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Mid-Carboniferous – Lower Permian
palynology and stratigraphy,
Canning Basin, Western Australia
by
J Backhouse1, 2 and AJ Mory

Abstract
The Canning Basin contains the largest number of Permo-Carboniferous petroleum well sections in Western Australia. In this basin,
the Reeves Formation and Grant Group are equivalent to glacial strata in other parts of Gondwana but only the latter shows obvious
glacial characteristics.
Revisions to the spore-pollen biostratigraphy indicate the Reeves Formation spans the late Viséan to ?early Moscovian Grandispora
maculosa, Spelaeotriletes ybertii and Diatomozonotriletes birkheadensis Zones, in ascending order, although their ages are poorly
constrained and the definition of the uppermost of these zones is notably imprecise. Of the three spore-pollen zones within the overlying
late Kasimovian? – Asselian Grant Group (Vallatisporites arcuatus, Microbaculispora tentula and Pseudoreticulatispora confluens, in
ascending order), the V. arcuatus Zone is established herein and the M. tentula Zone incorporates the former Deusilites tenuistriatus
Zone. The age of these zones is loosely constrained by overlying Sakmarian faunas and provisional zircon ash bed dates from the
Bonaparte Basin. Most taxa are discussed but no taxonomic revisions are proposed with possible new taxa left in open nomenclature.
Although hindered by provinciality, correlations of the zonation with most other former parts of Gondwana could provide better age
resolutions given the increasing international use of high-resolution zircon dating.
The Reeves Formation is dominated by fluvial facies, is up to 700 m thick and is restricted to the subsurface in the northwest of the
basin. The limited core available (115 m) has no unequivocal glacial features, nor are exotic clasts or grains common in cuttings from
the formation. The Grant Group extends across the entire basin with a maximum thickness of about 2000 m in the central Fitzroy
Trough. Over 7000 m of core from the group locally shows abundant glacial features, as does its outcrop. Correlations constrained
by the palynology indicate significant onlap of the group onto older units, especially along the margins of the basin. A period of
non‑deposition is inferred at the base of the group, as there is little change in thermal maturity across the disconformity. The midPennsylvanian hiatus in deposition seemingly corresponds to the zenith of ice development across the State and preceded an overall
phase of deglacial sedimentation. Along the southeastern Broome Platform, thin (<300 m) and thick (>800 m) sections of the Grant
Group correspond to underlying thick vs absent Ordovician salt, respectively. The thicker glacial deposits appear to have filled areas
between local salt-generated highs that directed Early Permian paleovalleys northwards into the Fitzroy Trough – Gregory Sub-basin
depocentre. Conversely, equivalent paleovalleys mapped from seismic surveys across the Lennard Shelf north of the Fitzroy Trough
flowed southwards into that depocentre, where thick sandstone intervals probably represent amalgamated valley- or channel-fill facies
that directed sediment along the axis of the trough to the north-northwest.
Thermal maturity data across the study area points to only the deeper parts of the Reeves Formation, or Grant Group in the southern
Gregory Sub-basin, being within the oil window, whereas Rock-Eval data indicates low‑generating potential. To date, no hydrocarbon
accumulations in the basin correlate geochemically to facies within these formations; however, there is potential for local reservoir–seal
couplets to trap hydrocarbons generated from deeper units such as the Mississippian Anderson and Laurel Formations.
KEYWORDS: Cisuralian, biostratigraphy, fluvio‑glacial, mid-Mississippian, paleoclimate, palynology, Pennsylvanian, petroleum
prospectivity, regional geology, taxonomy, thermal maturation

1 Backhouse Biostrat Pty Ltd
2 School of Earth Sciences, The University of Western Australia

Upper Grant Group, northern limb of Saint George Ranges Anticline,
central Saint George Ranges looking west

1

Backhouse and Mory

Introduction

The basin contains Ordovician to Cretaceous sedimentary
rocks (Fig. 2) that are up to about 15 km thick within the
northern Fitzroy Trough (Forman and Wales, 1981; Towner
and Gibson, 1983; Yeates et al., 1984; Kennard et al., 1994)
and about 8 km thick in the Kidson Sub-basin to the south.
The basin was initiated as an early Paleozoic northwesterly
oriented intracratonic rift, later subjected to mid-Devonian–
Carboniferous extension, mid‑Carboniferous shortening,
and Early Permian thermal sag (Yeates et al., 1984;
Kennard et al., 1994).

This Report provides an updated account of the PermoCarboniferous Reeves Formation and Grant Group in the
Canning Basin, previously reviewed by Mory (2010) based
on provisional palynological results. The primary focus is
on revisions to the biostratigraphy, age and correlation of
this succession along the northern depocentres and adjacent
sub-basins (Fig. 1, Plate 1).
The Canning Basin in the north and central portion of
the State covers approximately 710 000 km2 (of which
about 60 000 km2 is offshore) between Paleoproterozoic–
Neoproterozoic terranes of the North Australian Craton
and the West Australian Craton in northern and central
Western Australia. To the southeast, it onlaps several
components of the Neoproterozoic – Lower Paleozoic
Centralian Superbasin. The basin extends up to 210 km
offshore between the De Grey River and Cape Leveque
north of Broome near 16.3°S, where it is overlain by the
Mesozoic–Cenozoic strata of the Westralian Superbasin
along the North West Shelf. Inland, the basin reaches
almost 1500 km south-southeast to the edge of the Eucla
Basin near 29°S (Fig. 1). The basin effectively represents
an intracratonic offshoot of a Phanerozoic rift system along
the North West Shelf.
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This Report focuses on the Permo-Carboniferous
succession, originally placed within the ‘Grant Formation’
by Guppy et al. (1952), in petroleum exploration wells
along the Fitzroy Trough – Gregory Sub-basin and
within adjoining sub-basins (Figs 1, 2; Appendix 1). The
succession became the Grant Group (Crowe and Towner,
1976a, 1976c; Crowe et al., 1978) but, as additional
drilling extended knowledge of the succession, the midto Upper Carboniferous strata were identified at the base
of the succession. These strata were variously termed the
‘lower Grant’ or ‘pre-Grant’ formations, and in some cases
were considered to be separated from the Grant Group
(or ‘Grant Formation’) by a significant unconformity.
Apak and Backhouse (1999) formalized the lower
succession as the Reeves Formation, based on selected
wells from the Barbwire Terrace and adjacent areas.
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By comparison, Mory (2010) incorporated all wells then
available across the basin, utilizing palynology from well
completion reports and some preliminary palynological
re-evaluations by the present senior author. Nevertheless,
as analysis of the palynozonation progressed, there were
enough changes to necessitate a revision of the midCarboniferous – Lower Permian stratigraphy of the basin,
especially along the Fitzroy Trough – Gregory Sub-basin
and adjoining sub-basins to the north, to which the Reeves
Formation is confined as presently understood (Plates 2–6;
Appendix 2). Note that, where stages no longer sanctioned
for international correlations by the International Union
of Geological Sciences are referred to, their present
equivalents are indicated in square brackets.

Although sub-basins across the State were identified based
on structural configuration (Playford et al., 1975), in the
Canning Basin they also show some significant differences
attributable to the variable basement rheology and the
tectonic history. That history incorporates a series of events
punctuated by regional unconformities ascribed to orogenic
episodes in central Australia or the separation of various
terranes from the Australian Plate. The major tectonic
phases incorporate extension, subsidence, transpression
and inversion (Kennard et al., 1994; Shaw et al., 1995;
Parra-Garcia et al., 2014; Hashimoto et al., 2018). The
most significant of these phases are:
•

extension initiated in the Early Ordovician, or perhaps
earlier, and which continued into the Silurian. This
was strongly influenced by basement heterogeneity
and is associated with the deposition of up to 5000 m
of shallow marine to evaporitic facies in the south
of the basin. Towards the end of the Ordovician,
events associated with the Alice Springs Orogeny in
central Australia led to major Middle Silurian – Early
Devonian uplift and erosion, named the Prices Creek
Movement by Shaw et al. (1995). This movement is
evident as a major unconformity, especially along the
margins of the basin and across the Broome–Crossland
Platform.

•

renewed pulses of Devonian – early Carboniferous
subsidence and extension that began with fluvial
to tidal facies deposited across the basin. By the
Late Devonian, a major extensional event (Pillara
Extensional Movement of Shaw et al., 1994) shifted
the locus of deposition northwards, where up to
10 000 m of sediment accumulated during marine
transgressions associated with active movements
along the margins of the Fitzroy Trough. In the midCarboniferous, widespread tilting, uplift and erosion
(Meda Transpressional Event of Shaw et al., 1995)
removed as much as 1000 m of the sedimentary
succession across the basin. This event is associated
with strike-slip faulting, mostly along the Fitzroy
Trough, which Li and Powell (2001) interpreted
as a far-field effect of the Gondwana–Laurussia
collision. Other interpretations link this break to
the Alice Springs Orogeny in central Australia
(e.g. Parra- Garcia et al., 2014; Kennard et al., 1994).
The Meda unconformity marks the most significant
event to affect the entire onshore Canning Basin, with
the following successions noticeably less structured
such that many structural features used to delineate
sub-basins do not extend above this unconformity,
especially away from the southern margins of the
Fitzroy Trough – Gregory Sub-basin.

•

mid-Carboniferous to early Triassic deposition of up to
4000 m of dominantly siliciclastic facies incorporating
a mid-Pennsylvanian hiatus that possibly coincided
with the acme of ice-sheet development. An initial
rifting episode followed by thermal sag is the most
likely regional structural scenario during this time,
considering that late Mississippian to earliest Permian
deposition within the Fitzroy Trough accounts for up
to 2500 m of this megasequence. This transtensional
phase reactivated the dominant west-northwest
extensional faults in the basin and has been related to
rifting oblique to the Gondwana margin (Parra-Garcia
et al., 2014). In the mid-Triassic to Early Jurassic,

Tectonics and basin subdivisions
The basin is dominated by north-northwesterly striking
sub-basins (Fig. 1) that originally were delineated from
potential field data and outcrop but have been modified as
more drilling and seismic surveys became available. The
present divisions are still largely those of Hocking (1994),
who also incorporated seismic mapping compiled by
Taylor et al. (1990) and Iasky et al. (1991). Whereas most
boundaries were placed along major faults, earlier basin
subdivisions were largely maintained, thereby yielding
several inconsistencies; however, these inconsistencies are
rarely an issue for the present study because of its regional
stratigraphic aspect and a focus on the north of the basin.
The main divisions (Fig. 1) include:
•

an elongate northern depocentre (Fitzroy Trough –
Gregory Sub-basin) containing thick Devonian – midTriassic and older strata, much of which is too deep
to be clearly imaged by seismic data or reached by
drilling. The intervening ‘Jones Arch’ is possibly a
basement feature bearing no obvious relationship to
the overlying structure and stratigraphy

•

a mid-basin platform (Broome−Crossland Platform)
with northern faulted terraces (Mowla, Jurgurra and
Barbwire Terraces) containing thick Ordovician–
Devonian and thinner Permo-Carboniferous strata,
with a veneer of younger strata. Note that the boundary
between the two platforms is arbitrary

•

southern depocentres (Willara and Kidson Sub-basins),
which have a thick Ordovician – Lower Devonian and
a thin younger succession, mostly of Early Permian
and Mesozoic age

•

a series of flanking shelves, including the Lennard
Shelf to the north (Hocking, 1994), dominated
by Devonian and younger strata onlapping onto
Precambrian basement. Note that the sub-basin
attribution of some petroleum wells along the
southern boundary of the Lennard Shelf in the
Western Australian Petroleum and Geothermal
Information Management System (WAPIMS; www.
dmirs.wa.gov.au/wapims) is not consistent with
GeoVIEW (interactive geological map; www.dmirs.
wa.gov.au/geoview). Permo-Carboniferous glacial
and younger deposits onlap older strata and basement
rocks, and extend south across the Neoproterozoic
Officer Basin almost to the Bight Basin.
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Previous studies

widespread uplift and erosion across the basin during
the Fitzroy Transpression (Kennard et al., 1994; Shaw
et al., 1995) removed up to 2000 m of the succession,
especially over inversion anticlines in the centre of the
Fitzroy Trough.
•

The palynological subdivision of the Australian
Carboniferous has a long history (Fig. 3). Early work on
the Upper Carboniferous undertaken by Basil Balme in a
commercial capacity utilized West Australian Petroleum
Pty Ltd (WAPET) exploration well samples (Balme,
1960a, 1960b, 1961, 1962). The first publication on the
Carboniferous palynology of the Canning Basin by Balme
(1961) dealt with units now considered Tournaisian–Viséan
and therefore older than strata included in the present study.

thin Middle Jurassic – Cenozoic deposits across the
basin associated with the separation of Australia from
Greater India and the ensuing passive margin setting.
The thickest and oldest of these deposits are near the
present coast, but the influence of break-up was minimal
because the main structural trends in the basin are
almost orthogonal to those along the North West Shelf.

Between 1964 and 1969, Dick Evans instituted a series of
zones for the Carboniferous and Permian based on material
from eastern Australia (summarized in Evans, 1969). All
Carboniferous and Permian palynological work in western
and eastern Australia up to 1977 was comprehensively
summarized by Kemp et al. (1977), who incorporated the
informal biostratigraphic schemes of Balme and Evans into
an Australia-wide scheme. For the Late Carboniferous, this
subdivision is still partly in use for Australian basins. The
term ‘Secarisporites Microflora’ was introduced by Kemp
et al. (1977) to cover the biostratigraphic interval between
the top of the Granulatisporites frustulentus Microflora
and palynostratigraphic units that Kemp et al. (1977, fig. 2)
assigned to the ‘Striatites Microflora’.

Palynostratigraphy
For simplicity, the biostratigraphic units identified in this
Report are referred to as zones and only their species
names are spelt out. Conversely, genera and species names
are provided in full to avoid confusion where taxa are
mentioned, with abbreviated generic names used only
where the contraction is unambiguous. Where possible,
the definitions of the original assemblage zones have been
retained but inevitably some diagnostic elements have
been changed, leading to some uncertainties in how to
correlate with older zonal schemes (Fig. 3). The summary
of the species ranges (Fig. 4) is largely derived from their
distribution in key wells (Appendices 3, 4). Descriptions of
significant taxa are provided (Appendix 5), with a listing of
the full names of taxa used in this Report in Appendix 6.
Note that all samples are from petroleum exploration wells
or other drilling — surface samples in Western Australian
basins are strongly oxidized, thereby adversely affecting
their potential to yield palynomorphs.

The ‘Secarisporites Microflora’ was subdivided into
two units. The older unit, the Grandispora maculosa
Assemblage, for which a late Viséan age was suggested,
was demonstrated from a series of wells in the Bonaparte
Basin*. In particular, the characterization of this unit
depended heavily, if not entirely, on the work of Playford
and Helby (1968) on the Kuttung Section in New South
Wales and Helby’s reports on exploration wells in the
Bonaparte Basin*, particularly Pelican Island 1 (Helby,
1972). Most of the detailed data from the Bonaparte Basin
is available only in unpublished petroleum exploration
reports. Slides from one of these wells, Lacrosse 1,
were rapidly reviewed as part of this study to establish
a better appreciation of the three assemblage zones in
the Bonaparte Basin. However, a fuller investigation of
the Bonaparte Basin succession is required to accurately
establish correlation with the Canning Basin.

This study shows that the existing Australia-wide
subdivision of the upper Carboniferous and lowermost
Permian by Kemp et al. (1977), and modified by Powis
(1984), is not easily applicable to the Canning Basin
succession based on existing definitions. The G. maculosa,
S. ybertii and D. birkheadensis Zones, which are confined
to the Reeves Formation, display many features in
common. These zones could be regarded as a single
major sequence as suggested by their somewhat imprecise
boundaries. There may be a break between the G. maculosa
and S. ybertii Zones as there is a lithological change in
many wells at this level, but it is probably minor. There
appears to be a break at the base of the D. birkheadensis
Zone, at least in Fraser River 1, but it is not possible to
determine its duration and it is based on very limited
data. By comparison, there are significant palynofloral
transformations between the G. maculosa Zone and the
underlying Granulatisporites frustulentus Microflora
(across the major Meda unconformity) and between the
D. birkheadensis Zone and succeeding zones in the Grant
Group (interpreted as a significant hiatus in deposition).

Kemp et al. (1977) introduced the term ‘Anabaculites yberti
Assemblage’ (now Spelaeotriletes ybertii) for palynofloras
in the upper part of the ‘Secarisporites Microflora’
found between the G. maculosa and Potonieisporites
Assemblages. The base was defined as the first appearance
of bilaterally and radially symmetrical monosaccate pollen
grains, even though details of the assemblage were then
poorly known. Kemp et al. (1977) suggested an early
Namurian [~Serpukhovian] age for this unit, based partly on
a correlation of the first appearance of Potonieisporites close
to the Viséan–Namurian boundary in Britain. The upper age
limit was left open, with a speculative age of Missourian
[Kasimovian] and a possible correlation with the European
Stephanian C [early Gzhelian].

The prevalence of spore-pollen reworked into younger
strata from older units is a major problem in many wells.
This is obvious in many Canning Basin wells and may
be significant in the Bonaparte Basin. Consequently, last
appearance datums (LADs) can be problematic, so we
favour using first appearance datums (FADs), supported
by accessory biostratigraphic observations, to define
biostratigraphic subdivisions. Key palynological datums
(highlighted in blue in Figure 4) are derived largely from
the range charts in Appendix 4.

* The northern and southern portions of this basin are not differentiated
as the boundary encompasses several criteria effectively rendering it
arbitrary.
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Mid-Mississippian–Cisuralian palynozonation of the Canning Basin correlated with previous Australian schemes
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Figure 4.

Simplified range chart of significant species. The most biostratigraphically important species are highlighted in blue
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disappearance up-section of Spelaeotriletes ybertii in an
interval containing a diverse assemblage of spore-pollen
including forms common to the S. ybertii Assemblage.
He noted supporting evidence from the Bonaparte Basin
by R. Helby who had noticed that S. ybertii declines
in abundance up-section, transitioning into diverse
assemblages with monosaccate pollen, but without this
species. Powis intended to give a fuller description of the
new unit in a later publication, which never eventuated,
although a copy of the manuscript exists.

Helby (1969) introduced the term ‘Potonieisporites
Microflora’ for palynomorph assemblages from fluvioglacial facies in the Sydney Basin of New South Wales.
Kemp et al. (1977) described the revised Potonieisporites
Assemblage as having low spore diversity and
characterized by monosaccate pollen and cavate spores.
The assemblage was identified by Kemp et al. (1977) in
Pelican Island 1 in the Bonaparte Basin, based on Helby’s
(1972) results in the well completion report. These authors
suggested a pre-Asselian, possibly Virgilian [Gzhelian],
age for the assemblage. They did not define an upper
boundary for this unit, but it is assumed to be the incoming
of microfloras they assigned to Stage 2 of eastern Australia
or Unit II of Western Australia.

The erection of the Pseudoreticulatispora confluens
Zone (as the Granulatisporites confluens Oppel-zone) by
Foster (in Foster and Waterhouse, 1988) introduced a new
palynostratigraphic unit in the Canning Basin between
Stage 1 assemblages and the P. pseudoreticulata Zone.
The zone effectively corresponds to Balme’s Stage II.
The differentiation of P. confluens, a species described
by Archangelsky and Gamerro (1979) in Argentina,
but not previously distinguished in Australia from
Pseudoreticulatispora pseudoreticulata, resolved some
biostratigraphic problems in some wells drilled before
1988. Some intervals that unequivocally belong to the
P. confluens Zone were previously assigned to Unit III
because some specimens of P. confluens had been identified
as P. pseudoreticulata.

Kemp et al. (1977) presented a different sequence of
palynostratigraphic units for the Western Australian
succession based on Balme’s largely unpublished work on
the Canning Basin. The lowest biostratigraphic unit, Unit I,
was described as containing common monosaccate pollen,
Punctatisporites, Retusotriletes and rare Microbaculispora
tentula. They implied a correlation of this unit with the
Potonieisporites Assemblage. At the time Unit I was known
only from the Fitzroy Trough and Gibson Sub-basin,
including in Fraser River 1 from 1005.8 m (core 61) to
1039.1 m (core 62), Grant Range 1 and Point Moody 1. It
was correlated with Evans’ (1969) Stage 1, for which he
suggested a Missourian [Kasimovian] age.

Jones and Truswell’s (1992) detailed account of the
palynology of the Upper Carboniferous and Lower Permian
in the southern Galilee Basin, Queensland, introduced
a series of Oppel-zones for palynological assemblages
from the Joe Joe Group. From the oldest to youngest
unit, they are the Verrucosisporites basiliscutus Oppelzone (A), Brevitriletes leptoacaina Oppel-zone (B) and
Diatomozonotriletes birkheadensis Oppel-zone (C) — all
within the Spelaeotriletes queenslandensis Superzone.
Above this level are the Asperispora reticulatispinosus
Oppel-zone (D) and the Microbaculispora tentula Oppelzone (E) Biozones.

Unit II assemblages from the Canning Basin were
described by Kemp et al. (1977) as dominated by
Microbaculispora tentula, with common Cycadopites
cymbatus and monosaccate pollen. The unit, described
from 838.8 m to 1177.7 m in Blackstone 1, was correlated
with Evans’ (1969) Stage 2. It corresponds to an interval
here assigned to the Pseudoreticulatispora confluens Zone.
Kemp et al. (1977) did not give a firm age for this interval,
but suggested it is Permian — they also speculated on a
Wolfcampian [Asselian – late Artinskian] or even Virgilian
[Gzhelian] age.

Oppel-zone A contains both radially symmetrical
monosaccate pollen grains, Potonieisporites novicus
and Spelaeotriletes (Grandispora) queenslandensis.
It is therefore clearly younger than the G. maculosa
Assemblage. Jones and Truswell (1992) suggested
correlations with Lower Stage 1 (Norvick, 1974; Price,
1976) and the lower S. ybertii Assemblage of Powis (1984).

The base of Unit III of the Western Australian scheme,
defined as the oldest occurrence of Verrucosisporites
(Pseudoreticulatispora) pseudoreticulata, is clearly
equivalent to the base of the Pseudoreticulatispora
pseudoreticulata Zone of later reports. Based
on ammonoids, Unit III was dated by Kemp et al.
(1977, p. 186) as ‘Tastubian, possibly extending to the
Sterlitamakian and/or Asselian’. Unfortunately, this age
determination relied on broad correlations between outcrop
and subsurface sections that are equivocal.

Oppel-zone B is distinguished by the FAD of the nominate
species, Dibolisporites disfacies, and two types of
monosaccate pollen. Jones and Truswell (1992) placed the
FAD of Ahrenisporites cristatus and Striomonosaccites?
in this unit and suggested correlations with Upper Stage 1
(Norvick, 1974; Price, 1976) and the mid-S. ybertii
Assemblage of Powis (1984).

P l a y f o r d a n d P ow i s ( 1 9 7 9 ) d e s c r i b e d s o m e
biostratigraphically significant spores from the
G. maculosa to Potonieisporites Assemblages of the
Canning Basin. In his unpublished thesis, Powis (1979)
described the S. ybertii Assemblage above the G. maculosa
Assemblage in the Canning Basin. Later, he erected
a new biostratigraphic unit, the Diatomozonotriletes
birkheadensis Assemblage in the Galilee Basin, in Sun
Oil Fairlea 1 (Powis, 1983). However, he accepted that
the relationship between the two units was not firmly
established, partly due to differences in assemblage
composition between eastern and west Australia.
In the Canning Basin, Powis (1984) identified the
D. birkheadensis Assemblage in Fraser River 1 between
939 m (core 58) and 947 m (core 59). The assignment
to the D. birkheadensis Assemblage was based on the

Oppel-zone C is marked by the FAD of Cristatisporites sp.
cf. C. kuttungensis and Cristatisporites pseudozonatus.
Taeniate pollen, specifically forms that Jones and Truswell
(1992) assigned to Protohaploxypinus sp. cf. P. goraiensis,
and Diatomozonotriletes birkheadensis appear in this
zone. Jones and Truswell (1992) suggested a correlation
with uppermost Stage 1 / lowermost Stage 2 (Norvick,
1974; Price, 1976) and the D. birkheadensis Assemblage
as instituted by Powis (1984). This was the first description
of the D. birkheadensis Assemblage in any detail. However,
Jones and Truswell’s (1992) usage may not correspond to
Powis’ (1984) original concept, though it appears to be
approximately in the correct biostratigraphic position.
8
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Palynological zonation

The appearance of Asperispora reticulatispinosus Jones
and Truswell 1992 and a numerical increase of radial
monosaccate pollen mark the base of Oppel-zone D.
Other species to appear in the zone include Horriditriletes
ramosus and Retusotriletes nigritellus. Jones and Truswell
(1992) suggested this interval correlates with lower
Stage 2 of Price (1976) and Norvick (1974) and the
Potonieisporites novicus Assemblage and Stage 1 as
used by Powis (1979, 1984). They also suggested that
outcropping glacial deposits correspond to this unit.

There are no wells containing the entire zonal succession,
although Grant Range 1 comes close. In this well the
G. maculosa Zone is present, but only over a short
interval (Plate 2, Appendix 4), and the upper part of the
P. confluens Zone and the P. pseudoreticulata Zone are
absent. Other closely sampled wells on which the present
zonal scheme is highly dependent include Blackstone 1,
East Yeeda 1, Fraser River 1, Point Moody 1 and
St George Range 1 (Fig. 4; Appendix 4). All of these wells
were drilled prior to 1968, except East Yeeda 1 drilled
in 1985, thereby demonstrating the value of retaining
samples and palynology slides in a central repository. The
incompleteness of the zonal scheme is due to the majority
of wells not having closely spaced samples, unsuitable
sedimentary facies and two significant breaks in deposition.
The breaks were attributed by Kennard et al. (1994) and
Shaw et al. (1995) to an angular unconformity (Meda
Transpression) and an erosional event (Drosera Erosion)
at the base and within the studied succession, respectively.
Revised zonal allocations are summarized in Appendix 3
and significant wells are discussed in Appendix 7.

The base of Oppel-zone E is marked by the appearance of
Microbaculispora tentula and the absence of many species
recorded in the G. maculosa Microflora of Playford and
Helby (1968). Jones and Truswell (1992) suggested a
correlation with Upper Stage 2 as used by Norvick (1974)
and Price (1976) and with Unit I/II of the Canning Basin
(Kemp et al., 1977).
In the alphanumeric system for eastern Australian
basins (e.g. Price, 1983; Price et al., 1985; Price, 1997),
most of the Permian zones are subdivided whereas the
Carboniferous and earliest Permian units are not. PC1 and
PC2 correlate with the G. frustulentus Microflora, PC3
with the G. maculosa Assemblage and PC4 approximately
correlates with the S. ybertii Assemblage of Kemp
et al. (1977). The lowest Permian stage, APP1, starts
at the FAD of taeniate pollen and ends at the FAD of
Pseudoreticulatispora pseudoreticulata.

The gap between the youngest Carboniferous and
oldest Permian marine faunas in Western Australia, and
the apparent absence of volcanic ash beds suitable to
be dated radiometrically within this dominantly nonmarine succession, is such that the mid-Bashkirian to
early Sakmarian spore-pollen zonation cannot be tied
to international stages except in the broadest manner.
Although there are suggestions that the M. tentula Zone
spans the Carboniferous–Permian boundary in eastern
Australia (e.g. Bodorkos et al., 2016; Phillips et al.,
2018), care is required in applying such suppositions
to Western Australia, given the correlation spans over
2000 km. Similarly, volcanic beds within the P. confluens
Zone have yielded sensitive high mass-resolution ion
microprobe (SHRIMP) U–Pb zircon dates from close to the
Carboniferous–Permian boundary to the Sakmarian from
eastern Australia and several countries formerly within
Gondwana. These include New South Wales (Roberts
et al., 1995a; Roberts et al., 1996), Namibia (Bangert
et al., 1999; Stephenson, 2009), Brazil (Santos et al., 2006;
Simas et al., 2012) and Argentina (Césari, 2007). However,
associated errors are large and most of these analyses
require re-evaluation, preferably using chemical abrasionisotope dilution thermal ionisation mass spectrometry
(CA-IDTIMS) on individual grains, rather than providing
weighted means of many grains (which typically would
include significantly older ones, thereby skewing the
result). Unfortunately, CA-IDTIMS analyses from South
America (e.g. Gulbranson et al., 2010; Cagliari et al., 2014;
Cagliari et al., 2016; Valdez Buso et al., 2020) are difficult
to tie to the Western Australian palynozonation. In addition,
the overall reliance on FADs of relatively few species
in Australia, especially for Permian spore-pollen zonal
schemes, points to local climatic influences corrupting the
long-range utility of such schemes (e.g. Mory et al., 2017).

Recent papers by Playford (2015) and Playford and
Mory (2017) on material from Western Australia
have considerably expanded the knowledge of the
G. maculosa Assemblage/Zone. Playford (2019) provided
a comprehensive update of the Italia Road Formation
section from which Playford and Helby (1968) originally
described the G. maculosa Assemblage. These three papers
included descriptions of many taxa recorded herein from
the Canning Basin.

Problems with the existing zonal
schemes
Applying the existing palynostratigraphic units to the
Carboniferous succession in the Canning Basin presents
several obstacles, notably the lack of comprehensive
published palynofloral descriptions for this basin. Initially,
only Balme’s Units I to III were established in the Canning
Basin. Other biostratigraphic unit names first erected in
other basins have been utilized over many years in rare
published and numerous unpublished reports. There
is, therefore, considerable temptation to establish a
completely new palynostratigraphy based on Canning
Basin wells. However, this would introduce another set of
palynostratigraphic units into an already crowded field and
inevitably would overlap considerably with existing unit
definitions. Therefore, this Report largely retains existing
biostratigraphic unit names, following the original criteria
as closely as possible but utilizing more comprehensive
biostratigraphic data. A new unit, the Vallatisporites
arcuatus Zone, is introduced and the existing nomenclature
has been modified so that all biostratigraphic units above the
G. frustulentus Microflora are now simple interval zones.
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Granulatisporites frustulentus Microflora

abundance of Spelaeotriletes ybertii is evidence for the
zone. Similarly, the highest sample, at 1258.8 m, has a
low yield, but the absence of monosaccate pollen suggests
it is no younger than the G. maculosa Zone. The bestpreserved material from the zone is in Jum Jum 1 from
six sidewall cores (SWC) spanning 2316.9 m to 2389 m
and particularly SWC 13 at 2362 m (see Appendices 3–5).
The zone possibly extends above and below these depths,
but the samples needed to confirm the range are badly
contaminated. Puratte 1 is the only other well with more
than three conventional core (hereafter abbreviated to
‘core’) or SWC samples from the zone, but all gave low
yields.

Early Carboniferous microfloras containing
Granulatisporites frustulentus were included in
‘Lycosporoid’ assemblages from the Canning and
Bonaparte Basins by Balme (1964). This microflora has
been split into lower Grandispora spiculifera and upper
Anapiculatisporites largus assemblages, although this
division is not applied here in most cases as it is not
always apparent which assemblage is present beneath the
Reeves Formation. The position of the Tournaisian–Viséan
boundary within the G. frustulentus Microflora is unclear
but the two assemblages are considered approximately
Tournaisian and lower–middle Viséan, respectively (Kemp
et al., 1977; Jones, 1996).

Several assemblages from the zone are notable for the
extreme abundance of certain species. For example in Jum
Jum 1, Spelaeotriletes ybertii makes up 76% of the total
count at 2389 m and 78% at 2319.9 m; and Waltzispora
polita and Punctatisporites spp. 38% and 57%, respectively
at 2316.9 m. Few species seem to be completely confined
to the zone. Verrucosisporites sp. A is confined to
the zone, but is rare; Reticulatisporites magnidictyus
overlaps with monosaccate pollen in two samples at the
base of the S. ybertii Zone; and Raistrickia accincta and
Verrucosisporites italiensis are largely confined to the zone.
In addition, Cristatisporites mixtus, Densosporites dissonus
and Prolycospora rugulosa are characteristic of the zone,
but not entirely restricted to it, whereas Densosporites
infacetus sensu stricto is confined to the zone.

Grandispora maculosa Zone
This unit was introduced as the Grandispora Microflora for
assemblages from the Italia Road Formation in New South
Wales, eastern Australia (Playford and Helby, 1968; Helby,
1969). Playford (2019) recently redescribed this material,
which is reassigned to the Mount Johnstone Formation. The
microflora was re-defined as the Grandispora maculosa
Assemblage at the base of the Secarisporites Microflora
by Kemp et al. (1977), largely utilizing wells in the
Bonaparte Basin, especially over 355–385 m in Pelican
Island 1. Playford and Helby (1968) formally described
14 new species from their Grandispora Microflora, most
of which are also known from the Canning Basin. The
major difference in assemblages from the two States is
the abundance of Spelaeotriletes ybertii in the Canning
Basin and its absence from New South Wales. Recent
publications have provided detailed descriptions of the
zone in a few samples from the northern Perth Basin
and the Carnarvon Basin (Playford, 2015; Playford and
Mory, 2017). Interestingly, S. ybertii is not recorded in
this material, although a morphologically similar species,
Aratrisporites saharaensis Loboziak Clayton and Owens
1986 is recorded in YCH-2 borehole in the northern Perth
Basin (Playford and Mory, 2017). This monolete spore
has also been recently recorded in the original material
from the Mount Johnstone Formation in New South Wales
(Playford, 2019).

Whereas Jones (1996) and Nicoll et al. (2009) favoured
a late Viséan age for the zone, Playford and Mory
(2017) confirmed the range of late Viséan to Namurian
[Serpukhovian– mid-Bashkirian] that had previously been
suggested by Kemp et al. (1977). This confirmation was
based largely on SHRIMP zircon dates by Roberts et al.
(1995a; 1996) from volcanic extrusives in eastern Australia.
The zone is present within the lower to middle Reeves
Formation in the Fitzroy Trough (Plate 2) and extends
through the greater part of the formation across the Pender
Terrace (Plate 4). Because the base of the zone coincides
with an unconformity in all Canning Basin wells, the zone
may represent only the upper part of the zone compared to
other basins.

The base of the zone is marked by a great decline
up-section in Granulatisporites frustulentus and the
introduction of spore species not recorded in the underlying
G. frustulentus Microflora, e.g. Spelaeotriletes ybertii and
Reticulatisporites magnidictyus. All wells studied for this
Report show a profound palynofloral change at the base
of the zone and presumably a significant depositional
hiatus. Kemp et al. (1977) placed the top of the zone at
the first appearance of monosaccate pollen. In the Canning
Basin this boundary is not always easy to determine as
most of the spore species present in the G. maculosa
Zone are recorded, at least locally, in the S. ybertii Zone.
Furthermore, saccate pollen are extremely rare at the base
of their range and difficult to detect in samples with poorly
preserved palynofloras.

Spelaeotriletes ybertii Zone
The Spelaeotriletes ybertii Zone — Anabaculites ybertii
Assemblage of Kemp et al. (1977, p. 182) — was
largely based on wells in the Bonaparte Basin, including
171– 344 m in Pelican Island 1. Whereas Kemp et al.
(1977) did not define a top for the assemblage, they
indicated it was succeeded by the Potonieisporites
Assemblage, which they characterized as of low diversity,
and dominated by large monosaccate pollen grains and
cavate spores. This could describe the D. birkheadensis
Zone of this Report, or the V. arcuatus Zone.
The base of the zone is ‘marked by the first appearance
of bilaterally and radially symmetrical monosaccate
pollen grains...’ (Kemp et al. 1977, p. 182) with the
highest consistent or common Spelaeotriletes ybertii
defining the top of the zone. As defined, this datum can
be difficult to determine in wells with few samples or
those with indifferent preservation and low yields, because
monosaccate pollen grains are rare at the base of their range.

The optimal reference section for the G. maculosa Zone
in the Canning Basin is 1258.8–1404.2 m (cores 70–74)
in Fraser Range 1 (see chart in Appendix 4). The deepest
sample, at 1404.2 m, has a very low yield and the sample
lacks several species characteristic of the zone, but the
10
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Diatomozonotriletes birkheadensis Zone

Powis (1984) differentiated the D. birkheadensis
Assemblage in the Galilee Basin, Queensland, by the
absence of Spelaeotriletes ybertii. This relationship is
untested because S. ybertii seems to have a restricted
geographic distribution and is not recorded in the Galilee
Basin. He also identified this assemblage in Fraser River 1
in the Canning Basin based on a decrease or absence of
the species. In this Report, the top of the S. ybertii Zone
is placed where S. ybertii becomes rare, which in Fraser
Range 1 is in the core sample from 1039.1 m, in contrast
to its slightly greater abundance at 1107.6 m. This suggests
that in Fraser River 1 S. ybertii has a gradual decline in
abundance rather than an abrupt last appearance. The
interval in Fraser River 1 from 1039.1 m (core 62) to
1164.6 m (core 67) is proposed as the reference interval
for the S. ybertii Zone in the Canning Basin (see chart in
Appendix 4).

There is an argument that this name should not be used as
the zone is not robustly defined in any basin. However, the
name has been widely used in many unpublished, and some
published, reports, though not always convincingly, or in
the sense it is used in this Report. Here the zone is applied
to assemblages that can be differentiated from the S. ybertii
Zone by containing very few specimens of Spelaeotriletes
ybertii and lack species diagnostic of the V. arcuatus Zone.
The term Diatomozonotriletes birkheadensis Assemblage
was proposed by Powis (1983, 1984) based on the interval
between 1676 m and 2021 m in Sun Oil Fairlea 1 in
the Galilee Basin of northeastern Australia, which he
considered similar to assemblages in Fraser River 1 from
939 m (core 57) to 947 m (core 59). Previously, Powis
(1979) had assigned this interval to his Potonieisporites
novicus Assemblage zone. In this Report, samples from
935 m (core 57) to 1008.6 m (core 61) are assigned to
the D. birkheadensis Zone, thereby including some of
the interval that Kemp et al. (1977) placed in Unit I
(see chart in Appendix 4), and this interval is nominated
as the Canning Basin reference section. The nine
samples assigned to the zone in Fraser River 1 contain
assemblages that are remarkably consistent in composition.
The 1008.6- m sample marks a change in assemblage
composition, with an increase in Cristatisporites spp.
(13–36% in all assemblages within the zone), including
morphotypes with particularly dense spinose sculpture and
monosaccate pollen, particularly Cannanoropollis janakii.
Taeniate pollen grains, assigned here to Meristocorpus
explicatus, appear at the base of the zone and, though
always rare, are recorded in all but one sample prepared
from this interval in Fraser River 1. The zone also includes
the FAD of Tricidarisporites gutii in this well, and marks a
decline in Spelaeotriletes ybertii.

At least 14 samples from Grant Range 1 can be assigned
to the zone, though preservation is relatively poor. In
this well, rare monosaccate pollen grains are present at
2034.8 m, which is taken as the base of the zone, although
assignment of the very low-yielding sample at 2166.2 m
is uncertain. The top of the zone is arbitrarily placed at
1861.1 m in core 32, even though the boundary with the
D. birkheadensis Zone could be slightly higher or lower.
Spelaeotriletes ybertii is not abundant in any sample from
this zone in Grant Range 1. In this well, the lower part of
the zone has common, but not abundant, Granulatisporites
frustulentus, whereas the upper part typically contains
abundant G. frustulentus (see discussion in Appendix 7).
Indotriradites dolianitii , Indotriradites sp. A,
Secarisporites remotus and Vallatisporites vallatus range
through most of the zone. In Fraser River 1, Waltzispora
polita ranges through the lower part of the zone but is
absent from the upper part. Secarisporites lobatus is
restricted to the zone in the few wells from which it is
recorded. Taeniate pollen were not documented from the
S. ybertii Zone, contrary to the view of Powis (1984) who
included samples immediately below 947 m (core 59)
from Fraser River 1 in this zone. Spelaeotriletes ybertii
is common in many samples, but it is a durable spore
commonly reworked into younger strata (see below).
Consequently, the LAD of this spore is not a robust
biostratigraphic datum and it is recorded as high as the
P. confluens Zone in this basin.

Reworked Retispora lepidophyta and possible reworked
Granulatisporites frustulentus are rare compared with
the underlying S. ybertii Zone. The significant increase in
monosaccate pollen numbers is a distinguishing (probably
local) sedimentary feature reflected in a palynofacies
that contains many large phytoclasts, most of which are
probably of gymnosperm origin. The D. birkheadensis
Zone therefore represents an interval with similarities to
the S. ybertii Zone below and a few similarities to the Grant
Group zones above, with a changed palynofacies reflecting
a significant increase in gymnospermous vegetation.

The Serpukhovian–Bashkirian (previously Namurian) age
assigned to the zone was based on the first appearance of
monosaccate pollen at the base of that stage (Jones, 1996).
Playford (2015) subsequently confirmed an early–mid
Serpukhovian age for the first appearance of saccate pollen.
In addition, the conodont Declinognathus inaequalis, an
earliest Pennsylvanian (early Bashkirian) zonal species
(Sanz-López et al., 2006), is loosely associated with the
S. ybertii Zone in the Bonaparte Basin, where it was
recovered from cuttings over 2949–3102 m in Lesueur 1
(Nicoll, 2004). This interval lies partly in the range of
Spelaeotriletes ybertii (from SWCs over 2803 – 3055.5 m;
Helby, 1981) and is below the FAD of Potonieisporites, at
2897.5 m, at the base of the S. ybertii Zone. Nevertheless,
Gorter et al. (2005, fig. 18) argue that the conodonts
come from higher in the well because the Wadeye Group
(2801–3057 m) contains facies unlikely to yield conodonts
and the Tanmurra Formation (3057–3330 m) is Viséan. The
upper age limit of the zone remains poorly constrained.

In Grant Range 1, strata from 1695 m (core 26) to
1858.4 m (core 31) are also assigned to this zone, as
they contain somewhat similar assemblages to the
D. birkheadensis Zone in Fraser River 1. Although there
is an increase in Cristatisporites spp. in Grant Range 1,
the decline in Spelaeotriletes ybertii is less clear, mainly
because its abundance in the S. ybertii Zone is lower than
it is in Fraser River 1. The zone possibly ranges down
to only 1830.9 m (core 29) or to 1737.1 m (core 27).
Meristocorpus explicatus is not recorded in this zone in
Grant Range 1, but this may be due to less favourable
preservation. The zone is probably present in just two
other wells (Fitzroy River 1 and Nerrima 1; summarized
in Appendix 3) but its presence cannot be confirmed
unequivocally from the few available samples.
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coevally or, a short stratigraphic distance above, the FAD
of Horriditriletes tereteangulatus.

Powis’ (1984) scant details of this unit crucially included
that it lacked Spelaeotriletes ybertii, thereby differentiating
it from the underlying S. ybertii Assemblage. He also
indicated it contains several trilete spore species absent in
overlying Stage 1 assemblages. His original definition of
the zone in the Canning Basin placed the base at the LAD
of S. ybertii, or the LAD of consistent numbers of this
species. In this study, the range of S. ybertii continues into
the D. birkheadensis Zone, but in much smaller numbers.
Where present at significantly higher biostratigraphic
levels, S. ybertii is possibly reworked, rendering the LAD
of this species particularly unreliable.

Some spore species are prominent in the zone such
as Brevitriletes parmatus, Gondisporites sp. A.,
Anapiculatisporites concinnus and Densosporites
rotundidentatus. Undoubtedly, this zone represents at least
part of the Canning Basin biostratigraphic interval assigned
to Unit I by Kemp et al. (1977) and forms part of the wider
Potonieisporites Assemblage of the same publication. The
Asperispora reticulatispinosus Oppel-zone (D) of Jones
and Truswell (1992) is probably an approximate correlative
of this zone. As defined here, the zone encompasses
some of the interval previously assigned to the Deusilites
tenuistriatus Zone of Apak and Backhouse (1998, 1999),
though that zone more closely resembles the M. tentula
Zone.

Jones and Truswell (1992) nominated 654–900 m in GSQ
Jericho 2 in the Galilee Basin as the reference section for
this zone and defined its base as the first appearance of
Cristatisporites sp. cf. C. kuttungensis and Cristatisporites
pseudozonatus. However, the spores they illustrated as
C. pseudozonatus are here assigned to Cristatisporites
spp., whereas their Asperispora reticulatispinosus appears
to be conspecific with C. pseudozonatus of this Report
(Appendix 5). In this case, the description of Jones and
Truswell’s (1992) D. birkheadensis Oppel-zone (C) is
close to the definition of the zone applied herein, but a full
correlation with the Galilee Basin zones necessarily awaits
further work.

A proposed reference interval for this zone in the Canning
Basin is Grant Range 1 from 1181.1 m (core 16) to
1618.8 m (core 23), an interval of 438 m that is largely
massive sandstone. In St George Range 1, the interval from
262.1 m (core 3) to 743.1 m (core 5) is assigned to the
zone. These intervals, both in the deeper part of the Fitzroy
Trough, best characterize this zone. Several other isolated
samples or short sections in the Fitzroy Trough also belong
in this zone, notably 1497 m in Bindi 1, 1920.8 m (core 10)
in Nerrima 1 and 681.7 m (core 1) to 828.9 m (core 2) in
Yulleroo 1. Cycas 1 has a 200 m interval that may belong
in the zone, but only cuttings samples are available. Point
Moody 1 in the southeastern Gregory Sub-basin contains
a thick interval below the M. tentula Zone that appears to
belong in the V. arcuatus Zone, although thermal maturity
is high and preservation poor. Beyond the Fitzroy Trough
– Gregory Sub-basin, the V. arcuatus Zone has been
identified, albeit tentatively, in just one other well in the
basin (Waukarlycarly 1, the only well in the eponymous
embayment near the southwestern margin of the basin;
Backhouse, 2020; Fig. 1).

Apak and Backhouse (1999, p. 5) suggested an age
‘somewhere in the range Namurian to early Stephanian'
[Serpukhovian–Gzhelian] but conceded ‘there is little
control on the age of this interval’. Jones (1996) shows
this zone as equivalent to the Levipustula levis brachiopod
zone. Although the impoverished fauna within this zone
provides little help in correlating to international stages,
Cisterna and Sterren (2016) use radiometric evidence
from Argentina to suggest a late Serpukhovian – early
Bashkirian age.
A review by Loboziak et al. (1997) concluded that, in
the Amazon Basin of Brazil and elsewhere, the oldest
taeniate bisaccate pollen are not older than Westphalian
[late Bashkirian to Moscovian]. Taeniate pollen in the
D. birkheadensis Zone suggests this zone represents an
interval no older than late Bashkirian, and that there may
be a hiatus between it and the top of the S. ybertii Zone.

Three samples from core 5 in St George Range 1 (from
740.7 – 743.1 m) contain well-preserved assemblages
from the lowest part of the zone in this well. They
contain abundant Punctatisporites spp., primarily of
one morphotype, common Gondisporites sp. A, and
somewhat less common Anapiculatisporites concinnus,
Cristatisporites spp., Densosporites rotundidentatus and
Lundbladispora braziliensis. A wide range of monosaccate
pollen grains is present. They include Plicatipollenites
trigonalis, Cannanoropollis janakii, Caheniasaccites
ovatus and Potonieisporites novicus. These assemblages
also contain 4–7% Botryococcus spp., which is rare in
samples from the Reeves Formation. Vallatisporites
arcuatus is rare, but is present in the 743.1 m sample.
The samples contain some Anapiculatisporites concinnus
with very short spines and the earliest forms of
Microbaculispora tentula. In two samples there are very
rare Deusilites tentus present with Deusilites tenuistriatus,
the only known overlap of these two species in this study.
In these samples Retispora lepidophyta, Granulatisporites
frustulentus and possibly Spelaeotriletes ybertii are all
assumed to be reworked, pointing to active erosion of older
strata, including the Anderson and Reeves Formations, at
the time of deposition.

