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Permian fossils and palaeoenvironments of the northern
Sydney Basin, New South Wales
Abstract
Three invertebrate fossil sites (one newly discovered) of early and middle Permian age in the Sydney Basin of New South
Wales provide an insight into changing depositional environments that were dominated by marine glaciogenic conditions.
The Allandale fossil site is a shell bed within the early Permian Allandale Formation (Dalwood Group) exposed in a railway
cutting near Harpers Hill, where specimens of the large bivalve Eurydesma were first collected in 1831. Excavation of this site
in 2011 during track upgrading allowed collection of many well-preserved Eurydesma specimens in a sandy conglomerate
facies. One specimen has remnant colour banding under UV illumination.
A slightly younger bivalve-dominated faunal assemblage, exposed during excavations at Tocal near Paterson, is the first
fossiliferous occurrence of Permian age recorded in that area and is assigned to the Rutherford Formation (Dalwood Group).
Depositional environments at the Allandale and Tocal sites were nearshore marine, in moderately turbulent water.
In contrast, the Fenestella Shale Member — here formalised — of the Branxton Formation (Maitland Group), exposed
in a quarry near Mulbring, contains a diverse fossil fauna representing an in situ assemblage of complete and unfragmented
specimens, with rare bands of fossil debris. Recorded from this site are: abundant fenestellid bryozoa; numerous brachiopods
(both spiriferides and productoids) associated with molluscs (bivalves, rare gastropods, nautiloids and rostroconchs);
echinoderms (crinoids and blastoids); and trilobites. Increased diversity of this middle Permian fauna, relative to those
examined from the Dalwood Group, reflects its offshore marine shelf environment in water depths below normal wave base.
Keywords: Permian, Sydney Basin, Hunter Valley, invertebrate palaeontology, palaeoenvironments, Dalwood Group, Maitland
Group, Fenestella Shale Member, Branxton Formation

AUTHORS
I.G. Percival1, N.S. Meakin2, L. Sherwin3,
T.A. Vanderlaan4 and P.A. Flitcroft 5
1 Geological Survey of New South Wales,

W.B. Clarke Geoscience Centre, Londonderry, NSW 2753
2 Geological Survey of New South Wales,
516 High Street, Maitland, NSW 2320
3 Geological Survey of New South Wales,
161 Kite Street, Orange, NSW 2800
4 School of Biological, Earth and Environmental Sciences,
University of NSW, Sydney, NSW, 2052
5 YTC Resources Limited,
P.O. Box 7058, Orange, NSW, 2800
© State of New South Wales through
the Division of Resources and Energy, 2012
Papers in Quarterly Notes are subject to external review.
External reviewer for this issue was Professor Guang
Shi, School of Life and Environmental Sciences, Deakin
University. His assistance is appreciated.
Quarterly Notes is published to give wide circulation to
results of studies in the Geological Survey of New South
Wales. Papers are also welcome that arise from team
studies with external researchers.
Contact: john.greenfield@industry.nsw.gov.au
ISSN 0155-3410
Geological Survey of New South Wales

Contents

Introduction

Abstract

1

Introduction

2

Age-dating of the Permian succession
in eastern Australia

4

Permian stratigraphy: lower Hunter Valley

4

Palaeontological investigations: lower Hunter Valley 6
Allandale

7

Site and history

7

Stratigraphy and lithology

7

Fossil fauna and age

9

Palaeoenvironment

10

Tocal

12

Site and history

12

Stratigraphy and lithology

12

Fossil fauna and age

13

Palaeoenvironment

14

Mulbring

14

Site and history

14

Stratigraphy and lithology

14

Fossil fauna and age

14

Palaeoenvironment

19

Discussion

20

Acknowledgements

21

References

22

Cover photograph: Typical fossils from the Fenestella
Shale Member of the Branxton Formation, from Mulbring
quarry. They are the bryozoa Polypora (upper left) and
Stenopora (centre), and brachiopod Notospirifer, the latter
being approximately 3 cm across.
(Photographer: D. Barnes).
Production co ordination:
Geological editor:
Geospatial information:
Layout :

Simone Meakin
Richard Facer
Cheryl Hormann
Kirsten Stoop

© State of New South Wales through Department of Trade and Investment, Regional
Infrastructure and Services 2012. This publication is copyright. You may download,
display, print and reproduce this material provided that the wording is reproduced
exactly, the source is acknowledged and the copyright, update address and disclaimer
notice is retained.

2

June 2012

The Hunter Valley of New South Wales (NSW) lies in
the northern part of the Permo-Triassic Sydney Basin,
the southernmost structural basin of the contiguous
Sydney–Gunnedah–Bowen Basin system in eastern
Australia. Permian rocks in this part of the Sydney Basin
are up to four kilometres thick, and were deposited in
fluctuating marine and terrestrial environments (with
glacial influences). The terrestrial units host significant
black coal reserves. The lower Hunter Valley is underlain
predominantly by Permian strata, and encompasses
the region from Newcastle, at the mouth of the Hunter
River on the coast, west to the Cessnock–Mulbring area
(bounded by the Watagan Range) and northwest to the
town of Branxton. A simplified geological map of the
lower Hunter Valley is shown in Figure 1.
The northern boundary of the lower Hunter Valley
coincides approximately with the Hunter–Mooki Thrust,
forming the boundary between the northeastern Sydney
Basin and the Tamworth Belt of the New England
Orogen. This thrust faulting post-dates formation of
several prominent regional folds in the Permian rocks,
the largest of which is the Lochinvar Anticline on the
southern side of the Hunter Thrust (Glen 1993). Two of
the sites investigated in the present paper occur within
this structure. The third locality is in the Mindaribba
Syncline, located north of the thrust.
Early Permian sediments in the Hunter Valley
area were deposited during the latter phases of the
longest interval of severe sustained glaciations in the
Phanerozoic — spanning approximately 30 million
years, though some estimates, e.g. Fielding et al. (2008),
have suggested more than twice that. The glaciations
occurred at a time when global atmospheric carbon
dioxide concentrations were substantially lower than at
any other time during the past 600 million years (Shi &
Waterhouse 2010). This led to global icehouse conditions
that gradually ameliorated through the latest middle
Permian, until a greenhouse regime was established in
the late Permian, leading into the Triassic.
Recent research into Permian faunas and floras and
the environments they inhabited in eastern Australia has
focussed on the well-exposed and relatively continuous
successions in the southern Sydney Basin, along the
south coast of NSW, as well as on contemporaneous
strata in Tasmania and central Queensland (e.g. Briggs
1998; Reid 2003; Waterhouse 2008). The classic Permian
rocks and their faunas of the Hunter Valley in the
northern Sydney Basin, first scientifically investigated in
1831, have in more recent times been the subject of far
fewer palaeontological studies, perhaps reflecting a view
that little remains to be discovered in this region.
This paper reports new or additional information
about a classic site (Allandale) that was recently
excavated, a new fossiliferous locality (Tocal) in an
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Figure 1. Regional geology map showing fossil sites. Based on Glen (1993) and Hawley, Glen and Baker (1995).
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area in which the stratigraphy is not well known, and
a quarry at Mulbring that previously has not been
documented in detail in the scientific literature despite
its use over the past 45 years as a favoured site for
collectors and educational groups.

