transgressive event that is large enough
to result in total retreat of the barrier landward as in Fig. 38A. Overall there is a pattern of
transgressive displacement with vertical aggradation.
The base of each sub-unit is interpreted to be a disconformity, although the amount of
erosion and associated missing section associated with each transgression is not considered
substantial. Similar-aged transgressive unconformities are interpreted across the southern
Australian margin (e.g. Li et al., 2003; Hou et al., 2006; McGowran, 2008). These have been
suggested to be related to subsidence initiated by the onset of fast spreading in the southern
Ocean at 43 Ma (Li et al., 2003). However, evidence from the Latrobe Group coals indicates a
series of retreating barriers that extend back to the late Cretaceous further offshore
(Bernecker and Partridge, 2005). This indicates that progressive sea level rise started prior to
the Eocene. The pattern for continued sea level rise evident in the Traralgon Formation coals
is considered a result of strong subsidence perhaps associated with the influence of tectonic
extension across the Gippsland Basin at this time. Although global sea level curves show an
overall trend of rising sea level through the Eocene (Miller et al., 2005), the glacio-eustatic
influence at this time is considered minimal. The Earth experienced its warmest period of the
Cenozoic at the Paleocene-Eocene thermal maximum. Cenozoic cooling, and ice sheet
development began in the late Eocene (Zachos et al., 2001; Martin, 2006). Break-up along the
eastern Australian margin related to the opening of the Tasman Sea was initiated at ~85 Ma
(Norvick et al., 2001). Consequently, from the late Cretaceous to the late Eocene the
Gippsland Basin evolved from a fault-controlled depression into a marginal sag (Rahmanian et
al., 1990; Bishop, 2000). The initially high subsidence rates eventually began to decrease, but
overall the deposition of the Traralgon Formation was influenced by the associated
progressive encroachment of the Tasman Sea from the southeast.
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Figure 38. Paleogeographic evolution of the margin for a Traralgon Formation sub-unit.
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10. Discussion
Detailed information on the sedimentology for any part of the offshore Latrobe Group is
sparse in the published literature. Some sedimentological data is published on oil and gas
fields and these reports usually make short reference to the fluvial, marginal-marine,
estuarine, paralic or coastal plain origin of the Latrobe Group (e.g. Rahmanian et al., 1990;
Bohacs and Suter, 1997). Many publications on individual fields emphasise the dominantly
fluvial origin of Latrobe Group lithologies, citing the presence of coals and fining-upwards
cycles that are interpreted as being deposited from fluvial point bars (Battrick, 1985; Glenton,
1988). Well log data has commonly been interpreted in terms of braided stream, delta plain
or coastal shoreface environments (Bein et al., 1973). Diverse and abundant assemblages of
marine dinoflagellates are commonly found in the offshore Traralgon Formation, but have
been interpreted as being associated with discrete marine "ingressions" or incursions within
an otherwise non-marine setting (Partridge, 1976). Holdgate (2000) likewise found marine
and brackish water dinoflagellates within interseam sediments of the T0 and T1 coal seams,
particularly from what we have called the siltstone lithofacies. Low diversity dinoflagellate
occurrences are also widespread in the offshore Latrobe Group and have been interpreted as
being derived from storm or tsunami events bringing marine dinoflagellates into a nonmarine setting (Partridge 1976).
From the evidence assembled in this report, we suggest that much of the Eocene
Latrobe Group was deposited in marine, marginal-marine and tidal settings, rather than
being of fluvial origin. Observations from core are particularly instructive. The alternation of
mud and sand laminae (couplets) within the siltstone lithofacies of the Traralgon Formation
indicates a short-term alternation in energy of the environment. The presence of lenticular,
wavy and flaser bedding also indicates the alternate presence of current/wave action and
slack water (Reineck and Wunderlich, 1968). The main environments that have this pattern
of energy change are subtidal and intertidal settings (Reineck and Wunderlich, 1968). A
peritidal setting is also suggested by the rhythmic thickening and thinning of the fine-sand
mud couplets, this structure being known as a tidal rhythmite (Kvale and Archer, 1990). The
rhythmicity within the lamination is thought to be caused by the rhythmic waning and
strengthening of the tidal cycle. While some of these sedimentary structures have been
recorded in non-tidal settings (e.g. fluvial settings, Klein, 1971), the combination of lenticular,
wavy and flaser bedding, together with the presence of rhythmic sand-mud couplets and
extensive burrowing strongly suggests a tidal setting.
