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•••••
• FOREWORD•

This second series of Timescales Calibration and Development Correlation Charts and
• Explanatory Notes revises that originally entitled Australian Phanerozoic Timescales which was

published as Bureau of Mineral Resources Records 1989/31-40. That series was prepared to
• provide a firm chronological base for the AM1RA (Australian Mineral Industry Research

Association) sponsored Palaeogeographic Atlas of Australia and APIRA ( Australian Petroleum
0^Industry Research Association) funded Phanerozoic History of Australia.

•
The Correlation Charts and Explanatory Notes for each system have formed the basis for the

• development of a composite Australian Geological Survey Organisation (AGSO) Phanerozoic
Timescale Chart and a condensed single volume summary. The summary chart and single volume

• together provide ready access to the ages of most Phanerozoic chronostratigraphic subdivisions in
Australia. The Correlation Charts and Explanatory Notes also provide the specialist

• biostratigrapher with the data to understand the basis for the ages estimated. It is anticipated that
both charts and notes will be updated at regular intervals, as and when significant bodies of new

• information become available.

•
The revised charts have been compiled mostly by palaeontologists of the Timescales Calibration

• and Development Project from data published in the specialist literature, as well as unpublished
information from on-going biostratigraphical research. As previously, the charts integrate zonal

O schemes using different groups of key fossils with isotopic and magnetostratigraphic data, and
where possible related to sea level curves. Recent geochronological numbers generated by

• SHRIMP (Sensitive High-Mass Resolution Ion Microprobe) technology have been responsible
for significant revision of the timescale applied to some systems, notably Cambrian, Ordovician,

• Carboniferous and Permian. Similarly, the definition of the base of the Cambrian by the
International Union of Geological Sciences, Commission on Stratigraphy, at a level

O approximately 545 my old has led to a shortening of the Phanerozoic thnescale by some 25 my.
Such changes are represented in the new cover design for the Timescales Calibration and

O Development charts that depicts the geochronological time scale currently used in AGSO.

•
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••
• ABSTRACT•

A new version of the biostratigraphic chart for the Carboniferous Period of the Phanerozoic
• Timescale incorporates recent research results in isotopic dating and biochronology to give upper

and lower period boundaries calibrated at 354 and 298 Ma respectively, with a period duration of
• 56 million years. Both global and regional zonal schemes for conodonts, foraminiferids,

ammonoids (marine) and palynomorphs (nonmarine) used on the 1991 edition of the chart have
• been elaborated and updated to form the overall framework of age control for the Carboniferous

System. The 29 columns on the chart include new zonation schemes for radiolarians and the
• megaflora, and correlations with the standard sequences of western Europe, Russia, North

America, Argentina and South China. Boundaries of Australian biozones on the new chart are
• entered into the national biostratigraphic database STRATDAT.

• The standard stages of the Dinantian scale of western Europe can be broadly delimited in
Australia due to the relatively cosmopolitan nature of Early Carboniferous biota. Some global

• biochronologic tie points (based mainly on conodonts) have been recognised. As the Australian
Late Carboniferous (Silesian) biota belongs to the Gondwanan province, and lies outside the

• palaeoequatorial belt, it is largely endemic. The rarity of conodonts and the absence of fusulinid
foraminiferids inhibits correlation with the standard sequences of North America and Russia,

• where the main biozonations are based on these groups. This biotal change was associated with
major climatic and eustatic changes about the mid-Carboniferous (Mississippian/Pennsylvanian)

• boundary, resulting from the Late Carboniferous glaciation/ice age. Of the standard Silesian
stratigraphic units of western Europe, only the Namurian Series can be recognised in Australia

• with any confidence.

• The ages for the Carboniferous timescale are largely constrained by a new database of zircon
U/Pb datings (mainly from SHRIMP technology), and 40Ar/39Ar ages (from Germany), which

• distinguishes the AGSO scale significantly from previous compilations. Our current age estimates
for the bases of the western European series boundaries are: 354 Ma Tournaisian; 343 Ma

• Visdan; 325 Ma Namurian; 312.5 Ma Westphalian; 306 Ma Stephanian. By correlation, the age
of the mid-Carboniferous boundary, and the base of the Pennsylvanian is about 314 Ma; thus the

• Pennsylvanian is about half the duration of the Mississippian.