Correlation from Grant Range 1 to East Yeeda 1 (Plate 2)
points to almost 1450 m in the former well that is lacking
in the latter. Considerably lower vitrinite reflectance values
for the Reeves Formation in East Yeeda 1 (0.64 – 0.68 Ro)
compared to Grant Range 1 (1.12 Ro) is best explained
as an extended period of non-deposition in East Yeeda 1
covering at least the D. birkheadensis to M. tentula Zones.

Vallatisporites arcuatus Zone
The base of this zone is defined here as the FAD of
Vallatisporites arcuatus or Microbaculispora tentula.
However, both can be rare near the base of the zone, so
identification of the zone may rely on other evidence. For
example, the acritarch Deusilites tenuistriatus has not
been recorded in this study below the base of the zone.
Cristatisporites pseudozonatus is not known below the
zone, though similar morphotypes of Cristatisporites are
present in older zones. The top of the zone is marked by
the FAD of more common Microbaculispora tentula and

The age of the V. arcuatus Zone is poorly constrained but,
given it lies within the lower Grant Group, here considered
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By comparison, the only other unequivocal identifications
of the zone in this study, besides Grant Range 1, are from
Fraser River 1 (841.6 – 880.6 m), Point Moody 1 (1215.8
and 1215.9 m) and St George Range 1 in a cuttings sample
(240.8 m).

to represent many phases of deglacial sedimentation, it
is tentatively correlated with late Gzhelian – Asselian
regional warming discussed by Davydov et al. (2013,
2014). Confirmation of such an age awaits further evidence,
such as zircon dates from associated volcanic beds, as it is
possible that there were a series of warm phases near the
end of the Carboniferous. If so, the V. arcuatus Zone may
be somewhat older than Gzhelian.

Prior to the identification of the M. tentula Zone in the
Canning Basin, Apak and Backhouse (1998, 1999) placed
assemblages with Deusilites tenuistriatus between the
D. birkheadensis and P. confluens Zones. They attributed a
Stephanian [Kazimovian–Gzhelian] age to this assemblage
to differentiate them from Stage 2 assemblages (now
P. confluens Zone) in the Perth Basin (including the Collie
Sub-basin). Mory (2010) suggested the D. tenuistriatus
Zone was possibly a partial lateral equivalent or a subzone
of the D. birkheadensis Zone. However, the association
of Deusilites tenuistriatus with Microbaculispora tentula
(also in Warroora 1 in the Southern Carnarvon Basin;
Backhouse, 2018b) indicates the D. tenuistriatus Zone/
Assemblage is best regarded as largely equivalent to the
M. tentula Zone.

Microbaculispora tentula Zone
The base of the zone is marked by the FAD of consistent
to common Microbaculispora tentula and Horriditriletes
spp. also first appear at or close to this datum. The FAD
of Pseudoreticulatispora confluens, commonly as a rare
component, marks the top of the zone. The top of the
zone is therefore difficult to determine with low-yielding
samples. A supporting datum for the top of the zone is the
FAD of Cycadopites cymbatus. Jones and Truswell (1992)
use the name as Microbaculispora tentula Oppel-zone (E)
for a biostratigraphic interval in the Galilee Basin. This
biostratigraphic interval is potentially only partly coeval
with the zone as used in this Report and may also correlate
partly or entirely with the P. confluens Zone.

Pseudoreticulatispora confluens Zone
This is the most geographically extensive PermoCarboniferous zone in Western Australia and is widely
recorded as a basal Permian unit in west Australian
basins. This zone, or coeval palynostratigraphic units,
are extensively reported from periglacial deposits
throughout Gondwana. It represents the last period
of widespread glacial deposition before assemblages
that are more diverse appeared as the climate
ameliorated in the P. pseudoreticulata Zone. The FAD
of Pseudoreticulatispora confluens marks the base
of the zone and the FAD of Pseudoreticulatispora
pseudoreticulata marks the top of the zone (Foster, in
Foster and Waterhouse, 1988). The zone was introduced
for an interval with P. confluens (as Granulatisporites
confluens) in Calytrix 1 on the Barbwire Terrace in the
eastern Canning Basin. The well was not nominated
as a reference section because every sample examined
contained P. confluens thereby preventing the zone’s
boundaries to be established.

A reference section for the Canning Basin is proposed in
Grant Range 1 from 426.0 m (core 2) to 920.2 m (core 14),
a thickness of 494 m with 14 core samples examined for
this Report (Appendices 4, 7). Other intervals of this zone
are significantly thinner. None of the fully cored wells
on the Barbwire Terrace, e.g. Clianthus 1, Drosera 1 and
Ficus 1, also contain the V. arcuatus Zone or older zones
down to and including the G. maculosa Zone.
In Grant Range 1 and Drosera 1, the zone is dominated
by Punctatisporites spp., including many specimens
that can be placed in Punctatisporites gretensis but are
included in the range charts in Punctatisporites spp.
Microbaculispora tentula is generally common, although
comparatively less abundant in the lowest samples from
these wells. Monosaccate pollen grains are consistently
present and some forms are common, notably morphotypes
included here in Plicatipollenites spp. and Potonieisporites
novicus. The presence of the following spore species
is also consistent although making up less than 10% of
the count: Brevitriletes parmatus, Cyclogranisporites
firmus and Horriditriletes tereteangulatus. Other
spores found in many assemblages, but typically much
less than 5% of the count, include: Ahrenisporites
cristatus, Anapiculatisporites concinnus, Brevitriletes
leptoacaina, Cristatisporites pseudozonatus, Densosporites
rotundidentatus, Dibolisporites disfacies, Gondisporites
sp. A, Horriditriletes ramosus and Verrucosisporites
andersonii. Rarer species include Foveosporites pellucidus,
Psomospora detecta, Retusotriletes nigritellus and
Vallatisporites arcuatus. Deusilites tenuistriatus ranges
through the zone. It is more common in this zone than
elsewhere in the Grant Group but is not present in all
samples.

During this study, it became clear that it is difficult
to unequivocally determine the oldest record of
Pseudoreticulatispora confluens in wells where the
underlying M. tentula Zone is present. P. confluens
is generally rare in the lower part of its range and
is morphologically close to some morphotypes of
Microbaculispora tentula. The FAD of this species is
therefore a somewhat unsatisfactory datum. Cycadopites
cymbatus is a common species, particularly in the upper
part of the zone. It ranges through the zone, or most of
it, and has a FAD just above, or at the same level as,
P. confluens and can be regarded as a proxy for the base
of the zone.
Assemblages in the P. confluens Zone tend to be dominated
by Cycadopites cymbatus, Horriditriletes tereteangulatus,
Microbaculispora tentula and Punctatisporites spp.
Punctatisporites gretensis may comprise a quarter to one
half of specimens counted as Punctatisporites spp. in the
range charts. Pseudoreticulatispora confluens is recorded
in many samples within the zone, but is mostly rare.
Monosaccate pollen can be moderately common and are

Whereas Mory (2010) considered the M. tentula Zone
indicative of the upper part of the Reeves Formation,
the zone is here unquestionably associated with glacial
facies within the Hoya Formation in Clianthus 1
(303.1 – 447.7 m), Drosera 1 (253.6 – 301 m) and
Ficus 1 (427.2 – 450.35 m) on the Barbwire Terrace.
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mainly Plicatipollenites spp. rather than Plicatipollenites
trigonalis or Cannanoropollis janakii, with some
Potonieisporites novicus, and rare Caheniasaccites
ovatus and Meristocorpus explicatus. Densosporites
rotundidentatus is locally common and Alisporites
spp. may become common near the top of the zone.
Other characteristic species that seem to range through
the zone include Brevitriletes cornutus, B. parmatus,
Cristatisporites pseudozonatus, Cyclogranisporites
firmus, Gondisporites sp. A, Marsupipollenites striatus,
Retusotriletes nigritellus and Verrucosisporites andersonii.
Lundbladispora braziliensis is present in some intervals
but is not a regular component. Several biostratigraphically
significant species extend into the zone in some wells,
but not above it. Anapiculatisporites concinnus and
Vallatisporites arcuatus are recorded in the lower part of
the zone, and Anapiculatisporites concinnus has at least
one isolated occurrence high in the zone. Dibolisporites
disfacies extends higher in the zone, although probably
not into its uppermost part. Indotriradites splendens and
Protohaploxypinus spp. are typically rare and appear
intermittently in the zone. Other species with a FAD in
the zone include Leiotriletes directus, Striatoabietites
multistriatus and Vittatina fasciolata. Ahrenisporites
cristatus is present in a series of samples in Fraser River
1 but there are few, if any, other records in this zone.
Deusilites tenuistriatus has only been found low in the
zone. Given the zone’s wide geographical distribution,
it is likely the spore-pollen assemblages will show some
geographic variation.

from Microbaculispora tentula or Pseudoreticulatispora
pseudoreticulata in most company reports until 1979.
All previous references to Stage 2 are now referred to
the P. confluens Zone. The zone has been identified from
93 wells in the basin, probably because reservoir facies
in the Grant Group are a prime objective for petroleum
exploration companies. Although Foster and Waterhouse
(1988) suggest an entirely Asselian age for the zone,
Archbold (1995, 1999) considered it to range from the
Asselian into the Tastubian (early Sakmarian). Volcanic
ash beds identified by Gorter et al. (2008) from the
Ditji Formation in the Bonaparte Basin, have yielded
preliminary zircon dates of about 295 Ma, i.e. within the
Asselian, for the P. confluens – P. pseudoreticulata Zone
boundary.

Pseudoreticulatispora pseudoreticulata
Zone
The zone covers the interval between the first appearances
of Pseudoreticulatispora pseudoreticulata and
Striatopodocarpidites fusus, although the FAD of
S. fusus is now considered an unreliable datum. Several
other spores have FADs at or near the base of the zone:
Diatomozonotriletes townrowii, Laevigatosporites vulgaris
(L. colliensis of Backhouse, 1991), Procoronaspora
spinosa and Tiwariasporites simplex.
Associated macrofaunas in the Carnarvon and Perth Basins
indicate a Sterlitamakian (late Sakmarian) age (Archbold,
1998; Haig et al., 2014). Unit III (Evans, 1969) and
Stage 3a (Kemp et al., 1977; Powis, 1984) assemblages
are now equated with the P. pseudoreticulata Zone (Mory
and Backhouse, 1997; Jones et al., 1998). However, in
some wells, palynological assemblages from the Grant
Group assigned to these biounits in old reports are assumed
to belong to the P. confluens Zone (e.g. Anna Plains 1,
Jum Jum 1, Minjin 1, Moogana 1, Parda 1, Perindi 1;
Mory, 2010). This is because specimens now assigned
to Pseudoreticulatispora confluens were sometimes
identified as Pseudoreticulatispora (Verrucosisporites)
pseudoreticulata. In contrast, an unusually rich
Striatopodocarpidites fusus – Microbaculispora trisina
palynoflora containing abundant Pseudoreticulatispora
pseudoreticulata, recovered from corehole BHP PND 1
(Mory, 2010, plate 3), indicates some lean palynofloras
assigned to the P. pseudoreticulata Zone may belong
within younger zones. The zone is restricted to the Poole
Sandstone and basal Noonkanbah Formation in the
Canning Basin.

Good reference sections include 447.1 – 819.3 m in Fraser
River 1, in which there were eight productive core samples
(Appendices 4, 7). This 372 m-thick interval overlies a
short section with the M. tentula Zone but the top of the
zone is not represented. In this well, Cycadopites cymbatus
is rare in the lower samples and more common in higher
samples. The thickest zone interval is 851.3 – 1400.6 m
(thickness 559.3 m) in Blackstone 1, from which interval
nine productive SWC samples are available. The top of
the zone in this well is represented, but the base of the
interval lies unconformably on the S. ybertii Zone. Within
this section, Cycadopites cymbatus is moderately common
in lower samples and much more abundant in the top
50 m. Several wells on the Barbwire Terrace contain cored
intervals of this zone, including Calytrix 1, described by
Foster and Waterhouse (1988), and Clianthus 1, Drosera 1
and Ficus 1 examined for this Report.
The upper boundary of the zone is generally marked by
the last consistent appearance of P. confluens immediately
below the first of P. pseudoreticulata, although some
overlap has been noted (Apak and Backhouse, 1998, 1999).
In this study, the basal samples of the P. pseudoreticulata
Zone in Bindi 1, Jum Jum 1 and Meda 1 also contain
P. confluens. This overlap seems to be confined to a thin
interval, though spores similar to P. confluens have been
noted in much younger Permian samples but this study
does not include a comprehensive account of material from
the P. pseudoreticulata Zone.

Stratigraphy
The Reeves Formation and Grant Group contain similar,
mostly fluvial, facies with no lithostratigraphic regional
marker horizons in either unit. The only stratigraphic
datums, as such, are the overlying Poole Sandstone and
the Meda unconformity (Meda Transpressional Movement
of Kennard et al., 1994; Meda Transpressional Event
of Shaw et al., 1995) at the base of either the Reeves
Formation or the Grant Group where the former is missing
(Figs 5–7). Within the basin, the only non-palynological
biostratigraphic datum for the studied succession is from
the Nura Nura Member at the base of the Poole Sandstone,

The upper limit of the zone marks a significant palynofloral
boundary and is associated with the end of glacial
conditions south of the Canning Basin (Eyles et al., 2002).
Stage 2 (Evans, 1969) or Unit II (Kemp et al., 1977)
spore-pollen assemblages contain P. confluens, sometimes
in abundance, a species not routinely differentiated
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immediately above the Grant Group. This level contains
diverse macrofauna, foraminifera and rare conodonts to
which a Sakmarian age has been assigned (Haig et al.,
2014, and references therein), which is younger by at least
3 Ma than preliminary zircon dates for this level from the
Bonaparte Basin. Age control for other biostratigraphic
datums come from eastern Australia for the G. maculosa
Zone (Viséan–Serpukhovian) and the Bonaparte Basin for
the S. ybertii Zone (earliest Bashkirian). Consequently,
given the distances these correlations incorporate, and their
inherent uncertainties, assigning ages to the succession is
manifestly imprecise.

of clean sandstone intervals, probably channel facies that
generally do not yield reliable palynomorph assemblages,
in the Reeves Formation and Grant Group renders
lithostratigraphic assignment of such intervals as uncertain.
Even where some palynology is available, the possibility of
reworking cannot be discounted entirely. We have tended to
place such sandstone intervals into the basal Grant Group
following the channeling evident at that level south of the
Fitzroy Trough where the Reeves Formation is absent.
Similarly, abrupt thickness changes of the interval between
the Meda unconformity and Poole Sandstone along the
Lennard Shelf may be attributed to local valley or channelfill facies, especially near wells in which the Reeves
Formation is undoubtedly missing (Plate 5). These reasons,
and poor seismic quality especially where the Grant Group
and Reeves Formation lie at shallow depths, significantly
limit a sequence stratigraphic interpretation of these units.
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Table 1.

Glacial features from the Grant Group

Glacial sedimentary features

Interpretation

Comments

Striated and faceted clasts

Glacial transport

Common in outcrop, especially in
Saint George Ranges; rare in core

Exotic boulders of mixed origin in
conglomeratic bodies (?lenticular)

Possibly transported by ice and then
deposited as tills, moraines or debris
flows; may be non-glacial

Common in core near base of group from
southern part of basin

Large exotic lonestones

Dumped from (?melting) ice into
low-energy environments

Rare, best examples (up to 2 m across)
exposed in Saint George Ranges

Poorly sorted, small exotic clasts

Glacial and/or fluvial transport

Common in core, less so in outcrop

Striated basement pavements
(includes roches moutonnées)

Sub-glacial erosion

Common along northern Pilbara margin
(Van Kranendonk and Johnston, 2009,
pp. 82–83); in north only known from
Goongewa Mine and near Deeadeea Cliff
(Playford et al., 2009, figs 285–289)

Intra-sediment striae and grooves

Ice–sediment or clast–sediment
interaction

Only in outcrop, usually rare; most examples
are from Grant Range (O'Brien and
Christie-Blick, 1992) and near
Mount Wynne (Mory, 2010, fig. 7d)

Rythmites

?glacial varves, seasonal lake or tidal
deposits

Rare, possible outcrop examples in
Lauris Range (Mory, 2010, fig. 7c), eastern
Saint George Ranges (Crowe and Towner,
1976c, fig. 2; Crowe et al., 1978, fig. 2,
plate 4) and near Deeadeea Cliff; glacial
origin ambiguous

Sandy diamictite, usually massive

Fluvial or marine mass flow, ?ice-related

Common in core from the southern parts of
basin

Muddy diamictite

Fluvial or marine mass flow, ?ice-related

Common in core, especially from the
southern parts of basin

Contorted bedding

Dewatering by sediment or ice loading

Common, especially in core; large-scale
slumps in Saint George Ranges and at
Mt Hutton (Mory, 2010, figs 6a, 8b)

Clast-supported conglomerates

Fluvial – alluvial-fan deposition

Common near base of group

Microfaults

Dewatering by sediment or ice loading

Common in core

Clastic dykes

Freezing or injection

Putative example in outcrop 11 km ESE
Deeadeea Cliff (Crowe and Towner, 1976c,
fig. 3)

Unknown in Western Australia
Sheared diamictites

Sub-glacial shear deformation

Glendonites

Pseudomorph of ikaite, formed in
near-freezing water
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Even though the palynology points to a break between
the Reeves Formation and Grant Group, this break can
be challenging to determine in individual wells, given
both units contain thick sandstone intervals from which
palynological assemblages, if present, are ambiguous due
to poor preservation, very low yields, reworking, mud
contamination and widely spaced samples. Nevertheless,
distinguishing the two units is highly reliant on the
palynozonation, with the Reeves Formation associated with
the G. maculosa – D. birkheadensis Zones and the Grant
Group with the V. arcuatus – P. confluens Zones. To date,
Grant Range 1 is the only well in which all these zones
are at least provisionally identified, although the upper
P. confluens Zone has been eroded off. In addition, the wide
separation of wells creates a degree of ambiguity for their
correlation, especially given the contact between the two
units is not clearly imaged in seismic sections. In addition,
older seismic data is generally of low quality, especially
at shallow depths, thereby hindering tracing internal
divisions for any great distance. Stratigraphic allocations
for significant wells (most of which are illustrated in
Plates 2–9) are provided in Appendices 2 and 7.

revised spore-pollen zonation and regional correlations
(Plate 2) indicate a probable break between the upper limit
of the D. birkheadensis Zone at 935.0 m (core 57) and
the lowest appearance of the M. tentula Zone at 880.6 m
(core 55). Shaw et al. (1995) identified this break as the
Drosera Erosion Event and attributed it to the development
of ice sheets in the Late Carboniferous, albeit with little
discussion.

Fairfield Group and Anderson
Formation

Whereas the Reeves Formation (commonly ‘lower
Grant Group’ in older well completion reports) typically
was considered non-glacial in origin, Grant Range 1
(~1857–89 m; cores 31, 32, 34–37) and Fraser River 1
(~1162–65 m; core 67) contain possible diamictitic facies
(Appendix 8). However, the overall angularity of the larger
pebbles and the absence of other glacial features does not
support an unambiguous glacial origin for the Reeves
Formation. Whereas 908–1975 m in Point Moody 1 was
questionably identified as the Reeves Formation (Mory,
2010), that allocation is contradicted by the present
palynological revision thereby eliminating obvious glacial
characters from the formation, especially in cores 19–22.
Nevertheless, the absence of indisputable glacial features
in the Reeves Formation may be a function of the relatively
little core cut from this unit (115 m; Appendix 8).

The Reeves Formation consists entirely of siliciclastic
facies up to 715 m thick (in Grant Range 1; Fig. 6;
Appendix 2). Significant facies changes within the
unit, as shown by the correlation from Fraser River 1 to
Grant Range 1 (Fig. 6; Plate 2), create a high degree of
uncertainty in differentiating the formation, especially
in the absence of palynological determinations. Even
where wells seemingly have a reasonable palynology
available, the highly variable thickness of the three zones
within the formation (Fig. 6), perhaps best illustrated
for Fraser River 1 – Booran 1 – East Yeeda 1 in Plate 2,
casts doubt on the validity of the zonation. However, it is
equally possible to invoke other factors such as localized
differences in accommodation and erosion.

These units lie directly below the succession studied in
this Report beneath the regional Meda unconformity.
The Fairfield Group extends into the upper Devonian
but the Carboniferous part lies within the G. frustulentus
Microflora, as does the overlying Anderson Formation. The
Anderson Formation is missing in many wells so that the
Reeves Formation — or Grant Group where the Reeves
Formation is absent — lies directly on the Tournaisian
Laurel Formation (Thomas, 1959, 1971; Nicoll and Druce,
1979), the uppermost formation of the Fairfield Group.
The Laurel Formation consists mostly of mudstone with
thin carbonate and sandstone beds but also contains local
unnamed upper and lower limestone members (Druce
and Radke, 1979). The overlying Anderson Formation
(McWhae et al., 1958), which is dominated by sandstone
with lesser mudstone and minor limestone, can be difficult
to differentiate from the Reeves Formation in the absence
of biostratigraphic data.

Of the 70 wells that intersected at least the Grant Group
along the Lennard Shelf, or the immediately adjacent
part of the Fitzroy Trough, just nine have palynology
indicative of the Reeves Formation. By comparison, the
Reeves Formation is absent in at least 23 of the wells in
this area, especially where the Grant Group is relatively
thin above the Anderson or Laurel Formations. Of the
nine wells, only Terrace 1 unambiguously contains both
the G. maculosa and S. ybertii Zones. Nevertheless, for
many wells, identification of the Reeves Formation is
tenuous, especially southeast of Kora 1 and West Kora 1.
Along the Pender Terrace and in wells within the Fitzroy
Trough close to the Lennard Shelf, the G. maculosa
and S. ybertii Zones are from thinly bedded facies (see
Plate 4 and Hakea 1 in Plate 5) whereas, in wells along the
Lennard Shelf near Terrace 1 and Blackstone 1 (Plate 5),
these zones are in moderately clean sandstone facies.
Al- Hinaai and Redfern (2015) infer such spore-pollen
were reworked into channel or paleovalley deposits at
the base of the Grant Group. Seemingly, the only way to
explain the lack of younger zones in these assemblages
is that erosion along the edges of channels incorporated
large pieces of underlying strata into the channel-fill.

Reeves Formation
Apak and Backhouse (1998, 1999) originally designated
the type section as 866–1411 m in Fraser River 1, but
that is modified here to 922.3 – 1410.2 m, between the
base of a clean sandstone of the overlying Grant Group
and a basal clean sandstone with minor mudstone. The
lower contact is the regional Meda unconformity (Meda
Transpressional Movement of Kennard et al., 1994; Meda
Transpressional Event of Shaw et al., 1995), generally
between the LAD of the G. frustulentus Microflora and the
FAD of the G. maculosa Zone. Previously Mory (2010)
was uncertain if the G. maculosa Zone had been identified
in a consistent manner across the basin, but the present
revision of the palynostratigraphy confirms this zone lies
within the basal Reeves Formation. The adjustment of
the upper contact in the type section is necessary as the
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Whereas the only conventional core from the Reeves
Formation on the Lennard Shelf (Blackstone 1, core 1)
yielded S. ybertii Zone palynomorphs, it lacks large
mudstone clasts (Appendix 8) consistent with wholesale
reworking from older strata as inferred by Al-Hinaai and
Redfern (2015). The Reeves Formation is here identified
in at least 12 wells along the Lennard Shelf (Plate 5;
Mory, 2010).

high thermal maturity — in the case of Point Moody 1,
the latter compromises zonal allocations, especially below
1800 m (Plate 3; Appendix 5). In spite of such uncertainty,
the M. tentula and V. arcuatus Zones have been identified
close to the underlying Meda unconformity in Lawford 1,
White Hills 1 and Point Moody 1, with no evidence of the
G. maculosa – D. birkheadensis Zones, thereby arguing
against the presence of the Reeves Formation in the
Gregory Sub-basin.

No wells south of the Fitzroy Trough have unambiguous
palynozonation determinations to support allocation to the
Reeves Formation, largely due to the present reassignment
of the D. tenuistriatus Assemblage of Apak and Backhouse
(1998, 1999) to the M. tentula Zone. Sections containing
palynomorphs previously assigned to the D. tenuistriatus
Assemblage by Apak and Backhouse (1998, 1999) are here
included within the Grant Group (Plates 7–9). In addition,
it is unlikely that the Reeves Formation is present in the
Gregory Sub-basin, as only Lake Betty 1 yielded sporepollen zones that could be from that unit. The sample
from Lake Betty 1 came from a clean sandstone within
which reworking cannot be discounted. Few reliable
samples are available from other wells in the sub-basin,
either due to the lack of core and insufficient SWCs or

Depositional environment
The Reeves Formation is known only from the subsurface,
and typically has been considered fluvial and pre-glacial
(e.g. Goldstein, 1989; Apak and Backhouse, 1999). In spite
of the rarity of core from the formation, the pre-glacial
interpretation is borne up by the absence of exotic clasts
and grains in well cuttings. Whereas thin diamictites are
present in core from Grant Range 1 and Fraser River 1
(Appendix 8) there is no other evidence to support a
glacial origin. Similarly, the lack of bioturbation in the
available core supports a fluvial origin, but the limited
amount available (115 m from seven wells, much of which
21
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has degraded in the 52–65 years since they were drilled)
is insufficient for a regional facies analysis. Nevertheless,
Dent (2011) and Dentith et al. (2015, figs 22, 23) assigned
cores in Fraser River 1 below 936.3 m (cores 57–72) to
two facies associations, which they interpreted as deposited
by a sand-dominated, low-sinuosity, fluvial system with
no sign of glacial influence (Fig. 8). A cluster of wells
around Blackstone 1 along the Lennard Shelf intersected
the Reeves Formation whereas wells along strike did
not, thereby pointing to a broad, early Pennsylvanian
paleovalley supplying sediment into the Fitzroy Trough.
Although there is another possible such paleovalley
southeast of Hakea 1, other such regions of sediment
influx into the Fitzroy Trough depicted in Figure 8a are
conjectural.

provide an unambiguous palynozonation. For example,
a regional correlation along the Lennard Shelf (Plate 5)
supports assignment of clean sandstone sections to the
Grant Group across the Pender Terrace (e.g. 1520–1880 m
in Moogana 1; Plate 4) in spite of uncertain palynological
determinations in those wells. Even so, the best age
constraint for the Reeves Formation – Grant Group contact
lies over 130 km east-southeast of the Pender Terrace
in Blackstone 1. In that well, the upper limit of the
S. ybertii Zone lies at 1448.8 – 1462.1 m, approximately
50–60 m below the lowest P. confluens Zone assemblage
(Appendices 3, 4, 7). Unfortunately, this sandstone-onsandstone contact cannot be discriminated from seismic
data thereby leading Al-Hinaai and Redfern (2015) to
postulate the absence of the Reeves Formation across the
portion of the Lennard Shelf in their study.

Minor marine influence is indicated by macrofossils
(including bivalves and a brachiopod) reported from core 71
(1298–1301 m) in Fraser River 1 (LR Cox in Campbell,
1956). Rare scolecodonts that appear in six palynology
assemblages from Booran 1, East Yeeda 1, Fraser River 1
and Grant Range 1 (Appendix 4) indicate minor marine
incursions near the western end of the Fitzroy Trough.
Szaniawski (1996) suggests these polychaetous annelids
are most abundant in shallow-water facies, especially
near shore, but they are also found in lagoonal and some
dysaerobic deposits. Other evidence for marine deposition
is acanthomorph acritarchs, particularly in Grant Range 1,
and foraminifera in many wells. Of these, the foraminifera
are dominated by agglutinated, arenaceous forms typical of
shallow-water facies deposited in interior seas, similar to the
settings described in Haig et al. (2014).

The youngest detrital zircon recovered from the
Grant Group yielded a U–Pb date of 303.8 ± 2.8 Ma
(Kasimovian–Gzhelian) from laser ablation-inductively
coupled plasma mass spectrometry (LA-ICPMS) from
a sample within the P. confluens Zone in Capparis 1
(106.9 m; Martin et al., 2019). They considered that
these dates constrain the onset of glacial deposition to the
Kasimovian–Asselian, an age not inconsistent with the late
Gzhelian warm spike in Timor-Leste (Davydov et al., 2014)
with which the oldest part of the Grant Group — here
considered to contain deglacial facies — is approximately
equated. Nevertheless, there may have been earlier
warming phases predating the Gzhelian not represented in
Timor-Leste. In addition, it is uncertain if the Kasimovian–
Gzhelian zircons were recycled from the Reeves Formation
or elsewhere.

In their dipmeter analysis of Hakea 1, Goldstein and
Hubbard (1984) differentiated two zones with opposing
paleocurrent directions in the formation (their ‘Lower
Grant Formation’) but nevertheless suggested these
were alluvial–fluvial facies. Further analysis of the other
15 wells with dipmeter logs available over the formation
(according to WAPIMS) may be beneficial, although those
predating the mid-1960s are of poor quality. Dipmeter
interpretations in statutory reports are usually limited to
regional structural dip, if mentioned at all.

Marine facies are rare away from the Barbwire Terrace. To
date the most compelling marine indicators come from a
macrofossil locality at the eastern end of Carolyn Valley
(Dickins et al., 1977; Taboada et al., 2015), foraminifera
in Roebuck Bay 1 (cores 31–33; Crespin and Condon,
1956), Samphire Marsh 1 (core 2; Crespin, 1961) and
scolecodonts high in the formation in Puratte 1. Whereas
these macrofauna and foraminifera have been compared to
material from the Nura Nura Member in the Canning Basin
and the Callytharra Formation in the Southern Carnarvon
Basin, to date ages attributed to them remain uncertain
(Foster and Waterhouse, 1988; Taboada et al., 2015). This
uncertainty extends to the Calytrix Formation and how
the Grant Group across the Barbwire Terrace correlates
with other parts of the basin (see discussion below). In
Sahara 1, Singleton (1965) indicated the presence of fossils
from 370–425 m on the composite log, and mentioned
fragmentary crinoids, bryozoans and echinoids from
cuttings of thin, pale limestone beds over 500–550 m in
the text. However, no further details were provided and
the beds, if not caved from higher in the well, appear to be
below the resolution of the wireline logs.

Grant Group
The Grant Group is a siliciclastic succession, dominantly
glacio-fluvial origin composed of sandstone, mudstone,
conglomerate and diamictite up to 2000 m thick (Figs 9,
10). Whereas the glacial character of the Grant Group
can be demonstrated in only parts of the outcrop
(e.g. Crowe and Towner, 1976c; Mory, 2010), much of
the available core shows such features (Redfern, 1991;
Redfern and Williams, 2002; Mory et al., 2008; Table 1).
The areas with the most core available from the group
are the Barbwire Terrace (over 7000 m) and along the
southwestern margin and southern sub-basins (>3000 m
of mostly mineral exploration core from the Anketell and
Tabletop Shelves). By comparison, sandstone intervals up
to 400 m thick probably represent amalgamated channel
fills for which there is no firm evidence of glacial influence
(e.g. 1200– 1600 m in Grant Range 1 and much of the
group in St George Range 1; Fig. 7; Plates 2 and 7). Similar
channel-fill facies are also present in the underlying Reeves
Formation and create a degree of stratigraphic uncertainty
especially where there are too few mudstone intervals to

Although initially defined as a formation from outcrop in
the Grant Range (Guppy et al., 1952, 1958), two threefold
divisions of the group have been proposed. The first, by
Crowe and Towner (1976a,c), comprises, in ascending
order, the ‘Betty’, ‘Winifred’ and ‘Carolyn’ Formations
(aka ‘the three ladies’). The second division, by Redfern
(1991), applied the names of the eponymous wells at the
southeastern end of the Barbwire Terrace (Hoya, Calytrix
and Clianthus Formations, in ascending order). Although
the former division has been widely applied across the
22
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‘Betty Formation’

basin, it is flawed due to the wide separation of the type
sections creating vagaries in how the constituent formations
correlate and the discontinuous nature of the middle unit
(informally called the ‘middle shale’). By comparison,
although seemingly more straightforward, various authors
have applied Redfern’s (1991) division in an inconsistent
manner across the Barbwire Terrace (Table 2).

Apak and Backhouse (1998, 1999) assigned 1342–1657 m
in Lake Betty 1 to the Reeves Formation, thereby extracting
much of the type section of the ‘Betty Formation’
(1058– 1657 m; Crowe and Towner, 1976c) from the
Grant Group. By comparison, Mory (2010) tentatively
suggested 1249.4 – 1657 m in this well could be Reeves
Formation. Our revised correlations of this area (Plate 3)
point to a much-reduced interval (1557 – 1657.6 m) or
none, depending on how much reliance is placed on the
identification of the S. ybertii Zone at 1578.9 (Appendix 7).

‘Betty’, ‘Winifred’ and ‘Carolyn’
Formations
Difficulties in distinguishing Crowe and Towner’s (1976a, c)
formations mostly arise from the wide separation of the
respective type sections in Carolyn Valley, Lake Betty 1 and
east of Lake Winifred near the southern end of the Canning
Stock Route. Of these type sections, that of the ‘Winifred
Formation’ is the most problematic as it lies on the Tabletop
Shelf 460 km south-southwest of the other two, which
are 178 km apart within the Fitzroy Trough and Gregory
Sub-basin. For this and other reasons discussed below,
these three formations are here best considered as informal
units that may apply within the Gregory Sub-basin and
flanking sub-basins to the north (Table 3). Another difficulty
that especially applies to wells in the main depocentre,
particularly southeast from Fitzroy River 1, is ambiguous
spore-pollen zone designations (Fig. 7; Plates 2, 3). Many of
these ambiguities are due to inadequate sampling (apart from
in Point Moody 1) but possibly also paleoenvironmental
factors. O'Brien et al. (1998) also point to difficulties with
Crowe and Towner’s (1976a,c) formations in the Fitzroy
Trough, but proposed a comparable, informal, threefold
division for the Lennard Shelf.

‘Winifred Formation’
As the Grant Group thins and onlaps onto Precambrian
rocks along the southwestern margin of the basin, the
‘Winifred Formation’ in its type area probably represents a
shaly interval close to the top of the group. Unfortunately,
there is insufficient paleontology available from the group
in this area to verify such an interpretation. Nevertheless,
fine-grained facies that can be assigned to the ‘Winifred
Formation’ are either missing in some wells (e.g. Millard 1,
East Crab Creek 1) or are too thin or sandy to be readily
recognized (e.g. Booran 1, Ludkins 1, Matches Spring 1,
Petaluma 1, Valhalla 1, Wilson Cliffs 1; see plates in Mory,
2010). Perhaps a more compelling reason for abandoning’
the ‘Winifred Formation’ is the variation in relative position
of the ‘middle shale’ across the Lennard Shelf (compare
Plate 5 with Mory, 2010, plate 3). At least some of the
‘middle shale’ sections represent the upper part of channel
fills (Fig. 9) and so are unlikely to represent coeval facies.
For this reason, correlation of shale units within the Grant
Group is uncertain, especially across the Lennard Shelf.

The ‘three ladies’ seemingly can only be differentiated
along the Gregory Sub-basin (Plate 3) and the Balgo
and Betty Terraces (Plate 6) in the southeast of the basin
(Table 3). Recognition of the three formations in that area
is highly dependent on the presence of the ‘middle shale’.
In the adjacent Barbwire Terrace, this level possibly
corresponds to the Calytrix Formation or the Wye Worry
Member in the Carolyn Formation of Crowe and Towner
(1975) exposed farther north within the Saint George
Ranges. Nevertheless, for reasons discussed below, the
utility of the three formations is impaired to such an extent
that their use as formal divisions is not recommended.

The only record of marine fossils from this unit are
fragments of unidentified crinoids, bryozoans and echinoids
from thin limestone beds in Sahara 1 (Singleton, 1965).
‘Carolyn Formation’
The formation was named from outcrop in the eponymous
valley at the western end of Saint George Ranges (Crowe
and Towner, 1975, 1976b). Two named members in that
range overlie undifferentiated sandstone: the Millajiddee
Member consists of massive and cross-bedded sandstone,
and lies between the Poole Sandstone above and shaly
diamictite and mudstone of the Wye Worry Member
below. Although mapped in other surface anticlines to
the northwest (at Grant Range, Mount Wynne and Poole
Range), neither the formation nor the two members are
readily identified in the subsurface especially in Fitzroy
River 1, the nearest well to Saint George Ranges with
a complete section of the Grant Group. In St George
Range 1, drilled in the centre of the anticline, there is no
obvious base to the ‘Carolyn Formation’, which led Mory
(2010) to suggest it encompassed the entire group thereby
diminishing its utility as the uppermost formation of the
group. Whereas the present interpretation places the base
of the group over 900 m deeper in St George Range 1, it
is still unclear where the base of the ‘Carolyn Formation’
could be in this well. Given the relegation of the formation
to an informal unit, the named members are provisionally
regarded as local formations within the Grant Group, but
should be assessed further.

A significant impediment in applying the Crowe and
Towner (1976a,c) formations is that valley-fill facies and
local channels cut across nearby strata, and encompass
sandstone–mudstone cycles that transition across these
supposed lithostratigraphic units (Fig. 9; see discussion
of Philydrum 1 in Appendix 7), thereby pointing to their
arbitrary nature at least from a depositional perspective.
In Valentine 1 and Stokes Bay 1 (drilled from the same
location), sandstone dominates the succession from 1060 m
to the Meda unconformity at 1798 m (in Valentine 1). In
these wells, the lower section was mapped from seismic as
channel-fill facies within the Grant Group cutting down to
a level seemingly close to the base of the Reeves Formation
in Point Torment 1, 4 km to the southeast (Buru Energy,
2009b, fig. 13).
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Table 2.

Comparison of formation picks, Barbwire Terrace wells

Well
Cassia 1

Calytrix 1

Authors

Poole

Clianthus
nr

201

230

a

550

200.5

230

?388.5

550

This Report

?49

200.5

230

a

550

Redfern, 1991

78

141

249

a

399

?

?

204

a

399

Eyles et al., 2001

~70

141

204

a

399

Redfern and Williams, 2002

80

141

220

a

399

Martin, 2008

nr

nr

205*

a

399

200

a

399

Mory, 2010

a

32

143

This Report

?

70.4

141.15

205

a

399

152

224

370

a

np

Redfern, 1991

148

224

324

a

np

?30

?84

225

310

a

np

This Report

32

125.3

223.7

306.7

a

np

Mory, 2010

?100

197

?263

344.5

a

348.8

This Report

100

197

?263

344.5

a

347.8

0

?60

?111

441

?80

nr

441

Apak and Backhouse, 1999
Eyles and Eyles, 2000
Eyles et al., 2001
Redfern and Williams, 2002

30

Martin, 2008

Ficus 1

Mory, 2010, plate 8

a

This Report

a

Hoya 1

?80

157

440

50

61

?118

440

242

440.6

nr

nr

?61*

?0

16

60

441

a

30e

60.8

a

440.6

Apak and Backhouse, 1999

67

171

254

424

475

Eyles et al., 2001

<83

171

313

427

475

Redfern and William,s 2002

Frankenia 1

Base Grant

49

Mory, 2010

Drosera 1

Reeves

Eyles and Eyles, 2000

Redfern and Williams, 2002

CRA CL1

Hoya

Mory, 2010

Eyles and Eyles, 2000

Clianthus 1

Calytrix

50

171

320

a

475

Mory, 2010

a

67

171

254

?375

475

This Report

?

?67

171

313

a

475

128

a

248

Martin, 2008
Mory, 2010

a

42

?162

?226

a

248

This Report

?

?56.6

?162.3

?226

a

248.3

Redfern, 1991

85

145

260

a

434

Apak and Backhouse, 1999

72

145

205

a

434

Eyles et al., 2001

83

145

207

a

434

85

145

215

a

434

18

145

205

?

434

Redfern and Williams, 2002
Mory, 2010

?a

This Report

?

63

145

224.9

a

434

Percival 1

Mory, 2010

?a

47

155

237

a

448

This Report

?

80.1

155

235.2

a

448

Pratia 1

Redfern and Millway, 1994

?

60

151

236

a

300

60

152

236

a

300

Apak and Backhouse, 1999
Eyles and Eyles, 2000

nr

nr

236

a

300

Eyles et al., 2001

40

150

236

a

300

236*

a

300

?6

152

236

a

300

85.1

152

236

a

299.2

Martin, 2008
Mory, 2010
This Report

?

NOTES: Depths in metres. Abbreviations: a, absent; e, eroded; nr, not recognized or differentiated; *, lower Grant Group
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Informal Grant Group formations, Gregory Sub-basin and adjoining sub

Well

'Carolyn'
top (m)

'Winifred'

Thickness (m)

top (m)

'Betty'

Thickness (m)

top (m)

Reeves

Thickness (m)

Base R/G

top (m)

Atrax

220.7

181.8

402.5

26.4

428.9

157.6

a

586.5

Bindi 1

1051.8

164.4

1216.2

149.3

1365.5

466.4

?a

1831.9

Kilang Kilang 1

?686.3

?118.7

805

147.8

952.8

756.9

?a

1709.7

Lake Betty 1
Lanagan 1
Lawford 1
Ngalti 1

764

103.9

867.9

190.1

1058

?517 – 599.6

?1575

1657.6

598.2

135.4

733.6

>116.4

850 ?f

>136

a

986 ?f

724

161.4

885.4

143.9

1029.3

671.7

?a

1701.0

177.7

101.8

279.5

?32.2

?311.7

?484.3

a

796

Olios 1

323.3

176.9

500.2

78.8

579

236

a

815

Point Moody 1

404.3

115.7

520

214.5

734.5

1238.2

a

1972.7

Selenops 1

92.3

152.7

245

43.9

288.9

173.85

a

462.8

White Hills 1

a

a

a

a

14e

>984

a

998.0

NOTE: Abbreviations: a, absent; e, eroded; f, faulted; ?, uncertain

Clianthus, Calytrix and Hoya Formations

the Poole Sandstone from its basal marine facies (Nura
Nura Member) to upper sandy facies. The significant
lateral facies changes during the end of the glacial
period possibly were due to local microclimates, such
that some areas lack glacial features, or the P. confluens
Zone transcends the end of that climatic episode in an
irregular (diachronous) manner. Neither explanation seems
satisfactory, especially as elsewhere in west Australia the
P. confluens – P. pseudoreticulata zonal datum consistently
marks the end of widespread glacial influences (e.g. Mory
et al., 2008; Haig et al., 2014; Mory and Backhouse,
1997). Similarly, invoking a local microclimate requires
geographic isolation, which seems at odds with a marine
incursion extending so far southeast into the main Permian
depocentre along the Fitzroy Trough. Alternatively, the
deltaic facies within the upper Grant Group may have
overwhelmed the otherwise glacial character of the group.
If the P. confluens – P. pseudoreticulata zone boundary
is diachronous, the utility of the palynozonation is
compromised. Although the latter zone is present in some
wells across the Barbwire Terrace, they are so few that its
utility for correlation, at least there, is unclear. Wells on the
Barbwire Terrace that have been re-examined in several
studies (Redfern, 1991; Redfern and Millward, 1994;
Apak and Backhouse, 1999; Eyles and Eyles, 2000; Eyles
et al., 2001; Redfern and Williams, 2002; Mory, 2010)
have some significant differences in formation boundaries
(summarized in Table 2). Most of these discrepancies
are attributed to varying interpretations of the highest
diamictite beds to which either glacial (e.g. Redfern, 1991;
Redfern and Williams, 2002) or gravity flow processes
(e.g. Eyles and Eyles, 2000; Eyles et al., 2001) have
been attributed. As these processes can produce similar
facies (Mory, 2010), resolving the various stratigraphic
interpretations requires better integration of the facies
identified from core in ~40 petroleum wells and mineral
holes with wireline logs, but this is beyond the scope of
the present study.

These formations are known from 41 petroleum wells
(drilled by Western Mining Corporation) and 30 mineral
exploration bores (mostly drilled by Pasminco; Kirsner,
1994) along at least 164 km of the 312 km length of
the Barbwire Terrace (summarized in Mory, 2010).
As Redfern (1991) omitted to nominate type sections,
Apak and Backhouse (1999) proposed Pratia 1 for all
three formations (61–152–236–298 m for the Clianthus–
Calytrix–Hoya Formations in succession, following
Redfern and Millward, 1994), even though this cored
section is 158 km northwest of the eponymous wells.
Although Pratia 1 has no palynology available, the
P. confluens Zone is present in all three formations in
nearby Acacia 1 (3.9 km to the north). However, in both of
those wells (and others in the vicinity), the Hoya Formation
is relatively thin compared to wells at the southeastern
end of the sub-basin, where the Hoya Formation extends
into the M. tentula Zone (see Appendix 7). In addition,
the wireline-log signature of the Hoya Formation in the
northern part of the Barbwire Terrace suggests sandy facies
are much more prevalent there than to the southeast. The
upper two formations (Clianthus and Calytrix) show no
glacial features but instead display an upward regressive
character from the thin basal fossiliferous mudstone–
limestone of the Calytrix Formation to fluvio-deltaic sandy
facies of the Clianthus Formation.
Across the Barbwire Terrace, there is a depositional
shift from glacially influenced and presumably nonmarine facies in the Hoya Formation to non-glacial
facies, starting with a brief marine transgression (basal
Calytrix Formation) and followed by fluvio-deltaic
facies in the upper part of the group. This shift is
inconsistent with sections of the group farther northwest
and north-northwest, where there are at least some glacial
sedimentary features close to the top of the group. The
marine to deltaic shift is reminiscent of that deduced for
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Paterson Formation

Jurgurra Terrace, where Buru Energy acquired five such
surveys over 2011–2015 between Barlee 1 and Logue 1.
Whereas those surveys reveal a series of incised features
that may be channels, small valleys or mass-flow deposits
in the Grant Group (Fig. 11), presumably northward
directed, the area is structurally complex and has yet to
be analysed in the same manner as the other areas covered
by 3D seismic surveys. At least in deeper water facies,
chanellized mass-flow deposits may be differentiated
by their chaotic or transparent internal seismic facies
(e.g. Posamentier and Martinsen, 2011).

A southern lateral equivalent of the Grant Group is the
Paterson Formation of Traves et al. (1956), a name based
on the ‘Paterson Range Series/Beds’ of Talbot (1920). The
formation has since incorporated other now-informal units
such as the ‘Braeside Tillite’, parts of the ‘Wilkinson Range
Series/Beds’ (Talbot et al., 1917; Talbot and Clarke, 1917;
Lowry, 1970) and the ‘Yowalga Sandstone’ (Lowry et al.,
1972). In updating the formation, Traves et al. (1956, p. 19)
nominated a section 8 km southwest of Telfer as the type
(at 21°45’30”S, 122°10’00”E on the Paterson Range
1:250 000 map sheet), most recently described by Towner
and Gibson (1980, appendix 3). Although this 35 m-thick
section of sandstone and conglomerate is clearly glacial
in origin, its relative position within the group compared
with much thicker subsurface sections is uncertain, thereby
limiting its regional stratigraphic utility. Nevertheless,
outcrops of this formation probably equate to a relatively
high position within the Grant Group given the likely
onlapping relationship of these strata onto Precambrian
basement rocks. We suggest reserving the name ‘Paterson
Formation’ for scattered outcrops of the group that overlie
Precambrian basement, such as across the West Australian
Craton and associated Proterozoic basins. By comparison,
the name ‘Grant Group’ is most appropriate for the main
part of the Canning Basin given the apparent continuity of
these facies, at least in the subsurface.