The presence of a diverse assemblage (Fig. 11 and Holdgate et al., 2000) of marineinfluenced palynomorphs in the siltstone lithofacies also supports a tidal or marginal-marine
depositional setting for this lithofacies.
10.1 Seat earths and kaolinite enrichment
Seat earths or underclays have been described from many coal-bearing successions globally,
and much research has been devoted to seat earths from the American and Welsh coalfields.
(e.g. Logan, 1842; Gardner et al., 1988). These clays occur, as the name suggests, under coal
seams, and consist largely of unlaminated kaolinite. The clays present beneath the coals in
lower part of the T2 sub-unit (in the Wulla-Wullock-7 well) have all the characteristics of seat
earths.
Spectral gamma logs from the Whiting-2 well display evidence of seat earths being
present beneath significant coals (Fig. 9). Thorium/potassium ratios in mudstones and
siltstones beneath the coals in some cases have the highest Th/K ratios found in such
lithologies (Fig. 9), suggesting that large amounts of kaolinite are probably present in these
lithologies (kaolinite having very low K concentrations relative to other clay minerals). While
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these lithologies still plot within the range of Illite on Th vs K plots (Fig. 19), it is likely that the
clays contain a mixture of kaolinite and illite (as in the analysed samples from the WullaWullock-7 well).
It therefore appears probable that seat earths commonly but not invariably occur
beneath coals within the Latrobe Group. The origin of seat earths has been extensively
discussed, with several mechanisms being suggested. An allochthonous origin for underclays
was suggested by some earlier researchers who suggested that the clay had been transported
from elsewhere (e.g. Grim and Allen, 1938; Schultz, 1958). Staub and Cohen (1978) suggested
that seat earths might be formed autochthonously, but after the peats had been deposited.
They suggested that acid solutions had percolated downwards from the peats during early
diagenesis, leaching the clays beneath. However, most recent researchers have supported a
pedogenic origin (e.g. Gardner et al., 1988; Driese and Ober, 2005) as originally suggested by
Logan (1842).
The seat earths of the Latrobe Group when present, form part of the fining-upwards tidal
cycle described above. In the Wulla-Wullock-7 well, the seat earths have developed over the
laminated siltstone lithofacies which has many characteristics indicating a tidal, marginalmarine origin. This may suggest that the seat earths were initially deposited as a fine-grained
mudstone facies over a prograding tidal succession. Evidence from the Wulla-Wullock-7 well
show seat earths of increasing kaolinite content upwards towards the coal (and the presence
of anastomosing slickensides) which is consistent with kaolinite formation by pedogenic
processes. The warm and ever-wet climate suggested for the Eocene to Miocene Gippsland
Basin is consistent with pedogenic kaolinite formation (Korasidis et al., 2016, 2017). This
weathering regime may also explain the generally high Th/K ratios (i.e. low potassium
concentrations) in finer grained sediments from the Latrobe Group as being due to removal of
potassium during intense weathering (Fig. 15).

Figure 39. Depositional model for seat earth development. Palynological data indicate the
seat earths were deposited in a non-marine setting.