Age-dating of the Permian
succession in eastern Australia
Permian strata in eastern Australia have traditionally
been subdivided into: (1) rocks of ‘Early Permian’
age, encompassing biostratigraphic equivalents of the
Asselian, Sakmarian, Artinskian and Kungurian stages
established in the Urals of Russia; and (2) deposits of
‘Late Permian’ age, including the Ufimian, Kazanian
and Tatarian stages (e.g. Briggs 1998, fig. 4). However,
the International Commission on Stratigraphy now
recognises a tripartite subdivision of global Permian
stratigraphy (Ogg, Ogg & Gradstein 2008, fig. 9.5),
with: (1) lower Permian rocks of the Cisuralian Series
spanning the Asselian to Kungurian (and now also
extending up to the top Ufimian) regional Russian
stages; (2) middle Permian rocks (designated the
Guadalupian Series, comprising the Roadian, Wordian
and Capitanian stages) that correlate with strata
deposited during the Kazanian to early Tatarian interval
in Russia; and (3) rocks of the upper Permian (assigned
to the Lopingian Series) comprising late Tatarian
equivalent strata.
Precise biostratigraphic correlation between the
eastern Australian Permian succession and the
internationally accepted subdivisions is difficult, as
the conodonts used to define the boundaries of the
global Permian stages are entirely absent from the
predominantly clastic rocks of the local Permian.
Because of its high latitude setting throughout the
Permian, eastern Australia also lacks fusulinid
foraminifers that provide a basis for biostratigraphic
zonation in tropical palaeoenvironments, such as those
found in the Permian of North America and Timor.
Rarely occurring ammonoids in the eastern
Australian marine Permian rocks provide one means
of biostratigraphic correlation with the Russian, North
American and Chinese type areas of the Cisuralian,
Guadalupian and Lopingian, respectively. Shi (2006)
also proposed the concept of using biogeographically
mixed cold-water and warm-water faunas developed
in middle latitude zones as a ‘biostratigraphic gateway’
to correlate the otherwise highly endemic cold-water
faunas of eastern Australia and New Zealand with those
of northeastern Russia and Siberia.
Other means of interregional correlation, such as
sequence stratigraphy (e.g. Herbert 1995), have been
attempted in parts of the Permian column in eastern
Australia, but do not at present offer the fine-scale
precision and subdivision of the biostratigraphic
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zonation. Roberts et al. (1996) undertook pioneering
SHRIMP zircon dating of Permian strata in NSW
and Queensland. One of their samples (Z2015 from
the lower Branxton Formation from Kalingo DDH
18, near Ellalong (close to the Mulbring quarry site
documented herein), had an age of 272.2 ± 3.2 Ma. The
SL13 standard then in use resulted in this age being
somewhat older than currently accepted. However,
high-precision geochronological studies in the region,
previously limited by the rarity of suitable zircon crystals
from interbedded volcanic horizons and the reliability
of the SHRIMP technique, are now being successfully
undertaken using Chemical Abrasion Isotope Dilution
Thermal Ionisation Mass Spectrometry (CA-IDTIMS)
(Metcalfe et al. 2012).
The local biostratigraphic zonation of the marine
Permian rocks of eastern Australia was based initially
on faunal assemblage zones (e.g. Dickins 1964;
Runnegar 1969), then subsequently on a succession
of species of spiriferide brachiopods (e.g. Runnegar
& McClung 1975) and recently, (Briggs 1998) using
productoid brachiopods to underpin a more detailed
subdivision. Briggs (1998) summarised the development
of these earlier schemes, and integrated them with
a palynological zonation, referred to as APP zones,
established by Price (in Draper et al. 1990), which
is particularly useful in establishing the ages and
correlation of non-marine sections of the stratigraphy
(e.g. Shi et al. 2010). Despite opinions to the contrary
and some valid criticisms (e.g. Waterhouse 2008, 2011),
the Briggs (1998) zonation remains the most coherent
biostratigraphical scheme with widespread applicability
to marine shelly faunas of the Sydney Basin. To facilitate
comparison of the ages of the fossils documented here
from the lower Hunter Valley with the established
brachiopod-based biostratigraphic zonation, informal
terms ‘early’, ‘middle’ and ‘late’ Permian are used (cf.
the stratigraphic chart at right), relating these to the
stratigraphy discussed below. The absolute timescale
employed here is the most recent interpretation of
Permian geochronology (Subcommission on Permian
Stratigraphy 2011).

Permian stratigraphy of the lower
Hunter Valley
Permian strata of eastern Australia are dominated by
thick successions of mainly siliciclastic rocks in packages
demonstrating a distinctly rhythmic (in some cases
cyclic) pattern of sedimentation (Mayne et al. 1974).
Volcanic units are relatively uncommon, and carbonate
rocks occur in only a few areas. Type sections of many
Permian formations in the northern Sydney Basin are
located in the lower Hunter Valley (Booker 1957). The
regional stratigraphic nomenclature was established by
Osborne (1949) and later refined by McClung (1980a),
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In the Lochinvar area the Lochinvar Formation is
835 m thick and is dominated by a coarsening-upward
sequence (Evans & Migliucci 1991) of mudstone and
sandstone, with interbedded basalt flows (McClung
1980a). It is poorly exposed and has generally very
limited fossil content.
The overlying Allandale Formation is 150 m thick,
dominated by interbedded lithic sandstone and
conglomerate, and commonly contains abundant
invertebrate fossils (McClung 1980a). The type section
is designated in the railway cutting that yields the
Eurydesma specimens discussed later in this paper. A
layer of conglomerate 20 m thick with well-rounded
dolerite boulders up to 85 cm in diameter forms a
prominent marker bed in this formation (Crowell &
Frakes 1971).

252.16 Ma

Lopingian (late P.)

TRIASSIC

MESOZOIC

Hawley, Glen and Baker (1995), Briggs (1998), Little
(1998) and Ives et al. (1999). Major subdivisions of
Permian strata in the lower Hunter Valley include (from
oldest to youngest) the Dalwood Group, Greta Coal
Measures, Maitland Group, Tomago Coal Measures and
Newcastle Coal Measures (Figure 2).
The base of the Permian succession is mostly faulted
against Carboniferous rocks, or unconformably overlies
them, although in the Pokolbin area near Cessnock
and the Cranky Corner Basin (Figure 1) a conformable
relationship with the underlying Seaham Formation
or equivalents was interpreted (McClung 1980a). The
Dalwood Group is the older of the marine sequences and
includes locally derived volcanic debris. In ascending
order, this group consists of the Lochinvar, Allandale,
Rutherford and Farley formations (McClung 1980a).

Lower delta plain

Delta

front

Marine shelf
Sublittoral strand

Continental margin volcanism

2012_05_0297

Figure 2. Permian stratigraphy of the northern Sydney Basin. Modified from Hawley, Glen and Baker (1995). Boundary ages
are from the Subcommission on Permian Stratigraphy (2011). Isotopic U–Pb ages (shown in colour) are from Metcalfe et al.
(2012). Note that the timescale is non-linear.
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The overlying Rutherford Formation is interpreted to
have been deposited below wave base (Evans & Migliucci
1991) and consists dominantly of mudstone and
siltstone, with some thin limestone and marl horizons.
Outcrop of the Rutherford Formation is generally poor,
and a type section has not been designated. Thickness in
outcrop is difficult to estimate but a well intersection of
384 m was reported by McClung (1980a).
Overlying the Rutherford Formation is the
uppermost unit of the Dalwood Group, the Farley
Formation. It is approximately 300 m thick and contains
moderately abundant, mostly fragmentary, abraded
and disarticulated fossils within a coarsening-upward
sequence of silty sandstone (McClung 1980a), probably
deposited above wave base (Evans & Migliucci 1991).
A distinctive fine-grained uniform sandstone, the
Ravensfield Sandstone Member, lies at the base of the
Farley Formation. Although only 4–6 m thick, this
unit has produced high-quality building stone, seen
in many historic buildings in the main street of
Maitland. The source of much of this stone was the
now-abandoned Ravensfield (Browns) quarry (David
1907, pl. XVI) southwest of Farley near Maitland,
which is also known for shell beds of Megadesmus,
Eurydesma and other bivalves, orthoceratid
nautiloids, gastropods and bellerophontids (Warthia)
(Dickens 1968; McClung 1980a).
The Greta Coal Measures represents the oldest non
marine unit of the Permian succession. It is up to 63 m
thick in the type section, and consists of conglomerates
and sandstones with a few thin siltstone and mudstone
layers (McClung 1980a). The conglomerates coarsen
and thicken upwards and are characteristic of the
coal measures (Mayne et al. 1974). Coal seams have a
maximum thickness of 11 m (McClung 1980a). The
Greta Coal Measures is interpreted to have been laid
down during a lowstand regression event (Mayne et
al. 1974) in an alluvial fan delta environment (Evans
& Migliucci 1991). The age of the top of the Greta Coal
Measures has recently been dated at 271 Ma using CA
IDTIMS (Metcalfe et al. 2012), equivalent to the latest
Roadian (middle Permian) (Subcommission on Permian
Stratigraphy 2011).
The conformably overlying Maitland Group is 1200 m
thick, and is dominated by thick successions of highly
fossiliferous siltstone, sandstone and conglomerate.
The group has been subdivided, in ascending order,
into the Branxton Formation, Muree Sandstone and
Mulbring Siltstone. McKellar (1969) designated a
composite type section, consisting of 790 m in the
Greta–Branxton area overlain by an additional 510 m
around Mulbring, with these lower and upper sections
being separated by highly fossiliferous siltstone 30–60 m
thick named the “Fenestella Shale” by Jones (1939).
As this unit can be followed as a mappable feature at
a constant stratigraphic position around the flanks
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of the Lochinvar Anticline (e.g. McClung 1980a, fig.
3.2) the formal name Fenestella Shale Member of the
Branxton Formation is proposed. The fauna, lithology
and palaeoenvironmental setting of this unit are
documented subsequently in this paper.
Previously regarded as a member of the Branxton
Formation until raised to formation status by McKelvey,
McClung and Runnegar (1971), the Muree Sandstone
is 82 m thick in its type section in Bow Wow Gorge
near Mulbring (McKellar 1969). It forms prominent
exposures of thick conglomerate and sandstone, overlain
by interbedded sandstone and siltstone. McClung
(1980a) interpreted the thick conglomerates adjacent to
the Hunter Thrust as indicating that the fault was active
during deposition of the Muree Sandstone.
The Mulbring Siltstone consists of relatively uniform
sandy claystone, shale and cherty shale (Booker 1957)
and is up to 330 m thick at the type section (McClung
1980a). Ice-rafted material is also present. The cyclicity
of Permian sedimentation in the northern Sydney Basin
is emphasised by the Branxton Formation, deposited
during a steady marine transgression following the
terrestrial conditions of the Greta Coal Measures, with
the Muree Sandstone representing a brief regressive
phase prior to resumption of transgression during
deposition of the Mulbring Siltstone (McClung 1980a).
The overlying Tomago Coal Measures includes
mudstone and sandstone with some discontinuous,
relatively thin coal seams, and is characterised by
abrupt vertical and lateral facies changes (Robinson
1969). The sediments were deposited on a deltaic
and coastal plain by a delta originating from the
south (Branagan, Herbert & Langford-Smith 1979).
Dropstones indicate active glaciation and presence of
sea ice at that time (Little 1994).
The conformably overlying Newcastle Coal
Measures is a coarsening-upward sequence of low
sand:shale ratio (Mayne et al. 1974), deposited from
an alluvial fan complex (Evans & Migliucci 1991) with
extensive swamps. Conglomerates of the Newcastle
Coal Measures have well-rounded clasts consisting
of chert, sandstone, siltstone, quartzite and volcanic
rocks (Little 1994). Felsic tuff layers in the sequence
(Kramer, Weatherall & Offler 2001) indicate nearby
contemporaneous volcanic activity.