• SHRIMP zircon dating from eastern Australia indicates that the Late Carboniferous sequences
extends at least into the early Westphalian. In this chart the base of the Permian System is taken

• at the base of the Russian boundary stratotype at the base of the Asselian Stage. This horizon
cannot be recognised in any section in Australia, and for convenience,.the incoming of the Lyonia

• brachiopod fauna and/or the Glossopteris flora has been taken as marking the boundary.
Therefore, in the absence of biochronologic tie-points about the Carboniferous/Permian (C/P)

• boundary in Australia, correlation largely depends on geochronology.

• SHRIMP zircon dating has also demonstrated that the apparent 308 Ma (K/Ar) age of the normal
polarity event within the Paterson Volcanics, at the base of the Kiaman Reversed Interval, is 20

• Ma too young. The base of the Penn o-Carboniferous Reversed Interval (PCRS) in the Joggins
section of Nova Scotia, as revised in this review, probably lies within the late Namurian (?

• Namurian C). The correlative value of a normal polarity subchron within the PCRS, just below
the C/P boundary in Russia, Ukraine and northeastern Germany is emphasised.

•
Although the resolution of the Australia-wide sea-level curve does not permit comparison to the

• level of the third-order cycles, some possible correlations to the second-order curve of Ross &
Ross are indicated.

•

•
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The concept of the Carboniferous as a set of
stratigraphically related rocks arose in western
Europe during the early nineteenth century, when
the name was first used as a stratigraphical term by
Conybeare & Phillips (1822) for the "Coal-
measures, Carboniferous limestone, and Old red
sandstone" of England and Wales (Brinkmann
1960; Ramsbottom 1984). The Old Red Sandstone
was later removed from the Carboniferous, when
the Devonian System was proposed (Sedgwick &
Murchison 1839), after it was realised (largely due
to the fossil studies of William Lonsdale) that it
was the lateral continental-facies equivalent of the
marine Devonian rocks of Devonshire (Rudwick
1979).

Soon after John Phillips (1835) started to describe
the rich fauna of the Carboniferous Limestone in
England, McCoy commenced similar work in
Ireland, and L. de Koninck began in Belgium. The
coal measures, readily identifiable by its distinctive
fossil flora, was recognised in coal basins of
western Europe (Britain, France, Belgium,
Germany) and eastwards into the Silesian coalfield
of Poland, and the Donetz Basin of the Ukraine.
They were also recognised westwards in the coal
basins of Nova Scotia, Canada, and in the
Appalachian coalfields of the USA.

Although the term Carboniferous has persisted in
Europe (and Australia) to the present day, it was
replaced in the USA (and to some extent in
Canada) by the two-fold division Mississippian
(for the lower part) and Pennnsylvanian (for the
upper part) by the end of the nineteenth century.
Winchell (1872) first introduced the term
Mississippian for the sequence that overlies the
Devonian strata and underlies the "Coal
Measures", now called the Pennsylvanian System.
Williams (1891, p. 136) quoted Winchell (1872) as
stating the proposal for ".... the use of the name
Mississippi limestone series or Mississippi group
as a geographical designation for the
Carboniferous limestones .... which are so largely
developed in the valley of the Mississippi River."
The type area is named from exposures in the
bluffs of the upper Mississippi River valley from
Iowa to southern Missouri. The name
Pennsylvanian Series was introduced by Williams
(1891, p. 83) who designated the "upper
Carboniferous" coalfields in the northern

Appalachian area, in Pennsylvania, as the type
area. The type succession ranged from the base of
the "Millstone grit" or Pottsville "formation" to the
top of the "Upper Barren Coal Measures" or
Dunkard "formation".