Palynological data indicate that the lower portion of the seat earths has a spore-pollen
assemblage that resembles a meadow marsh (with Gleicheniaceae- coral ferns and
Epacridaceae- reeds) similar to that found in the laminated dark lithotype of the onshore
Morwell brown coal seams (Korasidis et al., 2016). Like the laminated dark lithotype, the
lower seat earth facies also has a high abundance of charcoal, indicating frequent fire. This
floral assemblage and the abundant charcoal has been interpreted as being characteristic of a
fire-prone reed marsh environment, where frequent wildfires were caused by the inherent
flammability of this fine vegetation (Holdgate et al., 2014; Korasidis et al., 2016). Overlying
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this horizon, there is an abundance of Myrtaceae and Proteaceae in the upper portion of the
seat earth (Fig. 11). These groups may represent fire-tolerant shrubs and small trees that, in
modern settings, fringe the boundary between the rainforest communities that dominate the
peatlands and the meadow marsh reed mires growing on the seat earths. Present day New
Zealand marshes provide modern floral analogues for these palynological facies (Fig. 40).

Figure 40. Modern settings from the Haast region of New Zealand that provide floral and
environmental analogues for the seat earths. A. Meadow marsh with abundant Gleichenia
(bright green fern). B. Dismal swamp, south of Haast, with meadow marsh in foreground.
Leptospermum (Myrtaceae) forms a fringe between the tall podocarp rainforest and the
meadow marsh.
Overall, the palynological data point to an initial non-marine origin for the mudstones of
the seat earths, because they have a non-marine spore-pollen assemblage (e.g. reed-fern
meadow marsh in the lower portions). Taken together, the palynological, mineralogical and
sedimentological data suggest the seat earths were first deposited in a non-marine setting
over a foundation of intertidal sediments prior to peatland progradation (Figs 35, 39). The
upwards increase in kaolinite, slickensides and rootlets suggests this non-marine clay was
further kaolinitised by pedogenesis. The well preserved and abundant spores and pollen
present in the seat earths suggests a relatively anoxic diagenetic setting. It is also possible
that acidic fluids from the overlying coal have further altered the clays during later diagenesis
(e.g. Staub and Cohen, 1978).
The primary non-marine origin of the seat earths from the Wulla-Wullock-7 well (based
on palynological data) explains the intimate association between coals and seat earths, from
the Gippsland Basin and globally. The seat earth clays form in an environment that is a
precursor to domed peatland development.
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10.2 Coal seam distribution
The coal units mapped within the Traralgon Formation exhibit two key trends: firstly, the
internal cycles of the sub-units fine upwards and are capped by coals that generally increase
in thickness up-section, culminating with the thickest coal cycle; and secondly, that coals
thicken and amalgamate to a “single” seam in the most landward positions.
In landward sections (e.g. Wulla Wullock-4 well), a thick coal seam characterises the
top of each sub-unit. These coal seams split into a series of fining upward cycles of sand and
silts capped by relatively thinner coals in seaward locations. This shift in deposition from
intertidal sands and silts through to coals in seaward portions of the system suggests a
process of emergence from an area subjected to tidal flooding through to one where
sediment bypassing or channel silting allows peat generation to occur. The repeated and
cyclic nature of this process implies continued flooding and subsequent re-emergence.
In contrast, in landward positions, laterally equivalent thick and apparently continuous
coal seam deposition suggests uninterrupted peat formation through the same interval.
Oligo-Miocene Morwell Formation coals of the Latrobe Valley have been shown to exhibit
lightening-upward lithotype cycles (in the scale of 2-20m). These cycles have been suggested
to have formed by the environment evolving from anaerobic/inundated to more oxic/drier
conditions (Korasidis et al., 2017). Similar lithotype cycles have also been recognised in the
Traralgon Formation coals (e.g. Holdgate et al., 2000). This suggests that the thick coal seams
observed in the Traralgon sub-units do not reflect a simple single interval of peat formation
but instead reflect a series of smaller peat forming cycles that may correlate with the thinner
coal capped tidal cycles observed in seaward positions (Fig. 23).