Palaeontological investigations of
the lower Hunter Valley
Permian fossils from the lower Hunter Valley were first
recorded by Surveyor-General Major Thomas Mitchell
during his expedition to the area in 1831. Mitchell
collected specimens of molluscs from Harpers Hill,
approximately 10 km west of Maitland, and forwarded
these to the noted English palaeontologist J.D. Sowerby
for description (Sowerby in Mitchell 1838). More fossils

from that locality were collected by the explorer Count
P.E. de Strzelecki and J.D. Dana of the United States
Exploring Expedition (1838–1842), and were described
by Morris in Strzelecki (1845); M’Coy (1847); and Dana
(1847, 1849).
Construction of the main road through the Hunter
Valley (later to become the New England Highway) in
the mid-1800s revealed more fossils at Harpers Hill.
Comparable faunas at a slightly older stratigraphic
horizon were later excavated from cuttings east of
Allandale Railway Station about 2 km south of Harpers
Hill when the Great Northern Railway was constructed
in the 1860s (see David 1907, pl. XV for a photograph of
the original appearance of the site). Abundant specimens
of the distinctive thick-shelled bivalve Eurydesma
collected by Geological Survey of New South Wales staff
between 1882 and the early 1900s were subsequently
described by Etheridge and Dun (1910). Runnegar
(1969) recognised the Eurydesma fauna in the Lochinvar
Anticline, Mindaribba Syncline and Cranky Corner
Basin (Figure 1). Subsequently (Runnegar 1970) revised
the eastern Australian species of Eurydesma, including
those from Allandale, and later (Runnegar 1979)
discussed the palaeoecology of this fauna.

Ingelarella sp., Trigonotreta sp. and Pseudosyrinx sp.; and
fenestrate and ramose bryozoa.

Stratigraphy and lithology
The fossil-bearing strata exposed at Allandale and
nearby Harpers Hill belong to the Allandale Formation
of the Dalwood Group. The host sequence is sandstone
with lenses of conglomerate. Clasts in the conglomerate
are medium-grained coherent intermediate volcanic
rock, most likely an andesite or trachyandesite
(pers. comm. C.J. Simpson, GSNSW). Both laterally
and vertically there is no clear boundary between
conglomerate and sandstone beds (Photograph 1), the
conglomerate being supported in sandy matrix. As
noted by Runnegar (1979), the fossils occur near the top
of the conglomerate. However, some are clearly within
conglomeratic beds, but not those parts with very closepacked clasts (Photograph 2).

Allandale
Site and history
Following historic work on the site detailed above,
Runnegar (1979) described in detail the Eurydesma shell
bed located in the railway cutting east of Allandale on the
western side of the now-demolished road overbridge. The
Allandale railway cutting site (about 20 to 30 metres to
each side of the former bridge shown in top photograph
on page 8) was re-excavated in late 2011 during
expansion of the Great Northern Railway. This provided
a unique opportunity to bulk sample the fossil horizon
for the first time since its original excavation. Note that
it is not possible for the public to collect from this site,
as that would involve illegal trespassing on railway land,
and access to the cutting is prohibited due to the extreme
danger posed by coal trains passing through.
Most of the fossils collected in late 2011 were
concentrated in a small area immediately east of the
former road bridge where the fossiliferous bed is within
the more friable weathered zone. Runnegar (1979)
noted that older collections notionally from this locality
may have been collected from the railway cutting east
of the now disused Allandale Station or from nearby
Harpers Hill. He reported the following fauna from the
area of Allandale, Harpers Hill and Lochinvar: bivalve
molluscs Eurydesma cordatum Morris, Deltopecten
sp., Aviculopecten sp., Merismopteria sp., Schizodus sp.,
Megadesmus sp., Pyramus sp., Myonia sp., Australomya
sp., Phestia sp. and Streblopteria sp.; gastropods Keeneia
sp., Rhabdocantha sp. and Peruvispira sp.; brachiopods

Photograph 1. Indistinct boundary between boulder
conglomerate and thin- to medium-bedded sandstone.
Darker surfaces are wet from rainfall and not because of a
lithological attribute. South side of cutting, just east of site
of former road bridge, Allandale.
(Photographer K. Field).

Photograph 2. Eurydesma cordatum occurs between
boulders, not just on top of boulder ‘horizons’. South side of
railway cutting at Allandale.
(Photographer K. Field).
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The fossiliferous bed dips westward at about 10°
and consists of massive hard sandstone with matrixsupported boulders and cobbles (Photographs 3, 4;
Figure 3). Another cutting, about 300 m west of the
main fossil site, represents a different facies, with poorly
fossiliferous friable brown, poorly sorted, coarse-grained
lithic sandstone.

Top of cutting

Internally massive, thin- to medium-bedded
coarse- to medium-grained lithic sandstone

1m

Massive, medium- to thickly bedded
coarse- to medium-grained lithic sandstone
with rare cross-bedding in thicker beds

Photograph 3. The Eurydesma cordatum fossil site (south
facing railway cutting) near Allandale, showing the westerly
dip of strata. The Eurydesma bed is in the lower centre in
poorly bedded massive lithic sandstone (Figure 3). Note
also the boulders between the fossiliferous beds. The
foundations of the former road bridge are visible to the
right. This part of the site (approximately 4.3 m high) was
demolished on 22 November 2011. (Photographer K. Field).

Massive, thickly bedded coarse- to
medium-grained lithic sandstone

Upper fossiliferous layer with andesite
cobbles and boulders

Massive, thickly bedded coarseto medium-grained lithic sandstone
Lower fossiliferous layer with andesite boulders

Massive, thickly bedded coarse- to
medium-grained lithic sandstone
Railway line

Photograph 4. Close up of Eurydesma bed in Photograph
3 showing valves in various orientations, though still
articulated. Coin diameter is approximately 31 mm.
(Photographer K. Field).
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Figure 3. Section at Allandale heritage fossil site on the
western side of (now-demolished) bridge foundations and
the northern side of the railway cutting (Photograph 3). The
base of the section corresponds with the bottom of the
railway cutting, and the top passes into 2–3 m of regolith.

Fossil fauna and age
The fauna at Allandale (Table 1) is dominated by
Eurydesma cordatum, with minor Keeneia ocula
(Photographs 5a, b). Other taxa are rare. Based on
the presence of several specimens of the spiriferide
brachiopod Ingelarella konincki, suggesting the konincki
zone of Runnegar and McClung (1975), the fauna is
early Permian (most likely middle to late Sakmarian) in
age. No productoid brachiopods were found, so that the
zonation of Briggs (1998) cannot be applied.
Table 1. Fossils found at Allandale during railway expansion
work in 2011.

Mollusca: Bivalvia

Eurydesma cordatum,
Deltopecten cf.
illawarrensis,
Aviculopecten? sp.,
Pyramus? sp.

Mollusca: Gastropoda

Keeneia ocula

Brachiopoda

Trigonotreta cf. stokesi,
Ingelarella konincki
Photograph 5a. Keeneia ocula from Allandale cutting
showing view from above (MMF 45116). Scale bars calibrated
in cm. (Photographer D. Barnes).

Photograph 5b.
Keeneia ocula from
Allandale cutting
showing profile
(MMF 45117). Scale
bars calibrated in
cm. (Photographer
D. Barnes).
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The cutting about 300 m west of the heritage fossil
site was also widened during construction works and
revealed a comparatively poorly fossiliferous facies
in a friable brown, poorly sorted, coarse-grained
lithic sandstone. The preservation is poor, although
several fully gaping Pyramus? specimens were still
articulated. All brachiopods at this site are disarticulated
and probably referable to either Notospirifer sp. or
Trigonotreta sp.
A similar fauna, rich in Eurydesma and Keeneia,
occurs in the Cranky Corner Sandstone of the Cranky
Corner Basin (Figure 4) and has been estimated as late
Sakmarian in age based on macrofossil biostratigraphy
(Archbold 2003). Briggs (1998, fig. 14) also correlated
the Cranky Corner Sandstone with the Allandale
Formation. Based on palynological dating of drillcore
from DM Tangorin DDH1 (Balme & Foster 2003),
the Cranky Corner Sandstone equates with the upper
part of microspore zone APP21 and lower part of zone
APP22 , and hence is of late Sakmarian age.