The Bunda 2009 3D survey encompasses the Lloyd to
Sundown Oilfields in the west to Fairwell 1 and Sunup 1 in
the southeast. The survey revealed a series of southwarddirected paleovalleys within the Grant Group, of which the
largest is 2–5 km across and up to 440 m deep (Al-Hinaai,
2013). Although U-shaped over most of its length, this
paleovalley is V-shaped in its upper reach (Al-Hinaai, 2013,
fig. 4–14), thereby pointing to a fluvial rather than glacial
influence. Sandy channel-fill facies dominate the group
in Fairwell 1, drilled within this paleovalley (Al-Hinaai,
2013). By comparison, Botten et al. (1984) interpreted the
fining-upwards succession over 857–974 m in Philydrum 1
as a paleovalley fill.
South of the Fitzroy Trough, a series of northward-directed
paleovalleys have been interpreted by Buru Energy (2012)
and Al-Hinaai and Redfern (2014, fig. 10), mostly utilizing
the Pijalinga 2010 2D seismic survey at the northwestern
end of the Crossland Platform (Fig. 12). Buru Energy
(2012) mapped these valleys as having been diverted
around paleohighs seemingly formed by movement of
Ordovician salt, although the age of such movement is
difficult to gauge (Fig. 12). Al-Hinaai and Redfern (2014,
figs 2, 10) extended this interpretation towards Looma 1
but their depiction of Robert 1 and Missing 1 as occupying
intervalley positions is inconsistent with our revision
in which the Grant Group in these wells has expanded
thicknesses (Fig. 13; Plate 8). In addition, incisions of up
to 600 m within the group shown by Al-Hinaai and Redfern
(2014, figs 8–10) locally encompass the entire thickness
of the unit where it represents stacked systems. A further
complication is the relationship between the valley-fill
facies on the Crossland Platform where at least the upper
deltaic part of the group across the adjacent Barbwire
Terrace is obscure. Nevertheless, the interpretations are
not necessarily incompatible if the terrace occupied an
intermediate structural position between the platform and
the Fitzroy Trough during deposition of the group.

Depositional environment
The depositional environment of the Grant Group has
been analysed utilizing core from the Barbwire Terrace
by Redfern (1991), Eyles and Eyles (2000), Eyles et al.
(2001), Redfern and Williams (2002), Al-Hinaai (2013),
and Al-Hinaai and Redfern (2014, 2015) and is largely
glacial in origin (Fig. 10; Table 1). However, for reasons
discussed under Clianthus, Calytrix and Hoya Formations’
section, that area appears atypical as the upper two
formations show no glacial features. In addition, Dent’s
(2011) facies analysis of available core from wells near
the western end of the Fitzroy Trough (summarized in
Dentith et al., 2015) invoked a low-sinuosity fluvial system
whereas seismic interpretation by O'Brien et al. (1998)
pointed to dendritic channels. Possibly the difference is
due to the mid-Fitzroy Trough vs edge of the Lennard
Shelf locations, respectively. By comparison, outcrop
studies seemingly favour at least some marine influence
(e.g. Crowe and Towner, 1976c; Crowe et al., 1978);
however, the limited range of bioturbation and the single
fossiliferous outcrop (Taboada et al., 2015) suggest this
aspect has been overstated. A significant shortcoming in
these studies is the limited paleocurrent directions recorded
although regional paleocurrent directions from outcrop are
included in the provenance study by Martin et al. (2019,
fig. 4) and the State-wide review of Permo-Carboniferous
glacial deposition by Mory et al. (2008, fig. 1). This has
been addressed to some extent by Buru Energy (2012) and
Al- Hinaai and Redfern (2014) in their interpretation of the
central Broome–Crossland Platform from the Great Sandy
1998 (Thomas, 2000), Bongabinni 1984 and Pijalinga 2010
2D seismic surveys. In addition, Al-Hinaai (2013) and
Al- Hinaai and Redfern (2013) utilized the Bunda 2009 3D
seismic survey on the edge of Lennard Shelf (Buru Energy,
2009a). The only other area with 3D seismic surveys is
along the southern edge of the Fitzroy Trough next to the

In the central Fitzroy Trough, especially at Grant and
Saint George Ranges, the two eponymous exploration
wells contain thick sections of low-gamma sandstone that
most probably represent amalgamated channel facies.
Paleocurrent measurements from outcrop in those areas
are largely to the northwest but are from stratigraphically
higher parts than represented in those wells. Even so, it
is probable that during the latest Pennsylvanian – earliest
Permian glacio-fluvial outwash facies was directed axially
to the northwest along the Fitzroy Trough incorporating
near-orthogonal input from the south and north along its
margins, consistent with the sediment sources suggested
by Martin et al. (2019). The most significant sediment
contribution revealed by their study was from central
Australia, with subordinate peripheral contributions from
the north and south.
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Figure 11. Channels in the Grant Group (crossline 5210, Ungani 3D seismic survey) close to Jurgurra Terrace – Fitzroy Trough
boundary

Whereas the majority of interpretations in statutory
reports are limited to regional structural dip or mention
the difficulty of obtaining structural dips from the Grant
Group, some wells with significant dipmeter coverage
over the group show highly variable directions from crossbeds pointing to a complex, or highly meandering, fluvial
depositional system. In their dipmeter analysis of Hakea 1,
Goldstein and Hubbard (1984) differentiated two zones
with opposing paleocurrent directions within the Grant
Group, and suggested the majority of the group contained
alluvial–fluvial facies. Similarly, O'Brien et al. (1998,
fig. 9) delineated two sandstone-dominated sequence types
in the group from Janpam 1 with widely dispersed and
unimodal directions.

or mass flow (e.g. Posamentier and Martinsen, 2011;
Sobiesiak et al., 2018).

Poole Sandstone
The Poole Sandstone (Guppy et al., 1951; Guppy et al.,
1958; from the ‘Poole Range Group’ of Wade, 1936,
1937) apparently conformably overlies the Grant Group.
The contact is associated with a distinct palynofloral and
faunal break, including the change from the P. confluens
to P. pseudoreticulata Zones that coincides with a marked
increase in palynomorph diversity possibly related to a
warming climate. In addition, the basal sandy carbonate
Nura Nura Member contains distinctly marine, temperatewater facies (Haig et al., 2014). The P. confluens –
P. pseudoreticulata Zone boundary represents one of
the clearest Permian palynological datums in Western
Australia, as it is associated with an abrupt end to
widespread Lower Permian glacial facies across the
State (Eyles et al., 2002; Mory et al., 2008). Whereas it is
possible there is a break in sedimentation at this level, it
is not resolvable from the present palynological zonation.
Angular breaks at the base of the Poole Sandstone that
outcrop in Poole Range and at Mt Hutton probably

Within the Kidson Sub-basin, about 260 km south of the
Barbwire Terrace, prograding clinoforms in the upper half
of the group show an apparent westward dip of nearly 1°
in the Kidson Sub-basin Seismic Survey (Fig. 14) and
are probably deltaic in origin. This part of the group may
be equivalent to the Calytrix and Clianthus Formations,
which if correct suggests a widespread influx of nonglacial deltaic facies from the southeast of the basin. By
comparison the lower chaotic zone in this seismic section
(Fig. 14) may be a product of ice-related deformation
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represent local onlap onto slumped facies (Mory, 2010;
Mory and Hocking, 2011).

Basin moved from about 30–40°S to 60°S near the end
of the Carboniferous. By comparison Permian northward
movement appears to have been slow, with this part of the
basin reaching ~50°S at the end of the Cisuralian (Stampfli
and Borel, 2002; Torsvik and Cocks, 2017). Nevertheless,
evidence of climatic changes can be ambiguous and not
always clear in the stratigraphic record. Given the broad
biostratigraphic resolution of the present palynozones and
the lack of regional internal stratigraphic markers within
the mid-Carboniferous to lowermost Permian, only general
deductions on climate and paleogeography are feasible.

The Nura Nura Member at the base of the Poole Sandstone
has yielded the goniatites Metalegoceras clarkei Miller,
Metalegoceras striatum Teichert, Thalassoceras wadei
Miller and Propopanoceras ruzhencevi Glenister and
Furnish (Miller, 1936; Teichert, 1942; Glenister and
Furnish, 1961; Glenister et al., 1993) from its type area
(near 18.0856°S, 124.4094°E). According to Leonova
(1998, 2011), Boiko et al. (2008) and Haig et al. (2014)
these species indicate a late Sakmarian age.

Global Carboniferous–Permian paleoclimatic
reconstructions depend on reconciling isotopic data with
sedimentological and paleontological evidence. Whereas
many such syntheses emphasize the former (e.g. Montañez
et al., 2007; Grossman et al., 2008; Montañez et al.,
2016), some incorporate facies information (e.g. Tabor
and Poulsen, 2008); however, relatively few incorporate
significant data from areas that during this time, were
at higher paleolatitudes including Australia (e.g. Korte
et al., 2008). Given many syntheses need to be updated
to incorporate the high-precision zircon dates now
available, as shown by Limarino et al. (2014), the regional
paleoclimatic trends they reveal are difficult to correlate
with Australian successions except in the broadest sense,
or are influenced by local tectonic events.

Climate and paleogeography
The mid-Mississippian (Viséan) – Late Permian
(Lopingian) is regarded as a global cool period with
its acme close to the Carboniferous–Permian boundary
(e.g. Montañez et al., 2007; Montañez et al., 2016;
Fielding et al., 2008b; Fielding et al., 2008c). Nevertheless,
there is some evidence, mostly isotopic, of ice centres in
the Frasnian–Tournaisian that, along with those in the
Serpukhovian–Bashkirian were localized, mostly alpine
and short-lived (Isbell et al., 2003; Rosa and Isbell, 2020).
During the Viséan–Pennsylvanian, southward movement of
the Australian continent was such that the northern Canning
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There is general agreement of the global significance
of the Late Paleozoic ice age (LPIA) across Gondwana
(e.g. Fielding et al., 2008b; Craddock et al., 2019).
Nevertheless, there is some debate on its duration, with
a maximum extent of late Viséan in the Paganzo Basin
of Argentina (Gulbranson et al., 2010; Isbell et al., 2012;
Limarino et al., 2014), or perhaps even earlier (Rosa
and Isbell, 2020), to Late Permian in eastern Australia
(e.g. Fielding et al. (2008a) — i.e. ~332–252 Ma. Whereas
those regions show the extremes in ages for the LPIA,
the general range in glacial facies across Gondwana
is Moscovian or Kasimovian to Sakmarian (~315/305
to 290 Ma; Isbell et al., 2012; Craddock et al., 2019).
Even so, it is clear that individual glacial episodes were
much shorter with durations of ~1–8 Ma (Fielding et al.,
2008c). In contrast, Shaw et al. (1995) suggested uplift
across the Canning Basin spanning ~310–298 Ma — now
~312– 299 Ma based on timescale revisions since then;
compare Young and Laurie, 1996 with Gradstein et al.,
2012 and subsequent revisions by IUGS] — which they
related to the development of ice sheets, but with little
explanation. By comparison Mory (2010) considered the
break at the base of the Grant Group was only along the
margins of the basin and that sedimentation was probably
continuous in the central part of the Fitzroy Trough.
However, the present revised palynological determinations
point to a mid-Carboniferous break across the entire
Canning Basin and possibly also across most of the
State (Fig. 5). Such a break is consistent with GonzálezBonorino and Eyles’ (1995) contention that stratigraphic
records were minor during ice maxima but expanded
considerably as ice sheets diminished. Similarly, O'Brien
et al. (1998, p. 543) suggested in their evaluation of the
Fitzroy Trough ‘‘… it is possible that a significant part of
the early stages of the glaciation is not recorded due either
to erosion or non-deposition prior to the onset of thermal
subsidence and the creation of depositional space.’’ An
alternative view, based on a study of Queensland basins,

is that ‘‘… the cessation of glacial deposition in other
parts of Gondwana [in the late Pennsylvanian] was due
to decay of the glaciers rather than to a transition to coldbased ice sheets’’ (Jones and Fielding, 2004, p. 156).
The two possible diamictitic intervals in the Reeves
Formation (~1857–85 m in Grant Range 1 and 1162–65 m
in Fraser River 1; Appendix 8) lie within the S. ybertii
and D. birkheadensis Zones. In the Bonaparte Basin, the
approximately coeval Wadeye Group lies below coarse
siliciclastic facies with a ‘possible glacial imprint’ (Gorter
et al., 2005, p. 290). However, it is not certain if the
Canning Basin beds are glacial given the apparent lack of
other glacial features within the formation (Appendix 8),
although any interpretation, such as shown in Figure 8, is
hindered by the meagre core cut from this stratigraphic
level.
The local thickening in Canopus 1, Robert 1 and Missing 1
that Al-Hinaai and Redfern (2014) assigned to the Upper
Silurian Worral Formation is here reassessed as belonging
within the Grant Group (Fig. 13, Plate 8). Whereas their
interpretation of ‘sombreros’ formed by salt withdrawal
in the late Silurian is valid on stratigraphic grounds, there
may have been additional salt movement in the Late
Carboniferous. Given this age, it is conceivable such
late salt movement was due to irregular loading along
the northern edge of a Pennsylvanian ice sheet such that
salt was forced into areas with thin ice cover — possibly,
sediment was freed up as the ice sheet melted and filled the
depressed areas between salt walls or mounds (Fig. 10b).
Across the Canning Basin, the acme of ice distribution
probably corresponds to the proposed break between the
Reeves Formation and the overlying Grant Group — the
latter here regarded as deposited during a deglacial phase
in which there were several episodes of ice formation and
melting, each lasting 1–8 Ma (Fielding et al., 2008c; Rosa
and Isbell, 2020).
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Maturation trends

however, they are not known to have migrated into the
Reeves Formation or younger strata.

Only maturity data from organic petrography (reflectance)
and Rock-Eval thermal maximum (Tmax) measurements
are reliable over the stratigraphic interval covered in this
Report (Appendix 9, compiled from WAPIMS). Spore
colouration is not included, as our study incorporates slides
processed at several laboratories across five decades during
which processing techniques have varied, thereby adding a
degree of uncertainty to comparing results, in many cases
even for a single well. Nevertheless, for wells such as Point
Moody 1, dark spore-pollen indicate the base of the Grant
Group lies below the oil window. Although conodonts are
unknown from the studied succession, some determinations
of conodont alteration index from underlying units are
included in Appendix 9.

Although partly countered by revised formation picks,
the reviews by Havord et al. (1997), Havord (1998) and
D'Ercole et al. (2003) still provide an overall guide to the
reservoir quality of the Reeves Formation and Grant Group.
Core-derived reservoir quality data for the Grant Group
held in WAPIMS indicates porosities of 1–35% (average
20%), and permeabilities up to 5520 md. By comparison,
core-derived data for the Reeves Formation is limited but
porosities and permeabilities are up to 25% and 1463 md,
respectively.
Whereas mudstone units within the Grant Group and
Reeves Formation can form effective top seals, as shown
in the Boundary, Sundown, West Kora and West Terrace
Oilfields, the lateral extent of such units is limited. The most
extensive mudstone unit within the study is the Calytrix
Formation, which is largely restricted to the Barbwire
Terrace, whereas other mudstone horizons such as the ‘midGrant Group shale’ appear to represent several disparate
horizons extending up to a few tens of kilometres along the
Lennard Shelf (Plate 5). Few seal capacity tests are available
from these units but the silty component of mudstone
intervals throughout the Carboniferous–Permian succession
suggests many are likely to be brittle (Goldstein, 1989).
Within the Grant Group, glacial-rainout sand grains in such
mudstone facies may also compromise their sealing capacity.
Nevertheless, local reservoir–seal couplets in the group have
trapped hydrocarbons generated from deeper units along
the margins of the Fitzroy–Gregory depocentre within the
Boundary, Sundown and West Terrace Oilfields. These
three small fields, and the West Kora Oilfield reservoired
in the Reeves Formation, are now either depleted or shut-in
(Jonasson, 2001), and demonstrate that even thin mudstone
beds can form effective seals (e.g. Boundary 1, <2 m;
Sundown 1, 7 m for the ‘900 m’ sand).

In part due to our stratigraphic reassessment, some deeper
sections of the Grant Group are within the oil window
(Fig. 15), especially in the southeastern wells (e.g. Jones
Range 1, Kilang Kilang 1 and Point Moody 1), whereas
Mory (2010) had assigned parts of these sections to
the Reeves Formation. Due to the paucity of organic
petrography analyses from the Reeves Formation, it is
difficult to evaluate the change in maturity with depth
between this unit and the overlying Grant Group. Although
data from Lake Betty 1 shows a distinct deflection in the
reflectance trend below the Reeves Formation, just one
analysis can be tentatively assigned to the formation in
this well (Appendix 9). By comparison, when all data is
plotted by formation (Fig. 15a), there appears to be little
if any change in maturity between the two units. Similarly,
few wells show a marked change in maturity trend between
the Grant Group, Reeves Formation and older strata, apart
from Lake Betty 1 in which it is uncertain if the Reeves
Formation is present (see plots in Appendix 9). Geohistory
modelling of this well (Ghori, 2014) points to at least
1000 m of post-Permian erosion, probably largely coincident with the Triassic–Jurassic Fitzroy Transpression
based on apatite fission- track analyses. By comparison,
the maturity trend based on all wells (Fig. 15) points to a
significant increase in maturity at the Meda unconformity.
Whereas Tmax analyses (Fig. 16) show a similar overall
trend, results from individual wells (Appendix 9) are more
difficult to interpret — likely due to the lower precision of
this measure of maturity.

Regional correlations
Bonaparte Basin
There is considerable biostratigraphic and lithological
similarity between the Upper Carboniferous and Permian
successions in the Bonaparte and Canning Basins
(Kemp et al., 1977). Whereas most assemblages in
the G. maculosa, S. ybertii and P. confluens Zones are
identified correctly in Bonaparte Basin wells, assemblages
between the S. ybertii and the P. confluens Zones have been
assigned to a variety of palynological units.

Hydrocarbon prospectivity
Thermal maturity data across the study area (Appendix 9)
indicate only the deeper parts of the Reeves Formation, or
Grant Group where the former is missing, are within the
oil window, but Rock-Eval data shows their generating
potential is low (Mory, 2010; Ghori, 2014). Similarly,
no oils chemically or isotopically correlate to these units
(Edwards and Zumberge, 2005; Edwards et al., 2013).
In the northwest of the Canning Basin, oil reservoired
in the Reeves Formation and Grant Group within the
Boundary, Sundown, West Kora and West Terrace Fields
(Jonasson, 2001) was generated from the Tournaisian
Laurel Formation and postulated Famennian–Tournaisian
sources (Spaak et al., 2020). Hydrocarbons generated from
other source intervals include the Frasnian–Famennian
Gogo Formation, the Viséan Anderson Formation and
the Ordovician Bongabinni and Goldwyer Formations;

The Kulshill Group in the Bonaparte Basin contains
glacial facies, similar to those in the Grant Group in the
Canning Basin, but appears to span the D. birkheadensis to
P. confluens Zones based on the most recent palynological
reviews by Foster (1986) and Purcell (1995). Whereas
these have been incorporated into Carboniferous and
Lower Permian stratigraphic revisions by Gorter et al.
(2005; 2008), it is uncertain if the intervening zones, as
identified herein, are present in that basin. In particular,
Microbaculispora tentula was recorded in several
samples allocated to the D. birkheadensis Zone, a range
inconsistent with the current biostratigraphy for the
32

0

1

Ro (%)

2

3

Ro (%)

b)

0.0
0

500

500

1000

1000

1500

1500

2000

2000

2500

2500

3000

3000

3500

3500

4000

4000

oil window

Depth (m)

a)

0

Mid-Carboniferous – Lower Permian palynology and stratigraphy, Canning Basin

4500

5000

Grant Group

4500

5000
Reeves Formation

0.5

1.0

1.5

Blackstone 1

older

AJM1147

2.0

2.5

3.5

3.0

oil window

GSWA Report 207

Kilang Kilang 1

Booran 1

Lake Betty 1

Curringa 1

Meda 1

East Yeeda 1

Moogana 1

Fitzroy River 1

Point Moody 1

Fraser River 1

Philydrum 1

Grant Range 1

Puratte 1

Hakea 1

St George Range 1

Jones Range 1

Terrace 1

Jum Jum 1

Yulleroo 1
08/12/20

Figure 15. Vitrinite reflectance vs depth: a) by formation; b) by well

33

Backhouse and Mory
Tmax
440

460

Tmax
480

500

520

b)

400
0

420

440

500

1000

1000

1500

1500

2000

2000

2500

2500

3000

3000

3500

3500

4000

460

480

500

520

oil window

500

Depth (m)

420

oil window

a)

400
0

4000
Kilang Kilang 1

Liveringa Group

Grant Group

Blackstone 1

Noonkanbah Formation

Reeves Formation

Booran 1

Lake Betty 1

Poole Sandstone

older

Curringa 1

Meda 1

East Yeeda 1

Moogana 1

Fitzroy River 1

Point Moody 1

Fraser River 1

Philydrum 1

Grant Range 1

Puratte 1

Hakea 1

St George Range 1

Jones Range 1

Terrace 1

Jum Jum 1

Yulleroo 1

AJM1148

08/12/20

Figure 16. Tmax data vs depth: a) by formation; b) by well

Southern Carnarvon Basin

Canning Basin (Fig. 4). Furthermore, the presence of
the D. birkheadensis Zone in glacial facies is at odds
with its association with apparently pre-glacial facies in
the Canning Basin and the regional mid-Pennsylvanian
break in the Canning, Carnarvon and northern Perth
Basins (Fig. 5). Foster (1986) noted the unsatisfactory
definition of the D. birkheadensis Zone, and by default
that it accommodates palynofloras between the S. ybertii
and P. confluens Zones. He also noted that it could be
equivalent to the Potonieisporites Microflora and Stage 1,
as originally defined by Helby (1969) and Evans (1969),
respectively. The identification of intervals representing
the D. birkheadensis to M. tentula Zones, as defined herein,
will require detailed re-examination of suitable samples
from wells in this basin.

In their revision of the Permian palynostratigraphy of this
basin, Mory and Backhouse (1997) identified Stage 2
and the P. confluens Zone from the Lyons Group based
on GSWA paleontology reports for several wells. Of the
12 wells yielding the P. confluens Zone, only two (BMR
Glenburgh 8, Quail 1) also provide questionable evidence
of Stage 2 assemblages in which Microbaculispora tentula
is notably absent. Nevertheless, there are good examples
of the P. confluens and M. tentula Zones from waterbore
samples within the outcrop belt of the Lyons Group in
the Merlinleigh Sub-basins (Backhouse, 2002) and a
tentative identification of the V. arcuatus Zone from a
mineral exploration core (Backhouse, 2018a). Whereas
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New South Wales

these shallow bores show no evidence for the G. maculosa
– D. birkheadensis Zones, farther west the G. maculosa
Zone is present in the Quail Formation in petroleum wells
from Quail 1 to as far north as Kybra 1 (Playford and
Mory, 2017; Backhouse, 2018b). Both the S. ybertii and
D. birkheadensis Zones appear to be missing in this basin
(Fig. 5). Unlike the Grant Group in the Canning Basin, the
equivalent Lyons Group in this basin contains numerous
macrofossil localities, most of which are listed in Condon
(1967); however, none are particularly age diagnostic.

Glacial deposition in the southern New England Orogen
spans the Serpukhovian–Capitanian (~327–260 Ma; Roberts
et al., 1995b; Roberts et al., 2003; Roberts et al., 2004,
2006; Glen, 2005; Birgenheier et al., 2009). Eight glacial
phases, four in the late Mississippian – Pennsylvanian
(C1– C4) and four in the Permian (P1–P5) have been
identified by Fielding et al. (2008b; 2008c). At present, age
control for eastern Australia Viséan–Asselian successions
is mostly provided by SHRIMP U–Pb zircon dates from
interbedded volcaniclastic intervals (e.g. Roberts et al.,
1995a, fig. 13; Roberts et al., 2006, fig. 10).

Perth Basin

Carboniferous glacial facies in New South Wales are
dispersed within dominantly volcaniclastic successions
derived from a western volcanic arc into an eastern forearc
basin (Craddock et al., 2019). The correlation potential of
the glacial intervals is unlikely to extend beyond eastern
Australia given they are probably alpine in origin (Rosa
and Isbell, 2020). The little palynology available from the
Carboniferous indicates a late Viséan – Serpukhovian age
for glacial strata near the northern end of the Sydney Basin
(Playford and Mory, 2017; Playford, 2019). Few details
are available of the scarce palynological determinations
above the G. maculosa Zone, possibly because they are
from surface samples and impoverished due to weathering.
A series of core samples from a borehole in the Upper
Carboniferous to Permian within the Cranky Corner
Basin, New South Wales, yielded poorly preserved
assemblages including an interval with the P. confluens
Zone overlying older strata assigned to Price’s (1997) APP 1
biozone (Balme and Foster, 2003; Archbold et al., 2004).
Unfortunately, the few zonal determinations at this level in
eastern Australia are such that it is unclear if the published
zircon dates are correct or even if they are in stratigraphic
order. Nevertheless, Roberts et al. (1995a, fig. 13) depict
a mid-Westphalian–Stephanian [Moscovian–Gzhelian]
hiatus in deposition in New South Wales whereas their and
subsequent SHRIMP dates (Roberts et al., 2003; Roberts
et al., 2004, 2006) seemingly constrain this break to the
Stephanian [Kasimovian–Gzhelian]. Haig et al. (2017)
suggest confusing Permian correlations in eastern Australia
require CA-IDTIMS dating to be resolved, a point that
seemingly applies equally well to the upper Carboniferous.

Playford (2015) described a G. maculosa assemblage from
a single shallow sample from borehole BHP CL5 in the
Irwin Terrace on the eastern margin of the northern Perth
Basin. Four core samples from borehole CRAE YCH 2,
77 km northwest in the Coolcalalaya Sub-basin, yielded
assemblages from the same zone (Playford and Mory,
2017). There is little other palynological information
from this sub-basin. In the Irwin Terrace, Segroves
(1969, 1970) found Cycadopites cymbatus through the
glacigene Nangetty Formation, below the first appearance
of Pseudoreticulatispora pseudoreticulata high in the
Holmwood Shale.
The Stockton Formation of the Collie Sub-basin (formerly
the Collie Basin), a southern outlier of the Perth Basin,
directly overlies Archean basement as a small fault-bound
basin 25–52 km east of the main part of the basin. Below
the upper part of the formation are glacigene facies with
sporadic diamictite beds. Palynologically, the upper
part was placed in the P. confluens Zone and the less
palyniferous lower part was assigned to Stage 2 (Fig. 3),
based on the absence of Pseudoreticulatispora confluens
(Backhouse, 1991, 1993); however, as noted herein,
this species is rare over much of its range. Cycadopites
cymbatus, which is common in the P. confluens Zone, is
typical of Stage 2 assemblages in the Collie Sub-basin,
thereby placing all the Stockton Formation within the
P. confluens Zone. In the main part of the southern Perth
Basin, the lowest Permian succession is closely similar
to that at Collie and the glacigene Mosswood Formation
(Le Blanc Smith and Kristensen, 1998) is the lateral
equivalent of the Stockton Formation in both age and facies.

Other parts of Gondwana

Queensland

Palynofloras that resemble the G. maculosa Zone
have been described from many areas of Gondwana,
particularly South America. Correlatives of the S. ybertii
Zone are less well known, but there are some possible
examples. No previously described palynofloras can be
correlated definitively with the D. birkheadensis Zone.
Palynological assemblages that resemble the Grant Group
zones, especially the P. confluens Zone, are widespread
across all Gondwanan continents (Stephenson, 2009).
Deposits that correlate with this zone therefore represent
the most widespread depositional event across Gondwana.
A selection of Gondwanan correlations to Canning Basin
biostratigraphic units are detailed below. It is unfortunate
that high-resolution international correlation with parts
of South America are not currently possible given that
those successions increasingly provide high-resolution
zircon dates.

An exact correlation of Oppel-zones A to E erected
by Jones and Truswell (1992) in the Galilee Basin of
Queensland with the current zonation is not possible with
the available data (Fig. 3). However, Oppel-zone D may
correlate with the V. arcuatus Zone based on the abundance
of monosaccate pollen and the FAD of Asperispora
reticulatispinosus (here considered to be conspecific
with Cristatisporites pseudozonatus) at the base of
Oppel-zone D, and the FAD of Horriditriletes ramosus
and Microbaculispora tentula near the top of this unit.
Oppel-zone E therefore correlates approximately with the
M. tentula and P. confluens Zones. The lower Oppel-zones
A to C may correlate in part with the D. birkheadensis to
S. ybertii Zone interval, but the presence of monosaccate
pollen at the base of Oppel-zone A precludes an age older
than the S. ybertii Zone.
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Brazil

Argentina

Melo and Loboziak (2003) presented a detailed zonation
for the Devonian and Lower Carboniferous of the
Amazonas (Amazon) Basin of northern Brazil. There
is a clear correlation between their Cordylosporites
(Reticulatisporites) magnidictyus Interval Zone (typically
abbreviated to Mag in many papers) in the Faro Formation,
to which they assigned a late Viséan age, and the
G. maculosa Zone. Playford and Melo (2012) and
Melo and Playford (2012) comprehensively described
Mississippian spore assemblages from the Amazonas
Basin. A similar biostratigraphic interval is present in
the Poti Formation of the Parnaíba Basin in northeastern
Brazil (Melo and Loboziak, 2000). Most taxa are described
and, importantly, previous records are comprehensively
documented in these and numerous other publications on
South American basins. Playford (2015) provides a further
summary of South American records of palynofloras that
approximately correspond to the G. maculosa Zone. Many
taxa covered in those papers are also recorded here from
the Reeves Formation.

Playford and Dino (2002) describe a series of samples
from the Ordóñez borehole in the Chaco-Paraná Basin,
northeastern Argentina that intersected sandstone, shale
and diamictite in the lower part. The few productive
samples from the Victoriano Rodriguez Formation
appear to be consistent with the P. confluens Zone of
this Report, with Pseudoreticulatispora confluens and
possibly Vallatisporites arcuatus recorded. However, the
key assemblage from 2402 m in the borehole contains
Laevigatosporites vulgaris and more diverse taeniate pollen
than is typical in the P. confluens Zone. Correlations across
South America by Gutiérrez and Balarino (2019, fig. 7)
incorporate existing zircon dates, of which only those
from the ‘western basins’ are of high resolution (probably
CA-IDTIMS but not specified as such). Although there is
an apparent gap of 296–310 Ma (earliest Asselian – midMoscovian) in those dates, it is unclear if it correlates with
the Grant Group – Reeves Formation break, or if their
sections of the Victoriano Rodriguez Formation are coeval
with those studied by Playford and Dino (2002).

In the Amazonas Basin, late Viséan palynofloras
are overlain by the Westphalian [Late Bashkirian to
Moscovian] Spelaeotriletes triangulus Assemblage zone
(Melo and Loboziak, 2003), with a significant missing
interval between. Playford and Dino (2000a,b, 2002) have
described this assemblage from the Tapajós Group in the
Amazonas Basin in detail. The palynofloras are different
from those of the Grant Group but similar enough to
indicate that the lower part of this group, including the
Nova Olinda, Itaituba and Monte Alegro Formations, is an
approximate correlative of the Grant Group rather than the
Reeves Formation. Although Namurian to Early Permian
ages are suggested for the three formations, based on
conodonts, foraminifera and spore-pollen, none appear to
be robust.

LA-ICPMS zircon dates from the Itararé Subgroup in
the Paganzo Basin (Valdez Buso et al., 2020) are similar
to Bashkirian–Moscovian ages from Rastrickia densa –
Convolutispora muriornata (DM) and Anapiculatisporites
concinnus (Ac) Zones in the Chaco-Paraná Basin
(Gutiérrez and Balarino, 2019). However, the DM Zone
appears to be equivalent to the Kasimovian?–Asselian
V. arcuatus – P. confluens Zones based on the ranges of
species apparently in common with those in the Canning
Basin. Clearly, further work is required to resolve these
inconsistencies. By comparison, the 336.0 ± 0.06 Ma
CA-IDTIMS and 326 ± 3 Ma LA-ICPMS dates from
the Reticulatisporites magnidictyus – Verrucosisporites
quasigobbetti Zone in South America (Valdez Buso
et al., 2020) are close to SHRIMP ages associated with
the correlative G. maculosa Zone in Australia (Roberts
et al., 1995b; Playford and Mory, 2017). Other difficulties
in Argentina are the distances between, and possible
miscorrelations of, sections with CA-IDTIMS dates and
those with palynological determinations (e.g. compare
Gulbranson et al., 2010 with Césari and Perez Loinaze,
2020), and contradictory species ranges compared to the
Canning Basin, possibly due to a combination of facies
control, reworking and preservation issues.

Dino and Playford (2002) describe an assemblage from
three samples in the Piauí Formation in the Parnaíba
Basin of northeastern Brazil. This assemblage contains
taeniate pollen including Meristocorpus explicatus,
together with Horriditriletes spp., Vallatisporites arcuatus,
numerous monosaccate pollen and Granulatisporites
austroamericanus Archangelsky and Gamerro 1979,
which compares closely with Microbaculispora tentula.
This assemblage therefore correlates approximately
with the M. tentula Zone of this Report. By correlation
with the upper Itaituba Formation, Tapajós Group of the
Amazonas Basin, Dino and Playford (2002) suggested a
late Westphalian [Moscovian] age.

North Africa
Loboziak et al. (1986) erected Aratrisporites saharaensis
for monolete camerate spores that had been previously
assigned to various species of Grandispora and
Spelaeotriletes. They illustrated several specimens
from boreholes in Libya and Algeria. Assemblages
with A. saharaensis may be regional correlatives of
the G. maculosa and S. ybertii Zones of the Canning
Basin because of the similarity of A. saharaensis to
Spelaeotriletes ybertii. A. saharaensis has been recorded
in the G. maculosa Zone of Australia (Playford and Mory,
2017; Playford, 2019). Playford et al. (2008) described an
assemblage from the Mississippian Sarhlef Series of the
Jebilet Massif, Morocco that has notable similarities with
the G. maculosa Zone of the Canning Basin.

Holz et al. (2008), in a sequence stratigraphic study
of the Itararé Subgroup of the Paraná Basin in Brazil,
demonstrate at least nine major cycles of ice advance
in a glacial succession with two sequence boundaries
within the supersequence Gondwana I. This interval is an
approximate correlative of the Grant Group. In another
study of the Itararé Subgroup, Souza (2006) showed
Pseudoreticulatispora (as Converrucosisporites) confluens
with a FAD at the base of the Protohaploxypinus goraiensis
Subzone, the base of which he placed at the start of the
Asselian. This suggests the Ahrenisporites cristatus and
Crucisaccites monoletus Interval Zones of the Paraná
Basin are approximately Kasimovian to Gzhelian, though
Souza et al. (2015) indicate a modified age range of late
Moscovian to Gzhelian.
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Southern Africa

here. Pseudoreticulatispora confluens is not recorded in all
samples but Cycadopites cymbatus ranges through nearly
all intervals in the well. All aspects of the assemblages are
consistent with the P. confluens Zone.

A good example of the P. confluens Zone in southern
Africa is the Converrucosisporites (Pseudoreticulatispora)
confluens Oppel biozone identified by Stephenson (2009)
from the Ganigobis Shale Member of the Dwyka Group in
Namibia. The samples contain Microbaculispora tentula,
Horriditriletes tereteangulatus, Pseudoreticulatispora
(as Converrucosisporites) confluens, Vallatisporites
arcuatus and Deusilites tenuistriatus (as Deusilites
tentus). This suggests a correlation with the lower part
of the P. confluens Zone in the Canning Basin, though a
larger study is needed to confirm the comparative species
distributions.

Stephenson et al. (2017) also examined samples from a
fully cored water borehole, KH-5/1, in western Iraq. The
samples range from Raha Formation below to the Ga’ara
Formation above with a significant hiatus between, picked
at 670 m, that they suggest is the Hercynian unconformity.
There is no compelling correlation to the succession in
the Canning Basin, but limited evidence suggests the
interval above the hiatus, where some samples contain
Protohaploxypinus limpidus, equates to the Grant Group,
whereas the interval below the hiatus possibly correlates
with the S. ybertii Zone.

Saudi Arabia, Iraq and Oman

Following Love (1994), Osterloff et al. (2004) described
a series of palynozones for the Al Khlata Formation in
Oman. However, the reasons for the mid-Moscovian–
Sakmarian age range ascribed to the unit by Osterloff et al.
(2004, fig. 2) are unclear. Penney et al. (2008) provided
further biostratigraphic details for these biozones for a
limited number of taxa and there is a possible correlation
with zones from the Grant Group. Depositional Sequence
Carboniferous 30 (DS C30; equivalent to Petroleum
Development Oman (PDO) Biozone 2159A and B) has low
diversity with abundant Punctatisporites spp., modestly
common monosaccate pollen and rarer Anapiculatisporites
concinnus, Aratrisporites saharaensis, Densosporites
rotundidentatus, Vallatisporites arcuatus, Velamisporites
cortaderensis (illustrated as Wilsonites australiensis in
Penney et al., 2008, plate 1, fig. 8) and Botryococcus. There
is therefore considerable similarity to the V. arcuatus Zone
of this Report. Depositional Sequence Carboniferous–
Permian (DS CP; = PDO Biozone 2165A and B) has
common Microbaculispora and some Horriditriletes
with common cingulicamerate spores (essentially
Cristatisporites spp. of this Report). There are some
differences but, in the abundance of Microbaculispora
and the absence of Cycadopites cymbatus, this biozone
is similar to the M. tentula Zone herein. Depositional
Sequence Permian 6-DS P6 (= PDO Biozone 2141A) has
the first appearance of C. cymbatus (more abundant in the
upper part, 2141B), Pseudoreticulatispora confluens and
an increase in bisaccate pollen up-section. This biozone
closely resembles the P. confluens Zone. Therefore, most
of the Reeves Formation and Grant Group zones are
potentially represented in the Arabian Peninsula, though
probably less well preserved.

Clayton (1995) described assemblages from core samples
possibly equivalent to the G. maculosa and S. ybertii
Zones from Ar’ar-1 and ST-8 in the northwest of Saudi
Arabia. All samples from Ar’ar-1 were assigned to the
Prolycospora rugulosa – Spelaeotriletes triangulus (RT)
Biozone dated as late Viséan to early Serpukhovian and is
considered here to be coeval with the G. maculosa Zone.
In ST-8 the lowest assemblages were assigned to the upper
RT Biozone. However, the two highest core samples, that
are otherwise similar to the lower samples, contain the
monosaccate pollen Plicatipollenites and Potonieisporites,
with Devonian reworking evident in one sample. They
were assigned to the Plicatipollenites malabarensis –
Cannannoropollis janakii (MJ) Biozone of northeast Libya,
considered to be early Serpukhovian. This sequence of
biozones is comparable to the situation in the Canning
Basin where monosaccate pollen grains first appear in the
S. ybertii Zone, which succeeds the G. maculosa Zone,
possibly conformably.
Owens et al. (2000) described similar assemblages from
wells in central Saudi Arabia. A series of closely spaced
samples from the well Haradh 601 yielded assemblages
that include Aratrisporites saharaensis, Auroraspora
solisorta, reworked Devonian spores and monosaccate
pollen. Listed as present, though not illustrated, is
Protohaploxypinus sp., a taeniate form that suggests the
interval may be more similar to the D. birkheadensis Zone
or a unit younger than the S. ybertii Zone, though the data
is insufficient to confirm this correlation. The organic
debris from this interval is noted as containing common
large wood and other organic debris, similar to the situation
in the D. birkheadensis Zone in Fraser River 1.
Owens and Turner (1995) described assemblages from nine
cuttings samples from ST-8 above the upper Viséan – lower
Serpukhovian strata in this well (Clayton, 1995). They
dated the samples as Late Carboniferous (Westphalian D)
and suggested equivalence with the Al Khlata Formation in
Oman. Three of these samples re-examined by Stephenson
et al. (2017) confirmed the presence of monosaccate and
bisaccate pollen, including taeniate forms. However,
the cuttings samples were heavily affected by caving.
Samples from the Unayzah Formation of Saudi Arabia
and the Al Khlata Formation of Iraq were examined by
Stephenson and Filatoff (2000) in the Jufarah-1 well in
central Saudi Arabia and two wells (Amal-6 and Amal- 9)
in Oman. They assigned all samples to the lower part of
Stage 2, consistent with the P. confluens Zone as used

Pakistan and India
The Tobra Formation is the diamictitic basal unit of
the Carboniferous–Permian Salt Range succession
in northeast Pakistan. Detailed palynological studies
(Jan and Stephenson, 2011; Stephenson et al., 2013;
Jan, 2014) presented range charts in which Horriditriletes
spp., Microbaculispora tentula and Vallatisporites
arcuatus range through the formation, but Cycadopites
cymbatus is restricted to the upper part in some sections.
Stephenson et al. (2013) correlated the Tobra Formation
with the PDO Biozones 2141B to 2165A of Oman. This
succession appears to correlate with the M. tentula and
P. confluens Zones.
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Antarctica

with low palynological yields and poor preservation —
the zonation allows relatively consistent broad-scale
correlation between wells. Irregularities in the vertical
extent of the three zones in the Reeves Formation (Fig. 6;
Plates 1–3, 4) could be due to local channel- or valley-fill
facies cutting through the background succession. By
comparison, correlations based on the three zones within
the Grant Group (Fig. 7; Plates 2–9) point to a more
consistent correlation despite evidence for local channeling
(Figs 9, 11).

Among other records from Antarctica, Lindström (1995)
describes an assemblage from a locality in Dronning Maud
Land correctly identified as P. confluens Zone.

Summary
The study encompasses the palynostratigraphy and
lithostratigraphy of the largely non-marine Reeves
Formation and Grant Group within the northern Canning
Basin. These units do not provide independent evidence of
the age of the contained spore-pollen zonation apart from
their stratigraphic position between well-dated marine
faunas within enclosing strata of the Viséan Anderson
Formation and the Sakmarian Poole Sandstone. The
spore-pollen zones between the formations encompass
the Grandispora maculosa, Spelaeotriletes ybertii, and
Diatomozonotriletes birkheadensis Zones within the
Reeves Formation, and the Vallatisporites arcuatus,
Microbaculispora tentula and Pseudoreticulatispora
confluens Zones within the Grant Group (in ascending
order). Refinement of the existing spore-pollen zonation
incorporates the establishment of a new zone, named after
Vallatisporites arcuatus, between the D. birkheadensis
and M. tentula Zones, and the absorption of the Deusilites
tenuistriatus Zone of Apak and Backhouse (1998) mainly
into the M. tentula Zone. Most spores encountered are
pteridophytes, which include the ferns (Pterophyta) and
fern allies (Psilophyta, Lycopodophyta and Sphenophyta),
but there may be some bryophytes (mosses) in the
assemblages.

Although spore-pollen associations provide little insight
into the climate during deposition of the Reeves Formation
and Grant Group, core and outcrop of the latter contain
abundant features best explained by glacial and fluvial
processes. By comparison, the Reeves Formation lacks
unambiguous glacial features — thin diamictite beds in
Fraser River 1 and Grant Range 1 cores are not definitively
glacial in origin as there are no other sedimentary
structures or facies to support such an interpretation.
Nevertheless, this may be a function of the small selection
of core cut (115 m) in this unit compared to over 7000 m
for the Grant Group across the basin.
Correlations based on spore-pollen zones indicate
significant onlap of the Grant Group onto the Reeves
Formation and older units along the margin of the basin.
As there is little change in thermal maturity across this
disconformity, it probably represents non-deposition
rather than substantial erosion. Although uncertain, the
mid- to late-Pennsylvanian hiatus in the central part of
the Fitzroy Trough seemingly corresponds to the zenith of
ice development across the State that preceded deglacial
sedimentation. Along the southeastern Broome Platform,
alternating thin (<300 m) and thick (>800 m) well sections
of the Grant Group directly overlying Ordovician strata
have an inverse relationship with underlying thick vs absent
Ordovician salt. In this region, thicker glacial deposits
appear to have infilled areas between local salt-generated
highs that directed Early Permian paleovalleys northwards
into the Fitzroy Trough – Gregory Sub-basin depocentre.
By comparison, equivalent paleovalleys mapped from
seismic surveys over the Lennard Shelf flowed southwards
towards the Fitzroy Trough within which thick sandstone
intervals, interpreted as amalgamated valley- or channel-fill
facies, directed sediment north-northwest along the axis of
the trough.

Minor marine influences within the upper Viséan to
Asselian succession in the basin provide little insight to
its age, and volcanic facies such as tuffs remain poorly
documented. To date, the only age calibration for the
spore-pollen zonation comes from associated volcanic
units in eastern Australia and the Bonaparte Basin, a
small conodont fauna in the latter basin and regional
correlations to Timor-Leste. The G. maculosa Zone in
New South Wales is associated with volcanic facies
containing zircons imprecisely dated by SHRIMP as
mid-Viséan–Serpukhovian (Playford, 2015; Playford and
Mory, 2017; Playford, 2019). In the Bonaparte Basin, an
early Bashkirian conodont fauna is loosely associated with
the S. ybertii Zone (Nicoll, 2004; Gorter et al., 2005). On
climatic and sedimentological grounds, latest Gzhelian
warm-water facies in Timor-Leste (Davydov et al., 2014)
appear to equate with the onset of deglacial facies of the
Grant Group; however, this constraint may represent a
minimum age given older strata have yet to be identified
on Timor-Leste (Davydov et al. 2014; Haig et al., 2014).
Zircon dates near the P. confluens – P. pseudoreticulata
Zone boundary in the Galilee Basin in Queensland
(Phillips et al., 2018) and similar preliminary dates from
the Bonaparte (Jim Crowell, written comm., 2019) place
the end of significant glacial facies within the late Asselian
in Western Australia.

Several uncertainties not only hinder detailed correlations
but also impede sequence stratigraphic interpretations.
These ambiguities are inherent in the palynozonation,
wireline-log responses (especially for discriminating if
high-gamma responses are due to mudstone or high-K
lithic grains), caving (masking the true vertical position of
cuttings), lithological variability (including thick channel
deposits) and the large distance between many wells
(particularly along the Fitzroy Trough – Gregory Subbasin). The time spans of the Reeves Formation (~16 Ma)
and Grant Group (~8 Ma) correspond to second- and
third-order cycles, respectively. Although such cycles
probably relate to tectonic episodes, the relatively thin
(up to 715 m) extent of the Viséan–Bashkirian succession
is at odds with its apparent duration. However, its limited
distribution points to local phases of intracratonic sag
along the Fitzroy Trough that may incorporate periods of
non-deposition and erosion. By comparison, the succeeding
Kasimovian?–Asselian succession is up to 2 km thick

Environmental influences on the spore-pollen zonation
cannot be discounted entirely (e.g. Mory et al., 2017)
thereby introducing a degree of uncertainty as to their
utility for correlation. Nevertheless, disregarding some
minor irregularities — mostly a function of samples
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in the central Fitzroy Trough and 1.5 km at the southern
end of the Gregory Sub-basin, pointing to renewed local
downfaulting along the Fitzroy Trough extending southeast
into the Gregory Sub-basin. Elsewhere this succession is
widespread across the basin with thicknesses of 200–900 m
(Fig. 10b), indicative of a basin-wide sag phase due to farfield effects associated with an early phase of rifting along
the northwestern margin of the Australian Plate.

•

Thermal maturity data across the study area points to the
deeper intervals of the Reeves Formation, or Grant Group
where the former is missing, being within the oil window.
However, existing Rock-Eval data indicates the generating
potential for this succession is low. Even though there are
no regional mudstone facies extending beyond a single subbasin, there is potential for local reservoir–seal couplets to
trap hydrocarbons generated from deeper units, especially
from the Mississippian Anderson and Laurel Formations
along the Fitzroy Trough – Gregory Sub-basin.