Carboniferous biochronology

Over 170 years of palaeontological research on
Carboniferous fossils has led to the development of
three principal standard stratigraphic scales for the
Carboniferous - western Europe, the United States,
and Russia (see Chart). During this time research
into Carboniferous biochronology resulted in great
advances in the correlation of these scales, using
mainly marine invertebrate macrofossils -
goniatites in rocks deposited in open marine
environments, and freshwater bivalves in non-
marine rocks. For many years the sequence of
German goniatite zones was used as a standard for
the correlation of the Lower Carboniferous. It was
not until the early 1970's with the advent of
detailed conodont biostratigraphy (Matthews 1970;
Weyer 1972) that it was realised that the German
ammonoid sequence is not sequential or
contiguous. Over the last 20 years the use of
various microfossil groups, particularly conodonts,
foraminifera (fusulinids) and spores, have greatly
refined the correlation of Carboniferous strata
throughout the world, although many problems in
international and regional correlation remain to be
overcome.

The Carboniferous System, its limits and
subdivisions

Devonian-Carboniferous boundary

The Carboniferous Congress at Heerlen in 1935
defmed the base of the Carboniferous at the entry
of the goniatite species Gattendorfia subinvoluta
and the base of the Gattendotfia Genus Zone (or
Stufe) within a reference section in the
Oberriidinghausen railway cutting at HOnnetal,
Sauerland (Jongmans & Gothan 1937). This
decision subsequently lacked international
agreement, as French speaking countries and the
former USSR continued to use a lower boundary at
the base of the Strunian, near the base of the
Wocklumeria Genus Zone.

The subsequent use of conodonts and spores,
which are more widespread than goniatites, led to

•

•

•
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pressure for a redefinition of the Devonian -
Carboniferous boundary. In 1979, a decision was 
made to recommend an operational boundary using 
the first appearance of the conodont Siphonodella 
sulcata within the evolutionary lineage from S. 
praesu!cata to S. sulcata. This level is slightly 
below the lowermost record of Gattendorfia 
subinvoluta in the Honnetal section (paproth 
1980). 

The La Serre section in the Montagne Noire (Flajs 
& Feist 1988) is the accepted and ratified Global 
Boundary Stratotype and Point, with the boundary 
being taken at the base of bed 89 of that section 
(paproth et al. 1991). Auxiliary boundary 
stratotypes are at Hasselbachtal (west Germany; 
Beckeret ai. 1984; Becker 1988) and Nanbiancun 
(south China; Yu 1988). 

Carboniferous-Permian boundary 

The position of the upper limit of the 
Carboniferous has yet to be decided by the 
International Carboniferous-Permian Working 
Group, but on the current chart it is placed at the 
base of the Asselian Stage. Over recent years there 
have been several conflicting opinions as where 
this boundary should be placed. The traditional 
view is to place it at the base of the 
Pseudoschwagerina Zone, at the base of the 
Asselian Stage, the Russian boundary stratotype 
for the base of the Pem1ian System in the Urals. 
Other opinions would have this boundary as high 
as the top of the Maping Series of China, at the 
first appearance of the fusulinid Pam tria , which 
would correlate with the base of the Sakmarian 
Stage of the Urals section, and as low as the base 
of the Maping Series, at the base of the Montiparus 
(or Obsoletes) Zone (Zhang 1988), which would 
correlate with the base of the Kasimovian Stage of 
the Russian standard section, the base of the 
Missourian Stage of the USA, and the base of the 
Stephanian Series of western Europe. 

Recent detailed studies in the Urals (e.g. Davydov 
& Popov 1986; Popov & Davydov 1987; Davydov 
et al. 1992) and in South China (Wang 1991) 
favour the traditional view. The Carboniferous­
PelTIlian boundary in the former USSR is now 
offiCially established on the goniatite scale at the 
change from the Orenburgian ammonoid 
assemblage to the Asselian. This corresponds to 
the boundary between the Shumardites­
Vidrioceras and Svetlanoceras-luresanites 
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genozones. In the fusulinid scale this boundary is 
drawn between the zones of Daixina 
bosbytauensis-D. robusta and Sphaeroschwager­
ina vulgaris-So jusiformis (Davydov et at. 1992). 
This boundary in terms of the conodont succession 
(Chernykh & Reshetkova 1987) corresponds to the 
major evolutionary change from Streptognathodus 
wabaunsensis to S. barskovi, and may be 
equivalent to the base of the S. barskovi Zone in 
both the Urals and South China (Wang 1991). 