SAKMARIAN

Aktastinian

Sterlitamakian

Tastubian

EARLY

PERMIAN

ARTINSKIAN

STAGE
Substage/Horizon

Cranky Corner
Basin
(Tangorin DDH1)

Sydney Basin
(north)

Billy Brook
Formation

Rutherford
Formation

Cranky Corner
Sandstone

Allandale
Formation

Beckers
Formation

Lochinvar
Formation
?

ASSELIAN

Shikhan
Uskalyk

Syuren

2012_05_0298

Figure 4. Lithostratigraphic correlation of early Permian
units in the Sydney Basin and Cranky Corner Basin (from
Archbold 2003).

Palaeoenvironment
Most Eurydesma specimens are closed (Photograph 6)
or slightly gaping, disarticulated valves being in a slight
minority. The preservation is very good to exceptional.
Preservation of colour patterns in bivalve molluscs
is rare, with only three Permian examples reported
by Kobluk and Mapes (1989). Patterned Eurydesma
shells have been reported from the Allandale site by
Runnegar (1979, fig. 1), who noted that the shells were
elaborately decorated with both comarginal and radial
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Photograph 6. Articulated specimen of Eurydesma
cordatum from Allandale cutting (MMF 45227). Scale in cm.
(Photographer D. Barnes).

light and dark colour bands. In the current study, rare
specimens were found to exhibit relict colour patterns
and growth lamellae when viewed in ultraviolet light
(Photograph 7). Two Eurydesma specimens contained
a partial fill of zeolites. Some closed valves show minor
crushing towards the ventral margin which lacks the
massive thickening of the umbos, a characteristic of
this genus (Photograph 8). Other apparently intact
articulated specimens exhibit slight but distinct rotation
of the valves parallel to the commissural plane. Some
specimens are little more than waterworn fragments
of the very thick umbos. Reasonably intact but
disarticulated valves commonly exhibit stacking. In one
instance, an individual of the gastropod Keeneia has
been preserved partly inserted into the gaping valves of
an articulated Eurydesma.
Growth stages, or variably sized examples of Keeneia
are also present, though not as numerous as Eurydesma.

The pectinids are comparatively rare and fragmentary.
The brachiopods are also a minor component of the
fauna and likewise disarticulated, though otherwise the
valves are unbroken.
The pod-like distribution of the conglomerates
within a sandy matrix (Photograph 1), without any
sign of cutting channels or being a channel fill, may
indicate dumping from melting icebergs or glaciers
(Eyles & Miall 1984; Einsele 2000). Judging by the
variety of sizes of both groups of molluscs, it is possible
that this environment, especially favourable for
Eurydesma as described by Runnegar (1979), was
overwhelmed by the influx of sandy sediment. The
fossiliferous beds atop the conglomerates are overlain
by sandstone containing sparse articulated specimens
of the burrowing bivalve mollusc Pyramus, which

presumably were preserved in this way by rapid burial.
Ivany and Runnegar (2010) analysed oxygen
isotopes in calcite sampled through the thick
umbonal region of Eurydesma cordatum shells from
the Millfield Farm Formation, a correlative of the
Allandale Formation at Mount View near Cessnock.
They interpreted a record of palaeoseasonal variation
in seawater temperature extending over six years
of life of the animal, representing the oldest known
evidence of multiannual seasonality data derived
from primary shell material. Seawater temperatures
derived from their analysis ranged from near freezing
during the winters to 8°C–12°C in the summers
(Ivany & Runnegar 2010, figure 3). This temperature
regime would also have prevailed in the nearby
Allandale area.

Photograph 7. Eurydesma in (above) visible and (below)
UV light. The image below, showing colour patterns and
growth lamellae, used long and short wavelength UV light
from a Mineralight lamp. Photographic specifications: 10
sec., f8, ISO 800. (MMF 45226). Scale in cm.
(Photographer D. Barnes).

Photograph 8. Eurydesma cordatum showing growth
banding (MMF 45221). Scale in cm.
(Photographer D. Barnes).
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Photograph 9. Tocal excavation site showing flat-lying beds of grey lithic sandstone. (Photographer D. Kemp).

Tocal
Site and history
In 2010, an excavation (Photograph 9) for the relocation
of an old farmhouse at Tocal College, approximately
14 km north of Maitland and 4 km southwest of
Paterson, uncovered early Permian fossiliferous
sedimentary rocks in an area where fossils had not
previously been recorded. The site is within the
college grounds, and is likely to be largely or entirely
inaccessible once building work is completed — hence
the importance of its documentation.

Stratigraphy and lithology
In the Tocal area exposures of the Dalwood Group
are sparse and generally poor and consequently
the group has not been subdivided locally into
formations. However, the lithology is similar to that
of the Rutherford Formation (or perhaps Farley
Formation), because of the predominance of grey lithic
sandstone (weathering brown) with pebbly layers and
conglomeratic interbeds. Osborne (1949) did not record
these lithologies in his study of the rocks of the Tocal–
Paterson district.
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Medium- to coarse-grained grey lithic sandstone,
pebbly sandstone and polymictic conglomerate were
exposed during the excavation (Photographs 9, 10).
The conglomerate is generally matrix-supported with
abundant volcanic clasts (up to 30 cm long) that are
mostly well-rounded, with low to high sphericity. Clast
types include black chert, volcanic and metasedimentary
rocks. Volcanic clasts include trachytic, rhyolitic and
dacitic tuff, ignimbrite and lava. Carboniferous volcanic
rocks of the Tamworth Belt, exposed just 2 km north of
the site, were the source of much of the coarse detritus
and cobbles, transported by a combination of fluvial and
possible glacial conditions.
The bedding is flat-lying, with low-angle planar
foreset beds and graded pebbly units up to 30 cm
thick (Photograph 9). Fossils, mostly bivalves, occur
as entire but disarticulated shells or as fragments
within pebbly horizons or as shelly bands. Some fossils
show surrounding zones of alteration. Concave-up
shells occur near the tops of debris flow deposits. The
orientation of some larger clasts, with the long axis nearperpendicular to the bedding, suggests they may be
dropstones (Photograph 11).

Photograph 10. Conglomerate bed at Tocal showing
poorly sorted sub-rounded to well rounded pebbles and
scattered disarticulated fossil shells. Scale in cm.
(Photographer D. Barnes).

Photograph 11. Possible dropstone (right) with its long axis
perpendicular to bedding, at Tocal.
(Photographer D. Barnes).

Fossil fauna and age
A low diversity fossil fauna was found at the small Tocal
site (Table 2, Photograph 12).
Table 2. Fossil fauna at Tocal
Brachiopoda

Notospirifer sp. or Trigonotreta sp.

Mollusca: Bivalvia

Atomodesma?sp., Megadesmus
cf. nobilissimus, Etheripecten sp.,
Merismopteria sp., Eurydesma? sp.,
Pyramus? sp.

Other

Wood fragments

Photograph 12. Atomodesma? sp. (large triangular shell in
lower right, and brown shell, both internal moulds,
MMF 45227 & 45228) and Megadesmus cf. nobilissimus
Sowerby (partly damaged rounded shell, centre left, MMF
45229) preserved in coarse-grained sandstone from Tocal.
Collector P. Flitcroft. Scale in cm. (Photographer D. Barnes).

The brachiopods are too fragmentary for confident
identification even at generic level and all bivalve
molluscs have been disarticulated, as might be expected
in a moderately high-energy environment. The indicated
age is early Permian, based upon comparison with the
species list for the northern Sydney Basin prepared by
McClung (1980b). Comparison with the brachiopod
zones established by Briggs (1998) is hampered by the
apparent absence of any productoids at Tocal. With
the possible exception of the spiriferid brachiopods
there is little in common with any of the three faunal
assemblages (Archbold 2003) of the Dalwood Group in
the Cranky Corner Basin about 20 km to the northwest,
although the latter basin is north of the Hunter–Mooki
Thrust and may have been more distant from Tocal in
the Permian.
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Palaeoenvironment

Stratigraphy and lithology

The fauna inhabited a marginal marine setting,
probably in an estuary where the enclosing sediments
were deposited in a fluvio-deltaic environment by a
high energy river. This accounts for the presence of
conglomerate and coarse-grained sandstone, though
it is also possible that some of these lithologies were
introduced by blocks of ice-rafted moraine material
from a hinterland of Carboniferous volcanic rock.
The sand with pebbly and shelly trains is indicative of
periodic beach deposit conditions.