We are indebted to Geoff Wood (Santos) for obligingly
reviewing the palynological portions of the manuscript
and Penny Wallace-Bell (Department of Water and
Environmental Regulation) for her comments on the main
text. Discussions over the course of the project with Robyn
Purcell, Daniel Peyrot, David Haig, Geoff Playford and
Bob Nicoll were greatly appreciated. Richard Howe is
thanked for his help with StrataBugs.
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PhD thesis (unpublished).
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Introduction

Simple, trilete, unsculptured
spores

In this study, taxa are arranged in broad groups or, in a
few cases, into spore complexes in the sense of Price and
Filatoff (1990), rather than using traditional taxonomic
divisions. Whereas some spore groups include published
taxa differentiated on relatively trivial morphologic
grounds, this unnecessarily complicates the taxonomy
and introduces a level of taxonomic resolution that is
difficult to sustain, generally with little biostratigraphic
benefit. In a few cases where numerous taxa have been
erected based on variations in sculpture (e.g. species of
Verrucosisporites), they are placed in a spore complex.
Where variations in one feature appear to have no
biostratigraphic utility all morphons have been included
under one species name. Wherever practical, the earliest
described and well-illustrated species name is used. In
the case of spores, most, but not all, Punctatisporites–
Retusotriletes and Cristatisporites–Indotriradites types
are identified as Punctatisporites spp. and Cristatisporites
spp., respectively. The more distinctive members of these
spore complexes are illustrated if they are considered to
have biostratigraphic significance.

Genus Punctatisporites Ibrahim
emend. Potonié and Kremp 1954
Type species: Punctatisporites punctatus (Ibrahim)
Ibrahim 1933
Punctatisporites giganteus Neves 1961
Plate 5.1 Figures 11, 12
Remarks
A few large, subcircular, trilete spores over 150 µm in
diameter present in a few samples in the upper G. maculosa
and lower S. ybertii Zones may be regarded as relatively
small megaspores. The exine is c. 5 µm thick, psilate to
scabrate and the distinct laesurae extend 0.6 – 0.8 of the
distance to the equator. In size and morphology they are
close to P. giganteus as described by Neves (1961), though
the exine may be slightly thicker in some specimens. The
large size of these spores distinguishes them from other
Late Carboniferous species of Punctatisporites from the
Canning Basin. P. giganteus is recorded from the upper
Eumorphoceras goniatite stage (Arnsbergian, mid–late
Serpukhovian) in England (Neves, 1961), an age that is
seemingly slightly younger or coeval with that attributed
to the G. maculosa Zone in Australia (late Viséan – midSerpukhovian; Playford, 2015).

As this project progressed, it became apparent that very
similar palynomorphs have been given different taxonomic
names. This is partly due to work carried out in isolation in
countries that were once part of Gondwana. For example,
there are significantly different taxa names for some
virtually identical morphotypes, particularly in Australia
and South America where the majority of palynology
research on Gondwanan Upper Carboniferous successions
has been undertaken. The result is a somewhat confused
taxonomy hindered by spore lineages, such as those
identified by Price and Filatoff (1990), and morphologic
variation that can produce intermediate morphotypes
between spore species in the sense of van der Zwan (1979).

Punctatisporites sp. A

As this is not a taxonomic project in the classical sense,
no new species are formally erected, although several
possible new taxa were encountered. These and other
species for which no satisfactory taxonomic determination
can be made at present are assigned to an appropriate genus
and left in open nomenclature or assigned an informal
name (sp. A, B etc.). Taxa are arranged in a slightly
informal manner into broad categories of similar suprageneric morphotypes without a comprehensive, formal
taxonomic classification. Nevertheless, this arrangement is
broadly similar to traditional classifications, or groupings
employing morphological and lineal principles. In the
text, the first (lowest stratigraphic) appearance datum is
abbreviated to ‘FAD’ and the last (highest stratigraphic)
appearance datum is abbreviated to ‘LAD’. A listing of
genera and species from the Canning Basin, including
their taxon authorities, is provided in Appendix 6. Slides
with illustrated specimens are housed in the GSWA fossil
collection; their F numbers are provided in Appendix 11.

Plate 5.2 Figures 10–12
Remarks
The spore is trilete, acavate and invariably presented in
ventro-dorsal compression, with typically one minor, distal
fold. The amb is broadly subtriangular with distinctive,
irregular, broad indentations along the interradial margin.
At the amb, the exine is 3–4 µm thick, but may be thinner
over the proximal and distal faces where it may be finely
pitted — it is otherwise unsculptured. The laesurae are
long, simple and extend almost to the amb. The maximum
diameter of the few specimens found range from 64 to
83 µm. This distinctive spore is recorded in Jum Jum 1 at
2362 m, in the G. maculosa Zone.

Genus Retusotriletes Streel 1964
Type species: Retusotriletes simplex Naumova 1953
Retusotriletes nigritellus (Luber) Foster 1979
Plate 5.1 Figures 3, 4
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Remarks

Cavation is not evident in better preserved specimens
from the Canning Basin and it is suggested that any minor
separation of exinal layers is likely to be a preservational
feature. In this study the species is most common in the
S. ybertii and D. birkheadensis Zones, whereas it is rare in
the G. maculosa and V. arcuatus Zones.

R. nigritellus is a small form of Retusotriletes and
easily distinguished from larger forms here included in
Punctatisporites spp. in the range charts. Foster (1979)
provided a comprehensive description and extensive
synonymy. Backhouse (1991) assigned the species to
R. diversiformis (Balme and Hennelly) Balme and Playford
1967. It is rare in the M. tentula and P. confluens Zones, but
more common in younger zones.

Cheilocardioid spore complex
A series of spores described as the Cheilocardioid
Complex by Price and Filatoff (1990) unite several
Gondwanan species within a single lineage that implies
a phyletic relationship. Spores in this study that belong
in this lineage include Leiotriletes directus (described
below), Microbaculispora tentula, M. micronodosa,
Pseudoreticulatispora confluens, P. pseudoreticulata,
D i a t o m o z o n o t r i l e t e s t o w n ro w i i a n d p o s s i b l y
Procoronaspora spinosa. The lineage includes relatively
few species in the stratigraphic interval covered by this
report, i.e. the P. confluens Zone and older zones, whereas
its diversity increases considerably in Lower Permian strata
above the P. confluens Zone (Price and Filatoff, 1990).

Punctatisporites spp. and Retusotriletes spp.
Plate 5.1 Figures 1, 2, 5–10
Plate 5.2 Figures 1–9
Remarks
Large counts of simple, trilete, unsculptured, subspherical
spores that can be assigned to Punctatisporites,
Retusotriletes or Calamospora are recorded in every
sample from all intervals examined in detail. As
preservation is variable and many specimens are folded
or fragmented, few can be identified with confidence to
species level in counts. For biostratigraphic purposes,
most spores of this type are assigned to Punctatisporites
spp. in the range charts. The exceptions are the abnormally
large spore Punctatisporites giganteus, Punctatisporites
sp. A and Retusotriletes nigritellus. Spores counted as
Punctatisporites spp. in the range charts include specimens
consistent with P. lucidulus Playford and Helby 1968;
P. subtritus Playford and Helby 1968; various morphotypes
that can be placed broadly in Retusotriletes, including
Retusotriletes crassus Clayton in Clayton, Johnston,
Sevastopulo and Smith 1980; and some specimens that
may be assigned to Retusotriletes separatus Playford 2015
(Plate 5.2 Fig. 6). Others may belong in Calamospora.

Genus Leiotriletes (Naumova)
Potonié and Kremp 1954
Type species: Leiotriletes sphaerotriangulus (Loose)
Potonié and Kremp 1954
Leiotriletes directus Balme and Hennelly 1956
Plate 5.3 Figures 1, 2
Remarks

Specimens consistent with Punctatisporites gretensis
(e.g. Plate 5.2 Figs 7–9) are present in large numbers in
some samples from the V. arcuatus Zone and younger
zones. However, other species of Punctatisporites,
Calamospora and Retusotriletes are also present in this
interval and many examples cannot be conclusively
identified as P. gretensis. Therefore, P. gretensis is not
included as a separate taxon in the range charts.

Leiotriletes directus is an early representative of the
cheilocardioid complex, with other members of this
lineage described below. The species is indistinguishable
in size and shape from M. tentula and smaller specimens
of P. confluens, but bears no discernible sculpture. This
species is common above the P. confluens Zone. Whereas
Foster in Foster and Waterhouse (1988) recorded it in the
P. confluens Zone in Calytrix 1, it is here considered a
relatively rare form in that zone. Many apparently laevigate
specimens that could be assigned to L. directus bear fine
grana when observed under high magnification and are
therefore included in M. tentula.

Genus Apiculiretusispora Streel
emend. Streel 1967
Type species: Apiculiretusispora brandtii Streel 1964

Leiotriletes spp.

Apiculiretusispora arcuatus Jones and Truswell
1992

Plate 5.3 Figures 8, 9
Remarks

Plate 5.3 Figures 10–13

Spores broadly comparable to those included by Playford
(2015) in L. tumidus Butterworth and Williams 1958 are
present from the S. ybertii Zone to the lowest M. tentula
Zone. The present specimens lack exinal folds along the
laesurae, but are otherwise similar to this taxon. Other
specimens seem to bear faint, very low grana (Plate 5.3
Fig. 9). All spores of this general morphology are included

Remarks
The present material corresponds well with the description
and illustrations of A. arcuatus in Jones and Truswell
(1992). Playford (2015) introduced Apiculiretusispora tersa
for similar spores that lack separation of the exinal layers.
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Genus Pseudoreticulatispora Bharadwaj
and Srivastava 1969

here in open nomenclature and appear in the range charts
as Leiotriletes spp. They range from the G. maculosa
to M. tentula Zones and are not considered part of the
cheilocardioid spore complex.

Type species: Pseudoreticulatispora barakarensis
Bharadwaj and Srivastava 1969

Genus Microbaculispora Bharadwaj 1962

Pseudoreticulatispora confluens (Archangelsky
and Gamerro) Backhouse 1991

Type species: Microbaculispora gondwanensis Bharadwaj
1962

Plate 5.5 Figures 4–7

Microbaculispora tentula Tiwari 1965

Remarks

Plate 5.3 Figures 3–7
Plate 5.4 Figures 1–6

There is little doubt that P. confluens is a morphologic
development from M. tentula and that the two taxa
are early members of the cheilocardioid complex.
For this reason the species is retained in the genus
Pseudoreticulatispora, which contains Gondwanan
spores from this complex. This generic epithet is also
widely established in Western Australian company
petroleum reports. The FAD of P. confluens has been
used as a significant biostratigraphic marker for the
Pseudoreticulatispora (Granulatisporites) confluens Zone
since its introduction by Foster and Waterhouse (1988).
Specimens referred to P. confluens include those that
display even a few linked small verrucae or large grana,
though other elements may be discrete. In larger, better
developed, morphons with comprehensive development of
linked verrucae, a reduced sculpture of grana may extend
to the proximal area. However, as noted by Playford and
Dino (2002), the sculpture of linked grana or verrucae
never extends comprehensively over the proximal face. As
there is no effective size difference between morphotypes
of M. tentula with slightly larger grana and P. confluens,
high magnification is necessary to differentiate these
species. Unfortunately, P. confluens is rare in many samples
in the lower part of its range and detecting the FAD is
problematic in many wells. P. confluens may extend into
the P. pseudoreticulata Zone and has been noted in younger
strata in other studies of the west Australian Permian.

Remarks
In many Australian Early Permian assemblages M. tentula
is the most abundant spore and is often recorded in samples
that contain common radial monosaccate pollen grains. The
FAD of morphotypes consistent with M. tentula is within
the lower V. arcuatus Zone of this report where they are
rare and consequently not recorded in all samples. In this
zone they consist of small forms (c. 39 µm in diameter)
with low, irregular grana of slightly variable size and some
with angular bases. As there are no detailed studies on the
morphologic variation of M. tentula at various stratigraphic
levels, it is uncertain whether these morphons of M. tentula
are also present in younger samples.
A series of subtly different morphotypes are included
here in M. tentula. In the lower V. arcuatus Zone they are
associated with relatively common Anapiculatisporites
concinnus. For example, core 5 from St George Range 1
(samples listed as 742 m and 743.1 m in Appendix 3)
yielded specimens of M. tentula with dorsal grana of
irregular size, largest in the central dorsal region (e.g. Plate
5.4 Figs 4–6). In the same samples are examples of
A. concinnus (Plate 5.4 Figs 7, 9 and 10) with grana or very
low conical spines rather than the slightly longer spines
found on many examples of A. concinnus. It is possible that
A. concinnus, which is closely similar in size and shape, is
the phyletic antecedent of M. tentula and therefore part of
the cheilocardioid spore complex.

Pseudoreticulatispora pseudoreticulata (Balme
and Hennelly) Bharadwaj and Srivastava 1969

M. tentula becomes significantly more common at the
base of the eponymous zone. In progressively younger
strata many specimens show a slight increase in size and
bear slightly larger grana. It is possible there is a range of
morphons in this and succeeding zones.

Plate 5.5 Figures 8–11
Remarks
P. pseudoreticulata is significantly larger than P. confluens
and bears larger verrucae with almost comprehensive basal
connections on some specimens. Apart from rare forms
consistent with Converrucosisporites naumoviae (Hart)
Backhouse 1991, it is the first of the large cheilocardioid
spores to appear in west Australian successions. The FAD
of P. pseudoreticulata, which lies above, or is coeval
with the LAD of P. confluens, is a particularly robust
biostratigraphic datum marking the base of the eponymous
zone.

Microbaculispora micronodosa (Balme and
Hennelly) Anderson 1977
Plate 5.5 Figures 2, 3
Remarks
M. micronodosa bears slightly raised truncated or broadly
rounded baculae and is slightly larger than M. tentula. It is
rare in the upper P. confluens Zone, but more consistently
present in the P. pseudoreticulata Zone and above.

51

Backhouse and Mory

Cyclogranisporites–
Verrucosisporites complex

Remarks
C. firmus is the end member of the Cyclogranisporites–
Verrucosisporites complex with the finest sculptural
elements. It is more variable in size and exine thickness
than other members of the complex. The grana range
from 0.5 to 1.5 µm in basal diameter with a basal outline
that is slightly irregular. Grana are slightly larger on a
few specimens, suggesting morphologies transitional
to V. andersonii and V. aspratilis. Rarely, it is the most
common morphotype of the complex in some samples from
the V. arcuatus and M. tentula Zones.

The Cyclogranisporites–Verrucosisporites complex
spore lineage includes a series of spores that are similar
in general morphology and size. The only significant
difference between them is in the size, shape and density
of the granular to verrucate sculptural elements. In the
literature, spores of this morphologic group have been
assigned to several taxa. Differentiating this group into
discrete species is challenging because the sculpture
displayed by many specimens is intermediate in size
between various described species, a sentiment recently
elegantly expressed by Playford (2015, p. 741). Playford
and Mory (2017) also redescribed several of the species in
this spore complex from similar age strata in the northern
Perth and the Carnarvon Basins. In the present study, where
possible, all specimens are assigned to a limited number
of taxa that were originally well illustrated and described
from strata of similar age. However, there is a complete
range in the size of sculptural elements and the names
used here merely indicate in which part of the continuum
specimens can be placed. Some species names used by
Jones and Truswell (1992), Playford (2015) and Playford
and Mory (2017) are not used here in the range charts, but
similar morphotypes are included in one of the species
listed below.

Genus Verrucosisporites Ibrahim 1933
Type species: Verrucosisporites verrucosus (Ibrahim)
Ibrahim 1933
Verrucosisporites andersonii Backhouse 1988
Plate 5.6 Figures 3, 4
Remarks
In this species the discrete, low verrucae are small, closely
spaced and possess irregular, angular basal outlines due to
the close spacing. The verrucae have similar dimensions
on each specimen, though the verrucae may vary in basal
size between individual examples. Verrucae are lower with
smaller basal diameters than on specimens assigned to
V. aspratilis, but some size overlap is evident (e.g. Plate 5.6
Figs 3 and 8). Specimens with smaller sculptural elements
are transitional to C. firmus. There are a few morphotypes
consistent with V. andersonii below the V. arcuatus Zone.
V. andersonii is the youngest representative of this spore
complex and its range extends into Lower Permian strata.

Verrucosisporites quasigobbettii is considered as a
morphologic end member of this group, with the largest
sculptural elements. In decreasing size of sculptural
elements, the other taxa used are V. aspratilis, V. andersonii
and Cyclogranisporites firmus. An additional morphotype
is included here as Verrucosisporites sp. A (see below).
Some specimens are consistent with Verrucosisporites
gregatus Playford and Melo 2012 (Plate 5.7 Figs 9–11)
and Verrucosisporites basiliscutis Jones and Truswell
1992 (Plate 5.6 Fig. 12). Each sample tends to contain
a characteristic range of morphotypes. As a broad
trend, V. quasigobbettii is consistently recorded in the
G. maculosa and S. ybertii Zones, but is rare in the
D. birkheadensis Zone and more so in the V. arcuatus
Zone and above. Spores within the broad V. aspratilis
morphologic range are present consistently up to the
D. birkheadensis Zone, but are rare above this zone.
V. andersonii, which is morphologically close to some
specimens included here in V. aspratilis, is characteristic
of the Grant Group zones (V. arcuatus – P. confluens) and
in most samples it is the only species of Verrucosisporites
recorded. Whereas C. firmus ranges from the G. maculosa
Zone to the P. confluens Zone, but has a low sample
frequency in younger zones.

Verrucosisporites aspratilis Playford and Helby 1968
Plate 5.6 Figures 8–10
Remarks
For the purposes of this study, this species morphotype
includes some spores that Jones and Truswell (1992)
placed in V. basiliscutis. These authors suggested that
V. basiliscutis possesses more closely packed verrucae
than V. aspratilis. Whereas this is true for many specimens,
a complete range of sculptural spacing exists. The basal
diameter and height of the sculptural elements is a more
reliable distinguishing feature but, as noted above, there
are no robust morphologic subdivisions in this spore
complex and these two species are not distinguished in
the range charts. V. aspratilis is consistently present in the
G. maculosa to D. birkheadensis Zones and is rare in the
V. arcuatus Zone.

Genus Cyclogranisporites Potonié and
Kremp 1954
Type species: Cyclogranisporites leopoldii (Kremp)
Potonié and Kremp 1954
Cyclogranisporites firmus Jones and Truswell 1992
Plate 5.6 Figures 1, 2
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Verrucosisporites sp. A

Remarks
These subspherical spores are similar in size to
V. quasigobbettii, but with broad, mainly low verrucae
that are commonly basally connected, are assigned to
V. gregatus and are illustrated as this species. However,
these spores are rare and are included in V. quasigobbettii
in the counts and range charts.

Plate 5.6 Figures 5–7
Remarks
Several examples of this morphon are recorded in one
sample. They are medium-sized, trilete spores with a
circular amb and a diameter of 50–60 µm, an indistinct
trilete mark and an exine 1–2 µm thick. They bear a
comprehensive sculpture of small verrucae, grana and
some short irregular rugulae with irregular bases, 1–4 µm
in diameter and up to 3 µm in height, but mostly lower. The
sculptural elements are widely spaced, up to 8 µm apart.
This spore is sufficiently different to V. aspratilis and other
described species of Verrucosisporites in this study to be
treated as a distinct morphon. It is morphologically close
to Verrucosisporites aspratilis, although the sculptural
elements are more widely spaced and consistently
more irregular in shape than the normally similar sized,
rounded and closely spaced verrucae of this species.
Verrucosisporites sp. A is recorded from Jum Jum 1 at
2362 m and several samples from Fraser River 1, all in the
G. maculosa Zone. Specimens with widely spaced verrucae
illustrated as V. aspratilis by Playford and Melo (2012,
plate 3, figs 8, 9) resemble this morphon. It also resembles
V. souzai di Pasquo in di Pasquo and Iannuzzi 2014 from
the Upper Viséan of Brazil, though it is larger in overall
diameter.

Other verrucate spores
Several other spores that do not obviously belong in the
Cyclogranisporites–Verrucosisporites complex are also
assigned to the genus Verrucosisporites.
Verrucosisporites italiensis Playford and Helby 1968
Plate 5.8 Figures 7, 8
Remarks
V. italiensis is significantly larger and the amb is less
rigidly circular to subcircular than spores included here
in the Cyclogranisporites–Verrucosisporites complex.
The present specimens bear small, irregular, closely
spaced verrucae that are rarely connected. They are
morphologically close to the type from New South Wales.
The few whole examples available range in diameter from
94 to 130 µm, very close to the range indicated by Playford
and Helby (1968). The species is rare in the Canning Basin
from the G. maculosa Zone, with possible specimens in the
lower S. ybertii Zone.

Verrucosisporites quasigobbettii Jones and
Truswell 1992
Plate 5.6 Figures 11, 12
Plate 5.7 Figures 1–8

Verrucosisporites sp. cf. V. italiensis Playford and
Helby 1968

Remarks

Plate 5.8 Figure 9

All Verrucosisporites with a mixture of medium and
particularly large verrucae that are evenly or irregularly
spaced are included here in V. quasigobbettii. Thus,
numerous specimens with low, broad verrucae — otherwise
indistinguishable from those with higher, rounded verrucae
— are included (e.g. Plate 5.6 Figs 11, 12). There is clearly
a complete gradation in the size of the sculptural elements
between these morphons — as the size of sculpture
decreases, this gradation continues to V. aspratilis as
used in this report. Verrucosisporites sp. cf. V. gobbettii
of Playford and Helby (1968) is entirely consistent with
the range of morphology displayed by the spores included
here in V. quasigobbettii. Clearly this group of spores with
larger verrucae is capable of subdivision on the grounds of
differences in the size and shape of the verrucae. As noted
above, V. quasigobbettii is consistently recorded from
the G. maculosa to D. birkheadensis Zones and is rare in
younger zones.

Remarks
A few slightly smaller and more lightly coloured specimens
with smaller sculptural elements that otherwise resemble
V. italiensis are assigned to Verrucosisporites sp. cf.
V. italiensis. The sculpture of these examples is more
reminiscent of Convolutispora but includes verrucate
elements. They are recorded in the G. maculosa Zone.
Verrucosisporites sp. B
Plate 5.8 Figures 4–6
Remarks
This rare form of Verrucosisporites is subspherical,
consistently 70 µm or slightly more in overall diameter and
bears irregular, low, rounded verrucae typically less than
2 µm in height but may be up to 3 µm high. The verrucae
have subcircular bases, with basal diameters ranging from
2 µm to over 10 µm with some basally connected. This
spore is only recorded from 1039.1 m in Fraser River 1, a
sample placed at the top of the S. ybertii Zone.

Verrucosisporites gregatus Playford and Melo 2012
Plate 5.7 Figures 9–11
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Verrucosisporites sp. C

to B. leptoacaina. Jones and Truswell (1992) recorded a
range from their Oppel-zones B to E in the Galilee Basin.
In the Canning Basin, spores of this morphology range
from the G. maculosa Zone to the P. confluens Zone and
above.

Plate 5.8 Figures 1–3
Remarks
This is a large spore, 80–96 µm in diameter, excluding
extended sculptural elements, bearing robust, irregular,
rounded verrucae on the distal surface and most
prominently at the amb. The verrucae vary greatly in size
from inflated globular structures up to 15 µm high and
18 µm wide to small verrucae 3 µm or less in diameter
positioned between larger elements on the distal face.
Proximal sculpture is much reduced in size and consists of
grana near the proximal pole. The specimen illustrated as
Secarisporites sp. by Kemp et al. (1977, fig. N4) may be
this species. In this study it is rare and known mainly from
the G. maculosa Zone, with a possible upper limit in the
D. birkheadensis Zone.

Brevitriletes parmatus (Balme and Hennelly)
Backhouse 1991
Plate 5.9 Figures 7–10
Remarks
B. parmatus has the same basic structure as B. leptoacaina
and B. cornutus, but with a more distinctive trilete mark,
some with thickened lips, and laesurae that extend
almost to the amb commonly terminating in curvatura
imperfecta. On the distal face, broad, low, small, closely
spaced verrucae are surmounted by very fine spines.
Apiculatisporites pseudoheles Jones and Truswell 1992 is
regarded here as a junior synonym of B. parmatus. Jones
and Truswell (1992) recorded it in Oppel-zones D to E, a
similar range to that of B. parmatus in the Canning Basin,
from the V. arcuatus to P. confluens Zones, with rare
possible occurrences in the D. birkheadensis Zone.

Brevitriletes spore complex
The group of spores assigned to this genus are all of
similar size with similar distal sculptural elements. Some
specimens can be difficult to assign to species level as
differentiation depends on minor structural differences in
the distal and equatorial spines.

Other trilete azonate spores

Genus Brevitriletes Bharadwaj and
Srivastava 1969

Genus Granulatisporites (Ibrahim)
Potonié and Kremp 1954

Type species: Brevitriletes communis Bharadwaj and
Srivastava 1969

Type species: Granulatisporites granulatus Ibrahim 1933

Brevitriletes cornutus (Balme and Hennelly)
Backhouse 1991

Granulatisporites frustulentus Balme and Hassell
emend. Playford 1971

Plate 5.9 Figures 4–6

Plate 5.32 Figures 1–4

Remarks

Remarks

Spores of this genus with tapered truncated spines that are
commonly flared at the tips and with expanded bases are
assigned to B. cornutus. On average it is somewhat larger
than B. leptoacaina and bears more robust spines. It has a
range from the M. tentula to P. confluens Zones and above,
but is rare below the P. confluens Zone.

G. frustulentus has been extensively recorded from the
Australian Upper Devonian and Lower Carboniferous
strata. It is exceptionally abundant in the Lower
Carboniferous Anderson Formation, which lies
immediately below the Reeves Formation in most wells. In
this study it is a common to rare species through the Reeves
Formation (G. maculosa – D. birkheadensis Zones) and is
exceptionally common in the upper part of the S. ybertii
Zone in Grant Range 1. It is less common above the Reeves
Formation; its presence in many samples from the Grant
Group is assumed to represent reworking. Because other
Early Carboniferous and Late Devonian palynomorphs
are present in the Reeves Formation, it is suspected that
many specimens of G. frustulentus in this formation are
reworked. If so, the abundance of G. frustulentus in some
samples may indicate considerable reworking from the
Anderson Formation into the Reeves Formation. For this
report, it is assumed that G. frustulentus is present at
least partly as an in-situ spore from the G. maculosa to
D. birkheadensis Zones.

Brevitriletes leptoacaina Jones and Truswell 1992
Plate 5.9 Figures 1–3
Remarks
On examining the paratype material for Brevitriletes levis
Balme and Hennelly 1956, Jones and Truswell (1992)
established that the distal processes arise from conical
bases. This potentially puts them in the morphologic
range of B. parmatus and possibly B. cornutus. Therefore,
because B. levis is apparently a poorly constrained species,
all small, subspherical spores of this group with short,
narrow spines 2–3 µm long and reduced bases are assigned
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Genus Apiculatisporis Potonié and
Kremp 1956

Horriditriletes tereteangulatus (Balme and
Hennelly) Backhouse 1991

Type species: Apiculatisporis aculeatus (Ibrahim)
Potonié 1956

Plate 5.9 Figures 12–14
Remarks

Apiculatisporis variornatus di Pasquo, Azcuy and
Souza 2003

As noted by Stephenson (2004), this taxon is
predominantly spinose, although few specimens entirely
lack clavae, baculae and grana. Nevertheless, as indicated
above, this taxon is regarded as an end member of the
morphological range that extends to forms with more
diverse sculpture that are placed in H. ramosus. No other
species of Horriditriletes are recognized for the purposes
of this study, though several broadly similar species have
been described from other Gondwanan locations. For
all practical purposes, most of these can be considered
as variations on the basic form of H. tereteangulatus.
H. tereteangulatus and H. ramosus have FADs at the
base of the M. tentula Zone and are therefore important
accessory index species.

Plate 5.9 Figures 15, 16
Remarks
These small, trilete spores possess a subcircular to circular
amb and bear variable sculptural elements that range
from tapered spines to short baculate elements and some
clavae. Almost turreted baculate elements are among other
elements on the distal surface. Sculptural elements range
from 1 to 4 µm in height. The equatorial diameter ranges
from approximately 34 µm to 45 µm, excluding sculpture
(based on 5–6 specimens). In sculpture and size, this spore
closely resembles Horriditriletes ramosus and some more
coarsely sculptured examples of H. tereteangulatus, even
though it lacks the characteristic triangular amb of these
species. Apiculatisporis variornatus may be a precursor
to the Horriditriletes lineage of triangular spores known
from the M. tentula Zone through most of the Permian.
Apiculatisporis variornatus is recorded from the lower
part of the M. tentula Zone in Grant Range 1 and from
a similar, or slightly younger, stratigraphic level in
Drosera 1. Possible specimens are also known from the
V. arcuatus Zone. The South America examples from
the Itaré Subgroup in the Paraná Basin are dated as Late
Pennsylvanian, though without solid evidence (di Pasquo
et al., 2003; Souza, 2006).

Genus Lophotriletes (Naumova)
Potonié and Kremp 1954
Type species: Lophotriletes gibbosus (Ibrahim) Potonié
and Kremp 1955
Lophotriletes sp. A
Plate 5.10 Figures 8, 9
Remarks
Several morphotypes, all referable to Lophotriletes, possess
triangular ambs with broadly rounded to slightly angular
apices and straight to concave sides, distinct laesurae with
low lips and a diameter of 30–40 µm, excluding sculpture.
The exine bears a variety of elements including grana, low
cones, small verrucae and baculae of irregular size and
shape, up to 4 µm high and 3 µm basal diameter. On some
specimens, the slightly larger elements are concentrated
on the apices. Other morphotypes are close to W. polita
in the nature of the sculpture. Similar spores assigned to
various species of Lophotriletes are commonly from Upper
Carboniferous strata. The closest to the present specimens
may be middle Bashkirian – Moscovian (Westphalian)
spores assigned to Lophotriletes cf. gibbosus (Ibrahim)
Potonié and Kremp 1954 by Smith and Butterworth (1967).
In the absence of a preferred taxonomic assignment, the
Canning Basin examples are left in open nomenclature.
They range from the G. maculosa to D. birkheadensis
Zones in the Reeves Formation, but are never common.

Genus Horriditriletes Bharadwaj
and Salujha 1964
Type species: Horriditriletes curvibaculosus Bharadwaj
and Salujha 1964
Horriditriletes ramosus (Balme and Hennelly)
Bharadwaj and Salujha 1964
Plate 5.9 Figure 11
Remarks
This taxon includes simple, trilete, triangular spores
with rounded apices, typically concave or straight sides
and comprehensive sculpture of grana, spines, baculae
and clavae that are irregular in distribution and size.
By definition, H. tereteangulatus displays more regular
sculpture and lacks the more robust elements seen on
H. ramosus. Foster (1979) provides a detailed synonymy
and discussion of H. ramosus and similar spores,
which are regarded here as essentially Gondwanan.
Many forms intermediate between H. ramosus and
H. tereteangulatus are present, such that some specimens
cannot be readily assigned to one or the other species. Both
have a FAD at about the same stratigraphic level so that for
biostratigraphic purposes they are indistinguishable.
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Genus Waltzispora Staplin 1960

on the distal surface render this a readily recognized spore
even when poorly preserved, thereby making it an excellent
biostratigraphic marker species with a potentially useful
LAD.

Type species: Waltzispora lobophora (Waltz in Luber and
Waltz) Staplin 1960
Waltzispora polita (Hoffmeister, Staplin and Malloy)
Smith and Butterworth 1967

Anapiculatisporites amplus Playford and Powis 1979
Plate 5.10 Figure 10

Plate 5.10 Figures 1–7

Remarks

Remarks

A. amplus is here considered to be morphologically close
to Ahrenisporites cristatus from which it differs only
in the absence of cristate ridges. Playford and Powis
(1979) recorded it from the S. ybertii and G. maculosa
Assemblages in Fraser River 1 (cores 62–72), Blackstone 1
and St George Range 1. This is a rare species from the
G. maculosa and S. ybertii Zones, although in this study it
was not logged in several core intervals from which it was
recorded by Playford and Powis (1979).

Waltzispora polita is grouped with apiculate spores
despite the many laevigate specimens included in the
species. Some specimens undoubtedly possess minor
sculpture of small verrucae and grana. By comparison,
Lophotriletes sp. A is a more heavily sculptured species.
The present examples are 32–40 µm in diameter and many
display the concave interradial margins with an angular
break at the junction of the lateral and radial amb that is
characteristic of this species. The compression is generally
proximo-dorsal, but some examples are comprehensively
folded. This species is widely recorded from Gondwanan
Carboniferous strata equivalent in age to the Reeves
Formation and the lower part of the Grant Group (Dino
and Playford, 2002; Melo and Playford, 2012). An unusual
concentration of W. polita is present in Jum Jum 1 at
2316.9 m, and it is moderately common in a few other
samples, all in the G. maculosa Zone. Otherwise in the
Canning Basin W. polita is a fairly rare component of the
G. maculosa and lower S. ybertii Zones, with no confirmed
records in the D. birkheadensis Zone. It is not known with
certainty above the Reeves Formation.

Genus Dibolisporites Richardson
1965 emend. Playford 1976
Type species: Dibolisporites echinaceus (Eisenack)
Richardson 1965
Dibolisporites disfacies Jones and Truswell 1992
Plate 5.11 Figures 1–4
Remarks

Genus Anapiculatisporites Potonié
and Kremp 1954

The evenly sized, regularly spaced, spinose elements on the
distal face are a distinguishing feature in both D. disfacies
and D. sejunctus. Dibolisporites disfacies/sejunctus is
a useful biostratigraphic species that is easily identified
even in poorly preserved material. Jones and Truswell
(1992) provided an excellent description of the former and
indicated a range from Oppel-zones B to E in the Galilee
Basin. In this study few records are from the G. maculosa
Zone, whereas both D. disfacies and D. sejunctus are more
common in the S. ybertii and D. birkheadensis Zones, with
a LAD in the middle part of the P. confluens Zone. Recent
records in Western Australia are from the G. maculosa
Zone (Playford, 2015; Playford and Mory, 2017). The two
species appear to have the same biostratigraphic range.

Type species: Anapiculatisporites isselburgensis Potonié
and Kremp 1954
Anapiculatisporites concinnus Playford 1962
Plate 5.4 Figures 7–11
Remarks
There is some variation in the height of the distal coni,
which are short acicular cones on some specimens,
whereas examples from different samples have significantly
longer spines. No biostratigraphic significance has been
attached to this variation to date. The shape and size of
Apiculatisporites concinnus is similar to Microbaculispora
tentula and the regular spacing of the sculpture on the
central distal face suggest this is a potential progenitor of
M. tentula (see comments above). Stephenson (2004) and
Playford and Melo (2012) summarize previous records and
indicate a range from Viséan to Early Permian. In Western
Australia, there are recent records from the G. maculosa
Zone in the northern Perth Basin and the Carnarvon
Basin (Playford, 2015; Playford and Mory, 2017). In the
Canning Basin it is extremely rare in that zone, but is
characteristic of the S. ybertii to V. arcuatus Zones, rare
in the M. tentula Zone and has a LAD in the P. confluens
Zone. The consistent size and distinctive sculptural pattern

Dibolisporites sejunctus Playford (in Playford and
Mory 2017)
Plate 5.11 Figures 5–8
Remarks
Playford (in Playford and Mory, 2017) erected
Dibolisporites sejunctus to accommodate material
with extended spines that otherwise would be placed
in D. disfacies. Because such morphotypes were not
differentiated during this project, the range charts include
both forms under D. disfacies.
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Genus Claytonispora Playford and
Melo 2012

Dibolisporites lictor Foster and Helby 1988

Plate 5.11 Figures 9–11

Type species: Claytonispora distincta (Clayton) Playford
and Melo 2012

Remarks
Foster and Helby (1988) described this distinctive species
from the G. maculosa Zone of the Bonaparte Basin and
indicated that it extended into the S. ybertii Zone. It is
extremely rare in the Canning Basin, with most confirmed
records in the G. maculosa Zone and two in the S. ybertii
Zone.

Claytonispora distincta (Clayton) Playford and
Melo 2012
Plate 5.12 Figure 9
Remarks

Genus Tricidarisporites Sullivan
and Marshall 1966

Claytonispora distincta, previously widely recorded as
Dibolisporites distincta Clayton 1971, is a rare spore
with distinctive, long, biform spines. The few examples
identified here are from the G. maculosa Zone. Most
previous records are from Tournaisian to lower Viséan
sections and initially it was suspected that the present
specimens may be reworked from older strata, despite
excellent preservation. However, this species has recently
been found in strata of similar age in Western Australia
(Playford and Mory, 2017).

Type species: Tricidarisporites balteolus Sullivan and
Marshall 1966
Tricidarisporites gutii Césari and Limarino 2002
Plate 5.12 Figures 7, 8
Remarks

Genus Raistrickia Schopf, Wilson
and Bentall 1944 emend. Potonié
and Kremp 1954

The consistent small size and close spacing of the distal
and equatorial spines distinguish T. gutii from spores
with similar, but larger, sculptural elements, such as
Diatomozonotriletes birkheadensis. The conical spines are
up to 3 µm high and are reduced to grana on the proximal
surface, though this is not always apparent from the present
material. Although the length of the spines appears to
be consistent in interradial zones and near the centre of
the distal face, in other areas smaller elements may be
included among the larger spines. The diameter of the few
available specimens, excluding sculpture, is approximately
60–75 µm. It is recorded mainly from the D. birkheadensis
to M. tentula Zones with isolated examples from the
P. confluens Zone.

Type species: Raistrickia grovensis Schopf in Schopf,
Wilson and Bentall 1944
Raistrickia accincta Playford and Helby 1968
Plate 5.13 Figures 1–4
Remarks
R. accincta is another species originally described from the
G. maculosa Zone of northern New South Wales (Playford
and Helby, 1968). The present examples are close to the
holotype in size and the shape of the sculptural elements,
with an equatorial diameter, excluding sculpture, of
31–48 µm. R. accincta is recorded from the G. maculosa
Zone in the northern Perth Basin by Playford (2015) and
Playford and Mory (2017). In the Canning Basin it is a
rare species in the G. maculosa Zone and was found in one
sample from the S. ybertii Zone.

Genus Apiculatasporites
Ibrahim, 1933 emend. Smith and
Butterworth 1967
Type species: Apiculatasporites spinulistratus (Loose)
Ibrahim 1933
Apiculatasporites spiculatus Playford (in Playford
and Mory 2017)

Raistrickia corymbiata Playford (in Playford and
Mory 2017)

Plate 5.12 Figures 10–12

Plate 5.13 Figures 7, 8

Remarks
Spores with slender, short, conate spines identified in
this study are assigned to Apiculatasporites spiculatus as
described by Playford (in Playford and Mory, 2017). The
few measured specimens from the Canning Basin have
a diameter, excluding sculpture, of 75–79 µm, which is
consistent with the range indicated by Playford and Mory
(2017). It is mainly recorded in the G. maculosa Zone and
rarely in the S. ybertii Zone.

Remarks
As noted by Playford (in Playford and Mory, 2017),
the sculpture consists of pila or clavae with expanded,
rounded tips. In the present material, the pila are typically
at least 4–5 µm in height. The overall diameter, excluding
sculpture, is 52–77 µm. It is rare in this study and the
best specimens are from the G. maculosa Zone, in which
it is most common. The range is from the G. maculosa
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Genus Rattiganispora Playford and
Helby 1968

to D. birkheadensis Zones. All previous records of
R. corymbiata are from the G. maculosa Zone, or its
equivalent, in South America and Australia (Playford and
Mory, 2017).

Type species: Rattiganispora apiculata Playford and
Helby 1968

Raistrickia radiosa Playford and Helby 1968

Rattiganispora? minor (Anderson) Backhouse
1991

Remarks
Raistrickia radiosa is now restricted to spores bearing
rod-like bacula without expanded tips (Playford and
Mory, 2017). Though some specimens may have
been overlooked because this species initially was not
distinguished from spores now included in R. corymbiata,
the only unequivocal record is from the S. ybertii Zone in
Blackstone 1.

Plate 5.12 Figures 1, 2
Remarks
This extremely small spore was identified from the
P. confluens Zone of the Collie Sub-basin (an outlier of
the Perth Basin) and at a similar biostratigraphic level in
eastern Australia (Backhouse, 1991). In the Canning Basin
it is rare and only known from the P. confluens Zone and
the lowest part of the P. pseudoreticulata Zone.

Genus Convolutispora Hoffmeister
Staplin and Malloy 1955

Genus Secarisporites Neves 1961

Type species: Convolutispora florida Hoffmeister Staplin
and Malloy 1955

Type species: Secarisporites lobatus Neves 1961

Convolutispora muriornata Menéndez 1965
Remarks
Plate 5.15 Figures 8–10

Spores assignable to Secarisporites are present in many
samples from the Reeves Formation and placed in two
broadly comparable species. The larger form is assigned
to S. lobatus whereas the smaller is placed in S. remotus.

Remarks
This taxon incorporates a few subcircular, trilete spores
with a diameter of approximately 50 µm, and a dense,
comprehensive sculpture of medium to large rounded
verrucae and short rugulae. At the amb, the larger elements
are up to 4 µm high, smoothly rounded and up to 4–5 µm
in diameter. Smaller elements are interspersed with larger
elements on the distal surface and the proximal face bears
smaller elements. Similar specimens from the Raistrickia
densa – Convolutispora muriornata (DM) Assemblage
Biozone in Argentina have been assigned to Convolutispora
muriornata Menéndez 1965 by South American authors
(e.g. Césari and Gutiérrez, 2000; Limarino et al., 2014).
In the Canning Basin it is present in the lower M. tentula
Zone.

Secarisporites lobatus Neves 1961
Plate 5.14 Figures 5–10
Remarks
The spores are trilete, with a thin, subtriangular intexine
and an exoexine that extends into the broad ‘pseudoflange’
of Neves (1961). The amb is irregular and shaped by
large verrucate–lobate elements that extend up to 16 µm
beyond the spore body. On some specimens the lobes form
an almost continuous cingulum (Plate 5.14 Figs 6, 8).
The present examples display largely verrucate distal
sculpture and there may be rugulate sculpture on some.
The maximum diameter is 68–75 µm, comparable to the
size indicated for the type material. Neves (1961) described
this species from the Serpukhovian – middle Bashkirian
(Namurian A to Namurian C) of Britain. Secarisporites
lobatus is only recorded in three samples: Blackstone 1
at 1462.1 m, Hakea 1 at 1299 m and Puratte 1 at 2068 m.
These samples all contain well-preserved and diverse
palynomorphs, and are all in the S. ybertii Zone.

Convolutispora spp.
Plate 5.12 Figures 3–6
Remarks
Several forms of Convolutispora are recorded as rare
specimens, mainly in the G. maculosa Zone. These
specimens are not easily assigned to described taxa and it is
possible that some are reworked. One example (Plate 5.12
Fig 3) from Jum Jum 1 (at 2362 m) in the G. maculosa
Zone bears dense, small rugulae closely similar to the
sculpture of C. ampla Hoffmeister, Staplin and Molloy
1955 as illustrated by Playford and Melo (2012). However,
at approximately 100 µm diameter, this specimen is
significantly larger than C. ampla.

Secarisporites remotus Neves 1961
Plate 5.14 Figures 1–4
Remarks
The smaller of the two species of Secarisporites identified
is 39–46 µm in overall diameter and displays simple trilete
laesurae, consistent with the type description. The distal
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and equatorial surfaces bear closely spaced, subcircular to
elongate, consistently rounded verrucae up to 12 µm wide.
The amb is broadly subtriangular, with low, broad verrucae
protruding up to 6 µm on all sides. The central proximal
face lacks large sculptural elements. This species was
illustrated as Secarisporites sp. nov. by Kemp et al. (1977,
fig. 4, F, G). S. remotus is present in the Serpukhovian –
middle Bashkirian (late Viséan to late Namurian) of Europe
and eastern Canada (Barss et al., 1979; Neves, 1961; Turner
and Owens, 1993). In the Canning Basin the range is
G. maculosa to S. ybertii Zones.

reticulum. A reticulum covers the distal surface and most
of the proximal surface but not an area near the proximal
pole. The muri are thin, membranous and 10–20+ µm
high with even or, more commonly, deeply serrated crests.
At the base the muri may be up to 4–5 µm thick but they
thin immediately above to a thickness estimated to be no
more than 1–2 µm and <1 µm for most of their height,
though details are obscured by folding and distortion.
The diameter of the lumina is difficult to determine on
the available material due to the height and folding of
the reticulum, but may be up to 20 µm. The diameter
of most specimens is approximately 90 µm, excluding
sculpture, although one example is slightly larger. This is a
distinctive spore that compares in size and in the nature of
the reticulum with Cordylosporites glumaceous (Byvsheva)
Playford and Melo 2012, even though the reticulum
of Cordylosporites sp. A appears to be slightly higher,
less rigid and more diaphanous. It is entirely possible
that the few specimens recorded are large examples of
C. glumaceous reworked from older strata; however, the
excellent preservation, apparent restriction to a narrow
stratigraphic range and absence in older strata in the basin
suggest otherwise. The best material is from Jum Jum 1
(at 2362 m) near the top of the G. maculosa Zone. Other,
less well-preserved specimens are from West Kora 1
(at 1591.4 m) in the G. maculosa Zone and East Yeeda 1
(at 2291.1 m) at the base of the S. ybertii Zone.

Genus Foveosporites Balme 1957
Type species: Foveosporites canalis Balme 1957
Foveosporites pellucidus Playford and Helby 1968
Plate 5.13 Figures 5, 6
Remarks
Originally described from the G. maculosa Zone in New
South Wales by Playford and Helby (1968), F. pellucidus
was also identified from the G. maculosa Zone in the
northern Perth Basin by Playford (2015) and Playford
and Mory (2017). Elsewhere, it has a known distribution
in South America from the Viséan to the Pennsylvanian
(Playford and Melo, 2012). In the Canning Basin it is rare
with a range of G. maculosa to P. confluens Zones.

Genus Reticulatisporites Ibrahim
emend. Potonié and Kremp 1954
Type species: Reticulatisporites reticulatus (Ibrahim)
Ibrahim 1933

Genus Cordylosporites Playford
and Satterthwait 1985

Reticulatisporites magnidictyus Playford and
Helby 1968 emend. Playford 2017

Type species: Cordylosporites sepositus Playford and
Satterthwait 1985

Plate 5.15 Figures 1–4

Cordylosporites asperidictyus (Playford and Helby)
Dino and Playford 2002

Remarks
R. magnidictyus was recorded by Playford and Helby
(1968) and Playford (2019) from the G. maculosa Zone in
New South Wales. It is present in the G. maculosa Zone
of the northern Perth and Carnarvon Basins of Western
Australia (Playford, 2015; Playford and Mory, 2017), but
not in the Galilee Basin in Queensland according to Jones
and Truswell (1992). The range of this species defines the
Reticulatisporites magnidictyus [Mag] Range Zone in the
Amazonas Basin of Brazil (Melo and Playford, 2012). In
the Canning Basin, it is largely confined to the G. maculosa
Zone, although it is also a rare component at the base of the
S. ybertii Zone in Puratte 1, where it overlaps with the FAD
of P. novicus. Though R. magnidictyus is characteristic of
the G. maculosa Zone, it is not present in every sample and
is never common.