The repeated flooding events indicated by the repeated fining upward cycles in
seaward wells may correspond to landward flooding events that create the lithotype cycles in
the coals. The creation of accommodation space for continued peat accumulation in paralic
settings is strongly controlled by a rising groundwater water table and ponding of freshwater
due to increasing sea level (Bohacs and Suter, 1997). Consequently, continued transgression
enables ongoing peat accumulation as accommodation space is filled and subsequently
created again by repeated flooding. The thickest coals that characterise the top of each subunit may correspond with the near maximum marine transgression (e.g. Staub and Esterle,
1994; Petersen and Ratanasthien, 2011). Peat accumulation is further enhanced during
transgression as clastic input from channel systems is decreased (with aggradation of clastics
occurring upstream).
10.3 Thick coal seams of the Traralgon Formation and their origin
The coal seams of the onshore Traralgon Formation have extraordinary volumes of low ash
coal with individual seams commonly exceeding 100 metres thick (Holdgate et al., 2000).
Holdgate et al (2000) calculated that the Traralgon Formation contains around 350 billion
tonnes of coal and is probably one of the biggest brown coal deposits in the world (Gloe,
1991). In contrast, the offshore coals of the Traralgon Formation (sub-units T2, T3, T4, and
T5) seldom reach more than 20 metres thick, with most of the succession consisting of
siliciclastic sediments. The transition from thick to thinner coal seams occurs in all of the subunits (T2, T1, and T0) just landward of the present-day shoreline (Fig. 4). This transition
coincides approximately with a change in depth of basement. Thick coals begin onshore
where there is relatively shallow (around 100 m below base of coals) Lower Cretaceous
Strzelecki Group (effective basement). Moving offshore, these basement rocks occur at
depths greater than 300 m below the coals. In addition, the laterally equivalent offshore
sediments to the coal-dominated onshore successions are significantly thicker (Fig. 4). These
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relationships suggest that lower rates of subsidence over shallow basement areas onshore
have favoured the amalgamation and accumulation of thicker coal seams.
To produce thick low ash coal seams, an absence of siliciclastic sediment deposition is
required. Siliciclastic sediments can enter a peatland from fluvial or coastal systems. In large
low-lying peatland systems like the modern Okefenokee swamp in Georgia, low ash peats can
form distal to rivers or the coast (Cohen, 1984). However, thick low ash coals can be
deposited proximal to fluvial and tidal systems in domed peatlands like those found in
Sarawak and Brunei (e.g. Anderson, 1964). Siliciclastic sediments cannot easily enter the
peatlands because the peat domes are more elevated than the fluvial or tidal systems, even
during flood events. This means that siliciclastic-bearing fluvial and tidal channels must
bypass the peat domes. Palynological and lithotype analysis of the younger Gippsland brown
coals indicates a domed peatland was responsible for deposition of these thick onshore coals
(Anderson and Mackay, 1990; Korasidis et al., 2016, 2017). Given the similarity in setting,
lithotypes and the consistently low ash concentrations, it appears probable that an
ombrogenous (domed) peatland system was responsible for most of the Traralgon Formation
coals offshore. Domed peatlands are not necessarily restricted to tropical settings, and the
close floral relationships of New Zealand south islands wetlands with Oligo-Miocene brown
coals from Gippsland (Korasidis et al., 2017) suggests that domed peatlands probably also
form in cool and temperate settings.
McCabe and Parrish (1992) have suggested that tectonic subsidence is required to
produce sufficient accommodation space for thick coal successions to be produced. These
authors suggested that peat formation is generally faster than subsidence in most basins and
that thick Cretaceous coal successions generally occur within foreland basins. Bohacs and
Suter (1997) suggested that thick coals can only form where the increase in accommodation
space approximately equals the rate of peat production. If the accommodation rate is too
slow, then peatlands will be exposed and reworked. If the accommodation rate is too fast, the
peatlands will be inundated and drowned, or over-run by siliciclastic sediments (Bohacs and
Suter, 1997). This perhaps suggests that the offshore Traralgon depositional system (subunits T5-T2) was subsiding at a rate greater than peat could be produced and the coal on a
large time-scale was constantly over-run by siliciclastic sediments. In the onshore peatland
system, with slightly lower subsidence rates (and shallower basement), peat was able to be
produced at a rate equivalent to or faster than the overall subsidence rate, and the domed
mires were able to be sustained. The Golden Beach anticlinal structure may be an example
where reduced subsidence rates on a rising anticline may have allowed thicker coals to
develop.