The Mulbring quarry (Figure 1, Photograph 13) exposes
the Fenestella Shale Member (herein proposed as a
revised formal name) of the Branxton Formation, the
lowermost unit of the Maitland Group, and is designated
as type locality for the member (Lat. 32°54’00”S, Long.
151°28’12”E). The Fenestella Shale Member is 30–60 m
thick, and consists of interbedded yellowish brown
micaceous shale and siltstone, with sparse bands of very
thin calcareous mudstone (Booker 1957).
The site represents the best exposure of the member
with macrofauna dominated by abundant bryozoans
and brachiopods, associated with bivalves, gastropods,
and echinoderms. Some beds contain fossil debris,
including fragmented gastropods, isolated echinoderm
ossicles and small brachiopods. One breccia bed found
in the bottom third of the member consists of a mixture
of highly angular volcanic clasts, rounded (some
striated) cherty cobbles and pebbles, and disarticulated
and fragmentary shelly material, within a dark
argillaceous siltstone matrix.
The chaotic, brecciated nature of this bed is unusual
in a sequence otherwise dominated by well-preserved
fossils in a reasonably well-sorted fine-grained clastic
deposit. The breccia possibly represents a storm event
bed or tempestite. The presence of small chunks of
fossilised wood and a mixture of angular and rounded
clasts of exotic lithologies may also suggest a major
flooding event associated with seasonal melting of
glacial or sea ice origin. Branagan and Packham (2000)
suggested that some of the clasts may have been derived
from the Hill End area.

Mulbring
Site and history
The now-disused Mulbring quarry is on private land
and was once used as a source of road base by Cessnock
Council. It was first noted as a fossil locality by Branagan
and Packham (1967) and has since been regularly visited
(with permission of the landholders) by school groups
and amateur palaeontologists. Despite the wealth of
fossils found at the quarry, very few specimens from
there have been described in the scientific literature, and
the stratigraphy and depositional environment of the
strata at the site have only recently been documented in
an unpublished thesis (Vanderlaan 2007). Access to this
site is strictly at the discretion of the landholders, and
their permission must be obtained prior to entry.

Fossil fauna and age

Photograph 13. Mulbring quarry fossil site and type locality
of the Fenestella Shale Member. (Photographer C. Ricketts).
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The diverse fossil macrofauna at Mulbring quarry
is characterised by a particularly high abundance of
fenestellid bryozoans and brachiopods (spiriferides
and productoids), with bivalve molluscs the next
most abundant. Minor groups include gastropods,
rostroconchs, corals, trilobites and several types of
echinoderms, including crinoids and blastoids (the latter
exceptionally rare). Foraminifers are common in thin
sections of the breccia horizon but were not observed in
outcrop. Plates 1 to 4 show fossils from the site.
A large proportion of the site contains an
faunal assemblage consisting of predominantly complete
and unfragmented fossils, with rare interspersed bands
of fossil debris. Brachiopods and bivalve molluscs
exhibit high levels of articulation, indicating a lowenergy environment on the marine shelf, below wave
base for much of the time. The fossils are mostly sessile
organisms, occupying three tiers: shallow infaunal;
surficial; and erect. There is very little evidence of
predation or predators.

Plate 1. See caption on page 17
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Plate 2. See caption on page 17
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Plate 1. Bryozoa from Mulbring quarry

A, B. Polypora montuosa. A. Mould of whole specimen displaying fan shape of colony, MU61685. B. Latex cast of this specimen, enlarged
to show fenestrule arrangement. C, D. Polypora linea. C. Latex cast of fan shape, MU61689. D. Latex cast showing elongate fenestrules
and zooecial arrangement, MU61688. E, F. Polypora woodsi. E. Latex cast showing zooecial arrangement, MU61682. F. Latex cast showing
fan-shaped colony, MU61683. G, H. Fenestella canthariformis. G. Mould of entire specimen displaying very fine fenestrules, MU61674. H.
Attachment point of another colony, MU61675. I. Fenestella fossula. Latex cast showing linear arrangement of fenestrae and fine zooecia,
MU61678. J, K. Stenopora grantonensis. J. Section of hollow branch showing zooecial arrangement, MU61692. K. Detail of latex cast of
simple branching colony, MU61691. L. Stenopora rugosa. Whole specimen showing discoid shape and point of attachment on productoid
brachiopod shell, MU61695.
Specimens collected and prepared by Tegan Vanderlaan. MU denotes Macquarie University registered specimen. All specimens from
Fenestella Shale Member, Branxton Formation, Mulbring quarry. (Photographer T.A. Vanderlaan).

Plate 2. Brachiopods and molluscs from Mulbring quarry

A–C. Ingelarella ingelarensis Campbell. A, B. Internal mould of entire shell, viewed from dorsal valve, and from ventral valve, respectively
MU61720. C. Oblique posterior view of internal mould showing articulated valves, MU61722. D, F. Trigonotreta sp. D. Exterior view of
articulated shell showing dorsal valve with fine growth lamellae, MU61716. F. Exterior view of ventral valve exhibiting fine growth lamellae,
MU61717. E, G. Trigonotreta sp. E. Exterior view of ventral valve showing coarse lamellose micro ornament, MU61727. Note barnacle-like
parasitic shells colonising valve on lateral extremities. G. Exterior view of ventral valve showing coarse lamellae, MU61728. H–J. Notospirifer
sp. H. Exterior view of ventral valve showing micro ornament, MU61723. I. Interior view of ventral valve showing slightly diverging dental
plates, MU61725. J. Exterior view of ventral valve showing micro ornament and attached bivalve, Astartila?, MU61724. K–N. Echinalosia
davidi Briggs. K. Exterior view of dorsal valve showing rugae and spine bases, MU61708. L. Latex cast of exterior view of ventral valve
showing spines, MU61709. M. Latex cast of exterior view of ventral valve showing spines, MU61711. N. Interior view of dorsal valve showing
cardinal process and median septum, MU61714. O. Astartila sp. Exterior of valve showing growth lamellae, MU61703. P. Keeneia sp. Latex
cast of entire specimen showing turbiniform shape and transverse ornament, MU61707. Q. Myonia sp. Large specimen showing lenticular
shell, MU61696. Specimens collected and prepared by Tegan Vanderlaan. MU denotes Macquarie University registered specimen. All
specimens from Fenestella Shale Member, Branxton Formation, Mulbring quarry. (Photographer T.A. Vanderlaan).

Plate 3 (above). Trilobites and molluscs from Mulbring quarry

A–C. Doublatia inflata Wass & Banks. A. Complete exoskeleton. B. Complete exoskeleton; note impression of hypostome (having flipped
from underside of exoskeleton) on cranidium. C. Enlargement of isolated cranidium, lacking free cheeks. All specimens in collection of
Kevin Brown (Fossil Club of New South Wales). D. Conocardium? sp., view of commissure with gape at right (collector John Greenfield,
GSNSW; MMF 45230). E. Deltopecten squamuliferus exterior mould of left valve (collector Ian Percival; MMF 45231). All specimens from
Fenestella Shale Member, Branxton Formation, Mulbring quarry. Scale bars for all specimens represent 1 cm. MMF denotes specimen
curated in Palaeontological Reference Collection, Geological Survey of New South Wales, WB Clarke Geoscience Centre, Londonderry.
(Photographer D. Barnes).
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Plate 4. Echinoderms from Mulbring quarry

A. Crinoid Tribrachyocrinus etheridgei Willink, mould of complete calyx and arms. Specimen in collection of Jennie Hall (Fossil Club of New
South Wales). B. Crinoid Neocamptocrinus sp., mould showing complete calyx and arms, with articulated column extending to top of
image. Specimen in collection of James Strong (Fossil Club of New South Wales). C. Blastoid Calycoblastus casei Brown, mould showing two
ambulacra on laterally crushed calyx. Specimen in teaching collection of Palaeontology section, School of Biological Sciences, Macquarie
University. All specimens from Fenestella Shale Member, Branxton Formation, Mulbring quarry. Scale bars for all specimens represent 1 cm.
(Photographer D. Barnes).
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Wass and Banks (1971) listed the following fauna
from the Mulbring quarry: brachiopods Anidanthus
solitus (Waterhouse), Strophalosia cf. clarkei (Etheridge
Snr), Ingelarella branxtonensis (Etheridge), cf.
Notospirifer sp. and Fletcherithyris parkesi Campbell;
bivalves Deltopecten squamuliferus (Morris),
Pleurikodonta sp., Atomodesma (Aphanaia) sp., Myonia
cf. corrugata Fletcher and Stutchburia costata (Morris);
bryozoa Protoretepora ampla (Lonsdale), Fenestella
bituberculata Crockford and Stenopora crinita?
Lonsdale; trilobite Doublatia inflata Wass & Banks; and
blastoid fragments.
The proetid trilobite Doublatia inflata was described
by Wass and Banks (1971) from Mulbring quarry,
based on one specimen. Recently, additional specimens
(more complete than the original) have been found by
members of the Fossil Club of New South Wales. Some
of these are depicted here (Plate 3, A–C). Several isolated
pygidia of D. inflata have also been discovered, and it
would appear that, contrary to assumptions of their
rarity at this site, trilobites may be more common than
thought, but are restricted to one or two thin horizons.
The only other fauna previously described in the
literature from Mulbring quarry are the productoid
brachiopods Echinalosia davidi Briggs, Terrakea
concava Waterhouse, Megousia solita Waterhouse, and
Magniplicatina perflecta Waterhouse. With the benefit
of the significant revision by Briggs (1998) of the entire
Permian productoid fauna of eastern Australia, the
earlier identifications by Wass and Banks (1971) of
Anidanthus solitus and Strophalosia cf. clarkei may
now be updated to Megousia solita and Echinalosia
davidi, respectively.
Amongst the rarest fossils found at Mulbring are
nearly complete stalked echinoderms, including the
crinoid Tribrachyocrinus etheridgei Willink (Plate 4A),
and Neocamptocrinus sp. (Plate 4B). Tribrachyocrinus
etheridgei was previously only known from the type
material described from the Wandrawandian Siltstone
on the south coast of NSW. It is readily distinguished
by the maze-like ridges developed on the plates
of the calyx, and the holotype of this species also
bears extremely well-preserved arms (Willink 1979)
comparable to the Mulbring specimen. It is interpreted
as an erect feeder, standing well above the remainder
of the benthic community.
Neocamptocrinus is a coiled stem crinoid that was
mostly supported on the sea floor by its prone stem,
with only the most proximal columnals adjoining the
calyx and the arms raised above the sediment. Two
species were described from the Wandrawandian
Siltstone and the Berry Formation of the southern
Sydney Basin by Willink (1980).
Despite the spectacular preservation of the Mulbring
specimen, not enough is known of plate arrangement
of the cup to assign it to a known species. Although