Plate 5.13 Figures 9, 10
Remarks
Cordylosporites asperidictyus was first described from
the G. maculosa Zone of New South Wales (Playford and
Helby, 1968), and Dino and Playford (2002) indicate a
distribution of Viséan to Kasimovian in South America. In
the Canning Basin, C. asperidictyus is recorded from the
G. maculosa to S. ybertii Zones.
Cordylosporites sp. A
Plate 5.15 Figures 5–7
Remarks
This large, trilete spore possesses a spherical amb and
distinct laesurae with raised lips that extend half way
to the amb on the only specimen on which they can be
observed. The exine is up to 4 µm thick, excluding the
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Basin is still uncertain. It is rare and some possible
specimens are insufficiently well preserved for unequivocal
identification. To date it is recorded from the P. confluens
Zone down to the G. maculosa Zone. Its presence high
in the P. confluens Zone may be due to reworking. The
range of the species is uncertain due to the presence of
rare spores with spines of similar size and shape though
apparently lacking the coronal row of larger spines. These
are included here in range charts as Didecitriletes spp., and
are comparable to the morphotype illustrated by Foster and
Waterhouse (1988) as Didecitriletes sp. cf. D. horridus
Venkatachala and Kar 1965. Some folded and poorly
preserved specimens are difficult to place with confidence
in either taxon.

Plate 5.15 Figures 11, 12
Remarks
A few trilete spores are recorded with robust, irregular
distal reticulate sculpture and similar proximal sculpture.
Reticulatisporites sp. A bears a reticulum perfectum with
rounded muri 2–4 µm wide at the base and up to 4 µm high
at the amb, and irregular lumina up to 5 µm diameter. The
equatorial diameter ranges from 45 to 55 µm. This spore is
recorded with Convolutispora muriornata, which is similar
in size but is muronate rather than reticulate. This species
was found only in core 14 from Grant Range 1 (at 918.4
and 920 m) near the base of the M. tentula Zone.

Diatomozonotriletes daedalus Playford and
Satterthwait 1986

Genus Ahrenisporites Potonié and
Kremp 1954

Plate 5.16 Figure 3

Type species: Ahrenisporites guerickei (Horst) Potonié
and Kremp 1954

Remarks
This is a very rare species in the G. maculosa Zone
of the Canning Basin with only one unequivocal
example recorded. It may be reworked from older strata,
but Playford (2015) found four specimens from the
G. maculosa Zone of the northern Perth Basin, which
indicates that it ranges up to this zone.

Ahrenisporites cristatus Playford and
Powis 1979
Plate 5.10 Figures 11–13
Remarks

Diatomozonotriletes townrowii Segroves 1970

The distinctive interradial distal ridges of A. cristatus
consist of rows of spines that merge at the base to form
spinose ridges. Rare specimens with reduced interradial
ridges are transitional to Anapiculatisporites amplus.
Nevertheless, all can be assigned unequivocally to one of
these two species. Playford and Powis (1979) recorded
A. cristatus from the S. ybertii and Potonieisporites
Assemblages of the Canning Basin, and Jones and Truswell
(1992) record it only from their Oppel-zone B in the
Galilee Basin. In this study it has a range from the S. ybertii
to the lower part of the P. confluens Zones, consistent with
the range indicated by Playford and Powis (1979). A recent
record from mineral borehole YCH-2 in the northern Perth
Basin (Playford and Mory, 2017) is from the G. maculosa
Zone — this is the only published example below the
S. ybertii Zone in Australia.

Plate 5.5 Figure 1
Remarks
Although never common, D. townrowii is an index species
for the base of the P. pseudoreticulata Zone and, along with
the first appearance of several other spores, marks a major
biostratigraphic boundary.

Cingulate–zonate spores
Cristatisporites‒Indotriradites
complex
Upper Carboniferous and Permian strata yield an extensive
range of zonate and distally spinose spores that are
principally accommodated in the genera Cristatisporites,
Indotriradites and Densosporites. It is beyond the scope
of this report to provide a detailed discussion on the
taxonomy of this plexus of zonate and cristate spores. Put
simply, there are zonate species of similar structure with
many specimens displaying morphology intermediate
between formally described species. Consequently, many
of these species can only be distinguished using arbitrary
criteria when the apparent range of intraspecific variation is
considered. This problem has been discussed previously by
Playford and Dino (2002), who noted the similarity of three
species of Cristatisporites introduced by Archangelsky and
Gamerro (1979), and suggested they could be treated as a
‘morpho-continuum’.

Genus Diatomozonotriletes
Naumova ex. Playford 1963
Type species: Diatomozonotriletes saetosus (Hacquebard
and Barss) Hughes and Playford 1961
Diatomozonotriletes birkheadensis Powis 1984
Plate 5.16 Figures 1, 2
Remarks
In a preliminary biostratigraphic account of the
Carboniferous in the Canning Basin, Powis (1984)
described and illustrated D. birkheadensis, although the
type material was sourced from the Galilee Basin of
Queensland. The full range of this taxon in the Canning
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In this report, species names are applied to some
morphologic end members that have limited ranges
and some of these species are treated separately in this
taxonomic discussion and in the range charts. These species
are: Cristatisporites mixtus, Cristatisporites pseudozonatus,
Densosporites dissonus (see below) and Indotriradites
splendens. Other specimens that cannot be readily
distinguished as one of the above species are included in
the range charts as Cristatisporites spp. They are illustrated
on Plates 5.18 to 21 with representative examples from
each zone or group of zones represented on each plate.
Two illustrated specimens are assigned to Indotriradites
kuttungensis (see below); however, because of the difficulty
in consistently distinguishing it from similar spores, it is
included in range charts as Cristatisporites spp. Similarly,
spores identified as Densosporites infacetus are also
included in the range charts under Cristatisporites spp.

They include forms with long spines extending from a
strongly irregular zona and terminating in rounded apices
(Plate 5.20 Figs 3, 10), but in many cases with a wider
zona than specimens from the S. ybertii Zone. Examples
with shorter, mostly rounded spines and minimal cavation
(Plate 5.20 Figs 4–6, 8, 9, 11, 12) are the dominant
morphotype. Some also display short spines with tapered
apices (Plate 5.20 Figs 9, 12) and could be considered as
consistent with Indotriradites kuttungensis. Morphotypes
with a complete zone of small vacuoles on the inner
zona (Plate 5.20, Fig. 7) are particularly prominent in
some samples. Examples of Indotriradites spp. possess
a wide, irregular zona with vacuoles at the inner margin
and bearing rounded spines, many basally connected
(Plate 5.20 Fig. 2). Rare specimens of Indotriradites
display a wide, heavily indented zona and evenly tapered
apiculate spines on the distal face (Plate 5.20 Fig. 1).

Typical examples from the G. maculosa Zone shown
on Plate 5.18, are from Jum Jum 1 at 2362 m or Fraser
River 1 at 1300.9 m. The most common morphotypes in
the G. maculosa Zone possess small spines, narrow zonas
and variably developed cavation (Plate 5.18, Figs 3–10).
These are comparable with many of those illustrated by
Playford (2015, fig. 11, A–L) and Playford and Mory
(2017, plate 8, figs 7–12) as Indotriradites kuttungensis
(Playford and Helby) Playford 1991. Morphotypes with
small, consistently distributed vacuoles at the inner margin
of the zona and generally smaller distal spines (Plate 5.18
Figs 9, 11) are less common in this zone.

Cristatisporites spp. extend through the Grant Group
and are common in the V. arcuatus Zone, but less so in
younger zones. Most specimens illustrated in Plate 5.21
are from St George Range 1 at 742 m, with three from
Grant Range 1 at various depths. All except Figure 11
are from the V. arcuatus Zone. In this plate, specimens
of Cristatisporites spp. in Figures 1–5 are similar to
morphotypes in the S. ybertii and D. birkheadensis
Zones. They bear distal and equatorial spines with
rounded apices, though forms with long, interconnected,
rounded and branched spines extending from the
zona are rare (Plate 5.21 Figs 8, 10). Cristatisporites
pseudozonatus (see below) appears as a rare form in
the V. arcuatus and M. tentula Zones, becomes more
prominent in the P. confluens Zone and extends into the
P. pseudoreticulata Zone.

Cristatisporites spp. and specimens with wider zonas
assigned to Indotriradites spp. are consistently present
through the S. ybertii Zone and representative specimens
illustrated on Plate 5.19 are from 1039.1 – 1164.0 m in
Fraser River 1. Morphotypes with long spines extending
from the outer margin of the zona are present (Plate 5.19
Figs 1, 2). Similar spinose forms in the G. maculosa Zone
have spines that are less closely spaced and interconnected
at the base. Distally, the spines are less conical and
more cylindrical than those of specimens assigned
to D. infacetus, and terminate with rounded or, less
commonly, branched or expanded tips. These specimens
with longer spines are consistent with Cristatisporites
crassilabratus Archangelsky and Gamerro 1979. Some
examples have shorter peripheral spines that also terminate
with rounded tips (Plate 5.19 Figs 3–5). Other morphotypes
display reduced distal and zonal spines and display a
poorly developed distal reticulum (Plate 5.19 Figs 6, 7).
Some Indotriradites spp. in the S. ybertii Zone bear a wider
membranous zona and round tipped spines (Plate 5.19
Figs 11, 12). As these morphotypes are not known from
the G. maculosa Zone, they have some biostratigraphic
significance. Some strongly zonate specimens resemble
Indotriradites viriosus Melo and Playford 2012, but
lack the minute terminal spinae of that species. Other
morphotypes with narrow or wide zonas display smaller,
narrower spinose elements. On some specimens the zona
displays small vacuoles, some irregular, at the inner margin
(Plate 5.19 Figs 8–10).

The youngest morphons of the Cristatisporites–
Indotriradites complex are Januasporites variabilis
(Anderson) Backhouse 1991, which ranges through Lower
Permian in the Collie Sub-basin and elsewhere in west
Australia (Backhouse, 1991), and Indotriradites splendens
(see below).

Genus Densosporites Berry 1937
Type species: Densosporites covensis Berry 1937
Densosporites dissonus Playford, González and
Moreno 2008
Plate 5.17 Figures 1–7
Remarks
D. dissonus appears as a dense and typically dark spore
commonly bearing low, indistinct, variably developed
distal verrucae with subcircular bases. The proximal face
is lightly sculptured and the laesurae possess low lips that
extend as far as the inner margin of the cingulum. The
cingulum is up to 8 µm wide, darker at the inner margin
and in the centre, but thinner close to the outer margin
where sparse, fine spines extend up to 5 µm beyond the
outer margin of the cingulum. D. dissonus was originally
described from the late Viséan of Morocco (Playford
et al., 2008), though there may be other mentions in the

A l l ex a m p l e s i l l u s t r a t e d o n P l a t e 5 . 2 0 f r o m
939.1 – 945.2 m in Fraser River 1 and 1695.3 m in Grant
Range 1 are from the D. birkheadensis Zone, as defined
in this report. Cristatisporites spp. in this zone bear
spines that are similar to those from the S. ybertii Zone.
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literature of this morphotype under different epithets.
The current specimens have an equatorial diameter of
46–61 µm, compared with 31–53 µm for Moroccan
examples. D. dissonus forms part of the Cristatisporites–
Indotriradites complex of this report, but is sufficiently
distinct to be included separately in the range charts.
Some specimens bear low, more prominent distal verrucae
and are morphologically transitional to Cristatisporites
mixtus Playford, González and Moreno 2008. The full
range of D. dissonus in the Canning Basin is uncertain. It
is common in some samples in the G. maculosa Zone but
rarer in the S. ybertii and D. birkheadensis Zones.

Plate 5.16 Figures 6–9
Remarks
Densosporites sp. A is a small, trilete, cingulate spore
with no proximal sculpture and distal sculpture that
ranges from essentially psilate to very low, indistinct,
rugulate elements similar, although less developed,
to those on D. rotundidentatus. The development on
some specimens of curvaturae imperfectae and the
subcircular to subtriangular amb are also reminiscent of
D. rotundidentatus. Effectively, Densosporites sp. A is
distinguished from D. rotundidentatus by having lower
distal rugulae, or none at all, and a slightly smaller size
of 33–43 µm. Given the similarity to D. rotundidentatus,
it appears to be an early form of this morphotype. It is
recorded through S. ybertii and D. birkheadensis Zones
and is particularly abundant in Fraser River 1 at 1039.1 m.

Densosporites infacetus Daemon 1974
Plate 5.18 Figures 1, 2
Remarks
These are spores with a thick, darker cingulum bearing
large, conical spines that in most cases taper to the apex,
with similar, although smaller, widely spaced spines
on the distal surface. These strongly spinose spores are
morphologically similar to numerous cingulicavate spores
assigned to Cristatisporites spp. and form part of the
Cristatisporites–Indotriradites complex. Only strongly
spinose and apparently acavate spores are included in
D. infacetus and in the range charts it is included in
Cristatisporites spp. More densely spinose spores with
spines that show rounded tips are placed in Cristatisporites
spp. (see above). Nearly all records of D. infacetus in the
Canning Basin are from the G. maculosa Zone. Extensive
previous records from South America are summarized by
Melo and Playford (2012). In Australia, it is documented
from the Mississippian of New South Wales (Playford,
2019).

Genus Cristatisporites (Potonié
and Kremp) emend. Butterworth,
Jansonius, Smith and Staplin 1964
Type species: Cristatisporites indignabundus (Loose)
Potonié and Kremp 1954
Cristatisporites mixtus Playford, González and
Moreno 2008
Plate 5.17 Figures 8–12
Remarks
Spores assigned here to C. mixtus are closely comparable
to the original diagnosis by Playford et al. (2008)
for specimens from the Sarhlef Series in Morocco.
The sculptural organization of the distal surface, with
irregularly connected verrucate elements forming an
imperfect reticulum, is particularly distinctive. There is
a morphologic continuum from spores placed here in
Densosporites dissonus to C. mixtus (see discussion above).
Some of the illustrations described as defective, or less
well-preserved, examples of Indotriradites kuttungensis
by Playford (2015, figs 11 S–T) are conspecific with
the present material. Whereas the inclusion of this
morphon in I. kuttungensis is understandable, as there
are morphologically intermediate forms Playford (2015,
figs 11 M–R), it is retained as a separate species for
biostratigraphic purposes, as it is seldom recorded above
the lower part of the Reeves Formation in the Canning
Basin. The 49–63 µm equatorial diameter of the present
material is slightly larger than that of the Moroccan
material (35–58 µm). Similar spores are illustrated
from South America, for example a spore illustrated as
Cristatisporites peruvianus Azcuy and di Pasquo 2005 by
di Pasquo et al. (2003). Playford et al. (2008) indicate a late
Viséan age for the Sarhlef Series in Morocco. C. mixtus
forms part of the lower Reeves Formation Cristatisporites
group of this report and is characteristic of, though not
confined to, the G. maculosa Zone.

Densosporites rotundidentatus Segroves 1970
Plate 5.16 Figures 4, 5
Remarks
D. rotundidentatus is reserved for morphotypes with
clearly developed distal rugulae and a thickened verrucate
cingulum as shown on the type material. Smaller, less
robustly cingulate and rugulate specimens are assigned here
to Densosporites sp. A. The species was originally erected
by Segroves (1970) from the northern Perth Basin, where
it is a common component of samples now considered to
be in the P. confluens Zone. Backhouse (1991) records it
from Stage 2 (now P. confluens Zone) to the Upper Permian
in the Collie Sub-basin. Elsewhere in Western Australia, it
is widely listed in unpublished reports from the M. tentula
and P. confluens Zones. In this study it has a total range
of upper S. ybertii to P. confluens Zones and above, and
is common in many samples from the V. arcuatus and
P. confluens Zones (e.g. Drosera 1, 311.5 m).
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Cristatisporites pseudozonatus (Lele and Makada)
Jones and Truswell 1992

Indotriradites kuttungensis (Playford and Helby)
Playford 1991

Plate 5.21 Figure 11

Plate 5.18 Figure 12

Remarks

Remarks

C. pseudozonatus is a morphologically variable species.
Most specimens from the Grant Group bear relatively low
spines sufficiently interconnected to form an imperfect
distal reticulum. It is widely recorded in unpublished
reports and by Backhouse (1991) from the Collie Subbasin as Jayantisporites pseudozonatus Lele and Makada
1972. Specimens named Asperispora reticulatispinosus
by Jones and Truswell (1992, figs 12 A–N) are possibly
conspecific with spores here assigned to C. pseudozonatus;
the material they allocated to C. pseudozonatus (Jones
and Truswell, 1992, figs 14 G–L) is better left in open
nomenclature. A. reticulatispinosus was recorded from
Oppel-zones D to E of the Galilee Basin, Queensland,
which may approximate the range of C. pseudozonatus in
this report, which is from the V. arcuatus to P. confluens
Zones and above.

The original illustrations of this cingulicavate species
include a specimen with a narrow, thin zona that bears
relatively numerous, discrete tapered spines. The distal
surface is probably spinate, but with relatively small spines.
Effectively, this is one morphotype in a wide range of
forms included here in the Cristatisporites–Indotriradites
complex. Playford (2015) included a wider range of
morphologies in I. kuttungensis.
Indotriradites sp. A
Plate 5.22 Figures 6–10
Remarks
Spores are radial, trilete and cingulate, with a convexly
subtriangular amb. Laesurae are distinct with raised lips
and extend across the zona. The distal surface is scabrate
or bears very low, closely spaced verrucae and rugulae, the
proximal face being finely pitted or laevigate. The zona
is uneven in width and may be wider where the laesurae
cross the zona. The zona is darker and thicker near the
inner margin and thins towards the outer margin, which
may be complete and even or uneven with numerous
shallow indentations. The zona is crossed by radial folds or
thickened ridges. Indotriradites sp. A is similar in size and
in the width of the zona to I. dolianitii, with a maximum
diameter of 60–80 µm and a zona with a maximum width
of 15–23 µm. It lacks spines on the distal face and the thin,
radiating structures on the zona, which is less membranous
than I. dolianitii. Indotriradites sp. A is characteristic of the
S. ybertii Zone and is rare in the D. birkheadensis Zone.

Genus Indotriradites Tiwari emend.
Foster 1979
Type species: Indotriradites korbaensis Tiwari 1964
Indotriradites dolianitii (Daemon) Loboziak, Melo,
Playford and Streel 1999
Plate 5.22 Figures 1–5
Remarks
Loboziak et al. (1999) re-examined material assigned to
Indotriradites dolianitii. Following this re-assessment,
they differentiated a new species, Indotriradites daemonii
Loboziak, Melo, Playford and Streel 1999, from
I. dolianitii by its thinner and smaller sculptural elements,
although they recognized a continuous gradation between
I. dolianitii, I. daemonii and I. zosteriformis (Playford
and Satterthwaite) Playford 1991. The present spores
resemble I. dolianitii, as illustrated by Playford and Mory
(2017) from the YCH2 borehole in the northern Perth
Basin, and I. daemonii as illustrated from the G. maculosa
Zone in borehole CL5 in the northern Perth Basin by
Playford (2015). I. daemonii and I. dolianitii appear to
be indistinguishable for all practical purposes and, as the
latter has priority, all spores with this morphology from
the Canning Basin are assigned to this taxon. Loboziak
et al. (1999) and Melo and Playford (2012) list extensive
records of I. daemonii and I. dolianitii from Viséan
strata in South America and North Africa. Indotriradites
fibrosus Stephenson, Al Rawahi and Casey 2008, from
the basal Biozone D of the Al Khlata Formation, Oman,
shows a strong resemblance to I. dolianitii and may be
a junior synonym. In this study, I. dolianitii is rare in the
G. maculosa Zone, more common in the S. ybertii Zone
and rare in the D. birkheadensis Zone. It is not known from
the Grant Group, except as very rare, possibly reworked
specimens.

Indotriradites splendens (Balme and Hennelly)
Foster 1979
Plate 5.23 Figure 8
Remarks
Spores consistent with I. splendens are rare in the
P. confluens Zone and are not recorded below this zone
in the Canning Basin. This species developed several
morphotypes in the Early Permian but most specimens
from the P. confluens Zone are small with isolated conical
distal spines and relatively narrow zonas.
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Genus Gondisporites Bharadwaj 1962

braziliensis from Brazil (Pant and Srivastava, 1965),
though the age of the type material is obscure. It was fully
redescribed by Playford and Dino (2002) and Stephenson
(2004). The narrow zona and reduced spinose to granulate
distal face distinguish it from Indotriradites splendens.
L. braziliensis displays variable morphologies and size,
with closely spaced, small cones or large grana present
on the distal face and the inner margin of the zona on
many specimens. The zona regularly bears thin spinose
structures extending radially. Canning Basin examples
point to considerable uncertainty about the current generic
assignment. The maximum overall diameter is 46–90 µm
and the maximum width of the zona is 5–12 µm. Previous
records are predominantly from South America as listed
by Playford and Dino (2002) and a few from the Arabian
Peninsula. All these reports correlate approximately with
the V. arcuatus to P. confluens Zones, the range in the
Canning Basin, though it is possible that the range extends
lower.

Type species: Gondisporites raniganjensis Bharadwaj
1962
Gondisporites wilsonii Backhouse 1988
Plate 5.16 Figure 15
Remarks
Specimens of G. wilsonii comparable in size to those from
the Collie Sub-basin (Backhouse, 1988) are present above
the P. confluens Zone but are rare within this zone. The
smaller morphotype, Gondisporites sp. A (see below), is
morphologically similar, although consistently substantially
smaller.
Gondisporites sp. A

Genus Prolycospora Turnau 1978

Plate 5.16 Figures 10–14

Type species: Prolycospora claytonii Turnau 1978

Remarks
This is a small, trilete, zonate and cavate spore with a
subcircular to subtriangular amb. The trilete laesurae are
bordered by narrow, low labra and extend to the inner
margin of the zona. The distal face bears low coni, grana
and rugulae, generally less than 2 µm high. The zona
is commonly thickened and has the appearance of a
cingulum. It is 3–5 µm wide, excluding longer spines, with
closely spaced verrucae, baculae or short spines, some
of which are mammillate, along the outer margin. The
maximum diameter is 26–42 µm, with most specimens
30–37 µm, excluding longer equatorial projections.
The distal and equatorial sculptural elements of many
specimens are similar to, but smaller than, those present
on G. wilsonii and this morphon is considered a small
form of this species. The narrow zona displays a wide
range of sculptural elements between specimens. Typically,
they are small rounded verrucae, but many examples also
have irregular spines (e.g. Plate 5.16 Fig. 11; which is an
extreme end member). Gondisporites sp. A is prominent is
some samples from the V. arcuatus Zone. A few specimens
are also present in the upper S. ybertii Zone, but in most
wells it is only recorded from the D. birkheadensis to
P. confluens Zones.

Prolycospora rugulosa (Butterworth and Spinner)
Melo and Playford 2012
Plate 5.23 Figures 1–4
Remarks
The present specimens are consistent in appearance and
size with those assigned to this species by Melo and
Playford (2012) from the Amazonas Basin, Brazil. The
Canning Basin examples have a diameter of 32–40 µm.
Melo and Playford (2012) provide extensive previous
records of this species from Europe, South America, North
Africa and the Arabian Peninsula from strata of Viséan
to Pennsylvanian age. Although relatively rare in most
samples from the G. maculosa Zone in Fraser River 1,
possibly due to poor preservation, P. rugulosa is common
in some samples. It is known from the G. maculosa and
S. ybertii Zones in the Canning Basin.

Genus Vallatisporites Hacquebard
emend. Sullivan 1964

Genus Lundbladispora Balme
emend. Playford 1965

Type species: Vallatisporites vallatus Hacquebard 1957
Vallatisporites arcuatus (Marques-Toigo)
Archangelsky and Gamerro 1979

Type species: Lundbladispora willmottii Balme 1963
Lundbladispora braziliensis (Pant and Srivastava)
Marques-Toigo and Pons 1976

Plate 5.23 Figures 9–13
Remarks

Plate 5.23 Figures 5–7

This species was comprehensively illustrated and described
by Stephenson (2004) and specimens from the Canning
Basin are consistent with his description. The complex
zona with hollows or pits rather than fully developed
vacuoles distinguishes V. arcuatus from most other zonate

Remarks
Cingulate spores consistent with specimens in this study
have previously been widely assigned to L. braziliensis.
This spore was originally described as Densosporites
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Genus Grandispora Hoffmeister
Staplin and Malloy 1955

spores. V. arcuatus has a restricted range in the Canning
Basin. It is not recorded in this study below the eponymous
zone and its LAD appears to be in the P. confluens Zone,
where it is seldom recorded. Because of its distinctive
morphology and restricted range, it is an important
biostratigraphic species, though unfortunately it is not
present in many samples within its known range.

Type species: Grandispora spinosa Hoffmeister Staplin
and Malloy 1955
Grandispora maculosa Playford and Helby 1968

Vallatisporites vallatus Hacquebard 1957

Plate 5.25 Figures 1–6

Plate 5.24 Figures 1–7

Remarks

Remarks

Published records of G. maculosa in Australia are from
northern NSW (Playford and Helby, 1968), the northern
Perth Basin and Carnarvon Basin (Playford, 2015; Playford
and Mory, 2017) and the Bonaparte Basin (Kemp et al.,
1977). For other world-wide occurrences, see Melo and
Playford (2012). G. maculosa is largely restricted to the
eponymous zone and is rare in the S. ybertii Zone; however,
it is not common in the Canning Basin except in the
1417 m SWC from Hakea 1. Its sporadic presence in the
G. maculosa Zone in the Canning Basin suggests it may be
restricted to an interval within the zone, or its distribution
may be facies controlled.

Convexly triangular cingulicavate spores that closely
resemble specimens assigned by many authors to
V. vallatus and V. verrucosus are common in many samples
from the G. maculosa to S. ybertii Zones and comparable
spores, though poorly preserved, are recorded in the
D. birkheadensis Zone. It seems probable that they all
have a similar origin, so differences in distal sculpture
and development of cavation are probably intraspecific
variations. In this study, all examples are included in the
counts as V. vallatus, even though some are closer to
V. verrucatus Hacquebard 1957. Spores similar to those
assigned to Vallatisporites valentulus by Playford (in
Playford and Mory, 2017) are included here in V. vallatus.

Grandispora queenslandensis (Jones and
Truswell) Playford, Dino and Marques-Toigo 2001

Monopseudosaccate spores

Plate 5.25 Figure 7
Remarks

Genus Auroraspora Hoffmeister,
Staplin and Malloy 1955

The few spores that are smaller, more equidimensional
and bearing finer sculptural elements than S. ybertii
are assigned, somewhat tentatively, to Grandispora
queenslandensis. Alternatively, they could be assigned
to Spelaeotriletes triangulus Neves and Owens 1966,
although there are few specimens and preservation is poor
in all cases. Grandispora queenslandensis was originally
described from the Late Carboniferous Oppel-zones A
to D of Queensland (as Spelaeotriletes queenslandensis)
by Jones and Truswell (1992). In this study, all putative
examples are in the D. birkheadensis and V. arcuatus
Zones.

Type species: Auroraspora solisorta Hoffmeister, Staplin
and Malloy 1955
Auroraspora solisorta Hoffmeister, Staplin and
Malloy 1955
Plate 5.24 Figures 8–12
Remarks
All specimens recorded in this study that can be assigned
to the genus Auroraspora are included in A. solisorta. A
few displaying less cavation are included in this species
rather than Auroraspora macra Sullivan 1968 because there
is no other morphologic difference between them and no
discernible difference in stratigraphic range. In Australia,
A. solisorta has been reported from the Viséan of the
Bonaparte Basin (Playford, 1971), the northern Perth Basin
and Carnarvon Basin (Playford, 2015; Playford and Mory,
2017) and Oppel-zones B to D of the Galilee Basin (Jones
and Truswell, 1992). For other occurrences, see Melo and
Playford (2012). In the Canning Basin, most specimens are
from the G. maculosa and S. ybertii Zones, with possible
rare appearances in the D. birkheadensis Zone. It is absent
from the Grant Group.

Genus Spelaeotriletes Neves and
Owens 1966
Type species: Spelaeotriletes triangulus Neves and Owens
1966
Spelaeotriletes ybertii (Marques-Toigo) Playford
and Powis 1979
Plate 5.26 Figures 1–7
Plate 5.27 Figures 1–8
Remarks
The range of morphology displayed by Spelaeotriletes
ybertii in this report compares closely with material
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palynofloral dominance. It is noted that Playford et al.
(2001) discuss the possibility that A. saharaensis is a
monolete variant of Spelaeotriletes balteatus (Playford)
Higgs 1996.

described by Playford and Powis (1979) that is also from
the Canning Basin, and with specimens from the type
locality and stratum described by Playford et al. (2001).
The following observations are additional to, and support,
the observations by these authors. The current specimens
possess an asymmetrically oval amb, although some are
more subtriangular. Folds are typically developed near
the lateral margin of the long axis and compression is
sometimes slightly asymmetrical. The sculptural elements
are slightly larger on the central distal surface than at the
amb. About 90–95% of well-preserved specimens from
Jum Jum 1 at 2362 m bear one long laesura — with an
angular bend near the proximal pole — which extends
almost the length of the long axis and may terminate
in curvaturae. A third, short, variably developed, less
prominent, lateral laesura extends at an angle from the
point of the bend towards one lateral margin so that the
spore is asymmetrically trilete. The amb commonly
develops a bulge where the lateral laesura approaches
the amb. The equatorial exoexine close to the bulge lacks
significant sculpture along the lateral amb and in some
cases this represents the margin of the laevigate proximal
contact face. The other 5–10% of specimens appear to lack
the lateral laesura entirely and are effectively monolete, but
the single laesura typically curves or has an acute bend near
the proximal pole (Plate 5.27 Figs 5–8). These specimens
lack the lateral bulge evident on many trilete forms. In
some trilete and monolete examples, a significant portion
of the laevigate proximal face protrudes along the lateral
amb due to the rotated polar compression.

S. ybertii was originally reported from strata potentially
of Early Permian age by Marques-Toigo (1974) and
Vergel (1987). Playford et al. (2001) listed records of the
species from South American strata ranging in age from
early Late Carboniferous to Early Permian. Playford
and Powis (1979) found S. ybertii consistently, and
commonly abundant, in the G. maculosa and S. ybertii
Assemblages of the Canning Basin, and one specimen
in the Potonieisporites Assemblage (Kemp et al., 1977)
from a level that is assigned to the V. arcuatus Zone in
this report. Extensive counting of many samples for this
study shows that S. ybertii can be extremely abundant in
the G. maculosa Zone, or is at least a common species
in nearly all samples. It never attains the same level
of abundance in the S. ybertii Zone, except in one or
two samples at the start of the zone, even though it is
common in many samples. In the D. birkheadensis
Zone, it is extremely rare. It is also recorded above the
D. birkheadensis Zone as a very rare component of some
samples as high as the P. confluens Zone. Because this
distinctive species is easily identified, it is unsurprisingly
commonly reported as reworked in much younger strata
from Western Australian basins. The absence of S. ybertii
from Australian basins to the south and east suggests it
has a distribution restricted geographically to the northern
Canning Basin and the Bonaparte Basin.

The length of S. ybertii in the present material is 77–99 µm,
with an average of 93 µm (14 specimens). This compares
remarkably well with the average length of 92 µm indicated
by Playford and Powis (1979) and the average length of
93 µm for material from the type locality examined by
Playford et al. (2001).

Genus Velamisporites Bharadwaj
and Venkatachala 1962
Type species: Velamisporites rugosus Bharadwaj and
Venkatachala 1962

Stephenson (2004) raised the possibility that S. ybertii
is a junior synonym of Spelaeotriletes triangulus Neves
and Owens 1966; however, Australian examples have a
clearly differently shaped amb to that species. There is a
strong similarity in sculpture and shape to Aratrisporites
saharaensis Loboziak, Clayton and Owens 1986, though
S. ybertii is significantly larger with an average length of
92–93 µm, rather than the average length of 62 µm for
Aratrisporites saharaensis indicated by Loboziak et al.
(1986). These authors mention the incipient development
of third ‘sutura’ on some specimens, many of which
have a curvatural ridge. An unornamented lateral margin
on one side is visible on several examples illustrated by
Loboziak et al. (1986). Spores assigned to Aratrisporites
saharaensis by Playford and Mory (2017), from several
samples in YCH2 in the Coolcalalaya Sub-basin of the
northern Perth Basin, have an average length of 72 µm.
Some exhibit a kinked monolete laesura and all illustrated
specimens display a section of laevigate exine on one
lateral margin. There is little doubt that A. saharaensis
and S. ybertii are part of the same spore lineage with
minor differences in size and development of the laesurae.
A. saharaensis is an abundant component of strata of late
Tournaisian to Serpukhovian age in North Africa and Iran
(Loboziak et al., 1986) and is the principal component of
the Aratrisporites saharaensis Microflora of Clayton et al.
(1991). The abundance of S. ybertii in the Bonaparte and
northern Canning Basins seems to mirror this interval of

Velamisporites australiensis (Playford and Helby)
di Pasquo, Azcuy and Souza 2003
Plate 5.25 Figures 8–12
Remarks
Playford and Helby (1968) originally described this
species, as Wilsonites australiensis, from the Italia Road
section in New South Wales. Jones and Truswell (1992)
record it as Rugospora australiensis (Playford and Helby)
Jones and Truswell 1992 in Oppel-zones A to E in the
Galilee Basin of Queensland. In this report, it is recorded
only from the G. maculosa and S. ybertii Zones.
Velamisporites cortaderensis (Césari and
Limarino) Playford 2015
Plate 5.28 Figures 1–5
Remarks
Playford (2015) records V. cortaderensis from the
G. maculosa Zone of the northern Perth Basin. It was
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Remarks

reported, as Reticulatisporites bifrons, from Oppel-zones
B to D of the Galilee Basin by Jones and Truswell (1992).
As noted by these authors, Powis (1983) illustrated this as
Reticulatisporites sp. A and included it as a characteristic
component of his D. birkheadensis Assemblage in
Fairlea 1, Galilee Basin, Queensland. Elsewhere in
Australia, it has been found in the G. maculosa Zone in
the Perth Basin (Playford, 2015; Playford and Mory, 2017)
and New South Wales (Playford, 2019). The species has
a relatively long range in the Canning Basin. It is rare
in samples from the G. maculosa Zone through to the
V. arcuatus Zone, with possible younger occurrences.

This small, distally hilate spore is fully described by
Playford and Helby (1968), Stephenson (2004) and
Melo and Playford (2012). In Australia, P. detecta has
been described from New South Wales (Playford and
Helby, 1968), the Galilee Basin of Queensland (Jones
and Truswell, 1992), and the northern Perth Basin and
Carnarvon Basin of Western Australia (Playford, 2015;
Playford and Mory, 2017). In the Canning Basin, it has a
long range from the G. maculosa to P. confluens Zones.

Saccate pollen

Hilate spores

Saccate pollen grains are ubiquitous in almost all samples
above the G. maculosa Zone. In this report, they are
assigned to a relatively small number of taxa, each of
which encompasses a range of morphology that may be
broader than the treatment in other taxonomic papers.
Further subdivision seems to offer little biostratigraphic
purpose in the material currently available. A more detailed
study of selected heavily sampled intervals may reveal
different ranges for closely similar morphotypes.

Genus Gneudnaspora Balme
1988 emend. Breuer, Al-Ghazi,
Al-Ruwaili, Higgs, Steemans and
Wellman 2007
Type species: Gneudnaspora kernickii Balme 1988

Genus Cannanoropollis Potonié
and Sah 1960

Gneudnaspora divellomedia (Chibrikova) Balme
1988 var. divellomedia

Type species: Cannanoropollis janakii Potonié and Sah
1960

Plate 5.28 Figures 10, 11
Remarks

Cannanoropollis janakii Potonié and Sah 1960

A few specimens of an originally subspherical spore
are recorded from the G. maculosa Zone. They are
approximately 85 µm in diameter with distinct, low
curvatura formed by low narrow ridges along the outer
margin of the contact areas. Laesurae are not observed,
although irregular fissures on some specimens form a
proximal hilum. This form is assigned to Gneudnaspora
divellomedia (Chibrikova) Balme 1988 var. divellomedia,
as discussed by Breuer et al. (2007). However, the
substantial age difference between this and previous
records suggests they may be reworked from the Devonian,
though this species is not currently known from the
Devonian of the Canning Basin. It also seems improbable
for several reworked specimens to be present in one SWC
sample, yet seemingly remain unrecorded in all other
samples from the same formation. All specimens are from
2362 m in Jum Jum 1, the sample that also contains several
examples of Cordylosporites sp. A and Punctatisporites sp.
A (see above).

Plate 5.29 Figures 10, 11
Remarks
Radial monosaccate pollen grains with a particularly
narrow saccus have previously been placed in
Cannanoropollis janakii (Playford and Dino, 2002;
Stephenson and Al-Mashaikie, 2011; Stephenson et al.,
2013). In the interest of consistency, the same morphotypes
are assigned here to C. janakii. This is despite severe
reservations about the similarity of the current material
to the type illustrated by Potonié and Sah (1960). The
Canning Basin material is 80–160 µm in overall diameter
and the saccus width 6–17 µm. C. janakii is present
from approximately the base of the S. ybertii Zone to the
P. confluens Zone and above. It is rare in some samples
in the upper part of the P. confluens Zone and is seldom
recorded above that level. It is particularly characteristic
of the D. birkheadensis Zone in Fraser River 1 and is
also common in some samples from the V. arcuatus and
M. tentula Zones. The FAD is approximately at the same
biostratigraphic level as Plicatipollenites trigonalis and
Caheniasaccites ovatus, and marginally later than the
FAD of Potonieisporites novicus, though this is based on
limited data.

Genus Psomospora Playford and
Helby 1968
Type species: Psomospora detecta Playford and Helby
1968
Psomospora detecta Playford and Helby 1968
Plate 5.28 Figures 6–9
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Genus Plicatipollenites Lele 1964

Remarks
All forms of Caheniasaccites in this study are included in
Caheniasaccites ovatus, including those consistent with
the only species erected in Australia, Caheniasaccites
elephas Jones and Truswell 1992. Playford and Dino
(2002, pp. 263–264) discussed at length the reason to
retain C. ovatus rather than placing it in synonymy under
C. flavatus Bose and Kar 1966. C. ovatus may be more
typical of Caheniasaccites from Upper Carboniferous
strata than the type species, C. flavatus. In this study,
forms in which the folded lateral saccus is relatively
wide and those in which it is extremely narrow show
a similar biostratigraphic distribution and are typically
found in the same samples. Other pseudodiploxylonoid
saccate pollen grains similar to many of the morphotypes
included here in C. ovatus previously have been assigned
to other morphologically similar species. However, there
is little documented evidence to indicate any significant
difference in biostratigraphic range among the members
of this plexus. A specimen illustrated as Sahnites spp.
in Backhouse (1991, plate XV fig. 2) is within the
morphological range of specimens included here in
C. ovatus. In the Canning Basin, C. ovatus has a FAD
near the base of the S. ybertii Zone. Above this level, it
is consistently present in all zones up to the P. confluens
Zone, but rare above this zone.

Type species: Plicatipollenites malabarensis (Potonié and
Sah) Foster 1975
Plicatipollenites trigonalis Lele 1964
Plate 5.29 Figures 5–9
Remarks
Below the P. confluens Zone, a significant component
of the assemblages consists of medium to large forms
of Plicatipollenites with a saccus that is notably larger
in relation to the corpus than is present on specimens
assigned here to Plicatipollenites spp. In grains assigned
to P. trigonalis, the saccus is slightly irregular in width
— up to 33 µm — and the amb is subcircular with minor
indentations in the saccus where it is restricted in breadth.
The corpus is dark and irregularly angular in polar view,
although morphotypes with a subcircular corpus are also
included. The overall width of 90–116 µm and corpus
diameter of 59–80 µm is comparable to dimensions
recorded by Playford and Dino (2000) for P. trigonalis
from the Amazonas Basin, Brazil.
Plicatipollenites spp.

Genus Potonieisporites Bharadwaj
emend. Bharadwaj 1964

Plate 5.29 Figures 1–4

Type species: Potonieisporites novicus Bharadwaj 1954

Remarks
Radial monosaccate pollen grains that approximately
conform to specimens widely assigned to Plicatipollenites
gondwanensis (Balme and Hennelly) Lele 1964,
P. malabarensis (Potonié and Sah) Foster 1975 and several
other Permian radial monosaccate species are included
here in Plicatipollenites spp. This grouping includes
all radially monosaccate forms that are not assigned to
Cannanoropollis janakii or Plicatipollenites trigonalis
in this report. Many large saccate specimens are too
poorly preserved to be identified to species level or are
fragmentary. The sacci on most specimens exhibit some
radial folds and are wider than the saccus of C. janakii and
typically narrower and more consistent in width than those
of Plicatipollenites trigonalis. They are rarely found below
the D. birkheadensis Zone, but become the dominant radial
monosaccate type in the V. arcuatus Zone and above.

Potonieisporites novicus Bharadwaj 1954
Plate 5.30 Figures 4–8
Remarks
In this study, a wide range of morphologies are included in
P. novicus on the grounds that there seems little difference
in stratigraphic range among the numerous younger similar
taxa that have been erected for non-taeniate, asymmetric
monosaccate pollen grains. The only exceptions are
forms assigned to Caheniasaccites ovatus. Included here
in P. novicus are large forms with a wide lateral saccus
similar to the type material (Plate 5.30 Figs 5, 7) and
smaller morphotypes where the saccus is laterally narrow
(Plate 5.30 Fig. 6). Specimens with a narrow, unfolded
lateral saccus were assigned to Sahnites spp. by Backhouse
(1991, plate XV, fig. 1) and similar morphotypes were
illustrated as Vestigisporites rudis by Balme and Hennelly
(1955). P. novicus sensu stricto with a wide lateral saccus
is the first saccate species to appear in the Canning Basin
Carboniferous succession and the FAD, by definition,
marks the base of the S. ybertii Zone. It is rare in the lowest
part of its range. An example of its first appearance is in
East Yeeda 1 where just two specimens were identified
in the 2291.1 m SWC sample in an assemblage that
otherwise resembles those in the G. maculosa Zone. This
sample is 10 m above a sample with no saccate pollen that
is therefore assigned to the G. maculosa Zone. Though
consistent rather than common in the S. ybertii Zone,
P. novicus is more common in the D. birkheadensis –
P. confluens Zones, then rare in younger zones.

Genus Caheniasaccites Bose and
Kar emend. Archangelsky and
Gamerro 1979
Type species: Caheniasaccites flavatus Bose and Kar 1966
Caheniasaccites ovatus Bose and Kar 1966
emend. Guttiérrez 1993
Plate 5.30 Figures 1–3
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Genus Alisporites Daugherty 1941

previous records of this species and similar morphons
have a comparable biostratigraphic range to that indicated
here for M. explicatus in the Canning Basin. M. explicatus
represents the first appearance of taeniate pollen grains in
the Canning Basin and it has a range of D. birkheadensis
to P. confluens Zones and above. This event will be
biostratigraphically important for long-range interbasinal
and international correlation.

Type species: Alisporites opii Daugherty 1941
Alisporites spp.
Plate 5.31 Figures 1, 2
Remarks

Genus Protohaploxypinus
Samoilovich emend. Morbey 1975

Pollen grains assigned to Alisporites spp. are mainly small
forms that are similar to Alisporites indarraensis Segroves
1969. Some are larger and rare specimens may belong in
Pteruchipollenites gracilis (Segroves) Foster 1979. Few
convincing examples of Alisporites are present below the
P. confluens Zone; within this zone their abundance is
highly variable with none recorded in some intervals. They
are consistently present in some wells, especially in the
upper part of the zone. They increase in abundance in the
P. pseudoreticulata Zone.

Type species: Protohaploxypinus latissimus (Luber)
Samoilovich 1953
Protohaploxypinus amplus (Balme and Hennelly)
Hart 1964
Remarks
P. amplus is smaller than M. explicatus and similar to,
but larger than, P. limpidus, though some specimens are
intermediate in size. It is extremely rare in the P. confluens
Zone and becomes more common higher in the Permian.

Genus Meristocorpus Playford and
Dino 2000
Type species: Meristocorpus explicatus Playford and Dino
2000

Protohaploxypinus limpidus (Balme and Hennelly)
Balme and Playford 1967

Meristocorpus explicatus Playford and Dino 2000

Plate 5.31 Figures 3–6

Plate 5.31 Figures 7–13

Remarks

Remarks

P. limpidus is a small taeniate bisaccate pollen grain with
narrow sacci and a commonly poorly delineated corpus. It
is more common in the P. confluens Zone than P. amplus.
Similar morphotypes range through the Permian.

Included here in M. explicatus are bilateral monosaccate
grains that resemble Potonieisporites novicus and
Caheniasaccites ovatus, although differing by being
clearly taeniate. Previously, similar grains have commonly
been assigned to Striatomonosaccites sp. (e.g. Jones and
Truswell, 1992) and some specimens in the P. confluens
Zone (Plate 5.31 Fig. 9) are similar to Protohaploxypinus
goraiensis (Potonié and Lele) Hart 1964, originally
described from the Talchir Beds of India. All specimens
are strongly asymmetrically monosaccate, with the saccus
narrowing along the margin of the corpus. The corpus is
always darker than the saccus compared to similar species
such as Protohaploxypinus amplus (Balme and Hennelly)
Hart 1964. The cappa typically bears 7–11 broad taeniae,
separated by narrow clefts and sometimes branched. A
monolete laesura is distinguishable on well-preserved
specimens. There is little doubt that the present material
is comparable with specimens of M. explicatus described
by Playford and Dino (2000) from the Itaituba Formation
of the Amazonas Basin, Brazil. Numerous species have
been described that share these or similar characters,
many of which are detailed by Playford and Dino (2000).
Some early reports assign similar forms to P. goraiensis
(e.g. di Pasquo et al., 2010; Boardman et al., 2012). For
this report, they are all included in M. explicatus. Most

Genus Striatoabieites Sedova1956
Type species: Striatoabieites brickii Sedova 1956
Striatoabieites multistriatus (Balme and Hennelly)
Hart 1964
Plate 5.32 Figure 9
Remarks
This distinctive taeniate species may possess medium to
very small sacci and in poorly preserved specimens they
may be absent. In the Canning Basin, Striatoabieites
multistriatus first appears in the P. confluens Zone and
ranges through much of the Permian.
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Plicate pollen

Reworked spores
Reworked Devonian and Early Carboniferous spores are
present in many samples from the Reeves Formation.
The exact abundance of reworked spores is difficult to
judge, as simple spores such as Punctatisporites are not
readily identifiable as reworked. The main evidence for
latest Devonian reworking is the presence of Retispora
lepidophyta (Kedo) Playford 1976 (Plate 5.32 Figs 13,
14), a readily identified spore widely recorded in strata of
mid-to-late Famennian age, including the Devonian part
of the Fairfield Group in the Canning Basin. The presence
of this species in the Reeves Formation or Grant Group
is taken as evidence for coeval erosion of the Fairfield
Group, or a unit of similar age, from the basin margin, and
is shown as reworked in the range charts. Granulatisporites
frustulentus is also a common spore in the Tournaisian
(earliest Carboniferous) part of the Fairfield Group and is
exceptionally abundant in the overlying Viséan Anderson
Formation, which immediately underlies the Reeves
Formation in many wells. It is also a common component
of many samples in the Reeves Formation, where it is
assumed to be in situ, though it is probable that many
specimens are reworked. In particular, G. frustulentus
is abundant in the upper part of the S. ybertii Zone in
Grant Range 1, where it is present in conjunction with
Grandispora spiculifera Playford 1976, a species that is
abundant in the Tournaisian G. spiculifera Assemblage,
i.e. the lower part of the G. frustulentus Microflora.
G. spiculifera in the upper Reeves Formation is certainly
reworked and it is absent from the lower Reeves Formation.

Genus Marsupipollenites Balme
and Hennelly 1956
Type species: Marsupipollenites triradiatus Balme and
Hennelly 1956
Marsupipollenites striatus (Balme and Hennelly)
Foster 1975
Plate 5.32 Figures 11, 12
Remarks
Most records of Marsupipollenites in the P. confluens Zone
are M. striatus, although some rare specimens belong in
M. triradiatus. Both first appear close to the base of the zone,
but are more common near the top and in younger zones.