In western European telTIlS the Carboniferous­
Penn ian boundary may be taken at the Stephanian­
Autunian boundary (sensu Bouroz & Doubinger 
1977). These authors showed on palynological 
evidence (Bouroz & Doubinger 1977; Doubinger 
& Bouroz 1984) that the base of the Asselian (in 
the Donetz Basin; not in the stratotype) lies within 
the lower Autunian at the base of the Assise de 
Muse. The Assise d'Igornay of the lowermost 
Autunian, below the Carboniferous-Pennian 
boundary, was then referred to the Stephanian (as 
Stephanian D). Wagner (1984) argued against this 
redefinition, because a new base of the Autunian 
was proposed in the type locality solely for the 
purpose of correlation with the Carboniferous­
Pennian boundary in the Russian stratotype (cf. 
Rotai, 1979). Recently, Davydov et al. (1992) have 
claimed that the Stephanian-Autunian boundary (of 
the Donetz scale) coincides with the base of the 
Daixina bosbytauensis-D. robusta Zone of the 
fusulinid scale. 

In the USA, the Pennsylvanian (Virgilian)-Permian 
(Wolfcampian) boundary, as based on sequences in 
Texas and Kansas, does not coincide with the 
Carboniferous-Permian boundary of Russia (Baars 
1990; Wilde 1975, 1984, 1990). Post-Virgilian 
sections corresponding to the late Gzhelian of the 
Urals, are present in Oklahoma (part of the 
Gearyan), Kansas (Admire and Council Grove 
Groups), Texas (Bed 2, Gray Limestone of King 
1937), and the Appalachlan Basin (part of the 
Dunkard Group). A recent attempt to bring the 
North American and the Russian boundaries into 
alignment has been made by Baars et al. (1992), 
who redefined the Pennsylvanian-Permian 
boundary in Kansas, by extending the Virgilian up 
to the first appearance of Early Permian conodonts 
and inflated schwagerinids of the Pseudo­
schwagerina biozone at the base of the Neva 
Limestone (within the Council Grove Group). 

• • • 
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Major subdivisions within the Carboniferous
System

Historically, three standard stratigraphic scales
have been developed for the Carboniferous of the
Northern Hemisphere -- western Europe, the
former USSR, and USA -- all within the
palaeoequatorial belt. Although the use of a two-
fold subdivision of the Carboniferous was well
established in western Europe and North America,
a three-fold division (as series) continued to be
used in Russia. The two-fold subdivision was
complicated by the fact that the boundary between
the Mississippian and Pennsylvanian subsystems
of North America does not coincide with that of
the Dinantian and Silesian of western Europe.
Moreover, the lower Silesian (Namurian A) is
equivalent to the Serpukhovian, the upper stage of
the Lower Carboniferous of Russia. In this respect,
the time span of the Russian Lower Carboniferous
is closer to that of the Mississippian rather than
the Dinantian.

An attempt to integrate all three schemes was first
suggested by Bouroz et al. (1978) and Rotai
(1979), who placed the Upper, Middle, and Lower
Series of the Russian Carboniferous within the
two-fold Mississippian and Pennsylvanian
Subsystems of North America. This dichotomy of
the Carboniferous System was generally accepted,
as the Lower-Middle Carboniferous
(Mississippian-Pennsylvanian) boundary apparent-
ly was more easily defined biostratigraphically
than the Middle-Upper Carboniferous boundary.

Over the last ten years, the JUGS Subcommission
on Carboniferous Stratigraphy (SCCS) has focused
much research about this mid-Carboniferous
boundary (MCB). The MCB was defined by the
SCCS in Madrid, 1983 (Wagner et al. 1985; Lane
et al. 1985a) at the first appearance of the
conodont species Declinognathodus nodulzferus.
The site of the global stratotype for the mid-
Carboniferous boundary has yet to be decided. At
present the list of potential stratotypes has been
reduced to three sections viz., Stonehead Beck,
northern England; Arrow Canyon, Nevada, USA;
and Aksu -I section, Gissar ridge, Uzbekistan.