generally only segments of echinoderm ossicles occur
in the Fenestella Shale Member, the preservation
of relatively complete columns together with intact
calyxes in these remarkable specimens indicates that
the depositional environment included intervals of
quiescence between wave and current activity.
The blastoid Calycoblastus casei Brown is known
from one specimen (Plate 4C) that has been laterally
crushed but otherwise exhibits very well-preserved
ambulacra. The original description of this species of
Calycoblastus, one of the largest representatives of this
group known with a length probably about 85–90 mm
(Macurda 1972), was based on a single specimen from
the Fenestella Shale Member of the Branxton Formation
found in a railway cutting 1.6 km west of Branxton
Railway Station. The Fenestella Shale Member has
produced several other blastoids from outcrops around
the Lochinvar Anticline (Crockford & Brown 1940;
Brown 1941), but all are extremely uncommon fossils.
A faunal list for the Mulbring site, compiled by
Vanderlaan (2007), reveals some differences from that
presented by Wass and Banks (1971). In part these
differences may be attributable to excavations that
took place at the quarry during its working life, during
which some areas were removed and others exposed, so
uncovering new faunal communities. Table 3 represents
our latest understanding of the entire fauna.
The age of the Fenestella Shale Member is well
constrained by the presence of spiriferide and
productoid brachiopods. Originally the fauna was
equated with that of the Ulladulla Fauna, or Fauna III,
of the biostratigraphic scheme developed by Dickins
(1964) and Runnegar (1969). McClung (1978) assigned it
to the undulosa Zone and basal isbelli Zone. Occurrence
of the productoid brachiopod Echinalosia davidi in
the Fenestella Shale Member enabled Briggs (1998) to
correlate this unit with the zone bearing this name in
the middle Kungurian. However, isotopic dating (CA
IDTIMS) reported by Metcalfe et al. (2012) of 271.4 Ma
from within the top Greta Coal Measures indicates a late
Roadian age (Subcommission on Permian Stratigraphy
2010), and on that basis the age of the Branxton
Formation and its constituent Fenestella Shale Member
must be revised into the early part of the Wordian
(middle Permian).

Palaeoenvironment
Preservation of shells and skeletal remains within the
Fenestella Shale Member strongly suggest that the faunal
assemblages were deposited post mortem. Random
orientations of shelly fragments, persistent loss of the
calices in crinoids (although large stem sections are
well preserved), minor overlapping and nested valves
of brachiopods, and alignments of fenestellid skeletons
suggest minimal transport post mortem, indicating the
presence of death assemblages.
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Table 3. Fossil fauna at Mulbring quarry

Foraminifera

Ammobaculites
sp., Textularia sp.,
Trochammina sp.,
Frondicularia sp.
Cnidaria
Euryphyllum sp.
Bryozoa
Fenestella
canthariformis,
Fenestella fossula,
Polypora woodsi,
Polypora montuosa,
Polypora linea,
Protoretepora ampla,
Fenestella bituberculata,
Stenopora crinita?,
Stenopora rugosa,
Stenopora grantonensis
Mollusca: Gastropoda Pleurotomariacean
gastropod indet.,
Keeneia sp.
Mollusca: Bivalvia
Myonia cf.
corrugata, Astartila
sp., Deltopecten
squamuliferus,
Pleurikodonta
sp., Atomodesma
(Aphanaia) sp.,
Stutchburia costata
Mollusca:
Conocardium? sp.
Rostroconchia
Brachiopoda
Echinalosia davidi,
Terrakea concava,
Megousia solita,
Magniplicatina
perflecta, Ingelarella
ingelarensis,
Notospirifer sp.,
Trigonotreta spp.,
Fletcherithyris parkesi
Trilobita
Doublatia inflata
Lithological features such as angularity of grains
and moderate to poor sorting also suggest minimal
transportation before deposition. Sedimentological
features in siltstones, such as swaley laminations,
indicate low to moderate energy depositional
environments, while fossil fragment laminations
indicate deposition on the continental shelf, below wave
base (Conybeare & Crook 1968). Occasionally, however,
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there were brief intervals of relative quiescence, as
shown by the preservation of entire crinoid columns and
attached calyxes. These contrast with lithological and
skeletal features of the breccia bed that indicate a short,
high-energy episode, suggestive of a storm or meltwater
flooding event. The lithological and sedimentological
features of the sandstone bed indicate moderate- to
high-energy deposition.
The graded siltstone and sandstone succession
represents a transition between moderate- to highenergy, and moderate- to low-energy environments. The
fauna of the Fenestella Shale Member represents a death
assemblage deposited in a generally low- to moderateenergy mid-shelf environment (below wave base), with
the exception of one short high-energy episode, followed
by a transitional period of moderate energy.

Discussion
Contrary to widely held views (e.g. Veevers & Powell
1987) that the Late Palaeozoic Ice Age was a single event
extending from the late Carboniferous into the early
Permian, Fielding et al. (2008) recognised four discrete
glaciation episodes in the Permian of eastern Australia.
The first of these (designated P1) commenced coincident
with the Permo-Carboniferous boundary and lasted
until the mid-Sakmarian, the second (P2) extended from
the late Sakmarian to the mid-Artinskian, the third
(P3) spanned either side of the Cisuralian–Guadalupian
boundary, and the final P4 glaciation episode covered
much of the mid- and late Guadalupian. Glaciation
episodes P1 and P2 occurred at the acme of the Late
Palaeozoic Ice Age, whereas P3 and P4 represent its
waning stages. Some variations to the timing of these
episodes are now necessary, based on latest revisions
to the age-dating by Metcalfe et al. (2012), suggesting
that P3 could not commence earlier than the basal
Wordian (rather than the basal Roadian). Responses to
the glaciations are recognised by various lithological
characteristics, including the presence of diamictites,
gravel and larger erratics (interpreted as ice-rafted
material and dropstones), shaped and faceted clasts, and
glendonites indicative of cold water conditions.
A comparable series of glaciation episodes through
the Permian of eastern Australia and New Zealand
has been recognised by Waterhouse and Shi (2012),
who emphasised recurrent patterns of low-diversity,
cold-water adapted bivalve–brachiopod assemblages to
support their interpretation of five cooling events during
the Cisuralian and Guadalupian, with a sixth postulated
during the Lopingian.
These interpretations are broadly consistent with the
study of Mii et al. (2012), who analysed oxygen isotope
values in brachiopods from the southern Sydney Basin
to derive sea water temperatures during the Cisuralian
and Guadalupian. Based on a presumed standard

oxygen isotope value for the Permian ocean of −1‰,
Mii et al. (2012) determined a fluctuating series of low
temperatures of 12°C–16°C, interspersed with warm
water intervals (22°C and 29°C). However, as observed
by Mii et al. (2012), the latter temperature (interpreted
for the upper Pebbly Beach Formation on the south
coast of NSW) seems unreasonably high. More realistic
estimates of mean oxygen isotope seawater temperatures
in high latitudes of the Permian can be obtained using
an oxygen isotope value of −4‰, as advocated by Ivany
and Runnegar (2010), whereby the minimum seawater
temperatures calculated by Mii et al. (2012) lie in the
range 1°C–4°C, with the warmer water interval in the
late Artinskian attaining only 15°C.
According to Fielding et al. (2008), the Allandale
Formation was deposited (except for its basal beds)
mainly during glaciation episode P2, which also
encompassed the overlying Rutherford Formation and
Farley Formation. Much of the Branxton Formation,
including the Fenestella Shale Member, is interpreted
by Fielding et al. (2008, fig. 2) to have been deposited
during glaciation P3. The onset of glaciation episodes
P2 and P3 was marked by transgression, rather than
regression (as might be expected with formation of an
ice sheet taking water from the oceans). Fielding et al.
(2008) attributed such transgression to isostatic loading
of the nearby land by glaciers and ice sheets.
The absence of productoid brachiopods in both
the Allandale and Tocal faunas is notable, given that
these spinose shells commonly occur in a diversity
of species within slightly younger Permian strata
(Farley Formation and equivalents) throughout the
Sydney Basin in low energy depositional environments
(Briggs 1998). Based on a study of early and middle
Permian faunas from Tasmania, the Bowen Basin of
Queensland, and the southern Sydney Basin, Clapham
and James (2008) proposed that during the last stages
of the early Permian glaciation, benthic communities
were dominated by the brachiopod Trigonotreta and
the bivalve Eurydesma, whereas communities from
the subsequent greenhouse climate that (according
to them) developed during the middle Permian were
characterised by abundant productoid brachiopods such
as Terrakea and Echinalosia.
Though the Clapham and James (2008) study did not
extend to analysis of faunas from the Hunter Valley,
our observations of the Allandale and Tocal fossil
assemblages, and comparison with younger faunas
such as that of the Branxton Formation at Mulbring,
are broadly comparable with theirs. However, it does
not appear that the faunal turnover from bivalve- and
spiriferide-dominated faunas to productoid brachiopoddominated faunas was precipitated by, or coincided
with, the introduction of greenhouse conditions, which
Fielding et al. (2008) imply did not commence until
toward the end of the Guadalupian (middle Permian).