Genus Vittatina Luber ex. Wilson
1962
Type species: Vittatina subsaccata Samoilovich 1953
Vittatina fasciolata (Balme and Hennelly)
Bharadwaj 1962

Non-acanthomorph acritarchs

Plate 5.32 Figure 10
Remarks

Genus Deusilites Hemer and
Nygreen 1967

In this study, V. fasciolata has a FAD in the upper part of
the P. confluens Zone, where it is rare. It becomes more
common in the P. pseudoreticulata Zone.

Type species: Deusilites tentus, Hemer and Nygreen 1967

Genus Cycadopites Wodehouse
1933

Deusilites tentus Hemer and Nygreen 1967
Plate 5.33 Figures 15–18

Type species: Cycadopites follicularis Wilson and Webster
1946

Remarks
In the present study, specimens that lack closely spaced
parallel striations or the wavy surface markings of
Deusilites sp. A are included in D. tentus. The type of
D. tentus displays grooves that lack the regular shape
and spacing of the ridges displayed by D. tenuistriatus.
D. tentus overlaps with D. tenuistriatus in one sample
(see below) and all other occurrences are in older strata.
Four complete examples are 91, 105, 111 and 163 µm long
and 34–45 µm in diameter. They are slightly larger on
average than D. tenuistriatus, though this is based on few
specimens. The two forms have different biostratigraphic
ranges in the Canning Basin. D. tentus is only recorded in
the S. ybertii Zone and at the base of the V. arcuatus Zone.
Navifusa bacilla (Deunff) Playford 1977 has a similar
morphology to D. tentus and is approximately 100–175 µm
long (Fatka and Brocke, 2008), but is only known from

Cycadopites cymbatus (Balme and Hennelly)
Segroves 1970
Plate 5.32 Figures 5–8
Remarks
C. cymbatus is not recorded below the P. confluens Zone,
where it is notably abundant in the mid to upper part,
although typically rare in the lowest part of the zone. It
declines in abundance above the zone. Because P. confluens
is rare in many samples within the eponymous zone,
Cycadopites cymbatus is effectively an accessory index
species for the base of the zone, though it may be difficult
to identify with confidence in poorly preserved material.
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Genus Maculatasporites Tiwari
1964

the Devonian, though Melo and Playford (2012) record it
as reworked in to Mississippian strata of northern Brazil.

Type species: Maculatasporites indicus Tiwari 1964

Deusilites tenuistriatus Guttiérez, Césari and
Archangelsky 1997

Maculatasporites minimus Segroves 1967 –
Maculatasporites amplus Segroves 1967

Plate 5.33 Figures 9–11
Remarks

Plate 5.33 Figure 7

D. tenuistriatus has an elongated tubular to oval shape
terminated by broadly rounded ends. The surface displays
highly characteristic, evenly spaced, very narrow,
longitudinal striations that do not branch. They extend
in parallel rows for the length of the body and become
more closely spaced at the extremities, but do not merge.
The size range is large, but the length of all specimens
examined is within 63–160 µm, consistent with the range
indicated by Gutiérrez et al. (1997).

Remarks
M. minimus and M. amplus are mainly recorded from the
V. arcuatus to P. confluens Zones. They are rare in the
D. birkheadensis Zone in Fraser River 1, with an isolated
appearance near the base of the S. ybertii Zone in that well.
Most specimens are small and assignable to M. minimus,
whereas some slightly larger examples can be assigned to
M. amplus. Size in the M. minimus – M. amplus group is
highly variable and unlikely to be a significant taxonomic
criterion. Consequently, these two morphotypes are
treated as a single taxon and listed in the range charts as
M. minimus.

The species was originally illustrated by Kemp (1975)
as cf. Deusilites from the Itararé Subgroup of the Paraná
Basin, Brazil, that is probably equivalent in age to the
P. confluens Zone. It was subsequently described from
the Chacoparanense Basin of Argentina (Gutiérrez et al.,
1997) and again from Itararé Subgroup by Souza (1998),
who also details other South American occurrences. The
age range suggested in South America is Stephanian
(~Kasimovian – early Gzhelian) to Early Permian
and, although apparently without robust age control, is
essentially consistent with the biostratigraphic range
indicated in this report. El-Nakhal et al. (2002) record
it from strata of Late Carboniferous to Early Permian
age in Yemen, an age entirely based on palynological
evidence. These authors placed D. tenuistriatus in
synonymy with D. tentus on the grounds that there is
no sustainable difference in wall thickness. However,
in this study, forms with closely spaced striations, as
described above, are retained in D. tenuistriatus. Forms
lacking these regularly spaced striations are placed in
D. tentus, or Deusilites sp. A. In the Canning Basin,
D. tenuistriatus is most common in the V. arcuatus to
M. tentula Zones and is rare in the lowest part of the
P. confluens Zone. It is effectively an index species for
this biostratigraphic interval. The interval ascribed to
the Deusilites tenuistriatus Assemblage by Apak and
Backhouse (1998, 1999) correlates with this interval. The
only record of D. tenuistriatus and D. tentus in the same
sample in this study is in the lowest part of the V. arcuatus
Zone from 743.1 m in St George Range 1.

Genus Quadrisporites Hennelly ex.
Potonié and Lele 1961
Type species: Quadrisporites horridus Hennelly ex.
Potonié and Lele 1961
Quadrisporites horridus Hennelly ex. Potonié and
Lele 1961
Plate 5.33 Figure 6
Remarks
Q. horridus is extremely rare, with most specimens found
in the V. arcuatus to P. confluens Zones. One specimen
is recorded in the S. ybertii Zone in Grant Range 1 at
1881.5 m.

Genus Tetraporina Naumova ex.
Potonié 1960
Type species: Tetraporina antiqua Naumova 1950,
designated by Potonié (1960)

Deusilites sp. A

Tetraporina gigantea (Bose and Maheshwari)
Backhouse 1991

Plate 5.33 Figures 12–14
Remarks

Remarks

A few specimens of Deusilites display a comprehensive
sculpture of small, elongated rugulae that impart an
undulating appearance to the surface. All are from
2316.9 m in Jum Jum 1 in the G. maculosa Zone.

A few specimens are recorded in the P. confluens Zone.
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Scolecodonts

Tetraporina tetragona (Pant and Mehtra)
Anderson 1977

Scolecodonts are fossilized elements from polychaetous
annelids and are predominantly associated with shallowwater deposits. Rare detached elements of scolecodonts
in several samples are included in the range charts. They
provide definitive evidence for marine deposition, assuming
they are not reworked.

Remarks
Most specimens of Tetraporina in this study are placed in
T. tetragona. It is extremely rare in the D. birkheadensis
– M. tentula Zones and slightly more common in the
P. confluens Zone.
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1–7 Densosporites dissonus Playford, González and Moreno 2008
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Cristatisporites–Indotriradites complex, G. maculosa Zone
1, 2 Densosporites infacetus Daemon 1974
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12 Indotriradites kuttungensis Playford and Helby 1968
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Plate 5.19
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Plate 5.19
Cristatisporites–Indotriradites complex, S. ybertii Zone
1–7 Cristatisporites spp.
1

distal focus

F54855/6

2

median focus

F54900/2

3

median focus

F54873/2

4

median focus

F54873/3
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median focus

F54900/3

6

distal focus

F54857/2

7

distal focus

F54903/1

8–12 Indotriradites spp.
8

median focus

F54903/2

9

proximal focus

F54878/4

10

distal focus

F54903/3
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median focus

F54858/2
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median focus

F54904

10 µm
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Plate 5.20
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Plate 5.20
Cristatisporites–Indotriradites complex, D. birkheadensis Zone
1, 2 Indotriradites spp.
1

median focus

F54845/2

2

distal focus

F54839/4

3–12 Cristatisporites spp.
3

median focus

F54905/1

4

median focus

F54839/5

5

proximal focus

F54906
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proximal focus

F54907
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distal focus

F54908
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distal focus

F54856/2
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median focus

F54839/6
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median focus

F54909
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proximal focus

F54839/7
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median focus

F54905/2

10 µm
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Plate 5.21
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Plate 5.21
Cristatisporites–Indotriradites complex, V. arcuatus and M. tentula Zones
1–5, 7, 8, 10 Cristatisporites spp.
1

distal focus

F54834/5

2

distal focus

F54910

3

distal focus

F54862/7

4

median focus

F54862/8

5

distal focus

F54889/2

7

median focus

F54862/9

8

median focus

F54889/4

10

proximal focus

F54901/2

6, 9, 12 Indotriradites spp.
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median focus

F54889/3

9

median focus

F54862/10
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median focus

F54901/3
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11 Cristatisporites pseudozonatus (Lele and Makada) Jones and Truswell 1992
		

distal focus
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Plate 5.22
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Plate 5.22
1–5 Indotriradites dolianitii (Daemon) Loboziak, Melo, Playford and Streel 1999
1

proximal focus

F54899/3

2

median focus

F54912/1

3

median focus

F54913

4a, b

a distal focus,
b proximal focus

F54912/2

median focus

F54912/3

5

6–10 Indotriradites sp. A
6a, b

a median focus, b proximal focus

7

proximal focus

F54873/4

8

median focus

F54873/5

9

median focus

F54873/6

10

median focus

F54914

F54858/3

20 µm
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Plate 5.23
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Plate 5.23
1–4 Prolycospora rugulosa (Butterworth and Spinner) Melo and Playford 2012
1

median focus

F54841/12

2

median focus

F54841/13

3

median focus

F54841/14

4

median focus

F54858/4

5–7 Lundbladispora braziliensis Pant and Srivastava) Marques-Toigo and Pons 1976
5

median focus

F54843/4
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median focus

F54889/5
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proximal focus

F54843/5
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8 Indotriradites splendens (Balme and Hennelly) Foster 1979
		

distal focus

F54833/6

9–13 Vallatisporites arcuatus (Marques-Toigo) Archangelsky and Gamerro 1979
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median focus

F54915
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distal focus

F54916
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median focus

F54834/6
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median focus

F54917
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distal focus

F54834/7

20 µm
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Plate 5.24
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Plate 5.24
1–7 Vallatisporites vallatus Hacquebard 1957
1

median focus

F54844/50

2

median focus

F54835/26

3

proximal focus

F54844/51

4

distal focus

F54844/52

5

proximal focus

F54844/53

6

proximal focus

F54835/27

7

proximal focus

F54844/54

8–12 Auroraspora solisorta Hoffmeister Staplin and Malloy 1955
8

median focus

F54844/55

9

median focus

F54835/28
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median focus

F54841/15
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proximal focus

F54844/56
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proximal focus

F54844/57
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Plate 5.25
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Plate 5.25
1–6 Grandispora maculosa Playford and Helby 1968
1

proximal focus

F54841/16
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median focus

F54918/1

3

distal focus

F54895/2

4

median focus

F54918/2
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median focus

F54895/3

6

median focus

F54895/4

10 µm
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7 Grandispora queenslandensis (Jones and Truswell) Playford, Dino and Marques-Toigo 2001
		

median focus

F54919

8–12 Velamisporites australiensis (Playford and Helby) di Pasquo, Azcuy and Souza 2003
8

median focus

F54920/1

9

median focus

F54844/58
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median focus

F54844/59
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median focus
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10 µm
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Plate 5.26
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Plate 5.26
1–7 Spelaeotriletes ybertii (Marques-Toigo 1970) Playford and Powis 1979
		

trilete form

1a, b

a proximal focus,
b distal focus
F54844/61

2

proximal focus

F54844/62

3

median focus

F54844/63

4

median focus

F54835/29

5

lateral view,
low focus

F54844/64

6

median focus

F54835/30

7

proximal focus

F54844/65

10 µm
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Plate 5.27
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Plate 5.27
1–4 Spelaeotriletes ybertii (Marques-Toigo 1970) Playford and Powis 1979
		

trilete form

1

median focus

F54841/17

2

proximal focus

F54844/66

3

proximal focus

F54835/31

4

median focus

F54835/32

5–8 Spelaeotriletes ybertii (Marques-Toigo 1970) Playford and Powis 1979
		

monolete form

5

median focus

F54835/33

6

proximal focus

F54844/67

7

proximal focus

F54835/34

8

proximal focus

F54835/35

10 µm
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Plate 5.28

1

Plate 5.28
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1–5 Velamisporites cortaderensis (Cesari and Limarino 1987) Playford 2015
1

distal focus

F54835/36

2

distal focus

F54921

3

distal focus

F54844/68

4a, b

a proximal focus,
b distal focus
F54844/69

5

distal focus

F54878/5

6–9 Psomospora detecta Playford and Helby 1968
6

median focus

F54856/3

7

proximal focus

F54831/3

8

median focus

F54839/8

9

median focus

F54889/6

4a

20 µm
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4b

10, 11 Gneudnaspora divellomedia (Chibrikova) Balme 1988 var. divellomedia
10

proximal focus

11a, b a median focus,
b proximal focus
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F54835/37

10 µm
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Plate 5.29
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Plate 5.29
1–4 Plicatipollenites spp.
1

proximal focus

F54869/3

2

distal focus

F54869/4

3

median focus

F54848/4

4

median focus

F54853/2

5–9 Plicatipollenites trigonalis Lele 1964
5

median focus

F54922

6

median focus

F54923/1

7

median focus

F54899/4

8

median focus

F54923/2

9

median focus

F54883/2

10, 11 Cannanoropollis janakii Potonié and Sah 1960
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median focus

F54924/1
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median focus

F54863/4

20 µm
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Plate 5.30
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Plate 5.30
1–3 Caheniasaccites ovatus Bose and Kar, 1966 emend. Guttierez 1993
1

median focus

F54882/3

2

median focus

F54882/4

3

median focus

F54923/3

20 µm

4–8 Potonieisporites novicus Bharadwaj 1954
4

median focus

F54883/3

5

proximal focus

F54925
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median focus

F54883/4
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median focus

F54869/5
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median focus

F54842/2

20 µm
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Plate 5.31
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Plate 5.31
1–2 Alisporites spp.
1

median focus

F54850/7

2

median focus

F54850/8

10 µm

3–6 Protohaploxypinus limpidus (Balme and Hennelly) Balme and Playford 1967
3

median focus

F54911/2

4

median focus

F54848/5

5

median focus

F54869/6

6

proximal focus

F54848/6

7–13 Meristocorpus explicatus Playford and Dino 2001
7

proximal focus

F54869/7
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median focus

F54847/9
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median focus

F54848/7

10

median focus

F54867/2
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proximal focus

F54863/5
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13

proximal focus
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Plate 5.32

Plate 5.32
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1–4 Granulatisporites frustulentus Balme and Hassell emend. Playford 1971
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distal focus

F54899/5
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distal focus

F54899/6
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proximal focus

F54926/1

4
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F54926/2

5–8 Cycadopites cymbatus (Balme and Hennelly) Segroves 1970
5

median focus

F54847/10

6

proximal focus

F54927/1

7

proximal focus

F54847/11

8

median focus

F54927/2

9 Striatoabieites multistriatus (Balme and Hennelly) Hart 1964
		

proximal focus

F54853/3

10 Vittatina fasciolata (Balme and Hennelly) Bharadwaj 1962
		

proximal focus

F54850/9

11, 12 Marsupipollenites striatus (Balme and Hennelly) Foster 1979
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proximal focus

F54874/2
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proximal focus

F54848/8
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13, 14 Retispora lepidophyta (Kedo) Playford 1976
		(reworked)
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Plate 5.33

Plate 5.33
1–5 Micrhystridium spp.
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high focus

F54930/1
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high focus
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high focus
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6 Quadrisporites horridus Hennelly ex. Potonié and Lele 1961
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7 Maculatasporites minimus Segroves 1967
		

high focus

F54844/71

8 Botryococcus sp.
		

high focus

F54868/2
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9–11 Deusilites tenuistriatus Gutiérrez, Césari and Archangelsky 1996
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high focus
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high focus
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high focus
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Introduction

BHP Worral Range WRD 1
Location: This mineral exploration corehole was drilled
near the northern end of seismic line W82-021B on the
southwestern side of the Fenton Fault on the Barbwire
Terrace. The nearest well, Barbwire 1 (12 km west), lacks
a Carboniferous section, and the nearest well reviewed
in this study is St George Range 1 (54 km north) in the
Fitzroy Trough.

This appendix discusses the palynozonation and inherent
uncertainties in the stratigraphy for the most significant
wells in the study. Not all wells shown in the plates are
discussed, especially if insufficient core or sidewall cores
(SWCs) were cut thereby limiting both the available
palynology and the opportunity to process additional
samples. Although some additional palynology samples
were processed where warranted, cuttings were avoided
unless they were the only samples available because such
samples invariably contain considerable caved material
from higher levels. Wells for which additional slides were
not made from the studied interval include Kambara 1,
Minjin 1, Perendi 1 and Tappers Inlet 1, which do not
contain lithologies suitable for palynology, or only cuttings
samples are available. Some wells discussed below, with
little or no palynology, are still helpful to correlate between
better constrained, albeit widely separated, sections. Given
the distance between wells, highly variable facies within
the Grant Group and Reeves Formation, uncertain zonal
allocations and older, low-quality seismic data near many
wells, correlations are necessarily broad and identification
of faults can be haphazard.

Palynozonation: Five core samples from between
294.5 m and 419.2 m (Appendix 3) all have modest
yields, with the 326.2 m sample particularly sparse. All
samples are dominated by Punctatisporites spp. and, at
419.2 m, G. frustulentus. Small numbers of S. ybertii are
present in three samples and monosaccates are rare in
all samples. These assemblages are clearly younger than
the G. maculosa Zone. The samples from 294.5 m and
366.9 m contain several specimens of Ancyrospora spp.,
Geminospora lemurata and Retispora lepidophyta
reworked from the Devonian. Similarly, the few spores
present in this interval associated with the D. birkheadensis
to G. maculosa Zones also may be reworked. The absence
of M. tentula and any indicator species for the M. tentula
or younger zones precludes assignment of any samples
to these zones. Although previously assigned to the
A. concinnus − S. ybertii Zones (Mory, 2010, appendix 6),
this interval is now assigned, with reservation, to the
V. arcuatus Zone, reflecting the extreme rarity of S. ybertii,
which appears to eliminate the S. ybertii Zone. The entire
sequence is essentially undatable and many samples from
this borehole appear to include clasts of sedimentary rock.
The siltstone from 478.85 m yielded the latest Devonian
R. lepidophyta Assemblage. No data or samples are
available for the uncored interval above 294.5 m.

Well completion reports and subsequent analyses for all
wells can be accessed via the Western Australian Petroleum
and Geothermal Information Management System
(WAPIMS) at <www.dmirs.wa.gov.au/wapims> using
the well name, whereas reports on mineral exploration
drillholes are available via the interactive geological map
at <www.dmirs.wa.gov.au/geoview>.

Asgard 1

Plate 5

Stratigraphy: There are no wireline logs and the only
record for the upper part of the hole above the cored
interval is the descriptions of cuttings. The cored section
above the Devonian (279–478 m) appears to be entirely
within the lower Grant Group based on sandy diamictite
beds in this section; most of the clasts are angular
carbonate fragments of Devonian age — there are relatively
few exotic clasts — implying these beds are a fault talus
rather than a glacially influenced deposit (Mory, 2010). The
underlying siltstone (478 – 497.5 m) is probably the Upper
Devonian part of the Fairfield Group.

Location: The well lies within the Fitzroy Trough, 33 km
east-southeast of Valhalla 1 and 2 and 31 km northnortheast of Fitzroy River 1, on the northern limb of a
syncline, with the Blina Shale sub-cropping in its centre.
Palynozonation: No palynology is available and no SWCs
were cut in the studied units.
Stratigraphy: The lack of palynology from Asgard 1
hinders selecting some formation boundaries, especially
for the Grant Group and Reeves Formation. The top of the
Poole Sandstone could be at 713.5 m or 763.5 m. Whereas
correlation with Valhalla 1 (Plate 5) points to the deeper
pick, correlation with Metters 1, 45 km to the northwest,
suggests the higher pick given the overall similarity
in the gamma-ray signature, although the formation is
only 83 m thick in these two wells. The Grant Group
(822 – 1631.4 m) consists of mixed sandstone–mudstone
facies with relatively thin sandstone-dominated sections
such that it is unclear if the ‘middle shale’ or ‘Winifred
Formation’ is present. Based on correlation with Valhalla 1,
the Reeves Formation probably extends from 1631.4 m
to 1833 m. Correlation of the Grant Group and Reeves
Formation with Fitzroy River 1 is unclear, as the combined
thickness of the two units is 500 m greater in that well
(Plates 2 and 7). This is probably due to a combination of
northward thinning of these units and a normal fault with a
throw of about 100 m at about 1375 m in Asgard 1. Below
1955 m is the mudstone-dominated Laurel Formation, but
it is unclear if the overlying section is part of that unit, or
the Anderson or Reeves Formations.

Bindi 1

Plates 3, 6

Location: The well was spudded near poorly exposed
Erskine Sandstone on the Betty Terrace 42 km eastsoutheast of Lanagan 1, also on the Betty Terrace, and
52 km east-southeast of Lake Betty 1 and 35 km northnortheast of Lawford 1, both within the Gregory Sub-basin.
Palynozonation: All palynological preparations from
SWCs in Bindi 1 appear largely free of mud contamination.
The assemblage from 1047.5 m is assigned to the
P. pseudoreticulata Zone based on a few small examples
of the nominate species and D. townrowii. This assemblage
is otherwise similar to those within the underlying
P. confluens Zone but very rare P. confluens suggests it
belongs to the lowest part of the P. pseudoreticulata Zone.
The P. confluens Zone lies between 1065 m and the FAD
of P. confluens at 1422.3 m. Monosaccates are relatively
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contamination. Given its thickness, with 10 reasonably
reliable SWC samples over 561 m, this interval is the
best example of the P. confluens Zone in the northern
part of the basin. The thin Carboniferous interval has few
samples available and lacks zones between the S. ybertii
and P. confluens Zones that are present in wells to the
east. Two samples, from 1448.8 – 1462.1 m (core 1)
and 1464 – 1481.6 m (three combined SWCs), assigned
to the S. ybertii Zone contain common S. ybertii, rare
monosaccates and other spores consistent with this zone.
Granulatisporites frustulentus is also common in the
lower sample. The SWC from 1491.7 m may belong in the
S. ybertii Zone but this assemblage is clearly contaminated.
The interval with S. ybertii Zone is thin but sound; both
samples have good yields and the zonal identification
is robust. The G. maculosa Zone is not present. A good
assemblage from the SWC at 1501.1 m unequivocally
belongs in the G. frustulentus Microflora.

common from 1377 m to 1422.3 m compared with
higher samples. Both M. tentula and H. tereteangulatus
are common down to 1422.3 m. The sample from
1475.4 m contains extremely rare M. tentula and several
A. concinnus, and lacks P. confluens. This assemblage
contains C. cymbatus and H. tereteangulatus and is
provisionally considered to be the base of the P. confluens
Zone. An interesting SWC sample at 1497 m completely
lacks M. tentula and H. tereteangulatus. It contains
common Cristatisporites-type spores, monosaccate
pollen grains and D. rotundidentatus, and abundant
Punctatisporites spp. The assemblage also contains rare
Tricidarisporites gutii, A. cristatus and F. pellucidus. It
represents a biostratigraphic level below the P. confluens
Zone, possibly within the M. tentula or V. arcuatus Zones.
Below 1497 m are a series of cuttings samples of which the
higher ones contain mainly caved Permian species and the
lowest three, from a thick sandstone interval, are essentially
barren. SWC 8 at 1918.7 m, although contaminated,
contains abundant G. frustulentus and is best included in the
G. frustulentus Microflora (as opposed to the G. maculosa
Zone suggested in the well completion report).

Stratigraphy: The top of the Grant Group at 838.5 m is
constrained by fossiliferous sandy carbonate in the basal
part of the Poole Sandstone, seemingly equivalent to the
Nura Nura Member, as well as the P. pseudoreticulata
and P. confluens Zones in SWCs at 827.5 m and 838.8 m,
respectively. The top of the Reeves Formation, tentatively
placed at 1417 m at the upper limit of a low-gamma
interval, lies just below the lowest appearance of the
P. confluens Zone in a SWC at 1400.6 m, and 31 m
above a S. ybertii Zone palynoflora in core 1. Possibly,
the palynology from between 1177 m and the base of
the sandstone-dominated interval at 1410 m is unreliable
owing to the unproductive nature of this facies. So the
top of the Reeves could lie as much as 200 m higher if
the 1400.6 m SWC was contaminated with drilling mud.
Alternatively, the S. ybertii assemblages could be reworked,
although there is little to support this apart from minor
Retispora lepidophyta in core 1 (Appendix 4). The sharp
break at 1487.2 m on the wireline logs lies 14 m above
the highest G. frustulentus palynoflora at 1501.1 m, and is
most probably the erosional contact between the Reeves
and Laurel Formations. The thin sandstone-dominated
interval with S. ybertii Zone seemingly lies between
significant unconformities, even though it is lithologically
indistinguishable from the interval above containing the
P. confluens Zone. In spite of these uncertainties, the
interval of interest in this well is one of the best constrained
by palynology along the Lennard Shelf.

Stratigraphy: The interval assigned to the Poole Sandstone
in the well completion report (910–990 m) is inconsistent
with the revised palynology. The Poole Sandstone appears
to correspond to the overall coarsening-up interval
of 990.2 – 1051.8 m containing P. pseudoreticulata
Zone palynomorphs from the 1047.5 m SWC, which is
17.5 m above the highest appearance of the P. confluens
Zone (Plates 3 and 6). The Grant Group (probably
1051.8 – 1832 m) contains the P. confluens Zone down
to 1422.3 m, but the age of the deeper part of the group
is poorly constrained in this well. Correlation with
Lake Betty 1 (Plate 3) suggests the ‘Betty Formation’ is
present below either 1365.5 m or 1442 m. Mory (2010)
previously designated the latter depth as the top of the
Reeves Formation. The base of the ‘Betty Formation’
and therefore the Grant Group could be at about 1529 m
based on a correlation with Kilang Kilang 1, 64 km to the
southeast, if the questionable S. ybertii Zone designation
in that well is accepted (Plate 3). That depth corresponds to
an unconformity according to the well completion report.
By comparison, none of the zones here associated with the
Reeves Formation are present in Lawford 1 (even though
there are only cuttings samples from this well; Plate 3),
from which it may be inferred the formation is also absent
in Bindi 1. Alternatively, the Reeves Formation could lie
within the 170 m-thick, low-gamma sandstone between
1661 m and 1832 m.

Blackstone 1

Booran 1

Plate 2

Location: Booran 1 was drilled within the northern Fitzroy
Trough, 5 km southeast of Derby town centre. The well
lies 54 km east of Fraser River 1, 53 km east-southeast of
Puratte 1, 52.5 km northwest of East Yeeda 1, and 83.5 km
north-northwest of Grant Range 1.

Plate 5

Location: Blackstone 1 was drilled close to outcrop of
the Erskine Sandstone on the Lennard Shelf about 5 km
northeast of the Fitzroy Trough.

Palynozonation: Few SWCs from Booran 1 show signs
of mud contamination. The sample at 1294 m assigned
to the P. pseudoreticulata Zone contains several of this
species. The P. confluens Zone ranges from 1357 m to
1690 m, although P. confluens is rare in the highest and
lowest samples. All samples have common C. cymbatus.
The 1703.5 m and 1725.4 m samples lack P. confluens
and probably belong in the M. tentula Zone, although
the samples are not diverse and the 1725.4 m slides
are desiccated. No sample can be confidently assigned

Palynozonation: Blackstone 1 contains Permian
strata below approximately 325 m, with the top of
the P. confluens Zone at 838.8 m, 11.4 m below the
P. pseudoreticulata Zone at 827.5 m (see Appendix 4).
The P. confluens Zone ranges down to 1400.6 m. The
highest sample in the zone contains common C. cymbatus
and few other species. The lowest sample at 1400.6 m
seems reliable and contains no obvious evidence of mud
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Zone is present in just one other section on the terrace
(CRAE DD88CL1; Mory, 2010). The Calytrix Formation
also contains foraminifera and a macrofauna dominated
by bryozoans and brachiopods (Foster and Waterhouse,
1988; Archbold, 1995; Palmieri, 1998; Taboada et al.,
2015), mostly confined to the basal beds. Whereas the
fauna is similar to that from the base of the Sakmarian–
Artinskian Callytharra Formation (Southern Carnarvon
Basin), a correlative of the Nura Nura Member of the Poole
Sandstone, further work is necessary to confirm such a
correlation as it seemingly conflicts with the spore-pollen
evidence.

to the S. ybertii Zone. It may be present in the lowyielding sample from 1948 m containing rare S. ybertii,
R. magnidictyus and monosaccates, but it is discounted
due to signs of mud contamination. The samples from
2115.7 m and 2267.5 m contain some S. ybertii and lack
monosaccate pollen, and both samples may have minor
contamination — their assignation to the G. maculosa
Zone is provisional. R. Helby noted in the well completion
report that S. ybertii becomes common in a cuttings sample
from 2075–2080 m, which suggests the G. maculosa Zone
at this depth. The interval from 2281.5 m to 2586.2 m lies
in the G. maculosa Zone, even though several samples
gave extremely low yields and others were barren. The
absence of saccate pollen grains and the high abundance
of S. ybertii in several samples justifies this placement,
although R. magnidictyus was not recorded. The sample at
2603.6 m is barren, whereas the 2610.4 m sample is from
the G. frustulentus Microflora.

Stratigraphy: Clianthus 1, Calytrix 1 and Hoya 1 give their
names to the three formations Redfern (1991) recognized
within the Grant Group along the Barbwire Terrace.
Coring began near the top of the Clianthus Formation in
these wells and continued into strata underlying the group
in Calytix 1 and Hoya 1, but ceased within the group in
Clianthus 1. The P. pseudoreticulata Zone at 112.9 m in
Clianthus 1, 3.4 m above the P. confluens Zone, suggests
the Poole Sandstone – Grant Group contact should be
within that interval (previously placed within the Clianthus
Formation by Redfern, 1991; Eyles et al., 2001 and
Mory, 2010). As nearby poor outcrop is mostly assigned
to the Noonkanbah Formation, the uppermost, uncored
parts of these wells could belong to this unit or the Poole
Sandstone. This further suggests strata from ~32–126 m in
Clianthus 1 belong within the Poole Sandstone based on
its lithology and position relative to the palynozonation in
the cored interval. Alternatively, ignoring the palynology,
the lack of any glacial features above the Hoya Formation
and the basal warm-water carbonate facies in the Calytrix
Formation suggests the entire section above 307 m in
Clianthus 1, for example, could be equivalent to the Poole
Sandstone (including the basal Nura Nura Member). Such
an interpretation would render the identification of the
Clianthus and Calytrix Formations redundant in these wells
(and across the Barbwire Terrace). Alternative formation
picks for the wells (Table 2) largely reflect varying
interpretations of the position of glacial facies.

Stratigraphy: The Poole Sandstone (1236–1308 m)
encompasses an overall coarsening-up cycle with similar
subordinate cycles, a basal 7 m-thick sandy carbonate
(Nura Nura Member) and the P. pseudoreticulata Zone
at 1294 m. The Grant Group (1308 – 1946.9 m) contains
the P. confluens Zone (1357−1690 m), and possible
M. tentula Zone at 1725 m. The position of the base of the
group in this well is ambiguous as there is no unequivocal
palynology between the P. confluens Zone at 1690 m and the
G. maculosa Zone at 2281.5 m. Nevertheless, the 2115.7 m
SWC is reasonably convincing and there is evidence for the
G. maculosa Zone from a cuttings sample at 2075–2080 m.
The base of the group is best placed at c. 1950 m, at the base
of a 180 m-thick, low-gamma sandstone interval where Esso
placed the Grant Group – ‘lower Grant Group’ boundary in
the well completion report. By comparison, Mory (2010)
placed the base of the Reeves Formation at that depth,
then believing the G. maculosa Zone was indicative of the
underlying Anderson Formation. The base of the Reeves
Formation (probably top Anderson Formation) is placed
at 2596.7 m, at the base of a 6.3 m-thick, low-gamma
sandstone between SWCs from 2586.2 m and 2610.4 m
that yielded G. maculosa and G. frustulentus palynological
assemblages, respectively.

Canopus 1

Calytrix 1, Clianthus 1, Hoya 1
and Percival 1		
Figure 7.1

Plates 8, 9

Location: Canopus 1 was drilled near the southern
corner of the Mowla Terrace about 2 km northeast of the
southwestern boundary with the Broome Platform, 45 km
south of the Jurgurra Terrace and 60 km south-southwest
of the Fitzroy Trough.

Location: The four wells were drilled near the southeastern
end of the Barbwire Terrace, along or near a 9.3 km-long
portion of north–south seismic line B84-41 such that the
distance between each is 2.6 – 4.2 km. Poor outcrops
near the wells have been attributed to the Noonkanbah
or Lightjack Formations. The nearest well in this study,
Lawford 1, lies 66–72 km to the northeast in the Gregory
Sub-basin.

Palynozonation: The only palynology available, shown
on the AGSO well summary sheet in Jackson et al.
(2004), is from cuttings as no cores or SWCs were
cut in this well. Cuttings from 390–405 m yielded an
assemblage ‘not younger [than] G. confluens’ whereas
those from 415– 520 m and 625–635 m contain ambiguous
assemblages here attributed to the G. confluens – S. ybertii
Zones. Although the samples come from below the casing,
contamination from higher in the hole via the drilling mud
cannot be disregarded given the lithology, so the S. ybertii
component may be reworked. No further sampling was
undertaken as the wireline logs indicate a sandstonedominated section below 420 m and shale is a minor
component of the cuttings from 530–935 m.

Palynozonation: Clianthus 1, Calytrix 1 and Hoya 1
have palynomorphs of the P. confluens Zone within the
Clianthus, Calytrix and Hoya Formations (summarized in
Mory, 2010); however, a reappraisal of Clianthus 1 found
the P. pseudoreticulata Zone at 112.9 m, P. confluens from
126.3 – 220.1 m and M. tentula from 418.1 – 447.7 m near
the base of the core. Whereas the M. tentula Zone is present
in several wells across the terrace, especially where the
Hoya Formation is relatively thick, the P. pseudoreticulata
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Stratigraphy: Correlation with nearby wells places the
base of the Jurassic at about 205 m (Plate 8), compared
to 171 m in the well completion report. The underlying
poorly consolidated coarse-grained sandstone, interbedded
with carbonaceous siltstone and coal, to 276 m may
equate with the Clianthus Formation. The mudstone from
276–339 m may correlate with the Calytrix Formation,
and the sandstone-dominated section from 339–355 m,
which includes coarse-grained conglomeratic sandstone
with lithic fragments, could belong to the Hoya Formation.
Deeper in the section, the formation picks given in the well
completion report (top Tandalgoo Formation at 365.5 m,
top ‘unnamed formation’ at 707 m) are close to changes
in hole size (17.5” to 12.25” at 367 m, and 12.25” to 8.5”
at 710 m). This coincidence seems unlikely given that the
well completion report described sandstone with volcanic
and lithic fragments from 395–935 m, corresponding to
a relatively uniform low-gamma-ray response (ignoring
the change at ~707 m), all of which is here assigned to the
Grant Group. Given the typical southern thinning trend on
the margin of the Fitzroy Trough (Fig. 8 ), the thickness
of the group (>734 m) appears anomalous compared to
the nearest wells along the Mowla Terrace and Broome
Platform (245 and 300 m in Pictor 1 and Looma 1; Plate 8).
Nevertheless, the thickness of the group changes little to the
northeast, notwithstanding the nearest uneroded sections are
56 km away in Nuytsia 1 and Nollamara 1 (Plate 9). To the
southeast, the thickness of the group is also similar to that
in Missing 1 (>749 m) and possibly Robert 1 (>879 m) as
interpreted herein, whereas the alternating wells (Looma 1,
Fruitcake 1 and Sally May 2) contain considerably thinner
sections of the Grant Group but notably thick sections of the
Ordovician Mallowa Salt (Plate 8).

Curringa 1

(1982) correctly concluded the samples were similar and
assigned them to the same biostratigraphic unit. The report
assumed the saccate pollen grains in the 1618 m sample
were contaminants and assigned both assemblages to the
G. maculosa Assemblage. In the present study, saccate
pollen grains were found in both samples, together with
minor contaminants from younger strata. Therefore, the
samples may belong in the G. maculosa or the S. ybertii
Zone depending on whether the grains are in situ or not. The
1688 m sample is confidently assigned to the G. maculosa
Zone and the 1854 m sample belongs in the Grandispora
spiculifera Assemblage of the G. frustulentus Microflora.
Stratigraphy: The Poole Sandstone is tentatively identified
from 882 – 921.95 m, based on identification of carbonate
at 914.5 – 919 m as the Nura Nura Member, and of
P. pseudoreticulata in a SWC at 912 m (Plate 4). However,
the log character of this interval points to its being a basal
facies of the Noonkanbah Formation, finer grained than
typical of the Poole Sandstone (Plate 4). If so, either
the Noonkanbah Formation directly overlies the Grant
Group in this well or a small fault has removed most of
the Poole Sandstone apart from the Nura Nura Member.
Two SWCs from 921 m and 972 m within the Grant Group
yielded P. confluens Zone palynomorphs. The base of
the Grant Group is poorly constrained palynologically,
with the next deepest SWCs containing identifiable
palynomorphs from 1600.9 m and 1618 m (G. maculosa or
S. ybertii assemblages) indicative of the underlying Reeves
Formation. Correlation with wells to the southeast (Plate 4)
suggests the base of the Grant Group could be placed
either below the low-gamma, medium-to-coarse-grained
sandstone from 1205–1267 m or below the underlying,
mostly medium-grained, sandstone down to 1596.1 m. The
deeper pick seems consistent with other wells along the
Pender Terrace, although adverse facies from around this
level render the palynology as inconclusive in most other
wells along the sub-basin. The Reeves Formation consists
mainly of sandstone, apart from the multicoloured siltstone
from 1595–1617 m that yielded palynomorphs. Whereas
Esso designated 1595–1854 m as the Anderson Formation
in the well completion report, that is inconsistent with the
nearest well, Moogana 1 in which the Reeves Formation
directly overlies a thin section of the Laurel Formation
(Plate 4). The mudstone–carbonate from 1854–1927 m,
directly below the Reeves Formation in Curringa 1,
contains G. spiculifera Assemblage palynomorphs
consistent with the Laurel Formation.

Plate 4

Location: The well was drilled on the Pender Terrace
within which the nearest wells are Moogana 1 (13 km
north-northeast) and Padilpa 1 (52 km west-northwest).
The nearest well in the Fitzroy Trough is Jum Jum 1, 48 km
to the southeast.
Palynozonation: Of the 51 SWCs cut over the interval
of interest in this well, 33 were processed but most of
these were barren or contaminated via the drilling mud.
The lowest P. pseudoreticulata Zone assemblage is at
912 m. The interval from 921 m to 998.5 m is placed in
the P. confluens Zone. Although the 998.5 m sample had a
very low yield and lacks P. confluens, it contains M. tentula
and other species consistent with the P. confluens Zone,
including common C. cymbatus, not recorded below the
zone. Of the similar but richer assemblages from 921 m
and 972 m, P. confluens is present only in the latter
sample. Several SWC samples from 1015 m to 1588 m
were either barren or contain mixed assemblages. Some of
the lower samples from 1284–1563 m may belong in the
S. ybertii Zone as they contain S. ybertii, commonly with
monosaccate pollen. However, all samples show at least
partial contamination from the drilling mud, rendering zonal
allocations uncertain. For example, C. cymbatus, M. tentula,
P. confluens and P. pseudoreticulata are recorded in all
samples from 1284–1563 m. Two samples from 1600.9 m
and 1618 m yielded rich assemblages originally assigned
to the G. maculosa Assemblage in the well completion
report (Powis, 1982). That report recorded saccate pollen
in the lower sample but not in the higher sample. Powis

Cycas 1

Plates 2, 3, 6

Location: Cycas 1 was drilled on poor outcrop mapped
as Noonkanbah Formation near the eastern end of the
Fitzroy Trough and 21 km southwest of its northern margin.
The nearest wells in the study are Jones Range 1 (53 km
southwest on the ‘Jones Arch’), Lake Betty 1 and Lanagan 1
(70 and 77 km to the south-southeast in the Gregory
Sub-basin and Betty Terrace, respectively) and St George
Range 1 (99 km west-northwest, also in the Fitzroy Trough).
Palynozonation: Only samples from core 1 and three
SWCs provide reliable results over the interval of
interest as other samples are barren or show signs of
contamination. The 425.6 m sample is confidently
assigned to the P. pseudoreticulata Zone. SWCs from
532.4 m and 876.4 m contain both P. confluens and
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Doran 1

P. pseudoreticulata and, although probably contaminated,
both belong to the P. confluens Zone based on the general
assemblage composition. Samples from 998.4 m and
998.7 m in core 1 unequivocally belong in the P. confluens
Zone. A SWC and two cuttings samples from 1150 m
and 1152.5 − 1162 m lack P. confluens but contain
common M. tentula and specimens of H. tereteangulatus.
Assignment to the M. tentula Zone is provisional as
these samples are contaminated. The cuttings from
1310−1312 m lack M. tentula and S. ybertii and contain
largely Punctatisporites spp. and monosaccate pollen
grains. The age of this sample is uncertain, but is probably
older than the M. tentula Zone. Assemblages from four
cuttings samples over 1652.5 – 1812.5 m appear to be older
than the M. tentula Zone based on the absence or extreme
rarity of M. tentula — possibly some of this interval
represents the V. arcuatus or D. birkheadensis Zone.
S. ybertii is present as a rare form from 2070 – 2072.5 m
and 2132.5 – 2135 m. Although diversity is low in
these samples, both are provisionally assigned to the
S. ybertii Zone. In the 2182.5 – 2185 m sample, common
Indotriradites dolianitii, and rare Cordylosporites
asperidictyus, Secarisporites lobatus and S. ybertii provide
stronger support for the S. ybertii Zone. The SWC from
2224 m lacks monosaccates and possibly belongs in the
G. maculosa Zone. However, the absence of monosaccates
may be due to the low diversity in this assemblage in which
S. ybertii is extremely rare and thermal maturity is high. By
contrast, the 2300.5 m sample contains abundant S. ybertii
without monosaccates and is more confidently placed in the
G. maculosa Zone, although diversity is low. This sample
represents the most eastern example of abundant S. ybertii
in the basin. The SWC at 2357.5 m is certainly from the
G. frustulentus Microflora, but displays high thermal
maturity.

Plate 7

Location: Doran 1 lies 12 km east-southeast of Logue 1
and 20 km west-northwest of Frome Rocks 2, all within
the Jurgurra Terrace.
Palynozonation: Twelve slides from SWCs are available
between a SWC at 246.6 m with a Jurassic sporepollen assemblage and a Devonian sample from core 15
(758.6 – 763.2 m). Two SWC samples, from 339.9 m
and 358.4 m, are effectively barren and provide no
biostratigraphic information. Samples from core 7
(388.3 – 392.9 m) down to core 10 (497.7 − 502.3 m) are
assigned to the P. confluens Zone based on the presence
of C. cymbatus and no clear evidence for an older zone.
Samples from 566.3 − 651.7 m are provisionally assigned
to the M. tentula Zone. Most samples have low yields, so
differentiation of the P. confluens and M. tentula Zones is
not robust. Nonetheless, A. cristatus, and D. tenuistriatus in
the lower samples suggest they are probably older than the
P. confluens Zone. M. tentula is not common in any sample.
Stratigraphy: The Jurassic sample from 246.6 m is
probably contaminated, as the lithology is not favourable
for palynomorphs and correlation with Logue 1 (Plate 7)
suggests this level is within the Grant Group. Seismic
data near the well is too poor to confirm the position of
the unconformity. The palynology suggests the Reeves
Formation is absent in Doran 1.

Drosera 1

Figure 7.1

Location: The well was drilled on the northeastern margin
of the Crossland Platform, 1.9 km southwest of the
Barbwire Terrace, 31 km northwest of Ficus 1 and 35 km
south of Pratia 1 (both on the Barbwire Terrace) and 75 km
west-southwest of Jones Range 1 (on the ‘Jones Arch’).

Stratigraphy: The Poole Sandstone (443.7 – 526.8 m)
encompasses an overall coarsening-up section with a
3 m-thick basal sandstone. The age of the formation is
constrained by SWCs at 425.6 m and 532.4 m containing
P. pseudoreticulata and P. confluens assemblages,
respectively. The Grant Group (526.8 – ?2132.4 m)
mostly consists of sandstone, with four distinct mudstone
intervals (876–950 m, 1146–1185 m, 1638–1667 m and
1693–1737 m). The uppermost of the mudstone intervals,
called the ‘B Member’ or ‘Unit 2’ in the well completion
report, could be the ‘Winifred Formation’. However, the
lowest mudstone may be a better intra-group marker as
it overlies a 400 m-thick sandstone seemingly equivalent
to similar sections in the group in St George Range 1
and Jones Range 1 (Plate 3). The Reeves Formation
(2132.4 – ?2299.7 m) lies above a succession of sandstone
with lesser mudstone from which cuttings and one SWC
have yielded palynomorphs tentatively assigned to the
G. maculosa to S. ybertii Zones. Alternatively, the upper
contact could be higher in the well (up to ~1914 m). The
significance of the SWC from 2300.5 m that yielded a
reliable G. maculosa Zone assemblage is unclear: there
may be a slight mismatch between the SWC depth and
the wireline logs. If accepted at face value, the base of the
formation could be near 2354 m, just above SWCs from a
sandstone-dominated section down to 2814 m that yielded
G. frustulentus Microflora (from 2357–2602 m), thereby
indicative of the Anderson Formation. However, the higher
level is preferred given the thicker sandstone beds in the
overlying interval.

Palynozonation: Drosera 1 was fully cored from 46 to
450 m. Whereas slides are available from 12 horizons
between 110.85 m and 311.5 m (Appendix 4), many
of the original glycerine jelly slides are desiccated.
The 110.85 m to 175.50 m interval belongs in the
P. confluens Zone. It consistently contains P. confluens
and Dibolisporites disfacies, and C. cymbatus is common
in every sample. The section from 253.6 m to 311.5 m
(previously assigned to the D. tenuistriatus Zone in
Mory, 2010) is placed in the M. tentula Zone. Although
M. tentula is present in all samples, it decreases in
abundance down-section. H. tereteangulatus is present
down to 268.9 m. Vallatisporites arcuatus is consistently
present from 292.2 m to 301 m and the following species
range through the zone interval but are not present in the
overlying P. confluens Zone in this well: A. cristatus,
A. concinnus, C. firmus and Psomospora detecta. Drosera 1
is a significant well with a fully cored interval of at least
57 m that can be placed confidently within the M. tentula
Zone. The 309.47 m and 311.5 m samples produced low
yields and are less confidently retained in the M. tentula
Zone. Unfortunately, the interval below 175.5 m is largely
sandstone with only a few intervals lithologically suitable
for palynological sampling.
Stratigraphy: The Grant Group extends down to 440.55 m
where it unconformably overlies the Ordovician–Silurian
Carribuddy Group. Whereas the top of the Grant Group
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sample, described as an argillaceous sandstone, is from
close to the base of the thick sandstone interval but
yielded just two poorly preserved pollen grains that
are probably Potonieisporites novicus. It also contains
S. ybertii in an abundance commonly associated with
the G. maculosa Zone in other wells, and the rare spore
Cordylosporites sp. A. This distinctive, undescribed
spore is also present in West Kora 1 at 1591.4 m and Jum
Jum 1 at 2362 m; both of those samples lie near the top
of the G. maculosa Zone interval. In those wells, both
samples immediately underlie thick sandstone intervals
similar to the section above 2290 m in East Yeeda 1. It
therefore appears the 2291.1 m sample represents the
base of the S. ybertii Zone. However, in many respects,
this assemblage more closely resembles the samples from
the G. maculosa Zone from West Kora 1 and Jum Jum 1
identified above. If the above-mentioned specimens of
Potonieisporites novicus are in situ at 2291.1 m, this
sample represents the oldest stratigraphic appearance
of monosaccates in the Canning Basin. This zone
boundary may be transitional, but it coincides with the
lithostratigraphic change to sandstone deposition in two
of the three wells mentioned above. In West Kora 1, the
overlying sandstone is considered part of the Grant Group.
R. lepidophyta throughout the S. ybertii Zone indicates
reworking from Upper Devonian strata.

was placed at 16 m in the well completion report,
correlation with Pratia 1 and Ficus 1 suggests it is better
positioned at about 30 m, possibly at the base of Jurassic
strata. The top of the Hoya Formation is placed at 61 m,
thereby including sandstone and diamictite above 120 m.
Samples from 253.6 – 311.5 m previously assigned to the
D. tenuistriatus Zone (in Mory, 2010, appendix 6) are
reassigned to the M. tentula Zone, thereby contradicting
identifications of the Reeves Formation in this well by
Eyles et al. (2001) and Mory (2010). The ‘mounded
structure' illustrated by Apak and Backhouse (1999,
fig. 10) and intersected by this well is possibly related to
the Dummer Range Fault 1.9 km to the northeast. Steep
dips above low dips are probably due to the seismic line
(W82- 024) crossing this fault zone obliquely.