The MCB, as defined, has been recognised at
Stonehead Beck in the basal Chokerian (Hla)
Edale Shale 0.40m below the H1a2 ammonoid
horizon (9.40m above the Arnsbergian-Chokerian
stage boundary), within the SO miospore zone
(Varker et al. 1991). At Arrow Canyon, this

boundary occurs within a carbonate sequence (Bird
Spring Formation) at the first appearance of the
conodont Rhachistognathus primus, immediately
above the Eosigmoilina robertsoni-Brenckleina
rugosa Zone (Mamet foraminiferal Zone 19);
unfortunately this section is devoid of anunonoids
and miospores. The Aksu-I section contains
abundant conodonts and common ammonoids
about the Arnsbergian-Chokerian (E2-H1)
boundary; however, there are problems concerning
its accessibility.

There is no accepted stratotype for the
Mississippian-Pennsylvanian boundary in
America, a boundary that is commonly marked by
an unconformity (Fig. 1). It is thought that this
boundary is conformable in the composite
stratotype proposed by the USGS in the
Appalachian Basin, where the full Pennsylvanian
System is represented. Plant megafossils described
from the type sections in West Virginia and
Virginia are used for international correlation (e.g.,
Englund et al. 1985). Wagner (1991) noted that
"the floral change in the palaeoequatorial belt is
slightly in advance of the faunal changes (late
Arnsbergian as against Chokierian-Alportian)", as
the climatic change caused by the onset of the Late
Carboniferous Ice Age is likely to have brought
about a change in composition of the terrestrial
floras before that of the marine faunas. The time
period representing this lag-effect within the biota
is depicted by question marks between the
Mississippian and Pennsylvanian Subsystems in
the Chart (column 5).

The determination of an acceptable Lower-Upper
Carboniferous Subsystem boundary is still the
subject of controversy, and in view of the present
uncertainty of global correlation about the MCB
(see Lane et al. 1985b; Lane & Ziegler 1985), it
seems premature to use an international scale
standard scheme combining elements of American,
Russian and west European standards in a single
scale (e.g., Bouroz et al. 1978; Harland et al. 1982,
1990). The present review retains these separate
schemes (see Chart). Furthermore, the definition of
the MCB, at the base of the Declinognathodus
nodulzferus Zone, cannot be recognised in
Australia, or in any other parts of Gondwana. It
may lie within, or even above, the Levipustula
levis Zone, although this cannot be proved.

•
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Australian Carboniferous 

The first Carboniferous fossils from Australia were 
collected by Strzelecki from the Booral district, in 
the HW1ter Valley of the Colony of New South 
Wales in late 1842. The following year he took 
them to England, and donated them to the British 
Museum (Natural History) London, where they 
were described by Monis (in Strzelecki 1845). 
Morris described two spccies of gastropods, one 
ostracod (Bairdia affinis; the first ostracod species 
to be described from Australia), one brachiopod 
species, and some fish remains ("an 
Icthyodorulite") , a fauna which, in present day 
tenns, probably came from the Levipustula levis 
Zone of the Booral Formation (Campbell 1955, 
1961). 

'!Wo years after Strzelecki's report was published, 
McCoy (1847) described some of the Rev. W.B. 
Clarke's extensive collections of brachiopods, 
corals, and trilobites from the Hunter Valley. De 
Koninck (1877) dcscribed other of Oarke"s 
collections, and both palaeontologists compared 
them with Lower Carboniferous species from 
Europe. Systematic descriptions of Carboniferous 
faunas of eastern Australia continued with such 
authors as Jack & Etheridge (1892), Dun (1902), 
Dun & Benson (1920), Carey (1937), Carey & 
Browne (1938), and Dclepine (1941). A great 
impetus was given to the study of Carboniferous 
faunas beginning in the mid-1950's with the work 
of Maxwell (1954, 196Ia,b, 1964), Dear (1968), 
and McKellar (1967) in Queensland, and that of 
Campbell (1955, 1956, 1957, 1961, 1962), 
Campbell & Engel (1963), Roberts (1963, 1965, 
1975, 1976), Engel (1975, 1980), and Jenkins 
(1974) in New South Wales. 