Productoids were already prominent in deposits formed
during the latter stages of glaciation P2, and flourished
through the ensuing P3 and P4 glaciations. Furthermore,
Eurydesma did not reappear in strata of Roadian and
Wordian age when glaciogenic conditions resumed. A
different interpretation must therefore be proposed to
explain the observed faunal turnover.
Palaeoenvironmental attributes, such as water depth
and turbulence, together with substrate characteristics,
likely had a more fundamental control on brachiopod
and bivalve distribution than did climate. Eurydesma,
with its thick shell, globose profile and tendency to
congregate in shell beds, was better suited to inhabiting
very coarse substrates in turbulent shallow marine
conditions (Runnegar 1979), whereas productoid
brachiopods with their thinner valves required quieter
water and finer-grained substrates in which to anchor
themselves with long external spines. Erect-rigid
fenestrate and delicate branching stenoporoid bryozoa
also display a distinct preference for the more protected
deeper offshore marine settings, both in Tasmania (Reid
2010) and in the northern Sydney Basin (e.g. Fenestella
Shale Member at Mulbring). Although well beyond
the scope of our study, it seems that application of the
Benthic Assemblage concept (Boucot 1975) to analysis of
Permian faunal communities in eastern Australia would
greatly assist in placing these shell-dominated faunas in
a water depth context that would enable interpretation of
their temporal and spatial distribution.

Acknowledgements
The authority responsible for constructing the extra
railway track between Whittingham and Maitland
(Hunter 8 Alliance, and in particular Environment
Coordinator Mathew Billings), provided considerable help
in excavating the fossil site at Allandale. Professor Bruce
Runnegar (University of California, Los Angeles) offered
useful commentary on the newly collected material. David
Barnes photographed fossil specimens and enhanced the
plates prepared by Tegan Vanderlaan. Katie Field also
assisted with photography and, with Trisha Moriarty and
Mark Eastlake, helped collect fossils at the Allandale site.
The significance of the fossil find at Tocal was
recognised by Paul Flitcroft. Tocal College allowed access
for further investigation. Dr Carol Simpson provided
petrographic advice and Michael Bruce prepared a thin
section at short notice.
The landholders at Mulbring quarry are thanked for
allowing access for fossil investigation and collection.
Significant specimens from Mulbring were generously
loaned by individual members of the Fossil Club of New
South Wales, and the School of Biological Sciences at
Macquarie University, for documentation in this report.
The authors are grateful to Professor Guang Shi
(Deakin University, Melbourne), who improved the
manuscript with his constructive review.

Quarterly Notes 21

References
Archbold N.W. 2003. Marine Early Permian (Asselian–
Sakmarian) invertebrate palaeontology of DM Tangorin DDH1,
Cranky Corner Basin, New South Wales. pp. 155–166 In: Facer
R.A. & Foster C.B., eds. Geology of the Cranky Corner Basin,
New South Wales Department of Mineral Resources, Coal and
Petroleum Bulletin 4.
Balme B.E. & Foster C.B. 2003. Palynostratigraphy of DM
Tangorin DDH1, Cranky Corner Basin. pp. 127–153 In: Facer
R.A. & C.B. Foster C.B., eds. Geology of the Cranky Corner Basin,
New South Wales Department of Mineral Resources, Coal and
Petroleum Bulletin 4.
Booker F.W. 1957. Studies in Permian sedimentation in the
Sydney Basin. Technical Reports of the NSW Department of Mines
5, 10–62.
Boucot A.J. 1975. Evolution and extinction rate controls. Elsevier,
Amsterdam.
Branagan D.[F.], Herbert C. & Langford-Smith T. 1979.
An outline of the geology and geomorphology of the Sydney Basin.
Science Press, Sydney.
Branagan D.F. & Packham G.H. 1967. Field geology of New
South Wales. Science Press, Sydney.
Branagan D.F. & Packham G.H. 2000. Field geology of New
South Wales. 3rd edition. Department of Mineral Resources New
South Wales, Sydney.
Briggs D.J.C. 1998. Permian Productidina and Strophalosiidina
from the Sydney–Bowen Basin and New England Orogen:
systematics and biostratigraphic significance. Association of
Australasian Palaeontologists, Memoir 19, 1–258.
Brown I.A. 1941. Permian blastoids from New South Wales.
Journal and Proceedings of the Royal Society of New South Wales
75, 96–103.
Clapham M.E. & James N.P. 2008. Paleoecology of Early–
Middle Permian marine communities in eastern Australia:
response to global climate change in the aftermath of the Late
Paleozoic Ice Age. Palaios 23, 738–750.
Conybeare C.E.B. & Crook K.A.W. 1968. Manual of
sedimentary structures. Bureau of Mineral Resources, Geology and
Geophysics Bulletin 102.
Crockford J.M. & Brown I.A. 1940. A Permian blastoid from
Belford, New South Wales. Proceedings of the Linnean Society of
New South Wales 65, 167–170.
Crowell J.C. & Frakes L.A. 1971. Late Palaeozoic glaciation
of Australia. Journal of the Geological Society of Australia 17,
115–155.
Dana J.D. 1847. Description of fossil shells of the collections of
the exploring expedition under the command of Charles Wilkes,
U.S.N., obtained in Australia from the lower layers of the coal
formation in Illawarra, and from a deposit probably of nearly the
same age at Harper’s Hill, valley of the Hunter. American Journal
of Science for 1847 IV, 151–152.
Dana J.D. 1849. Appendix I. Descriptions of fossils. 1. Fossils
of New South Wales. United States Exploring Expedition During
the Years 1838, 1839, 1840, 1842 Under the Command of Charles
Wilkes, U.S.N. Volume 10: Geology, 681–713.
David T.W.E. 1907. The geology of the Hunter River Coal
Measures, New South Wales., Geological Survey of New South
Wales, Memoir 4.
Dickins J.M. 1964. Permian macrofossils from Homevale and
the Mount Coolon 1:250 000 sheet area. pp. 54–65 In: Malone

22

June 2012

E.J., Corbett D.W.P. & Jensen A.R., Geology of the Mount Coolon
1:250 000 sheet area. Bureau of Mineral Resources, Geology &
Geophysics, Report 64.
Dickins J.M. 1968. Correlation of the Permian of the Hunter
Valley, New South Wales and the Bowen Basin, Queensland. pp.
27–44 In: Bureau of Mineral Resources, Geology and Geophysics,
Bulletin 80.
Draper J.J., Palmieri V., Price P.L., Briggs D.J.C. & Parfrey
S.M. 1990. A biostratigraphic framework for the Bowen Basin.
pp. 26–35 In: Bowen Basin Symposium 1990, Proceedings, Bowen
Basin Geologists Group, Mackay and Geological Society of
Australia, Queensland Division, Brisbane.
Einsele G. 2000. Sedimentary basins. 2nd ed. Springer–Verlag,
Berlin.
Etheridge R. [Jnr] & Dun W.S. 1910. A monograph on the
Permo-Carboniferous invertebrata of New South Wales. Volume
2 – Pelecypoda. Part 2 – Eurydesma. Geological Survey of New
South Wales, Memoir Palaeontology 5, 41–75.
Evans P.R. & Migliucci A. 1991. Evolution of the Sydney Basin
during the Permian as a foreland basin to the Currarong and
New England orogens. Advances in the Study of the Sydney Basin,
Abstracts of the 25th Newcastle Symposium, pp. 22–29. University
of Newcastle, Department of Geology.
Eyles N. & Miall A.D. 1984. Glacial facies. pp. 15–37 In: Walker
R.G., ed. Facies models. 2nd edition. Geoscience Canada Reprint
Series 1, Geological Association Canada.
Fielding C.R., Frank T.D., Birgenheier L.P., Rygel M.C.,
Jones A.T. & Roberts J. 2008. Stratigraphic imprint of the Late
Paleozoic Ice Age in eastern Australia: a record of alternating
glacial and nonglacial climate regime. Journal of the Geological
Society 165, 129–140.
Glen R.A. 1993. The Lochinvar Anticline, the Hunter Thrust
and regional tectonics. Proceedings of the 27th Symposium on the
Advances in the Study of the Sydney Basin, pp. 33–38. University
of Newcastle, Newcastle, Australia.
Hawley S.P., Glen R.A. & Baker C.J. 1995. Newcastle Coalfield
Regional Geology Sheet 1:100 000. New South Wales Department
of Mineral Resources, Sydney.
Herbert C. 1995. Sequence stratigraphy of the Late Permian
coal measures in the Sydney Basin. Australian Journal of Earth
Sciences 42, 391–405.
Ivany L.C. & Runnegar B. 2010. Early Permian seasonality
from bivalve δ18O and implications for the oxygen isotopic
composition of seawater. Geology 38, 1027–1030.
Ives M., Brinton J., Edwards J., Rigby R., Tobin C. & Weber
C.R. 1999. Revision of the stratigraphy of the Newcastle Coal
Measures. pp. 113–119 In: Coalfield Geology Council of New
South Wales, Bulletin 1.
Jones L.J. 1939. The coal resources of the southern portion of the
Maitland–Cessnock–Greta Coal District (Northern Coalfield).
Geological Survey of New South Wales, Mineral Resources 37.
Kobluk D.R. & Mapes R.H. 1989. The fossil record, function
and possible origins of shell color patterns in Paleozoic marine
invertebrates. Palaios 4, 63–85.
Kramer W., Weatherall G. & Offler R. 2001. Origin and
correlation of tuffs in the Permian Newcastle and Wollombi
Coal Measures, NSW, Australia, using chemical fingerprinting.
International Journal of Coal Geology 47, 115–135.
Little M.P. 1994. Conglomerate composition & palaeocurrent
directions in the Newcastle Coal Measures: Implications for non