East Yeeda 1

Plate 2, Figure 7.2

Location: East Yeeda 1 lies within the Fitzroy Trough near
its northern margin, 30 km south-southwest of Meda 1 on
the Lennard Shelf, and 52 km southeast of Booran 1 and
42 km north of Grant Range 1 within the Fitzroy Trough.
Palynological samples: East Yeeda 1 contains a substantial
Triassic and Permian succession above a relatively
thin Upper Carboniferous interval. In this study, only
previously prepared slides from SWCs were utilized
(Appendices 3, 4). Some of the SWCs seem to have minor
contamination — although this is largely accounted for in
the range chart, there are some possible inconsistencies.

The Granulatisporites maculosa Zone is present in the
2301 m sample. This unusual and poorly preserved sample
lacks monosaccates and, unusually, S. ybertii, but this may
be due to the poor preservation. The presence of common
Punctatisporites spp., some Cristatisporites spp., two
specimens of R. magnidictyus and a few G. frustulentus
confirm the G. maculosa Zone, though there are also many
spores that could not be identified. This sample is also
notable for the number of scolecodonts present, which
indicate marine influence.

Palynozonation: A Triassic interval is present from
55 m (T. playfordii Zone) to 405 m (K. saeptatus Zone,
= P. samoilovichii Zone of Helby et al., 1987). As in
Blackstone 1, this interval appears to directly overlie the
Permian D. parvithola Zone.
The Permian interval above the P. confluens Zone is 872 m
thick, slightly more than in Blackstone 1 but comparable
in its apparent completeness. The Upper Permian part
of this interval is ~390 m thick, but only represented
by cuttings and may be thinner if index species in the
lower samples are caved. The 1213 m sample is assigned
to the P. pseudoreticulata Zone and the boundary with
the P. confluens Zone is between 1213 m and 1282 m,
an interval from which only cuttings are available. The
P. confluens Zone is identified between 1282 m and
1766.6 m. The next sample, from 1793.7 m, may be from
this zone but is contaminated.

The Granulatisporites frustulentus Microflora
(Anapiculatisporites largus Assemblage) is present in a
SWC sample at 2357 m.
Stratigraphy: The Poole Sandstone (1148–1217 m)
contains two overall coarsening-upcycles with the lower
contact constrained by the P. pseudoreticulata Zone in
the 1213 m SWC. The lower contact of the Grant Group
(1217–1802 m) lies at the base of a clean sandstone interval
between SWCs yielding P confluens at 1766.6 m and
S. ybertii at 1803.7 m, but could be 9 m higher (at 1792 m)
above a thin silty bed. In this case, the SP log is favoured
over the GR log (Plate 2) for this unconformable boundary.
A small fault cuts the well between ~1400 and 1500 m
based on seismic line W83-182, but it is not possible to
resolve this any further from either the VSP or the wireline
logs given the variable nature of the Grant Group and the
distance to the nearest well. The position of the base of the
Reeves Formation is seemingly constrained by SWCs with
G. maculosa Zone at 2301 m and an A. largus Assemblage
at 2357 m. Although this interval resembles the underlying
Anderson Formation on the wireline logs, the boundary
is placed at 2310 m, 12 m below the pick in the well
completion report, thereby including the sample yielding
G. maculosa Zone within the Reeves Formation.

The Spelaeotriletes ybertii Zone is confidently identified
in six SWC samples from 1803.7 m to 2291.1 m.
Palynological preparations from the 1803.7 m and
1876.5 m SWC samples, described as grey shales, show no
sample contamination. They are from an interval of shale
and sandstone beds above a more sandstone-dominated
interval, which extends down to c. 2290 m. The three
samples from 1905.5 m, 1995 m and 2185.8 m also appear
uncontaminated, though the yields are lower, reflecting
the more arenaceous lithologies. Typical S. ybertii Zone
assemblages in these five samples, including low numbers
of monosaccate pollen grains (1–4%), are unequivocal
evidence of the S. ybertii Zone. The 2291.1 m SWC
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Figure 7.1

or part of 1265–1510 m belongs in the M. tentula Zone, but
some samples may belong to an older biostratigraphic unit.
The absence of S. ybertii in most samples from 1740 m
to 1970 m is puzzling, but this species seems uncommon
in the eastern part of the basin. This interval contains
monosaccates and is referred to the D. birkheadensis –
S. ybertii Zones without conviction. Definitive resolution
of the zones is not possible with the current sample set. The
highest sample with unequivocal G. frustulentus Microflora
is at 2160 m and the samples up to a cuttings sample
labelled 1970 m, although very low yielding, almost
certainly also belong to this unit. The cuttings sample
labelled 1965–1970 m may be in the D. birkheadensis
Zone, but the sandstone lithology at this depth points to the
assemblage representing caving from higher in the well.

Location: The well lies within the Barbwire Terrace near
its southwestern edge, 63 km east-southeast of Pratia 1
and about 99 km northwest of Clianthus 1, Calytrix 1
and Hoya 1 — all on the Barbwire Terrace — and 31 km
southeast of Drosera 1 on the Crossland Platform, and
64 km southwest of Jones Range 1.
Palynozonation: Ficus 1 was fully cored from 90–1084 m
(TD). Slides are available from 13 horizons in the Permian
− Upper Carboniferous between 94.3 m and 450.35 m. In
contrast to Drosera 1, the glycerine jelly slides are in good
condition. The P. confluens Zone is present from 94.3 m to
360.7 m; the eponymous species is in all the better yielding
samples. The interval from 427.18 m to 450.35 m is placed
in the M. tentula Zone although that species is rare in all
samples. Closely spaced samples at 449.57 m and 450.35 m
are notable for the unusual presence of common V. arcuatus
at 449.57 m and A. concinnus at 450.35 m. Ahrenisporites
cristatus is present in both samples. The composition of
this interval is similar to the M. tentula Zone in Drosera 1
and these wells offer an opportunity for more detailed
study of the M. tentula – P. confluens Zone boundary on
the Barbwire Terrace.

Stratigraphy: The well was spudded near outcrop of
the Noonkanbah Formation and intersected the Poole
Sandstone at 397–486 m. In the well completion report,
the upper contact was placed 20 m higher at the top of an
apparently fining-up sequence, but that section is atypical
of the formation. The lower part of this formation is
dolomitic and may be equivalent to the Nura Nura Member.
In the well completion report, the ‘Grant Formation’
was divided into lower (1484−1715 m) and upper
(498–1484 m) parts, the latter further subdivided into an
‘upper sandstone unit’ (498–702 m), ‘middle shale unit’
(702–842 m) and ‘lower sandstone unit’ (842– 1484 m).
The ‘upper sandstone unit’ could be the Carolyn Formation
of Crowe and Towner (1976a, 1976b), given the type
section in Carolyn Valley is just 20 km to the south.
However, the uppermost 120 m does not resemble the clean
sandstone Crowe and Towner (1976a, 1976b) assigned to
the Millajiddee Member at the top of the group, nor can
their Wye Worry Member be unambiguously distinguished.
The lower contact of the Grant Group with the Reeves
Formation near 1703 m is close to the level designated as
the top of the Anderson Formation in the well completion
report (1715 m), but possible D. birkheadensis to S. ybertii
assemblages below that level seemingly indicate the Reeves
Formation. However, it is possible that all of those samples
incorporate cavings or contaminants. Alternatively, the base
of the Grant Group could be at 1496 m, close to the base of
the informal ‘Grant Formation (A)’ in the well completion
report. Following regional correlations (Plate 2), the base
of the Reeves Formation is tentatively placed at 2074.6 m
at the sharp base of a low-gamma sandstone, even though
a cuttings sample from 1970 m contains a possible
G. frustulentus Assemblage microflora. The upper and
lower contacts of the Reeves Formation, as identified here,
coincide with unconformities interpreted from the dipmeter
log in the well completion report. However, the reliability
of the dipmeter is uncertain due to erratic dips, especially
in the overlying Grant Group.

Stratigraphy: The entire cored section above the
unconformity with the Devonian at 475 m is within the
Grant Group. The present identification of the M. tentula
Zone from 427–450 m negates Mory’s (2010) tentative
identification of the Reeves Formation below 375 m.
Otherwise the formation picks of Eyles et al. (2001) —
Clianthus Formation 67 m, Calytrix Formation 171 m,
Hoya Formation 313 m — are followed here based on the
highest diamictite at 313 m. In addition, Palmieri (1998)
reported foraminifera from 290–305 m, which he correlated
with a level equivalent to the basal Calytrix Formation in
Calytrix 1.

Fitzroy River 1

Plate 2

Location: The well was drilled within the central Fitzroy
Trough, on the northwestern limb of the Saint George
Ranges Anticline near outcrop of the Noonkanbah
Formation, 35 km northwest of St George Range 1,
54 km east of Nerima 1 (AFO), 49 km south-southeast of
Valhalla 1 and 2, and 31 km south-southwest of Asgard 1.
Palynozonation: This is a problematic well owing to the
lack of reliable core or SWCs over most of the interval
of interest from 620 m (highest sample available) to
2160 m. The cuttings samples and solitary SWC suggest
there may be a large thickness of M. tentula Zone, or
even some V. arcuatus Zone. Several thick intervals of
sandstone are undated and the reliability of assemblages
from some cuttings samples is questionable. P. confluens
is recorded from 620–845 m, but the 1000–1020 m sample
may also belong within this zone. This sample is certainly
no older than the M. tentula Zone. Cuttings samples from
1265−1510 m are possibly from the M. tentula Zone but
also contain spore-pollen which may be reworked. The
SWC sample at 1725 m lacks S. ybertii and contains
moderately common monosaccates, but the yield and
diversity are low. Spores present are broadly consistent
with the D. birkheadensis Zone, although this assemblage
could be older. The assemblage from this SWC suggests all

Fraser River 1

Plate 2

Location: Fraser River 1 was drilled in the centre of
the northwestern Fitzroy Trough over a large anticlinal
structure delineated from gravity and magnetic data.
The well lies 34 km south of Jum Jum1, 54 km west of
Booran 1, 64 km north of Ungani 1 and 2, 56 km northnortheast of Yulleroo 1 and 112 km northwest of Grant
Range 1. The latter is the nearest well also with a central
position in the Fitzroy Trough.
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Palynological samples: As one of the earliest WAPET
wells in the basin, cores were cut at moderately regular
intervals. In spite of the present poor condition of many
of the cores and the dominance of lithologies unsuitable
for palynology (also the case for Grant Range 1), this is
one of the best sampled wells in this study. The interval of
interest has 65 conventional cores (nos 10–74), though the
uppermost 31 (nos 10–40) were unsuitable for palynology
or had no recovery. Therefore, this well and Grant Range 1
are key wells for unravelling the biostratigraphy of the
Grant Group and Reeves Formation. Most of the slides
were prepared by WAPET but several additional core
samples were processed by GSWA in the 1990s.

above, probably related to the shaly facies. S. ybertii is
extremely rare, but present in most samples. A. concinnus,
C. firmus, D. disfacies, Densosporites sp. A, Gondisporites
sp. A, V. aspratilis and V. gobbettii are consistently present
through the unit. Taeniate pollen grains appear at the
base of the zone as M. explicatus. Powis (1984) claimed
“taeniate disaccate pollen” are found as low as the S. ybertii
Zone; however, in this review no taeniate pollen grains
were recorded below the D. birkheadensis Zone, which
here includes a short interval in Fraser River 1 that Powis
placed in the S. ybertii Zone. Other spore species, including
D. birkheadensis, are rare. M. tentula, V. arcuatus and
D. tenuistriatus are absent and not recorded in any sample
below this interval. Throughout the zone, organic debris
includes large structured phytoclasts and large opaque
phytoclasts, pointing to a change in depositional facies at
the base of the zone.

Palynozonation: Fraser River 1 and Grant Range 1 are
the only wells for which the full sequence of Reeves
Formation biounits can be demonstrated with some
confidence (Appendix 4). Samples range from the
G. frustulentus Microflora to the P. confluens Zone, but
apparently with significant biostratigraphic breaks. In
Fraser River 1, the highest productive Permian sample
is in the P. confluens Zone at 447.1 m (core 42), below a
palynologically barren interval of approximately 210 m of
sandstone overlain by Jurassic strata. This is the only well
from which Powis (1984) identified the D. birkheadensis
Zone (as the D. birkheadensis Assemblage) in the basin.
The well also features in his unpublished thesis (Powis,
1979) and manuscript (cited by Foster, 1992). However,
there is a significant change in assemblage composition
between 880.6 m (core 55) and 939.1 m (core 58), from
the M. tentula Zone to the D. birkheadensis Zone, pointing
to a possible condensed or missing section. Samples from
core 56 between these depths are barren.

The Spelaeotriletes ybertii Zone extends from 1039.1 m
(core 62) to 1164.6 m (core 67). This is a shorter
interval than Powis (1979; 975 – 1164.5 m) proposed
as the reference section for this assemblage zone.
The assemblages in this interval are also dominated
by Punctatisporites spp., although S. ybertii makes
up 2–30% and monosaccates seem less common than
in D. birkheadensis Zone assemblages. A. cristatus,
I. dolianitii, Indotriradites sp. A, S. remotus, V. aspratilis
and V. quasigobbettii are characteristic of the zone in this
well. W. polita is restricted to the lower part of the zone.
An unusual verrucate spore, Verrucosisporites sp. B of this
report, is present in the highest sample.
The Grandispora maculosa Zone ranges from 1258.8 m
(core 70) to 1404.2 m (core 74), although the highest
and lowest samples gave extremely low yields and are
potentially unreliable. Though the 1258.8 m sample had a
low yield, over 50% of the count is S. ybertii — such a high
abundance is characteristic of the G. maculosa Zone, in
which this sample is included. S. ybertii is common in the
1404.2 m sample at the base of the zone, but absent in the
1438.7 m sample, in which G. frustulentus is the dominant
species (see below). Assemblages in the G. maculosa
Zone are moderately diverse. Spelaeotriletes ybertii and
Punctatisporites spp. are both abundant and A. solisorta,
Cristatisporites spp., C. mixtus, D. dissonus, Prolycospora
rugosa, V. vallatus, V. aspratilis and V. quasigobbettii
are the only other numerically important species.
R. magnidictyus is present in all five of the more productive
samples. Other faunal elements include scolecodonts from
core 72 and bivalves (Nuculana sp., Sanguinolites? sp. and
Pleurophorus? sp.) and a brachiopod (Orbiculoidea sp.)
from core 71. LR Cox (in Campbell, 1956) identified the
macrofauna, but no further information is available and the
specimens appear to have been lost.

The P. confluens Zone extends from 447.1 m (core 42)
to 819.3 m (core 53). P. confluens is rare throughout and
Cycadopites cymbatus is extremely rare below 574.5 m.
This interval probably does not represent the original
thickness of P. confluens Zone at this location and the
372 m present in this well may represent only the lower
part of the zone.
The M. tentula Zone is present in two cores (54 and 55,
samples from 841.6 m and 880.6 m) between the FAD of
Microbaculispora tentula and the FAD of P. confluens.
The sample from 841.6 m (core 54) gave a very low yield
and the listed assemblage may not be fully representative.
Powis (1979) attributed this interval and the overlying
strata to Stage 2, presumably based on the presence
of M. tentula. Besides the FADs of M. tentula and
D. tenuistriatus, the biounit also represents the FAD of
taeniate bisaccate pollen grains of the Protohaploxypinus
limpidus type. The three Reeves Formation biounits
are all present in this well, but the assemblages also
indicate the zone boundaries are possibly transitional.
The D. birkheadensis Zone is identified from 935 m
(core 57) to 1008.6 m (core 61) whereas Powis (1984)
included only the interval 939–947 m (cores 57–59) in
this zone. It is clear from extensive logging of this interval
that there is a palynological boundary between cores 61
and 62. This interval is significantly different to overlying
and underlying intervals in several respects. Assemblages
from this zone are dominated by Punctatisporites spp.
and zonate spores assigned here to Cristatisporites spp.
Monosaccate pollen grains are common, particularly
C. janakii. Spore maturity is higher than in the interval

The Granulatisporites frustulentus Microflora in the
Anderson Formation was not considered for this report.
Only the highest sample in this microflora (1438.7 m) was
evaluated to establish the significant palynological change
at this level.
Stratigraphy: Jurassic strata unconformably overlie the
Grant Group at 219 m. Because the group is dominated by
sandy facies, no attempt was made to subdivide it in this
well. The base of the group corresponds to a sharp contact
at 922.3 m at the base of an interval of clean sandstone
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Palynozonation:

and minor mudstone. The break coincides with the change
from the M. tentula Zone in core 55 (877.8 – 880.6 m) to
the D. birkheadensis Zone in core 58 (939 – 940.6 m). The
well contains the type section of the Reeves Formation,
placed by Apak and Backhouse (1999) over 866–1411 m,
but modified by Mory (2010) to 866–?1174 m to exclude
the interval containing the G. maculosa Zone. Apak and
Backhouse’s (1999) interpretation is now accepted with
a minor modification because the G. maculosa Zone is
now confirmed as belonging within the formation rather
than the underlying Anderson Formation. The base of the
Reeves Formation is placed at 1410.2 m at the base of a
clean sandstone, best differentiated by the SP log, between
a G. maculosa Zone assemblage in core 74 (1399–1404 m)
and a G. frustulentus Microflora assemblage in core 75
(1432.6 – 1438.7 m). Although this contact is elsewhere
clearly a regional unconformity, differentiating these two
sandstone-dominated units in this well is only possible
utilizing palynology (Plate 2).

Grant Range 1

The P. confluens Zone is identified only from a cuttings
sample at 121.9 – 146.3 m and core 1 (367 m). Several
specimens of P. confluens in the cuttings sample, along
with the absence of index species for younger zones,
indicate the zone extends above 121.9 m to the base of the
weathered zone in this well.
The M. tentula Zone encompasses the interval from
426.0 m (core 2) to 920.2 m (core 14), although there
was no recovery from core 10 and minimal retrieval of
quartz conglomerate and sandstone (both unsuitable for
palynology) from cores 11–13 (Roberts, 1956). M. tentula
is moderately common down to 920.2 m (core 14) and
makes up 5–20% of the palynomorph assemblages. The
spores A. cristatus, A. concinnus and D. disfacies are
present through the zone (Appendix 4) and D. tenuistriatus
is recorded in two samples. H. tereteangulatus is
consistently present down to 817.8 m but is only present
in one sample from core 14 (918.4 – 920.2 m). S. ybertii
and G. frustulentus are rare but present in many samples
and may be due to reworking from the Anderson or
Reeves Formations, or both. R. lepidophyta in one sample
represents reworking from the Devonian. The three samples
from core 14 (listed as 918.4 m, 920 m and 920.2 m in
Appendix 3) yielded assemblages that are only slightly
different to higher productive samples in this zone. They
represent an interval at the base of the M. tentula Zone with
fewer M. tentula and a higher count of Punctatisporites
spp. and that contain Apiculatisporis variornatus,
Convolutispora muriornata and Reticulatisporites sp. A.
This interval is discussed in more detail in the main text.
The sample at 1080.1 m from core 15 is barren and this
core is largely sandstone.

Plates 2, 5

Location: This was the first deep well within the basin,
spudded in 1954 in the centre of Grant Range within
the Fitzroy Trough as a stratigraphic reconnaissance test
(Roberts, 1956). Of the conventional cores (each about
10 ft or 3.05 m) cut at somewhat irregular intervals from
366.7 m to TD at 3936.5 m, the uppermost 51 are of
interest for this study. The nearest wells utilized in this
study are East Yeeda 1 (42 km north), Hakea 1 (60 km
northeast), Valhalla 1 (80 km east) and Fraser River 1
(111 km northwest), all in the Fitzroy Trough.
Palynological samples: Grant Range 1 has the greatest
thickness of Grant Group in wells examined for this report
and the thickest interval of Carboniferous encountered in
the basin. It is therefore one of the two most important
stratigraphic wells in the basin. In previous biostratigraphic
work, soon after drilling, a Stephanian−Westphalian
[mid-Bashkirian – early Gzhelian] age was proposed
for the interval 2408 m to 3936.5 m in the initial well
completion report (Roberts, 1956). This was based on the
few palynological samples examined by BE Balme from the
deeper parts of the well, from which some macrofossils also
were identified by AA Öpik and JM Dickens. The interval
above 2408 m was all assigned to the Permian (Sakmarian),
apparently without any palynological evidence.

The V. arcuatus Zone extends from 1181.1 m (core 16)
to 1618.8 m (core 23), a 438 m-thick interval consisting
almost entirely of sandstone. Within this interval, core 18
had no recovery, cores 17 and 19 yielded barren samples
(from 1292 m and 1365.5 m), and the sample from core 20
(1437.4 m) had a very low yield. This interval in Grant
Range 1 is the thickest section of V. arcuatus Zone known
in the Fitzroy Trough and is described in more detail in the
main text. M. tentula is rare in all samples, A. concinnus
is more common than in the M. tentula Zone, and
D. rotundidentatus, Gondisporites sp. A and L. braziliensis
are moderately common. S. ybertii is present in all samples
and is assumed to be reworked from the Reeves Formation.

The WAPET slides examined for this report were prepared
in 197374 when all cores with suitable material appear to
have been sampled. Inevitably, many cores did not yield
useable assemblages due to the dominance of sandstone.
Seemingly, there is no WAPET report describing this
material. A few core samples obtained from surviving
cores were processed by GSWA in the 1990s. Ten core
samples and one cuttings sample examined for this report
were barren of palynomorphs, although containing some
organic material. The WAPET slides are intact and form
the basis of the results presented here, together with slides
from the GSWA re-sampling. In many cases, more than
one sample was prepared separately from different parts
of a single core. Even though the relative positions of
these samples are uncertain, slightly different depths were
assigned arbitrarily to distinguish them in the range chart
(Appendix 4).

The D. birkheadensis Zone is provisionally identified
from 1695.3 m (core 26) to 1858.4 m (core 31) based
on the similarity of the assemblages with those from
Fraser River 1. The D. birkheadensis Zone is less well
characterized in Grant Range 1 than in Fraser River 1. As
in Fraser River 1, it contains abundant Punctatisporites
spp., common Cristatisporites spp., some Gondisporites
sp. A and slightly more common monosaccates than
in the S. ybertii Zone. S. ybertii is recorded in most
samples and is always rare. The zone interval in Grant
Range 1 includes a thick, massive sandstone from which
only one core sample is available, with other samples
from enclosing shale beds. The samples from the upper
shale interval in core 26 contain a significant proportion
(approximately 10%) of G. frustulentus accompanied by
some Grandispora spiculifera and R. lepidophyta. This
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indicates reworking from the G. spiculifera Assemblage
and the R. lepidophyta Assemblage, i.e. the lower Anderson
and Fairfield Formations, respectively. The entire zone
interval is thermally mature and palynomorph yields are
low in many samples. Large structured phytoclasts, showing
internal biostructure, from this interval are similar to those
from the zone in Fraser River 1. An unusual feature is that
Micrhystridium spp. are present in almost all samples.

constrained by a G. maculosa Zone assemblage from core 50
(2286.6 – 2287.5 m) and a G. frustulentus Assemblage in
core 52 (2408.5 – 2411.6 m). The latter zone is present in
the Anderson Formation, for which McWhae et al. (1958)
assigned 2408–3936 m in this well as the type section.

The S. ybertii Zone is identified from 1861.1 m (core 32)
to 2034.8 m (core 45), though the boundary with the
D. birkheadensis Zone may be transitional. Monosaccate
pollen grains are present down to 2034.8 m, although
extremely rare in the lowest samples. The uppermost
samples, from 1861.1 m (core 32) to 1862.6 m (core 33),
have few G. frustulentus. Immediately below, there are high
counts of G. frustulentus accompanied by G. spiculifera
and R. lepidophyta in samples from 1881.5 m (core 34)
to 1885.5 m (core 37). This is a similar association to that
in the upper part of the overlying D. birkheadensis Zone,
and points to an earlier episode of substantial reworking
from the Anderson and Fairfield Formations. Cores 38–40
between the upper and lower parts of the zone were cut in
sandstone and were barren of palynomorphs. The lower
part of the S. ybertii Zone, from 1901.0 m (core 41) to
2034.8 m (core 45), contains fewer G. frustulentus and
reworked Lower Carboniferous and Devonian miospores.
S. ybertii is consistently present but never abundant,
I. dolianitii is prominent and Micrhystridium spp. are
present in many samples.

Location: Hakea 1 lies near the northern edge of the
Fitzroy Trough about 8 km south of the Blina Oilfield. The
well was drilled in 1983 on the crest of a surface anticline
on the hanging wall of the northern bounding fault of the
trough, and intersected it at about 1550 m, high in the
Laurel Formation. The ‘Pinnacle Fault System’, as shown
by Towner (1980), lies about 3.5 km southwest of the well,
suggesting it was drilled within a relay ramp of this system.
The nearest wells evaluated palynologically for the present
study well are Blackstone 1 (17 km southeast), Philydrum 1
(22 km northwest) and East Yeeda 1 (45 km east).

Hakea 1

Plate 5

Palynozonation: A brief review of the available
palynological slides confirms Purcell’s interpretations
in the well completion report (in Weaver, 1983,
appendix 1). The 608.2 m SWC sample belongs in the
P. pseudoreticulata Zone. P. confluens has a FAD in
the 856.35 m core sample and ranges up to the 657.8 m
SWC sample. The 1093.5 m SWC contains M. tentula,
D. disfacies and the acritarch D. tenuistriatus. The
absence of P. confluens suggests this sample belongs
in the M. tentula Zone, but this is a relatively lowyielding sample. Only one SWC, at 1299 m, contains
both S. ybertii and rare P. novicus. The rich and wellpreserved assemblage with low maturity also contains
A. concinnus, A. cristatus, Cordylosporites asperidictyus,
Indotriradites dolianitii, Secarisporites lobatus, S. remotus
and Verrucosisporites italiensis. Secarisporites lobatus
is a rare species only known from the S. ybertii Zone. Its
presence in Blackstone 1 at 1462.1 m and 1481.6 m, and
in Hakea 1 at 1299 m, may indicate a close correlation
between the S. ybertii intervals in these wells. A similar
assemblage is present in the 1305−07 m cuttings sample,
but may represent caving. SWCs from 1347 m and 1417 m
belong to the G. maculosa Zone as they contain common
S. ybertii and lack monosaccates. Zonate spores of the
Cristatisporites–Indotriradites complex are particularly
common in both samples. The 1417 m sample contains
several R. magnidictyus and G. maculosa and the
assemblage is similar to that from 2362 m in Jum Jum 1,
but is slightly less well preserved. The SWC samples
from 1476.5 m to 1664.7 m are largely barren and the
1502.5 – 1505.0 m cuttings sample contains an assemblage
consistent with the G. maculosa Zone, which may represent
caving. The cuttings sample from 1700 − 1702.5 m
contains common G. frustulentus, together with many
forms obviously caved from above. It represents the highest
unequivocal G. frustulentus Microflora.

The G. maculosa Zone is unequivocally assigned to a
single sample from 2287.5 m (core 50). This sample also
contains R. magnidictyus and abundant S. ybertii, which is
typical of the G. maculosa Zone rather than the S. ybertii
Zone. Monosaccates are not recorded in the sample at
2166.2 m (core 48) but, because it has a very low yield and
contains relatively few specimens of S. ybertii, it can only
be provisionally assigned to the G. maculosa Zone as it
possibly could be from the S. ybertii Zone.
The G. frustulentus Microflora is present at 2411.6 m
(core 52).
Stratigraphy: As the well was spudded in the centre of
the Grant Range Anticline, the uppermost 400 m of the
Grant Group is in the surrounding outcrop. Revisions
to the palynology necessitate a significant revision to
the stratigraphy of this well compared to the previous
interpretation by Mory (2010, p. 77). The base of the group
is constrained between the base of the V. arcuatus Zone
from core 23 (1618.8 m) and the top of the D. birkheadensis
Zone in core 26 (1694.0 – 1695.3 m). No seismic reflection
data is available and there is little else to constrain this
contact, which is here placed at 1678.5 m at the moderately
sharp base of a 33 m-thick sandstone. Alternatively, the
contact could lie at the top of the coarsening-up cycle
over 1647−1694 m. In either case, the position of this
boundary is placed over 1200 m deeper than suggested by
Mory (2010) thereby restricting the Reeves Formation to
1678.6 – 2393.9 m in this well. Whereas Playford et al.
(1975) placed the Grant Group – Anderson Formation
contact at 2408 m (following Roberts, 1956), Crowe
et al. (1978) placed it at 1856 m (equivalent to the top
of ‘member c’ of the ‘Grant Formation’ in Roberts,
1956). However, the sharp basal contact of the clean
sandstone at 2393.9 m seems to be a major break and is

Stratigraphy: The interval 555 – 603.9 m assigned to
the Poole Sandstone closely follows the well completion
report, although the lack of carbonate facies does not
support the identification of the Nura Nura Member. The
presence of P. pseudoreticulta from the 608.2 m SWC at
the top of the Grant Group is anomalous and may represent
contamination, given the sandy facies indicated by the
wireline logs. The base of the Grant Group seemingly lies
in the interval with relatively clean sandstone between
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separating the Fitzroy Trough to the northwest and the
Gregory Sub-basin to the southeast. The well was drilled
into a poorly delineated dome, at the time considered part
of west-southwest-striking structural high, defined from
gravity data, linking outcrop of basement in Bulka Hills
near the edge of the Fitzroy Trough with the Barbwire
Terrace. However, the arch is not clearly delineated in
the available data sets, nor is it concordant with trends in
the outcrop apart from minor faults in the eastern part of
Hicks Range, thereby casting doubt on its legitimacy as
a structural unit separating the Fitzroy Trough from the
Gregory Sub-basin and Betty Terrace.

1100 m and 1294 m based on the palynology. The Reeves
Formation is missing in the Blina Oilfield, 8.6 km to the
north-northeast, and in wells 13 km to the east-southeast
(Mory, 2010, plate 3). This seemingly supports placing the
top of the formation at 1102 m in Hakea 1, as shown by
Goldstein and Hubbard (1984, fig. 5; note that the datum
in their paper was set at 470 m) and Goldstein (1989,
fig. 22). By comparison, correlation with Blackstone 1,
17 km northwest, suggests a deeper level, here somewhat
arbitrarily placed at 1199 m. The position of the lower
contact of the Reeves Formation at 1475.4 m in Hakea 1
relies mostly on the SP log and the seismic interpretation
mentioned in the well completion report.

Palynological samples: Only poorly made slides, first
described in the 1974 well completion report, are available,
thereby rendering the reliability of the palynozonation
determinations uncertain. The slides were re-examined by
Purcell (1984) but her palynological determinations do not
agree with the stratigraphy in the well completion report,
possibly due to mislabelled or contaminated samples.

Hangover 1
Location: The well lies between outcrops of the Erskine
Sandstone on the southwestern edge of the Lennard Shelf,
8 km south of Terrace 1, 4.5 km southeast of the Sundown
Oilfield and 8 km west of Blackstone 1.

Palynozonation: The most recent review by Purcell (1984)
provides no more than a listing of zones and depth ranges:

Palynozonation: Palynology slides from this well were
not re-examined. Purcell’s (1983) zonal assignments are
accepted:
Unit III (P. pseudoreticulata Zone)
Unit II (P. confluens Zone)
G. maculosa Zone
A. largus Assemblage

756–822 m
849–1204 m
1543.7 m
1554.5 m

Unit II [P. confluens Zone]
S. ybertii Zone
G. frustulentus Zone
R. lepidophyta Assemblage

4 SWCs
16 SWCs
1 SWC
1 SWC

3 SWCs
4 SWCs
13 SWCs
1 SWC

The number of samples from each zone is from appendix 6
of the well completion report.

Stratigraphy: The Poole Sandstone (777–827 m)
corresponds to an overall coarsening-up section with
a 2 m-thick possible basal carbonate (interpreted
from the sonic log). The unit largely coincides with
a Unit III palynoflora (Purcell, 1983) equivalent to
the P. pseudoreticulata Zone. The G. maculosa Zone
assemblage in a SWC from 1543.7 m, approximately
10 m above an A. largus Assemblage sample, is difficult to
reconcile with the slightly higher sharp break at 1543.2 m,
here designated as the base of the Grant Group. There is
possibly a thin section (about 10 m) of Reeves Formation
immediately below that break. Alternatively, it is possible
there is a discrepancy of more than 0.5 m between the
SWC and wireline log depths such that the SWC came
from above 1543.2 m according to the logs. If so, the
G. maculosa Zone assemblage could be reworked. There
are similar ambiguities in Whitewell 1 (1.9 km to the
northwest) and Katy 1 (11.5 km southwest). In Katy 1,
a S. ybertii Zone assemblage is present in the SWC at
1742.9 m, about 35 m above the Meda unconformity,
whereas in Whitewell 1 cuttings 6–16 m below the probable
base of the Grant Group at 1454 m yielded a G. maculosa
Zone assemblage. Although the anomaly in Whitewell 1
may be downhole contamination, for Katy 1 it is unclear
whether to invoke reworking into a Grant Group valley or if
1485–1778 m belongs within the Reeves Formation.

Jones Range 1

148–375 m
898–1145 m
1150–2236 m
2300 m

Stratigraphy: Apart from the addition of the Reeves
Formation (865–?975 m) to explain the S. ybertii Zone,
the formation picks in the well completion report are
followed. The well supposedly was spudded into lateritic
Jurassic sandstone based on the supposed Jurassic outcrop
in Jones Range 16 km to the north-northwest. Subsequent
mapping by Towner and Wyborn (1977) showed the nearest
pre-Cenozoic strata is the Permian Lightjack Formation,
with the nearest Jurassic outcrops in Worral Range 62 km
to the west-northwest. Although there is no evidence of a
Jurassic age in the well, it is feasible the uppermost 73 m
is that age, given probable subsurface Jurassic strata along
the Barbwire Terrace about 30 km to the southwest. The
Grant Group (73–865 m) appears to have been significantly
eroded based on correlations along the Fitzroy Trough
(Plate 2) and Gregory Sub-basin (Plate 3). As there is a
large gap in available palynology between 375 m and
898 m, with Unit II palynomorphs (presumably the
P. confluens Zone) from SWCs between 148 m and 375 m,
the position of the top of the Reeves Formation is based on
correlation with the nearest wells. The top of that formation
is placed at the base of a low-gamma sandstone succession,
but could be anywhere within the overlying 400 m. The
S. ybertii Zone (898–1145 m) apparently extends into a
shaly interval with thin carbonate beds, which, based on
regional correlations, belongs in the underlying Anderson
Formation; possibly the deeper SWCs attributed to this
zone were contaminated.

Plate 3

Jum Jum 1

Location: The well lies 93 km southeast of St George
Range 1, 53 km southwest of Cycas 1 and 73 km westnorthwest of Lake Betty 1. Most of the closer wells on
the Barbwire Terrace, such as Mangaloo 1 (23 km southsoutheast), are excluded from this study as they lack the
Reeves Formation. Jones Range 1 lies on the ‘Jones Arch’

Plate 4

Location: Jum Jum 1 lies within the Fitzroy Trough
10 km from its northern margin and 16.5 km southwest
of Padilpa 1, 17 km west-southwest of Puratte 1, 34 km
north-northwest of Fraser River 1 and 66 km northwest of
Booran 1.
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Palynozonation: Jum Jum 1 contains an unusually wellpreserved interval with G. maculosa Zone sampled by
SWC overlain by the P. confluens Zone, though separated
from it by an indeterminate interval between 1805.1 m and
2316.9 m (Appendices 3 and 4). The 1594 m SWC sample
contains both P. confluens and P. pseudoreticulata. In other
respects, this assemblage resembles those immediately
below in the P. confluens Zone, so is probably from close
to the lower boundary of the P. pseudoreticulata Zone.
The P. confluens Zone ranges from 1605 m to 1805.1 m
although the latter SWC is slightly contaminated and
therefore only provisionally included in this zone. All
samples contain rare P. confluens and common M. tentula.
There is also minor Triassic caving in some samples and
three badly contaminated SWCs at 1824.9 m, 1850.9 m and
1947 m. These three samples are considered indeterminate,
but some, or all, of this interval may lie in the P. confluens
Zone. No samples are clearly from the D. birkheadensis or
S. ybertii Zones, which may be present in the large sample
gap from 1947 m to 2316.9 m. The 2316.9 m sample
yielded an unusual assemblage composed almost entirely
of Punctatisporites spp. and Waltzispora polita. In the
absence of monosaccates (and its proximity to the 2319.9 m
sample, which is confidently assigned to the G. maculosa
Zone), this sample is placed in the G. maculosa Zone.
From 2319.9 m to 2389 m are four rich samples with wellpreserved spore-pollen and one low-yielding sample, all
of which belong to the G. maculosa Zone. The 2362 m
sample is particularly diverse and well preserved; it contains
Gneudnaspora divellomedia, Punctatisporites sp. A and
Cordylosporites sp. A, which are seldom recorded in other
wells. The 2481 m sample has an extremely low yield with
only Punctatisporites spp. present. It lacks any evidence for
the G. frustulentus Microflora. There are no useable SWC
samples below 2481 m.

The 642.5 m sample belongs in the P. pseudoreticulata
Zone. Assemblages from 807–1135 m are well preserved
and generally moderately rich, and are confidently assigned
to the P. confluens Zone as the species is recorded in
all samples. Thermal maturity increases sharply below
1135 m, possibly indicating a substantial age difference
or sequence break between 1135 m and 1185 m. The
low-yielding samples from 1185 – 1512.2 m are placed
in the V. arcuatus Zone. The 1185 m sample contains
common Punctatisporites spp. and Cristatisporites spp.
including C. pseudozonatus. Monosaccate pollen
grains, particularly C. janakii, are quite common, but
the assemblage generally has a low diversity and lacks
critical index species. The 1453.6 m assemblage and
those from 1512.2 m and 1590.1 m are all at least slightly
contaminated. The 1453.6 m sample is the most diverse
and contains rare Gondisporites sp. A, V. cortaderensis and
relatively few monosaccate pollen grains. The presence of
poorly preserved zonate spores that may be I. dolianitii
is the only evidence the sample may be older than the
V. arcuatus Zone. A similar assemblage is present at
1512.2 m, but there is no solid evidence in either sample
for an age older than the V. arcuatus Zone. The 1590.1 m
sample is almost barren with contamination suspected. An
increase in thermal maturity between 1512.2 m and the
G. frustulentus Microflora at 1757.1 m suggests another
significant sequence break.
Stratigraphy: There are three main ways to interpret the
Poole Sandstone in this well, briefly mentioned in Mory
(2010, p. 78):
a)

Stratigraphy: The Poole Sandstone (1545–1604 m) is
a coarsening-up cycle with an 8 m-thick basal sandy
carbonate (Nura Nura Member). The uppermost 11 m
of the coarsening-up cycle could be a final regressive
phase of the formation or a basal transgressive facies of
the Noonkanbah Formation. No palynology is available
from the coarse-grained facies in the Grant Group
(1604 – 2273.1 m), especially below 1852 m, so it is
possible the base of the group could lie within this interval.
Correlations with other wells along the Pender Terrace
and northernmost Fitzroy Trough (Plate 4) point to the
base of the group lying at the abrupt, probably erosional,
contact with underlying mudstone–sandstone facies at
2273.1 m. The interval below contains palynomorphs of
the G. maculosa Zone considered diagnostic of the lower
Reeves Formation. Although the sharp break at 2577.6 m,
between dominantly sandstone above and mudstone below,
appears to be the base of the formation, this is uncertain
given how close it is to the total depth of the well (2600 m).

Kilang Kilang 1

the formation covers at least part of the ‘ratty’
coarsening-up sandstone from 660.8 m to ~793 m on
the wireline logs, flanked by SWCs containing the
P. pseudoreticulata and P. confluens Zones;

b) the formation corresponds to two weakly coarseningup cycles over 618.4 – 660.8 m thereby including the
SWC with the pseudoreticulata Zone; or
c)

the Poole Sandstone is absent, either because it pinches
out or there is a facies change or it has been removed
by faulting, so that the Noonkanbah Formation directly
overlies the Grant Group at 661 m.

There is little to support choosing between these options
although b) seems the least feasible, as not only does it
make the Noonkanbah Formation thinner in this well
compared to Lawford 1 and Bindi 1 but also the interval
closely resembles the basal 80 m of the Noonkanbah
Formation in Bindi 1 (see Plate 3). Palynology from
shallow BMR wells drilled near outcrop (BMR Billiluna 1,
Mt Bannerman 3 and 4) weakly supports option c) or a
thin interval below 660.8 m belonging to the formation
(Backhouse, 2017). However, those stratigraphic wells
were drilled much closer to the margin of the basin where
onlapping relationships could be present. If some weight is
given to correlating the ‘Winifred’ and ‘Betty’ Formations,
then option c) is plausible notwithstanding the problematic
nature of these formations. The interpretation favoured
here limits the Poole Sandstone to 660.8 – 686.3 m based
on the similarity in log character with 990.2 – 1051.8 m
in Bindi 1, albeit this is thicker than in Kilang Kilang 1.
In the Grant Group (686.3? – 1709.4 m), the ‘Winifred
Formation’ is tentatively placed over the mostly shaly
section 805–952 m, but possibly extends down to 1145 m

Plates 3, 6

Location: Kilang Kilang 1 was drilled 4 km south of
the northern margin of the Gregory Sub-basin, and lies
43 km south-southwest of Ngalti 1, 57 km east-southeast
of Lawford 1, 64 km southwest of Bindi 1 and 136 km
northwest of Point Moody 1.
Palynozonation: All samples from Kilang Kilang 1 are
SWCs and mud contamination has affected at least one.
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nominated 1058–1657 m in the well as the type section
of the ‘Betty Formation’, Apak and Backhouse (1998,
1999) assigned 1342–1657 m to the Reeves Formation.
Subsequently, Mory (2010, p. 16 and 79) split the
‘Betty Formation’ in this well into the Hoya Formation
(1056–1249 m) and Reeves Formation (1249–1657 m)
on the basis of tenuous regional correlations, but in the
plates used the ‘Betty Formation’ as an equivalent of the
Hoya Formation. Assignment of the high-gamma interval
below 1342.5 m is ambiguous: the available palynology
could allow assignment of 1575–1657.6 m to the Reeves
Formation (Plate 3) or, if the abundant G. frustulentus in
the SWC from 1578.9 m is interpreted as reworked, the
entire section from 764 to 1657.6 m may belong in the
Grant Group.

based on the coarsening-up log character immediately
above, which possibly equates with the lower part of
this informal unit in Lake Betty 1. The assignment of
1185 – 1590.1 m in this well to the Reeves Formation by
Apak and Backhouse (1998, 1999) is not borne out by the
revised palynology. As with St George Range 1, the limited
vertical separation of the P. confluens and V. arcuatus
Zones (1135–1185 m) is such that a fault or a local break
may be invoked within this interval. Several small faults
cut the well, especially within the Anderson Formation and
possibly at its contact with the Grant Group.

Lake Betty 1

Plate 3

Location: Lake Betty was spudded within the Gregory
Sub-basin, 4 km southwest of its northern boundary, near
outcrop of the Millyit Sandstone, and 4 km northwest of
the Stansmore Fault. The well lies 10 km west-northwest
of Lanagan 1 and 34 km southwest of Atrax 1 on the Betty
Terrace, 57 km northwest of Lawford 1 in the Gregory
Sub-basin, 70 km south-southeast of Cycas 1 in the Fitzroy
Trough and 73 km east-southeast of Jones Range 1 on the
‘Jones Arch’.

Lanagan 1

Plate 3

Location: Lanagan 1 was drilled within the Betty Terrace
3 km northeast of its southern edge and 600 m south of the
eponymous lake near outcrop of the Blina Shale. The well
lies 10 km east-southeast of Lake Betty 1 and 50 km northnorthwest of Lawford 1 within the Gregory Sub-basin,
and 24 km south of Olios 1 and 42 km west-northwest of
Bindi 1 within the Betty Terrace.

Palynozonation: Few serviceable samples are available
from Lake Betty 1. The palynological slides, originally
labelled in feet, are inferior to modern preparations
and, owing to low yields and possible unreliability of
the SWC samples, there is a low degree of confidence
in the zonal allocations. P. pseudoreticulata is present
in a SWC at 635.5 m, but Striatopodocarpites fusus is
also present suggesting the sample may be younger than
the P. pseudoreticulata Zone. P. confluens is present
at 780.9 m, in the absence of P. pseudoreticulata, but
the P. confluens Zone may extend higher as there is
a sample gap up to 635.5 m. The lowest P. confluens
is in the 1240.8 m SWC, but this species is rare in
all three samples assigned to the zone. The cuttings
sample at 1326 m contains several P. novicus and
Punctatisporites spp. together with some B. parmatus,
M. tentula and V. arcuatus. P. confluens was not identified
but there is some obvious caving from much higher
levels in the well. This sample is tentatively placed in the
M. tentula Zone. The SWC sample from 1578.9 m is the
only sample in this well that can be placed between the
P. confluens − M. tentula Zones and the G. frustulentus
Microflora. It contains rare possible specimens of S. ybertii
and some Indotriradites dolianitii together with rare
A. concinnus, possible A. amplus and V. quasigobbettii.
Crucially, it contains only rare monosaccate pollen grains
and no M. tentula. This seems to place it in the S. ybertii
Zone, but G. frustulentus is by far the most abundant
species present. As the well lies close to the margin of the
Gregory Sub-basin and G. frustulentus is abundant in the
underlying Anderson Formation, it possibly was reworked
from that unit. The SWC at 1660.5 m contains abundant
G. frustulentus, together with common Anapiculatisporites
largus indicating the A. largus Assemblage in the upper
part of the G. frustulentus Microflora

Palynozonation: There is no palynology available; no
SWCs or conventional cores were cut.
Stratigraphy: Even though the GR response for the
interval assigned to Poole Sandstone (544.2 – 598.2 m)
is muted, as above 735 m this log was acquired through
the casing, it resembles the response for the formation
in Lake Betty 1 (678–764 m). The ‘Betty Formation’
(850–986 m) is tentatively identified within the Grant
Group (598.2 – 986 m), wholly based on correlation of the
overlying coarsening-up succession evident on GR logs in
Lake Betty 1 and Olios 1 (Plate 3). The reduced thickness
of the group (mostly within the ‘Betty Formation’)
compared to Lake Betty 1 could be attributed to local
thinning and/or erosion, or faulting. Although seismic
data quality near the well is too poor to resolve such
possibilities, the east- to west-northwest-striking faults
crossing Lake Lanagan point to the latter option for the
top and base of the ‘Betty Formation’. Correlation with
the nearest wells gives little reason to identify the Reeves
Formation in this well. The thick carbonate succession
below 986 m is probably within the Laurel Formation.