Recognition of authentic Carboniferous rocks in 
Western Australia came much later than in the 
east They were first discovered in 1945 in the Burt 
Range of the Bonaparte Basin (Matheson & 
Teichert 1948), and in 1949 they were found in the 
Carnarvon Basin (Teichert 1950). Carboniferous 
rocks were discovered in the Canning Basin in 
1955 in subsurface, and in 1956 in outcrop 
(Thomas 1957; 1959), although erroneous 
Carboniferous records in this basin date back to 
E.T. Hardman (1884,1885), and to T. Blatchford 
(1927). 

distinct regions of mainly marine sedimentation (i) 
the intracratonic basins mostly in the western part 
of the present continent, and (ii) within the Tasman 
Mobile Belt, covering the eastern margin (see 
Jones et al. 1973, fig. 1). Detailed correlation 
between the two regions is limited by differences 
in the composition of the faunas, as discussed 
below. A third region, of dominantly terrestrial 
sedimentation and characterised by the scarity of 
marine fossils, is represented in the central part of 
the continent (e.g., Amadeus and Ngalia Basins). 

There are no fonnally designated local stages 
for the Carboniferous of Australia. The brachiopod 
zones of eastern Australia (Roberts 1975) were 
grouped into three major faunal divisions 
(Werrian, Gresfordian, and Barringtonian) by 
Jones & Roberts (1976), which could form the 
basis of local stages in the future, and Clarke & 
Fanner (1976) proposed the Hellyerian for the 
Stage 1 microflora (Kemp et al. 1977) in 
Tasmania, but none of these units have formally 
designated boundary stratotypes. In the absence of 
formally designated local stages, there are three 
areas that provide standard stratigraphic scales 
with which. to compare the Australian 
Carboniferous -- western Europe, the fanner USSR 
and USA. 

The western European scale is the most 
appropriate standard for the Carboniferous of 
Australia, where cosmopolitan shelly faunas of the 
Early Carboniferous (Dinantian) are replaced by 
endemic (Gondwanan), poorly-represented faunas 
of Late Carboniferous (Silesian) age. It is also the 
scale favoured most by Australian 
palynostratigraphers (Le., Helby & Playford in 
Kemp et aZ. 1977; Powis 1984). Powis (1984) used 
the west European scale "because resolution to the 
USSR stage level using palynology, is not possible 
with a high degree of confidence in Australia." As 
noted above, it is impractical to adopt an 
international standard scheme, like that proposed 
by Bouroz et ai. (1978), to combine elements of 
American, Russian and west European standards in 
a single scale. The scarcity of conodonts and the 
absence of fusulinid foraminiferids in the late 
Carboniferous (Gondwanan) faunas of Australia 
inhibit their . correlation with the standard 
sequences of North America and Russia, where the 
main biozonations are based on these groups. 

Carboniferous strata are now known from all of the Australian biochronology 
Palaeozoic sedimentary basins in Australia 
(palfreyman 1984), and are confined to two Roberts (1985a) prepared a comprehensive set of 
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correlation charts for the Australian Carboniferous 
which incorporated a survey of the biostratigraphic 
evidence on which the correlations were based. 
The present review has drawn substanially on his 
account, but with considerable revision to take 
account of more recent work. Most of the papers 
dealing with Carboniferous palaeontology 
published since 1985 have dealt with trilobites, 
ostracods, fish, and palynology. Roberts (1985a,b) 
has provided more Australian references than 
given here, and these works should be consulted 
for further details of the early development of 
Australian Carboniferous stratigraphy. 