In the offshore coal systems where thinner seams are present and interspersed with
extensive siliciclastic sediments, the thickest coal seams tend to occur near the top of each
Traralgon Formation sub-unit (T5 to T0), and just prior to the entire barrier system
backstepping (Figs 4-6). It is difficult to determine the internal behaviour of these sub-units
(i.e. if the barrier systems were prograding, aggrading or backstepping) and why thick coals
are preferentially developed at the top of each unit. However, if the hypothesis above is
correct and subsidence rates are generally too high offshore for thick coals to form, it may be
that the top of each unit represents a period of reduced accommodation space creation that
allowed the rate of peat accumulation to keep pace with subsidence. This is consistent with
the observation that the upper-most coals tend to prograde over the tidal systems and even
onto the coastal barrier system (Figs 4-6).
In sequence stratigraphic terms, the period of coal formation at the top of each unit is
likely to be in the postulated late high-stand time (Van Wagoner et al., 1990). During the late
high-stand, there is a eustatic still stand followed by a eustatic fall and this, in combination
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with high tectonic subsidence rates, might allow peat growth to approximately equal
accommodation space increase. This hypothesis is consistent with the apparently high
subsidence rates indicated by the overall rate of backstepping of the barrier systems (~ 3km
per million years) during the Eocene in the Gippsland Basin.
10.4 Barrier development
The barrier sand bodies exhibit an internal geometry that suggests phases of growth rather
than a single cycle of aggradation. The final phase of barrier development prior to its
transgressive back-step is the development of a coal bed that extends out and over the
landward edge of the barrier (Fig. 20). The seaward edge of the coal reflector terminates
before the barrier crest. Immediately below this coal, the continuation of the barrier sand
body is interpreted from the low amplitude, discontinuous and sub parallel to chaotic seismic
response. Thin coals with a landward orientated dipping expression terminate along the edge
of an internal reflector marking an earlier barrier crest (Figs 20 and 29). The younger internal
crest always occurs seaward of the final barrier crest position. In the T1 barrier, one such
internal coal reflector correlates to the base of the mapped “notch” strandline feature (Figs
29, 33).
The recognition of internal packages within the barrier body corresponds with the
broad internal cycles of the landward equivalent sub-unit, which suggests that the overall
back-barrier depositional sequence is connected to the barrier development. Following
flooding of the margin at the end of the previous sub-unit, an initial establishment phase is
interpreted from the series of small (< 5 m) fining-upward cycles dominated by silts and
capped by thin (1-2 m) coals. This initial phase points to an interval of fluctuating sea level
that possibly indicates an early unstable barrier shoreline that is easily overtopped by marine
incursions. At this time channels may not be well established or stabilised and migrate across
the whole tidal zone. The barrier is subsequently re-established in a more landward position.
Slowing of sea level rise or an increased sediment supply allows the barrier to aggrade,
reaching a point of stability, and the depositional environment to mature. The protection of
the barrier may allow channels to become more entrenched and a longer interval of peat
accumulation is possible. Continued fluctuations in base level are evident from the internal
coal cycles and required expansion of accommodation space but do not appear to overrun
the barrier.
Significantly, the barrier and shoreline do not show evidence of progradation,
indicating that the rate of sediment supply from external sources was not sufficient to
compensate for rising sea level (Flemming, 2012). Transgressive barriers typically form when
the rate of sediment supply is less than the rate of creation of accommodation space as sea
level rises (Galloway and Hobday, 1983). In these situations, sediment is sourced from the
beach and upper shoreface and the barriers migrate landward forming a thin and low
elevation coastal body (Timmons et al., 2010; Flemming, 2012).