Langoora 1
Location: Langoora 1 lies 7 km north of Yarrada 1,
13.6 km northwest of Meda 1 and approximately 30 km
east of Kora 1 and West Kora 1 — all drilled on the
Lennard Shelf.
Palynozonation: Core 1 (577.6 – 581.55 m) yielded
P. pseudoreticulata with rare specimens of P. confluens,
pointing to a position close to the boundary of the
eponymous zones. The only other core to yield
palynomorphs from the interval of interest was core 6
(1224.7 – 1229.55 m), which contains abundant S. ybertii,
common I. dolianitii and rare Potonieisporites novicus,
together indicative of the S. ybertii Zone.

Stratigraphy: The assignment of the ‘ratty’ sandstone with
a basal mudstone to the Poole Sandstone (678–764 m)
follows the well completion report, and lies between SWCs
at 635.5 m and 780.9 m containing palynofloras allocated
to the P. pseudoreticulata, or younger, and P. confluens
Zones, respectively. Whereas Crowe and Towner (1976a)
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Stratigraphy: The formation picks follow those suggested
in the well completion report and Mory (2010) but are
slightly modified with the Poole Sandstone from 540 m to
586.5 m. Although the S. ybertii Zone in core 6 points to
an age consistent with the Reeves Formation (assigned to
?1112–1274 m by Mory, 2010), correlation of this clean
sandstone with wells along strike suggest it is the basal
part of the Grant Group. Mory (2010, plate 3) equates this
sandstone with similar intervals in Kora 1 and Meda 1,
both of which are here placed in the basal Grant Group,
although only in Meda 1 is the P. confluens Zone evident
(in core 6, 1232.9 – 1237.5 m). Although the S. ybertii
Zone assemblage shows no obvious sign of reworking,
its presence in this interval possibly represents a larger
mudstone clast having been eroded on the edge of a Grant
Group paleovalley cutting into the Reeves Formation.

Lawford 1

Zone and contains abundant reworked spores. Samples
from 1420.4 m (core 7) and 1386.8 m (cuttings) are clearly
from the G. frustulentus Microflora.
Stratigraphy: The Poole Sandstone (678–726 m) includes
7.8 m of basal fossiliferous mudstone and sandstone with
thin carbonate beds, probably equivalent to the Nura Nura
Member. The Grant Group (726 – 1281.4 m) contains
palynomorphs of the P. confluens Zone and abruptly
overlies possible Anderson Formation, possibly across a
small fault as depicted by Jackson et al. (1993, plate 35).
The possibility that core 6 is within the Reeves Formation
is discounted, as the core comes from a dominantly
sandstone facies for which palynology is not reliable.
Furthermore, correlation along the Lennard Shelf (Plate 5)
suggests the section between the Poole Sandstone and
Anderson Formation is too thin to incorporate the Reeves
Formation.

Plate 3

Metters 1

Location: Lawford 1 was spudded within the Gregory
Sub-basin between poor exposures of the Blina Shale, and
57 km east-southeast of Lake Betty 1 and 57 km northwest
of Kilang Kilang 1, both of which were drilled close to the
northeastern margin of the sub-basin. The nearest wells on
the Betty Terrace are Bindi 1 (35 km north-northeast) and
Lanagan 1 (50 km north-northwest).

Location: Metters 1 lies within the northern Fitzroy
Trough, 14 km north of Valhalla 1 and 2 and 19 km
southeast of Philydrum 1.
Palynozonation: There is no palynology available from
this well.

Palynozonation: No SWCs were cut but cuttings from
1300–1305 m contain a M. tentula Zone assemblage. A reevaluation of Purcell’s (2013) report suggests this zone is
also present in three samples between 1485 m and 1650 m.
Cuttings below 1710 m are dominated by G. frustulentus,
which Purcell (2013) considered as possibly due to
reworking.

Stratigraphy: The identification of the Poole Sandstone
(645.6 – 730 m) is based on log correlation with nearby
wells (Mory, 2010). The Grant Group (730– ?1450 m) here
incorporates the basal ‘clean’ interval (1305– 1450 m)
previously assigned to the ‘pre-Grant’ in the well
completion report and questionably to the Reeves
Formation by Mory (2010, p. 79); however, log correlations
with nearby wells for this stratigraphic level are ambiguous
as there is no palynology to clarify such an assignment
(Plate 5).

Stratigraphy: The Poole Sandstone (?643–724 m) shows
a coarsening-up gamma-ray response, although muted by
the casing. The available palynology from cuttings samples
suggests the Grant Group extends to near 1701 m. The
underlying sandstone-dominated section down to 2423 m
is assigned to the Anderson Formation based on regional
correlations and G. frustulentus in the cuttings (Plate 3).

Meda 1

Plate 5

Missing 1

Plate 8

Location: The well was drilled close to the arbitrary
boundary between the Broome and Crossland Platforms,
15 km east-southeast of Fruitcake 1 and 32 km eastnortheast of Sally May 2 — both on the Broome Platform
— and 48 km west-northwest of Drosera 1 on the
Crossland Platform, and 46 km west-southwest of Pratia 1
on the Barbwire Terrace.

Plate 5

Location: Meda 1 lies 27 km northwest of Blackstone 1
and 42 km east-southeast of Kora 1, all on the Lennard
Shelf, and 30 km east-northeast of East Yeeda 1 within the
Fitzroy Trough.

Palynozonation: Five cuttings samples were processed
from the siliciclastic section above the Ordovician–
Silurian, as no core or SWCs were cut above 1007 m.
The sample from 220 m contains Cycadopites cymbatus,
Horriditriletes tereteangulatus and M. tentula. The
presence of C. cymbatus suggests it is from the P. confluens
Zone. Three of the four samples from 345–840 m produced
similar assemblages dominated by Punctatisporites spp.
with common Densosporites rotundidentatus. C. cymbatus
and H. tereteangulatus were not seen in these assemblages,
perhaps due to low yields and poor preservation. This
interval is tentatively placed in the M. tentula Zone as it is
seemingly older than the P. confluens Zone.

Palynozonation: Only conventional core samples are
available from Meda 1 over the interval of interest.
The FAD of the P. pseudoreticulata Zone is at 723.9 m
(core 3) in a sample also containing rare P. confluens. The
samples from 906.8 m (core 4) and 1051.6 m (core 5)
contain typical P. confluens Zone assemblages, but with
several R. lepidophyta in the deeper sample presumably
reworked from the Fairfield Group. The 1237.5 m (core 6)
sample — prepared twice at different facilities — contains
common H. tereteangulatus, M. tentula and S. ybertii in
both preparations. This unusual assemblage suggests heavy
reworking from the S. ybertii and/or G. maculosa Zones,
or sample contamination of both preparations. There is no
other evidence for these zones in this well. The favoured
explanation is that the sample belongs in the P. confluens

Stratigraphy: Although the well completion report
consigned the section from ?248 m to 839 m to the
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Devonian, the cuttings from this interval regularly include
granite, chert and other lithic fragments. On this basis, and
taking the palynology into account — albeit from cuttings
and therefore subject to downhole contamination — the
entire interval from 90 m to 839 m probably belongs to
the Grant Group. Nevertheless, the possibility remains that
some of this section could belong to the mid-Devonian
Tandalgoo Formation, as much of that unit is barren of
palynomorphs — just six of about 40 wells have yielded
palynomorphs from within this formation.

position of the lower contact is subjective in that it is based
largely on correlation with wells to the east on the Pender
Terrace (Plate 4), where thick low-gamma sandstone
intervals are mostly confined to the Grant Group rather
than the Reeves Formation. The Reeves Formation extends
down to 1978.6 m and overlies the Laurel Formation
that has yielded Grandispora spiculifera Assemblage
palynomorphs. The identification of the G. maculosa Zone
from 1956.5 m is considered a reliable indicator of the
basal part of the Reeves Formation.

Moogana 1

Mount Hardman 1

Location: Moogana 1 was drilled on the Pender Terrace
7 km north of the Fitzroy Trough. It is 13 km southsouthwest of Curringa 1 and 14 km southeast of Tappers
Inlet 1, of which only the former well is included in this
study.

Location: The well was drilled near the northern margin
of the Fitzroy Trough to reach a fault-controlled anticline
below the Permo-Carboniferous. The nearest wells utilized
in this study — all within the Fitzroy Trough — are
Metters 1, 19.6 km west-northwest; Valhallah 1, 16.8 km
west-southwest; and Asgard 1, 29 km east-southeast.

Palynozonation: Many of the palynological preparations
made from the SWCs appear contaminated via the drilling
mud. In some cases, contamination is suspected but
difficult to prove. The rare Microbaculispora villosa in
the sample at 1109 m is probably due to contamination
as it lies below samples containing the Microbaculispora
trisina (932–1061 m) and Praecolpatites sinuosus
(822– 916 m) Zones. The next sample below, at 1197 m in
the P. confluens Zone, also contains abundant C. cymbatus.
High counts of C. cymbatus are present down to 1504 m,
below which the species is a minor component of the
assemblages. The P. confluens Zone extends down to the
SWC at 1513.5 m. In the well completion report, the
interval here assigned to the P. confluens Zone was placed
within the Verrucosisporites (Pseudoreticulatispora)
pseudoreticulata Zone. This is an example of a report
prepared before 1988 where P. confluens is identified
as P. pseudoreticulata. The lower part of the interval
is notable for the abundance of G. frustulentus in the
assemblages. This probably represents heavy reworking
from the G. frustulentus Microflora; alternatively, the
SWCs may have been contaminated by drilling mud. Of
the four SWCs in the thick sandstone from 1550–1700 m,
two were barren and the other two had very low yields.
In both cases, it is suspected the palynological data
from this interval is unreliable, with the assemblages
contaminated via the drilling mud. Two apparently intact
and uncontaminated SWCs at 1885 m and 1922.5 m
contain common S. ybertii and rare monosaccates. Other
spores present are consistent with the S. ybertii Zone.
The only reliable sample below this depth and above an
unequivocal G. frustulentus Microflora assemblage, at
2027.5 m, is at 1956.5 m. That sample contains abundant
S. ybertii, rare R. magnidictyus, no monosaccates, and is
placed in the G. maculosa Zone.

Palynozonation: Samples from 934 – 1068.5 m, previously
assigned to Unit 1 or the S. ybertii Zone by Purcell (1984),
were re-evaluated and all placed in the P. confluens Zone,
apart from the SWC from 1068.5 m, which was highly
contaminated with cavings from the younger M. trisina
Zone.
Stratigraphy: The Poole Sandstone (368–413 m)
corresponds to two siliciclastic coarsening-upwards cycles,
thereby excluding the overlying 43 m as shown in the well
completion report. The Grant Group (413 – 1067.3 m),
based on the revised palynology, encompasses the interval
Mory (2010) previously included in the Reeves Formation.
The base of the Grant Group is constrained between
cuttings samples at 1050 m containing the P. confluens
Zone and at 1080 m containing the G. frustulentus
Microflora. The lack of the older zones characteristic of
the Grant Group points to significant onlap of the glacial
succession across the Lennard Shelf.

Nemile 1

Figure 7.2

Location: Nemile 1 was drilled on the crest of a surface
anticline within the Liveringa Group within the northern
part of the Fitzroy Trough. The nearest well, Philydrum 1,
is 9.3 km to the northeast on the Lennard Shelf, whereas
the following are in the Fitzroy Trough: The Sisters 1
(21 km northwest), Metters 1 (22 km east-southeast) and
Valhalla 1 and 2 (32 km southeast).
Palynozonation: There is no palynology available, and
only cuttings samples were collected.
Stratigraphy: The Poole Sandstone (770 – 832.4 m)
consists of a distinctive coarsening-up cycle on the
gamma-ray log. The basal 20 m of that unit, assigned to
the Nura Nura Member in the well completion report, lacks
that member’s characteristic carbonate beds. The Grant
Group (832.4 – 1559 m) contains three distinct sections
that Mory (2010) assigned to the ‘Carolyn Formation’
(832.4 – 1021 m, mostly sandstone), ‘Winifred Formation’
(1021–1254 m, mudstone and sandstone) and the ‘Betty’
and Reeves Formations (1254–1559 m, dominantly
sandstone). Potentially the top of the Reeves Formation
could lie within the latter interval depending on the weight
given to the identification of the S. ybertii Zone from core 5

Stratigraphy: Identification of the Poole Sandstone
(1118– 1167 m) relies on the log character and the finegrained sandstone in SWCs and cuttings, and sandy
carbonate from 1159–1164 m, which may be the Nura
Nura Member. As with Curringa 1, there is a possibility
that this 49 m-thick interval is a basal facies of the
Noonkanbah Formation. The section 1166 – 1878.5 m
is tentatively assigned to Grant Group; the lower contact
is particularly uncertain as the palynology from the well
completion report appears to be unreliable and the section
from 1520 – 1878.5 m is unsuitable for palynology. The
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in The Sisters 1 (Playford and Powis, 1979), as opposed
to a lithological correlation with Philydrum 1. Whereas
the Reeves Formation pinches out to the north, it can be
difficult to differentiate lithologically from the basal part of
the Grant Group. Another possibility, given the well ended
at 1601 m, is that the Reeves Formation lies below 1559 m.

and the low resolution of the SP log hinders a confident
determination of this contact. The palynology indicates the
base of the Reeves Formation lies between 2435.4 m and
2460 m, and is placed at 2441.5 m (8010 ft), at the base of
the ‘Grant formation’ as designated in the well completion
report (Hill, 1955).

Nerrima 1 (AFO)

Padilpa 1

Plates 2, 9

Location: Nerima 1 (AFO) lies within the Fitzroy
Trough, 11 km north of the northernmost part of the
Broome Platform, and was spudded near poor outcrop
of the Noonkanbah Formation on the northern limb of
an east-trending anticline. The well lies 62 km southeast
of Grant Range 1, 59 km southwest of Valhalla 1 and 2,
and 54 km west of Fitzroy River 1. Nearer wells — such
as Nerrima 1 (FKO), 4 km southeast; Petaluma 1, 21 km
north-northwest; Myroodah 1, 28 km northwest; and wells
to the south on the Broome Platform and Mowla Terrace
— either did not intersect the Reeves Formation or had
insufficient data available to re-evaluate.

Plate 4

Location: Padilpa 1 lies 4.6 km north of the southern edge
of the Pender Terrace, 9 km northwest of Puratte 1 and
16.5 km northeast of Jum Jum 1, both of which are within
the Fitzroy Trough. The nearest wells within the terrace
are Curringa 1 and Moogana 1, 52 and 54 km to the westnorthwest, respectively.
Palynozonation: The palynology is from SWC samples
modified from the species list in the well completion
report as the slides are not available for reassessment.
The P. pseudoreticulata Zone is present in three samples
from 1038.8 – 1079.3 m. The five assemblages from
1111.5 – 1334.6 m assigned to the H. ramosus Assemblage
Subzone of the M. tentula Zone in the well completion
report are almost certainly equivalent to the P. confluens
Zone of this report. The P. novicus Zone, originally
identified in four samples from 1417.3 – 1542.5 m, is
tentatively reassigned to the M. tentula Zone. As S. ybertii
is described as abundant from 1606 – 1764.5 m in the
presence of monosaccates, this interval is here tentatively
assigned to the S. ybertii Zone.

Palynozonation: Material from Nerrima 1 consists of
relatively few low-yielding, widely spaced samples, so
all allocations are tentative. Only samples from cores 10
and 14–16 are considered reliable but these did not yield
rich assemblages. The relative position of the two samples
within core 15 is uncertain, so they were given arbitrary
depths for this report. A cuttings sample from 554.7 m
contains P. pseudoreticulata in an assemblage consistent
with the eponymous zone, but may be caved from higher
in the well. The sparse assemblage from the 1225.3 m
cuttings sample is consistent with the P. confluens Zone,
although this species is not recorded. The cuttings sample
at 1892.8 m contains several M. tentula and A. concinnus,
but also contains several thermally mature spores that are
probably from an older unit. This sample is provisionally
assigned to the M. tentula Zone, though the M. tentula may
be caved. The assemblage from the 1920.8 m (core 10) is
the highest in a series of problematic assemblages from
core samples down to 2435.4 m. The 1920.8 m assemblage
is provisionally assigned to the V. arcuatus Zone because
it contains D. tenuistriatus and one specimen of M. tentula
and lacks convincing evidence for Reeves Formation
zones. It contains Cristatisporites spp., including
C. pseudozonatus, but lacks the abundance and diversity of
Cristatisporites-type spores that characterize other samples
in the D. birkheadensis Zone. The assemblage from
2162 m (core 14) may belong to either the D. birkheadensis
or S. ybertii Zones, but the yield is extremely low. The two
samples from core 15 have sparse assemblages dominated
by Punctatisporites spp. with some zonate spores. S. ybertii
is present in the 2297 m sample as a fairly rare species.
Though the zone assignment must remain tentative, the
best fit for these assemblages is the S. ybertii Zone. The
assemblage from 2435.4 m (core 16) is also extremely
sparse and contains only a fragmentary specimen of a
saccate pollen grain. Two cuttings samples from below
2460 m contain the G. frustulentus Microflora.

Stratigraphy: The Poole Sandstone (1041 – 1084.5 m)
comprises an overall coarsening-up cycle from mudstone
to medium-grained sandstone within the lower range of
the P. pseudoreticulata Zone (955.2 – 1079.3 m). There
is no sign of the Nura Nura Member. From the wireline
logs, the Grant Group (1084.5 – 1722.9 m) appears
similar to the section in Jum Jum 1 and Puratte 1; the
fining-up section 1390–1465 m in Padilpa 1 especially
resembles 1810– 1850 m in Jum Jum 1 (Plate 4). In
Padilpa 1, the group contains palynomorphs equivalent to
the P. confluens/M. tentula Zones. The Reeves Formation
is tentatively placed between the base of a thick, clean
sandstone at 1722.9 m and the top of gabbro at 1791 m,
partly based on correlation with Jum Jum 1 in which the
formation appears to overlie the Laurel Formation. So
placed, the two SWCs that yielded possible S. ybertii Zone
fall within the Grant Group — whether this represents
reworking, contamination or even a misplaced formation
contact is unclear.

Pearl 1

Plate 2

Location: The well was drilled offshore 25 km westnorthwest of Broome 3.3 km north of the southern edge of
the Fitzroy Trough, and lies 90 km west of Yulleroo 1 and
116 km west-southwest of Perindi 1.
Palynozonation: A reassessment of the palynology report
in the well completion report indicates the P. confluens
Zone down to at least 1100 m, below younger strata.
The interval between 1100 m and 1762 m may include
some P. confluens, M. tentula and possibly older zones,
but the data is sparse. The 1762 m SWC contains rare
specimens of G. frustulentus; these could be reworked

Stratigraphy: The Poole Sandstone (485–597 m)
contains two coarsening-up cycles in this well. The
base of the Grant Group is tentatively placed at 1971 m
above the Reeves Formation based on the questionable
D. birkheadensis or S. ybertii Zone identified from
cores 14–16. The lack of a gamma-ray log below 1518 m
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or contaminants. Samples from 1827–1982 m yielded a
well-preserved, diverse microflora attributed in the well
completion report to the A. largus Assemblage of the
G. frustulentus Microflora.

1 km west of the well (Fig. 9; Botten, 1984, enclosure 6).
This fining-up succession, which encompasses shale over
857–974 m labelled ‘Upper Grant B Member’ by Botten
(1984) and assigned to the ‘Winifred Formation’ by Mory
(2010), indicates the arbitrary nature of such stratigraphic
divisions. The relatively high-gamma shale below 1205 m,
originally placed in the ‘Lower Grant’ by Botten (1984)
and possibly within the Reeves Formation by Mory (2010),
is here assigned to the Anderson Formation as it appears to
lie below the Meda unconformity (Kennard et al., 1994;
Shaw et al., 1995) on seismic line ED84-336. Farther
southeast on the Lennard Shelf and to Mount Hardman 1 in
the northernmost Fitzroy Trough, the best evidence for the
Reeves Formation is in Valhalla 1 (see below). The sections
in those wells that Mory (2010, plate 3) questionably
placed in the Reeves Formation are here mostly reassigned
to the lower part of the Grant Group.

Stratigraphy: The basal Grant Group shows some
similarity to the basal part of the group in Logue 1, 147 km
to the east-southeast, in both the wireline log character and
‘Unit I’ (probably M. tentula Zone) palynomorphs. The
Reeves Formation appears to be absent (Plate 2), as is the
case with many wells south of the Fitzroy Trough. The base
of the Grant Group follows the well completion report and
is placed at a large shift in the gamma-ray and sonic logs
at 1853 m — A. largus Assemblage palynomorphs above
that depth possibly represent reworking from the Anderson
Formation.

Philydrum 1

Plate 5, Figure 7.2

Point Moody 1

Location: The well was drilled on a faulted surface
anticline within the Liveringa Group, 35 km southwest of
the northern end of Oscar Range and about 160 m from
the southern faulted margin of the Lennard Shelf. Nearby
wells in this study (also on the Lennard Shelf) include
Kennedia 1, Mimosa 1 and Hakea 1 (7.5 km, 9 km and
22.5 km northwest, respectively). Nearby wells within
the Fitzroy Trough are Metters 1 (18.5 km southeast) and
Valhalla 1 and 2 (31.5 km south-southeast).

Plate 3

Location: Point Moody 1 was drilled on a surface anticline
within the Noonkanbah Formation close to the southeastern
end of the Gregory Sub-basin, 33 km northeast of Lake
Hevern 1, 25 km east-southeast of White Hills 1 and
136 km southeast of Kilang Kilang 1.
Palynological samples: All the samples from Point
Moody 1 are from conventional cores (Appendix 4).
Samples were examined down to 2440.8 m (core 26), about
500 m deeper than the interval of interest (400 – 1945.9 m;
cores 4–22). One set of slides is labelled ‘AAP’ and
another was prepared by WAPET in 1973, but only from
selected cores down to core 19. A few core samples were
prepared by GSWA in the 1990s. In some cases, several
samples from the same core were processed by different
laboratories.

Palynozonation: The palynology report by R. Purcell in the
well completion report includes the following assignments
(all based on SWCs):
Unit IV (= M. trisina Zone)
512–551 m
2 SWCs
Unit III (= P. pseudoreticulata Zone) 580.5 m
1 SWC
Unit II (= P. confluens Zone)
724.2 – 938.9 m 4 SWCs
Unit I or II (= P. confluens – M. tentula Zones)
1064–1169 m
3 SWCs
G. frustulentus Microflora
1311.3 – 1511 m    2 SWCs
2 cuttings

Palynozonation: The P. pseudoreticulata Zone, or
possibly S. fusus Zone, is present at 373.7 m (core 3) at
the base of a thick shale bed. The assemblage at 465.7 m
had an extremely low yield and lacks P. confluens, but
resembles the P. confluens Zone more than the overlying
zones. Samples with unequivocal P. confluens Zone
assemblages extend from 520 m (core 5) to 1068.6 m
(core 11). P. confluens and C. cymbatus are present
through the interval, though both are rare in core 11.
D. disfacies has a LAD at 643.7 m and A. concinnus at
841.2 m. In the upper part of the zone are assemblages
with notable abundances of particular species. At 520
and 520.3 m, D. rotundidentatus is common and, more
unusually, C. pseudozonatus is common at 643.7 and
645.9 m. The M. tentula Zone is identified in two samples
from core 12, at 1215.8 and 1215.9 m. These assemblages
contain common M. tentula and rare H. tereteangulatus but
C. cymbatus and P. confluens are absent. Zonal allocations
of assemblages from 1327.4 m (core 13) to 1945.2 m
(core 22) are hindered by increasing maturity with depth,
low diversity, common monosaccates and the abundance
of Punctatisporites spp. The interval is placed in the
V. arcuatus Zone, as M. tentula is rare and spores typical of
the Reeves Formation are absent (except for two specimens
of S. ybertii in the 1814.8 m sample). D. tenuistriatus is
present in several samples including the basal sample at
1945.2 m, consistent with assemblages from the Grant
Group. In the lowest samples, thermal maturity is high and
many individual specimens cannot be identified. Down to

Stratigraphy: Two coarsening-up cycles within
581.6 – 646 m are assigned to the Poole Sandstone,
as opposed to 532–582 m as suggested in the well
completion report, based on the more prominent cycles
in the deeper interval and as Unit IV palynomorphs
from a SWC at 551 m are in keeping with the overlying
Noonkanbah Formation. Alternatively, the base of the
Poole Sandstone could be at 615 m, thereby consigning
the lower cycle to the Grant Group — if so, this interval
would be equivalent to cycle G1 of Dent (2016), although
not specifically identified in her report. There is no sign
of marine carbonate facies of the Nura Nura Member at
the base of either cycle. In the absence of palynomorphs
indicative of the Reeves Formation from below 1169 m,
such as S. ybertii, the section from 646 m to the top of
the Lower Carboniferous at 1204.9 m is placed within
the Grant Group (Plate 5). This is consistent with nearby
wells to the northwest such as Kennedia 1 and Mimosa 1,
in which the available palynology suggests the Reeves
Formation is either missing or thin (Mory, 2010, plate 5).
The significance of the S. ybertii Zone assemblage in
Crimson Lake 1, 8.9 km to the east-southeast, is unclear
as this well lies in the Fitzroy Trough (KUFPEC Australia
Pty Ltd., 1988) whereas Philydrum 1 lies at the southern
edge of the Lennard Shelf. The section from 889 to 1063 m
was interpreted as a channel fill that pinches out about
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about 1216 m the maturity is estimated at TAI 2+, from this
depth to near 1600 m it is TAI 3 to 3+ and below that it is
up to TAI 4 (lower oil window and deeper).

to Stage 1 which, together with Stage 2, was considered
to encompass all glacial strata in the basin (Kemp et al.,
1977). Below 1972.7 m (between cores 22 and 23) is
assigned to the Anderson Formation, following the well
completion report.

Stratigraphy: The Poole Sandstone could be either the
blocky sandstone from 404.3 – 485.8 m on the gammaray log or the overlying 43 m (361 – 404.3 m) thereby
including fine-grained sandstone with minor mudstone in
core 3 that yielded the P. pseudoreticulata Zone. However,
regional correlation (Plate 3) favours thinning of the
formation along the margins of the Gregory Sub-basin
and its possible absence in this well. The top of the Grant
Group is here placed at 404.3 m. Despite the high thermal
maturity, the lack of older index spore species suggests the
Reeves Formation is absent, thereby refuting the previous
allocation of 908–1975 m to this formation (Mory, 2010).
The interval down to core 22 is convincingly demonstrated
to belong in the Grant Group with apparently a thick
interval of V. arcuatus Zone, and the group probably
extends down to the top of the Anderson Formation at
1972.7 m. This is consistent with the nearest deep well
(White Hills 1) in which cuttings possibly from the
M. tentula Zone were identified 130 m above the Anderson
Formation. Within Point Moody 1, cores 20–22 contain
pebbly sandstone with diverse angular clasts and contorted
bedding suggestive of a glacial origin (Fig. 7.3 ). Cores 8,
10, 11, 13 and 16 are more convincingly from the Grant
Group as they contain conglomeratic facies and contorted
or microfaulted bedding that are probably glacial in
origin. Powis (1984) attributed 1065–1913 m in this well

Point Torment 1

Plates 4, 5

Location: Point Torment 1 was drilled close to the
southern margin of the Lennard Shelf near the southeastern
termination of the Pender Terrace. It is 12 km northwest of
West Kora 1 also on the Lennard Shelf and 20.5 km northnortheast of Booran 1 in the Fitzroy Trough.
Palynozonation: No palynology is available for the interval
of interest in this well
Stratigraphy: The Poole Sandstone (894 – 943.5 m) is
identified from the coarsening-up cycle on the gamma-ray
log that can be readily correlated along the Lennard Shelf.
There is no sign of a basal carbonate facies (Nura Nura
Member). Differentiation of the dominantly siliciclastic
Grant Group (943.5 – 1516 m) and Reeves Formation
(1516–1823 m) depends on correlation with Puratte 1 to
the west, and Kora 1 and West Kora 1 to the east. The
boundary between the two is placed at the sharp base of a
350 m-thick sandstone overlying finer grained facies and
is possibly a local unconformity.

a)
b)
c)

AJM1152

4 cm

30/03/20

Figure 7.3. Core images from the Grant Group in Point Moody 1: a) microfaulted sandstone and mudstone, ~1521.6 – 1521.75 m
(core 16); b) sandy diamictite, ~1912.2 – 1912.35 m (core 21); c) mildly contorted silty sandstone, ~1944.9 – 1945.0 m
(core 22)
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Plate 4

Robert 1

Plate 8

Location: Puratte 1 lies within the Fitzroy Trough, just
over 1 km south of the Pender Terrace, 9 km southeast of
Padilpa 1 and 17 km east-northeast of Jum Jum 1.

Location: The well was spudded near the southeast end of
the Broome Platform, and lies 35 km east of Looma 1 and
38.6 km north-northwest of Fruitcake 1.

Palynological samples: Puratte 1 contains a thick
interval of Permian, among the best sampled in the basin
(Appendix 4). The Carboniferous interval is thick, but with
sequence breaks and a thick barren interval. Most samples
are SWCs but one cuttings sample is included in this study.
Several slides are fully or partly desiccated as they were
mounted in glycerine jelly.

Palynozonation: No palynology is available from the well.
Stratigraphy: In the well completion report, 367–460 m
was assigned to the Tandalgoo Formation and 460–929 m
to the Worral Formation(, with the Elsa Sandstone Member
in the basal 34 m of the latter. Despite the wireline log
over 582–690 m resembling the Tandalgoo Formation over
340–466 m in Fruitcake 1 (Plate 8), if correct this would
be an anomalously thick section of the Worral Formation
(469 m) compared to the next thickest section of 185 m
in Sally May 2 discounting Missing 1. Correlation with
Missing 1 points to the dominantly sandy section with
traces of mudstone and dolomite between 50 m and
929 m belonging to the Grant Group. As the only samples
collected were cuttings, the significance of lithic fragments
in the lower part of this section is ambiguous. Possibly
the high GR response can be attributed to lithic grains
containing K-feldspar in the sandstone, whereas the well
completion report suggested mudstone had been washed
out of cuttings from this interval. Alternatively, the Grant
Group overlies a Devonian unit (from 466–689 m) above
the Tandalgoo Formation (689–929 m) and the lithic grains
are caved, but that interpretation is not favoured here.

Palynozonation: The P. pseudoreticulata Zone is present
at 1494 m. An interval of P. confluens Zone extends
from 1560 m to 1681 m, based on three samples with
P. confluens and reasonably common C. cymbatus. Three
samples with extremely low yields from 1902 m to 1943 m
are provisionally assigned to the M. tentula Zone. These
samples, except the highest, contain M. tentula, which
is common in samples from 1960 and 1975 m, but these
lower samples are contaminated. P. confluens is present as
a single faded specimen at 1943 m but this is discounted as
no specimens are recorded at 1928.5 m. The few specimens
of S. ybertii present in most samples presumably represent
reworking. The assemblages from this interval are of
low quality. There is no evidence for the V. arcuatus or
D. birkheadensis Zones, pointing to missing strata between
1975 m and 2060 m. Only two closely spaced samples
at 2060 m and 2068 m are confidently assigned to the
S. ybertii Zone. These samples have low yields with few
monosaccate pollen grains and abundant S. ybertii. The
rarity of monosaccates suggests this is the lower part of
the zone. R. magnidictyus in the 2068 m sample indicates
this biostratigraphically significant species extends up into
the lower part of the S. ybertii Zone. Samples assigned
to the G. maculosa Zone lack monosaccates but contain
abundant S. ybertii and other taxa consistent with the zone.
The 2084 m, 2143 m and 2172.5 m samples are particularly
convincing and seem devoid of contamination. The reason
for the interval from 2224 m to 2585.1 m is unclear, as
the lithology appears favourable. The highest sample
with possible G. frustulentus Microflora is at 2791 m, but
assignment of the immediately underlying samples to this
unit is more convincing.

St George Range 1

Plate 2

Location: The well was spudded low in the Grant Group in
the centre of the Saint George Ranges Anticline within the
Fitzroy Trough. The nearest other wells considered in this
study are Fitzroy River 1 (35 km northwest), Jones Range 1
(93 km southeast) and Cycas 1 (99 km east-southeast).
Palynological samples: Relatively few cores were cut,
thereby hindering palynological assessment of this well
(Appendices 3, 4). Of the 12 samples examined from
the interval of interest, just seven core and two cuttings
samples yielded palynomorphs. The remaining core
samples were barren. Note that six slides labelled as SWCs
from 5100 ft are most likely from core 8 (5150–5168 ft,
1569.7 – 1575.2 m) as none of the 14 SWCs attempted
were successful according to the well completion report.

Stratigraphy: The Poole Sandstone (1435.6 – 1503.3 m)
is readily identifiable from wireline logs and lithology
with a 5 m-thick, near-basal sandy carbonate (Nura Nura
Member). The carbonate lies just below a SWC at 1495 m
containing P. pseudoreticulata. The Grant Group has
yielded P. confluens from three SWCs from 1560, 1574.5
and 1681 m, and possible M. tentula from SWCs from
1928.5 − 1943 m. The lower contact of the group is placed
at the base of a 76 m-thick, low-gamma sandstone (at
2055.8 m) but conceivably could lie at 1900 m although
above a series of samples yielding possible M. tentula
Zone assemblages. However, that is not consistent with
correlations across the Pender Terrace and into the Lennard
Shelf (Plates 4 and 5), admittedly loosely constrained in
many wells. The base of the Reeves Formation could be at
the sharp base of the sandstone interval at either 2359.5 m
or 2576.4 m, but the higher pick is favoured here based on
correlation to wells on the Pender Terrace (Plate 4). The
G. spiculifera Assemblage, which is typical of the Laurel
Formation, is present in SWCs from 2791.4 m to 2925.1 m.

Palynozonation: The highest sample at 94.5 m (core 1)
is in the P. confluens Zone with common P. confluens.
This species is rare in the 170.7 m sample (core 2), which
also contains D. tenuistriatus. The cuttings sample from
241 m is tentatively assigned to the M. tentula Zone.
M. tentula is absent from the 262.1 m sample (core 3),
which yielded a remarkable assemblage with common
B. parmatus and monosaccates, unusually common
D. disfacies and abundant Punctatisporites spp. It also
contains common acritarchs including Michrystridium spp.
This assemblage is difficult to place biostratigraphically,
but is assigned to the V. arcuatus Zone. Below this sample
are two from a largely sandstone interval that are barren.
The precise depths of three productive samples prepared
from core 5 are uncertain but were arbitrarily assigned
to 740.7 m, 742 m and 743.1 m. Their assemblages
are similar: all contain abundant Punctatisporites spp.,
some monosaccates and common Gondisporites sp. A.
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P. confluens Zone is not certain, and the 1129 m sample may
be contaminated. The 1153 m SWC produced a high yield,
but appears to be a mixed assemblage with elements from
the P. confluens Zone and the S. ybertii Zone for which no
biostratigraphic conclusion can be made. The SWCs from
1396.7 m and 1508 m contain assemblages consistent with
the S. ybertii Zone, with common to abundant S. ybertii
and rare monosaccates. The 1529 m SWC is contaminated
and judged as unreliable. The SWC at 1566.1 m contains
common G. frustulentus with few other species and
belongs in the G. frustulentus Microflora and the A. largus
Assemblage according to Purcell (in Mah, 1984).

They also contain relatively common Cristatisporites
spp., A. concinnus with short acicular spines and early
forms of M. tentula. In addition, Botryococcus spp. and
D. tenuistriatus in all three samples and V. arcuatus in
the 743.1 m sample demonstrates they are younger than
the D. birkheadensis Zone. The presence of rare S. ybertii
and rare G. frustulentus is attributed to reworking. The
assemblages from these samples are among the best
examples from the lower part of the V. arcuatus Zone and,
by implication, the oldest part of the Grant Group. Powis
(1984, fig. 2) placed samples from core 5 in his S. ybertii
Assemblage and Apak and Backhouse (1999) followed this
assignment. The 1364.6 m sample (core 7) is confidently
assigned to the S. ybertii Zone as it yielded common
S. ybertii and I. dolianitii as well as rare monosaccates. The
G. maculosa Zone is not identified in this well whereas the
G. frustulentus Microflora is seemingly present in core 8
(see comment in Appendix 3).

Stratigraphy: The Poole Sandstone (827.2 – 879.6 m)
consists of a coarsening-up siliciclastic succession from
which a SWC at 875 m yielded the P. pseudoreticulata
Zone. Carbonate facies of the Nura Nura Member are
possibly represented in the markedly sandy, fossiliferous,
basal two metres. The Grant Group (879.2 – 1392.5 m) is
dominated by clean sandstone apart from a coarsening-up
succession in the uppermost 50 m and a shaly interval in
the middle of the unit (1124–1168 m) previously assigned
to the ‘Winifred Formation’. The Reeves Formation is
the ‘ratty’ sandstone from 1392.7 – 1564.1 m, which has
yielded S. ybertii Zone palynomorphs. The upper contact
is weakly constrained by correlation with Blackstone 1 that
yielded the P. confluens Zone from 1400.6 m, 48 m above a
S. ybertii Zone assemblage. The lower contact is with a thin
mudstone containing the A. largus Assemblage (Purcell, in
Mah, 1984) overlying 110 m of sandstone, all of which is
assigned to the Lower Carboniferous Anderson Formation.
The formation picks are all close to those suggested in the
well completion report, apart from its not differentiating
the Reeves Formation.

Stratigraphy: The overlying part of the Grant Group in
the surrounding outcrop is estimated to be over 400 m
thick. The base of the Grant Group is palynologically
poorly constrained between cores 5 (V. arcuatus Zone)
and 7 (S. ybertii Zone), as opposed to 253 m questionably
suggested by Mory (2010) based on the D. tenuistriatus
Zone (now M. tentula Zone) from cuttings at 259–262 m.
The top of the Reeves Formation could possibly be at
860 m, 1055 m or 1175.3 m, levels that bracket thick,
clean sandstone intervals. The former is close to the top of
‘Unit C’ of the ‘Grant Formation’ in the well completion
report. Apak and Backhouse (1999) placed 165–1420 m
in the Reeves Formation, but this included an interval
now assigned to the M. tentula and V. arcuatus Zones.
Correlation with the nearest wells (Plates 2 and 3) does
not allow a simple resolution of this boundary as the
available palynology in those wells is similarly inadequate,
but the deeper depth is favoured in regional correlations
(Plates 2 and 3). The restricted stratigraphic extent of
the M. tentula Zone in this well (between P. confluens
at 171.7 m and possible V. arcuatus at 262.1 m) may
be due to local environmental factors, a local break in
deposition or a fault; however, such interpretations are
equivocal given the distance to sections with unambiguous
biostratigraphy. The lower contact of the Reeves Formation
is at 1417.0 m, at the base of a 60 m-thick clean sandstone,
constrained by S. ybertii Zone palynomorphs from core 7
(1360.6 – 1364.6 m) and a sample, or samples, from
1569.7 – 1575.8 m (core 8) that yielded G. frustulentus
Microflora.

Terrace 1

The Sisters 1

Figure 7.2

Location: The well lies 6 km southwest of Hakea 1 and
41 km east-southeast of East Yeeda 1, all in the Fitzroy
Trough.
Palynozonation: The only palynology available is from
core 5 (1339.3 – 1344.8 m), which Playford and Powis
(1979) placed in the S. ybertii Assemblage.
Stratigraphy: The lack of a gamma-ray log imparts a
degree of uncertainty to formation picks. The Poole
Sandstone (558.7 – 617.9 m) is close to the revised WAPET
picks of 565–616 m. The Grant Group (~617.9 – 1228.6 m)
corresponds to an interval of relatively low SP response
with six thin sandstone intervals. The base of the Reeves
Formation at 1579.6 m, at the abrupt increase from 32 MV
to 65 MV on the SP log, probably corresponds to the
fault shown by Purcell and Poll (1984, fig. 7) between the
Reeves and Laurel Formations. The formation picks are
all close to the revisions suggested in the well completion
report (apart from not differentiating the Reeves Formation)
and Mory (2010).

Plate 5

Location: Terrace 1 was drilled 13 km northwest of
Blackstone 1 and 14 km southeast of Meda 1, all on the
Lennard Shelf, and 27 km east-northeast of East Yeeda 1
in the Fitzroy Trough.
Palynozonation: This review of the palynostratigraphy
almost entirely agrees with that in the original well
completion report (Purcell in Mah, 1984). As with nearby
wells such as Hakea 1, thermal alteration is extremely low.
The P. pseudoreticulata Zone is identified at 875 m. The
highest sample with P. confluens and no P. pseudoreticulata
is at 902 m. The P. confluens Zone may extend down to
1129 m; however, samples from 914.9 m, 930.1 m and
931 m were very low yielding, so their assignment to the

Ungani 1 and 2

Plate 7

Location: Ungani 2 was drilled 220 m southwest of Ungani
1 just north of the Fenton Fault that separates the Fitzroy
Trough from the Jurgurra Terrace. The wells lie 28 km eastsoutheast of Yulleroo 1, 57 km due south of Fraser River 1
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This sample and all samples down to 1195 m are placed
in the P. confluens Zone, although the species is largely
absent; however, it is present in the 1195 m assemblage,
albeit rare. Nevertheless, other taxa, such as C. cymbatus,
strongly suggest this zone. The SWCs from 1252 m and
1273.5 m contain S. ybertii and monosaccates, but both are
clearly contaminated making assignment to the S. ybertii
Zone highly tentative. A barren interval extends down to a
productive, but heavily contaminated, sample at 1530 m.
The 1591.4 m sample contains a diverse assemblage
including Cordylosporites sp. A and Punctatisporites
giganteus. This suggests a possible correlation with
the 2362 m sample in Jum Jum 1, 79 km to the west.
Additionally, Waltzispora polita is particularly common
and in this regard the assemblage from this sample
resembles that from 2316.9 m in Jum Jum 1. The less
diverse 1603 m sample is also included in the G. maculosa
Zone. The Anapiculatisporites largus Assemblage (upper
G. frustulentus Microflora) recovered from the 1889 m
sample is more thermally mature than the lowest sample
of the G. maculosa Zone.

and 90 km west of Grant Range 1, all within the Fitzroy
Trough, and 28 km west-northwest of Logue 1 within the
northern part of the Jurgurra Terrace.
Palynozonation: No paleontology is available from the
interval of interest in either well.
Stratigraphy: The wireline logs are similar in both
wells even though Ungani 1 was a vertical well whereas
Ungani 2 was deviated below 661 m. Depths to the Poole
Sandstone are almost identical (850.7 m and 849.7 m)
in the two wells. Thin carbonate beds at 946–950 m
in Ungani 1 (?950–954 m in Ungani 2 based on the
wireline log) may be the Nura Nura Member. Detailed
correlation of the wells is hindered by small faults that cut
the Noonkanbah Formation and Grant Group (Edwards
and Streitberg, 2013, fig. 7). Correlation with Logue 1
suggests the base of the group is best placed at 1866.3 m
in Ungani 1, a level comparable to about 1360 m in
Logue 1 (Plate7), which lies between Unit II and Unit I
palynomorph assemblages (possibly equivalent to the
P. confluens and M. tentula Zones, respectively).

Valhalla 1

Stratigraphy: The stratigraphic picks of Mory (2010)
are followed apart from the top and base of the Reeves
Formation. Its extent is adjusted to 1576.7 – 1801.1 m
and 1557.15 – 1781.6 m, for Kora 1 and West Kora 1,
respectively, to incorporate the interval including the
G. maculosa Zone previously placed in the Anderson
Formation. So redefined, the reservoir of the suspended
West Kora Oilfield (1741.25 – 1751.75 m) is within
the Reeves Formation, and the 200 m-thick, lowgamma sandstone above is within the Grant Group.
The identification of possible S. ybertii Zone
at 1252 – 1273.5 m in West Kora 1 is attributed to
contamination given the overall stratigraphic similarity of
the two wells (Plate 5). The relatively high position of the
G. maculosa Zone in the Reeves Formation in both wells
suggests the upper contact of the formation is erosional
in these wells. Alternatively, it is possible the transition
into the overlying S. ybertii Zone is not isochronous due
to local environmental influences. In West Kora 1, the
base of the Reeves Formation is broadly constrained
between the lowest appearance of the G. maculosa Zone
at 1603 m and the highest G. frustulentus Microflora
at 1889 m. Given the similarity in the thickness of the
Grant Group (530.2 vs 532.4 m) and Reeves Formation
(224.4 vs 224.45 m) between the two wells, it is unlikely
that any significant faults intersect these units.

Plate 5

Location: Valhalla 1 was drilled in the Fitzroy Trough
49 km north-northwest of Fitzroy River 1, 34 km westnorthwest of Asgard 1 and 31 km east-southeast of
Philydrum 1.
Palynozonation: The only palynology within the interval
of interest was from two cuttings samples (955–960 m and
1085–1090 m) that yielded the P. confluens Zone (Purcell,
2008).
Stratigraphy: Interpretation of the Poole Sandstone
(558–641 m) follows the company picks. Correlation
with Scarpia 1 (8.4 km to the east-northeast) suggests the
Reeves Formation is present over 1449−1600 m (Plate 5),
deeper than shown by Mory (2010, plate 3). Alternatively,
this interval could be the Anderson Formation by
comparison with Mt Hardman 1 in which the Reeves
Formation is absent or very thin given assemblages of
the P. confluens Zone and G. frustulentus Microflora are
just 30 m apart in this well. Correlation with Asgard 1
(for which there is no palynology) seemingly supports
the possibility that the Reeves Formation is present in
Valhalla 1 over 1449–1600 m, although it is just over 50 m
thicker in Asgard 1 (Plate 5).

Yarrada 1
West Kora 1 and Kora 1

Plate 5

Plate 5

Location: Yarrada 1 lies on the Lennard Shelf 10 km westnorthwest of Meda 1 and 2, 31 km east-southeast of Kora 1
and 7 km south of Langoora 1.

Location: The two wells were drilled 2 km apart near the
southwestern edge of the Lennard Shelf, about 12.4 km and
14.4 km southeast of Point Torment 1 and 43 km northwest
of Meda 1, all on the Lennard Shelf. The nearest well in the
Fitzroy Trough is Booran 1, 19 km to the southwest.

Palynozonation: The only available palynology from the
units of interest is from the well completion report that
lists Stage II palynomorphs from a SWC at 1156 m. The
assemblage described contains C. cymbatus and belongs in
the P. confluens Zone of this study (Fig. 3 ).

Palynozonation: The palynology slides from Kora 1
were not available for re-evaluation whereas slides from
18 SWCs from West Kora 1 were re-examined. The
SWC at 1021 m contains P. pseudoreticulata, but not
P. confluens, indicating the P. pseudoreticulata Zone.
The 1029 m assemblage contains common monosaccates
with few other taxa identified, but includes M. tentula.

Stratigraphy: The updated picks suggested in Mory (2010)
are accepted apart from the subdivision of the Grant Group
and the tentative identification of the Reeves Formation
over 1370–1559 m. The latter could equally well represent
a basal valley-fill facies of the Grant Group and, given its
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