marine sequence stratigraphy. pp. 204–211 In: The Twenty Eighth
Newcastle Symposium on Advances in the Study of the Sydney
Basin. University of Newcastle, Newcastle, Australia.
Little M.P. 1998. The stratigraphic analysis of the Newcastle
Coal Measures, Sydney Basin, Australia. Ph.D. thesis, University
of Newcastle (unpubl.).
Macurda D.B. [jnr] 1972. The type species of the Permian
blastoid Calycoblastus. Journal of Paleontology 46, 94–98.
Mayne S.J., Nicholas E., Bigg-Wither A.L., Rasidi
J.S. & Raine M.J. 1974. Geology of the Sydney Basin — a
review. Bureau of Mineral Resources, Geology and Geophysics,
Bulletin 149.
McClung G.R. 1978. Morphology, palaeoecology and
biostratigraphy of Ingelarella (Brachiopoda: Spiriferida) in the
Bowen and Sydney Basins of eastern Australia. Geological Survey
of Queensland, Publication 365, Palaeontological Paper 40, 17–87.
McClung G.R. 1980a. Permian marine sedimentation in the
northern Sydney Basin. Geological Survey of New South Wales,
Bulletin 26, 54–72.
McClung G.R. 1980b. Permian biostratigraphy of the northern
Sydney Basin. Geological Survey of New South Wales, Bulletin 26,
360–375.
McKellar M.G. 1969. The Sydney Basin. Permian of the Hunter
Valley. Maitland Group. pp. 329–334 In: Packham G.H., ed. The
geology of New South Wales. Journal of the Geological Society of
Australia 16, 1–654.
McKelvey B.C., McClung G.R. & Runnegar B. 1971.
Nowra–Muree sands — definition, internal morphology and age.
Advances in the Study of the Sydney Basin, Abstracts of the 7th
Newcastle Symposium, p. 16. University of Newcastle, Newcastle,
Australia.
M’Coy F. 1847. On the fossil botany and zoology associated with
the coal of Australia. Annals and Magazine of Natural History, ser.
1, 20, 145–157; 226–236.
Metcalfe I., Nicoll R.S., Crowley J., Mantle D., Huyskens
M., Ives M., Ruming K., Wood G., Laurie J. & Foster C.B.
2012. High-precision U–Pb isotopic ages of Permian–Triassic
events in the Sydney Basin: a chronological framework for energy
resources. Proceedings of the 38th Symposium on the Advances in
the Study of the Sydney Basin. Hunter Valley, NSW, May 10–11,
2012 (no pagination).
Mii H.S., Shi G.R., Cheng C.J. & Chen Y.Y. 2012. Permian
Gondwanaland paleoenvironment inferred from carbon and
oxygen isotope records of brachiopod fossils from Sydney Basin,
southeast Australia. Chemical Geology 291, 87–103.
Mitchell T.L. 1838. Three expeditions into the interior of eastern
Australia with descriptions of the recently explored region of
Australia Felix and of the present colony of New South Wales.
Volumes 1 and 2. T. & L. Boone, London.
Ogg J.G., Ogg G. & Gradstein F.M. 2008. The concise geologic
time scale. Cambridge University Press, Cambridge, UK.
Osborne G.D. 1949. The stratigraphy of the Lower Marine
Series of the Permian System in the Hunter River Valley, N.S.W.
Proceedings of the Linnean Society of New South Wales 74,
203–223.
Reid C.M. 2003. Permian Bryozoa of Tasmania and New South
Wales: systematics and their use in Tasmanian biostratigraphy.
Association of Australasian Palaeontologists, Memoir 28.
Reid C.M. 2010. Environmental controls on the distribution of
Late Paleozoic bryozoan colony morphotypes: an example from
the Permian of Tasmania, Australia. Palaios 25, 692–702.

Roberts J., Claoué-Long J.C. & Foster C.B. 1996. SHRIMP
zircon dating of the Permian system of eastern Australia
Australian Journal of Earth Sciences 43, 401–421.
Robinson J.B. 1969. The Sydney Basin. Permian of the Hunter
alley. Tomago Coal Measures. pp. 334–338 In: Packham G.H., ed.
The geology of New South Wales. Geological Society of Australia
Journal 16, 1–654.
Runnegar B. 1969. The Permian faunal succession in eastern
Australia. Geological Society of Australia, Special Publication 2,
73–98.
Runnegar B. 1970. Eurydesma and Glendella gen. nov. (Bivalvia)
in the Permian of eastern Australia. Bulletin of the Bureau of
Mineral Resources, Geology and Geophysics 116, 83–106.
Runnegar B. 1979. Ecology of Eurydesma and the Eurydesma
fauna, Permian of eastern Australia. Alcheringa 3, 261–285.
Runnegar B. & McClung G.R. 1975. A Permian time scale for
Gondwanaland. pp. 425–441 In: Campbell K.S.W., ed. Gondwana
geology. Australian National University Press, Canberra.
Shi G.R. 2006. The marine Permian of East and Northeast
Asia: an overview of biostratigraphy, palaeobiogeography and
palaeogeographical implications. Journal of Asian Earth Sciences
26, 175–206.
Shi G.R. & Waterhouse J.B. 2010. Late Palaeozoic global
changes affecting high-latitude environments and biotas: an
introduction. Palaeogeography, Palaeoclimatology, Palaeoecology
298, 1–16.
Strzelecki P.D. de 1845. Physical descriptions of New South
Wales and Van Dieman’s Land. Longman, Brown, Green &
Longmans, London.
Subcommission on Permian Stratigraphy 2011. Permian
time scale. Permophiles 55 (June & December 2010), p. 33.
Vanderlaan T.A. 2007. Middle Permian palaeoecology and
depositional environment of the Fenestella Shale member,
Branxton Formation, lower Hunter Valley. B.Sc. Honours thesis,
Macquarie University, Sydney (unpubl.).
Veevers J.J. & Powell C.McA. 1987. Late Paleozoic glacial
episodes in Gondwanaland reflected in transgressive–regressive
depositional sequences in Euramerica. Geological Society of
America Bulletin 98, 475–487.
Wass R.E. & Banks M.R. 1971. Some Permian trilobites from
eastern Australia. Palaeontology 14, 222–241.
Waterhouse J.B. 2008. Golden spikes and black flags —
macroinvertebrate faunal zones for the Permian of east Australia.
Proceedings of the Royal Society of Victoria 120, 345–372.
Waterhouse J.B. 2011. Origin and evolution of Permian
brachiopods of Australia. Memoirs of the Association of
Australasian Palaeontologists 41, 205–228.
Waterhouse J.B. & Shi G.R. 2012 (in press). Climatic
implications from the sequential changes in diversity and
biogeographic affinities for brachiopods and bivalves in the
Permian of eastern Australia and New Zealand. Gondwana
Research, doi.10.1016/j.gr.2012.06.008.
Willink R.J. 1979. The crinoid genera Tribrachyocrinus
McCoy, Calceolispongia Etheridge, Jimbacrinus Teichert and
Meganotocrinus n. gen. in the Permian of eastern Australia.
Palaeontographica Abt. A 165, 137–194.
Willink R.J. 1980. A new coil-stemmed camerate crinoid from
the Permian of eastern Australia. Journal of Paleontology 54,
15–34.

Quarterly Notes 23

Quarterly notes
Future papers:
‘A review of the exploration and prospectivity of the Oaklands Basin, NSW’

***

NSW Trade & Investment, Division of Resources & Energy
516 High Street, Maitland NSW 2320
PO Box 344 Hunter Region Mail Centre NSW 2310.
T: 1300 736 122 T: (02) 4931 6666

www.trade.nsw.gov.au/