The internal backstepping geometry of the barrier systems (T2, T1 and T0 sub-units)
suggests that repeated transgressions have occurred during the sub-unit deposition. This is
also supported by the evidence for paleoshorelines in the form of strandlines within the
barrier structure and erosion of the coastal margin (Fig. 33). Preservation of the
paleoshoreline suggests a stepped interval of rapid sea level rise rather than sustained
transgression, which would more likely produce progressive erosion and reworking of the
shoreline.
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11. Conclusions
The Traralgon Formation consists of a series of coastal barrier systems and laterally equivalent
back-barrier units that retreated landward during the Eocene (retreating around 70 km in 24 Ma).
Six sub-units of the Traralgon Formation can be distinguished, which have been here named, from
oldest to youngest, T5, T4, T3, T2, T1 and T0. Thick low-ash coal seam deposition appears to be
almost ubiquitous throughout the Traralgon Formation, suggesting an ever-wet climate that
favoured the growth of rainforest-dominated peatlands with an ombrogenous (domed)
character. The generally high subsidence tectonic regime in which these coals formed meant
that the thickest coals formed in areas of reduced subsidence (onshore), where peat
accumulation rates were able to keep up with subsidence. In offshore locations, the thickest
coal seams are interpreted to develop during high-stands that precede major backstepping
events, when accommodation space generation was at a minimum.
Despite many earlier workers suggesting a predominantly fluvio-deltaic depositional
environment for the offshore Eocene Latrobe Group, we suggest that much of this unit was
deposited in marginal-marine and marine conditions. We suggest that these marginal-marine
conditions include a range of environments like tidal mud and sand flats, estuarine and
lagoonal settings, and back-barrier sandy environments. We interpret the fining-upwards
cycles present within the Traralgon Formation as shallowing-upwards tidal cycles, rather than
as fluvial point bar successions as has previously been suggested. Similarly, the widespread
occurrence of low and high diversity dinoflagellate assemblages is most easily interpreted as
indicating a largely marine or marginal-marine setting for the Eocene Latrobe Group (rather
than a series of isolated marine incursions within a non-marine succession). This marginalmarine tidally-influenced setting is consistent with the presence of heterolithic facies
containing flaser, wavy and lenticular bedding, abundant bioturbation, and tidal rhythmites in
core.
Seat earths (or underclays) occur under some of the coal seams within the Traralgon
Formation and these are characterised by a high kaolinite content, light grey-white colour,
the presence of rootlets and a non-marine spore-pollen assemblage. Palynological data
indicate environments for the seat earth including reed-fern meadow marsh and rainforestmargin settings. These seat earths occur over fining-upwards tidal cycles and were deposited
in a non-marine setting. The pedogenetic features of the seat earths, and upward increase in
kaolinite content suggests soil formation played an important role in their formation.
The major coal seams in the Traralgon Formation are generally laterally continuous over
tens of kilometres. This probably reflects the lower coastal plain setting in which they
formed, where the peats at particular times are able to grow across the entire coastal plain.
However, amplitude maps produced from 3D seismic data indicate the presence of small and
large-scale sandy channel features within the coals. The large-scale features (kilometres
wide and tens of kilometres long) represent long-lived meander belts of major river systems
that delivered sand to the barrier systems. Small-scale channels (few hundred metres wide)
probably represent both tidal and fluvial channels that cross cut the peatlands.
11.1. Implications for intraformational seals within the Latrobe Group
The offshore Latrobe Group has previously been viewed as being largely of fluvial origin (Bein
et al., 1973; Battrick, 1985; Glenton, 1988). It is difficult to determine the precise origins of
this viewpoint, but features like fining-upwards cycles (originally interpreted as fluvial point
bars) and probably also the simple abundance of coals (being unequivocally of non-marine
origin) have probably contributed. Even where clear marine-influence indicators like marine
dinoflagellates were found, they were explained away as being "marine incursions" into an
otherwise non-marine system (Partridge, 1976).
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In this study, we have found considerable evidence for a marine-influenced coal-bearing
system. This evidence includes the presence of fining-upwards cycles resembling tidal cycles,
an abundance of marine trace fossils, sedimentary structures consistent with a tidal regime
(flaser, wavy and lenticular bedding) and presence of marine dinoflagellate assemblages. A
lower coastal plain setting including tidal, estuarine and lagoonal environments is indicated
by this evidence of marine-influence. This has important implications for the continuity of
seals and reservoirs in the succession. In a lower coastal plain succession, the lateral
continuity of coals and related lithologies is expected to be greater than in a purely fluvial
system where channel systems tend to dominate geobody geometries. A lower coastal plain
setting is consistent with the 10's of kilometre scale lateral continuity observed for the coals
from seismic and well log data.
The relationship between the finer-grained lithofacies (non-marine seat earth mudstones
and tidal siltstones) also has an influence on the potential distribution and continuity of
intraformational seals within the Latrobe Group. It has been demonstrated here that the seat
earth mudstones are closely related to the overlying coals, and are in fact, a precursor to coal
formation. This is because the seat earths have formed in a meadow-marsh setting and
rainforest fringe setting (from palynological data), as would be expected during the early
stages of peat dome formation (e.g. Korasidis et al. 2016, 2017). Seat earths are thus
intimately associated with coal development and would thus be expected to commonly be
present under the coals (hence the term "underclays"). Tidal siltstones would also be
expected to occur in close association with coals, being part of the upward-shallowing tidal
cycle. Coals and siltstones are observed to be interbedded with each other in virtually all
portions of the Traralgon Formation. The presence of actual intraformational seals within the
Latrobe Group as documented by the numerous occurrences of intra-Latrobe Group
hydrocarbons (Hoffman et al., 2012) is consistent with the results of this present study.
The very close genetic relationship between the laterally extensive coals and finergrained lithologies (siltstones and mudstones) does suggest the potential for these units to
act as laterally continuous seals within the Latrobe Group as evidenced at Mulloway-1,
Whiptail-1 and other exploration wells around the nearshore area (Hoffman et al., 2015).
Individual coals can be mapped on seismic with a lateral continuity of 10’s of kilometres.
However, it is difficult to map the lateral continuity of other lithologies like seat earth as these
are not visible on seismic data. In contrast, the presence of some sandy channels within the
coal seams will provide permeability conduits through the coals and fine-grained tidal facies.
Careful mapping of these channel systems (which are visible on 3D seismic data) will be
required when evaluating potential sites for CO2 storage.
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MAP 1 - TWO-WAY TIME MAP TO TOP TRARALGON FORMATION T2 SUB-UNIT (from seismic and well log data)
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MAP 2 - ISOPACH THICKNESS MAP OF TRARALGON FORMATION T2 SUB-UNIT TO BASE OF UPPER COAL (well log data)
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MAP 3 - TRARALGON FORMATION TOP T2 SUB-UNIT FACIES MAP (from seismic and well log data)
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MAP 4 - TWO-WAY TIME MAP TO TOP TRARALGON FORMATION T1 SUB-UNIT (from seismic and well log data)
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MAP 5 - ISOPACH THICKNESS MAP OF TRARALGON FORMATION T1 SUB-UNIT (from seismic and well log data)
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MAP 6 - TRARALGON FORMATION T1 SUB-UNIT FACIES MAP (from seismic and well log data)
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MAP 7 - TWO-WAY TIME MAP TO TOP TRARALGON FORMATION T0 SUB-UNIT (from seismic and well log data)
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MAP 8 - ISOPACH THICKNESS MAP OF TRARALGON FORMATION T0 SUB-UNIT (from seismic and well log data)
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MAP 9 - TRARALGON FORMATION T0 SUB-UNIT FACIES MAP (from seismic and well log data)
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CORRELATION PANEL 1 - TRARALGON FORMATION T2 SUB-UNIT

Final Report Project 7-1115-0289 - DRAFT

73

CORRELATION PANEL 2 - TRARALGON FORMATION T1 SUB-UNIT
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CORRELATION PANEL 3 - TRARALGON FORMATION T0 SUB-UNIT
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