Most of the major groups known from the Late 
Palaeozoic fossil record are represented in the 
Carboniferous rocks of Australia, but some are 
very rare (e.g. insects; Riek 1973, 1976), and 
others have been of limited use in age dating and 
correlation, although with further study they may 
prove of some biostratigraphic significance (e.g. 
Polyzoa, Engel 1989; plant macrofossils Gould 
1975; Retallack 1980; Rigby 1985). Other 
taxonomic groups which are better known are 
briefly summarised below from the point of view 
of biostratigraphic utility, beginning with those 
which have been most widely applied in 
biochronological analysis of the Australian 
Carboniferous succession (e.g. brachiopods, 
conodonts, palynolloras: for general zonations 
based on these groups see Chart 1). 

Eustasy 

Ramsbottom (1973, 1977, 1979) analysed the 
major transgressions and regressions within the 
Carboniferous of northwestern Europe, and 
established a nomenclature of eustatic cycles. The 
largest units were regarded as synthems (Chang 
1975), these being composed of several 
mesothems, each comprising several cyclothems. 
Ramsbottom (1979) regarded these eustatic units 
as time-significant, existing in parallel with 
chronostratigraphic series and stages, because their 
boundaries, which are at unconformities on shelf 
areas, are actually defined at the bases of 
Chronozones in basinal areas. Thus his 
classification was a pioneer analysis of the 
Carboniferous in temlS of modem sequence 
stratigraphy (Riley 1993). 

Ross & Ross (1985) demonstrated the synchronous 
distribution of these transgressive-regressive 
depositional sequences in northwestern Europe, 
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Russia and North America, and later (Ross & Ross 
1987) used such sequence stratigraphy methods to 
construct a eustatic curve from North American 
transgressive-regressive depositional sequences. 
They identified more than fifty third-order 
sequences in the Carboniferous. Most of these 
occur in the Late Carboniferous (pennsylvanian), 
for which they suggested a glacio-eustatic origin, 
with other (tectonically induced) changes in 
sealevel being superimposed on the smaller cycles. 
However, some trangressions are still difficult to 
fit into a biostratigraphy and cannot be identified 
easily within a continuous marine succession, 
especially where the correlation of major 
chronostratigraphic schemes are based on the 
stratigraphic ranges of single species (Wagner & 
Winkler Prins 1991). 

Roberts (1985b) interpreted Carboniferous sealevel 
changes from depositional patterns in various areas 
of Australia, and Veevers & Powell (1987) 
proposed a model relating late Palaeozoic glacial 
episodes of Gondwana with the transgressive­
regressive depOSitional sequences in Euramerica. 
The timing of such eustatic events, as interpreted 
in these papers, now requires recalibration against 
a revised timescale, as evidenced from later 
biostratigraphic and geochronologic studies from 
eastern Australia (Roberts et al. 1993c; Roberts et 
al. 1995, in press). Although the resolution of the 
Australia-wide curve does not permit comparison 
to the level of the third-order cycles, some possible 
correlations to the second-order curve of Ross & 
Ross (1987) are indicated. 

A sharp global regression in the latest Devonian, 
which is recognised in the Canning Basin as the 
Yellow Drum regression, is followed by the Laurel 
transgression, the first major transgression of the 
Early Carboniferous (Talent 1989; Talent et al. 
1993). Roberts (1985b) identified a regression 
about the Toumaisian/Visean boundary, which he 
interpreted as a major eustatic fall in sealevel 
throughout a hiatus spanning most of the early and 
middle Visean. New biostratigraphic studies 
(Jenkins et at .. 1993; Roberts et al. 1993c) now 
show that this hiatus is very short, and is probably 
due to local uplift associated with the onset of 
widespread magmatic activity, rather than the 
result of falling sealevel (Roberts et al., in press). 

A major regression in the late Visean, marked by a 
sharp decrease in diversity of the brachiopod 
faunas at the end of the Rhipidomella fortimuscula 
Zone (Roberts 1981), was associated with the 



culmination of regressive volcanogenic deposition 
within the Southern New England Orogen 
(SNEO). and arching along the western margin of 
the continent. This event was possibly enhanced by 
glacio-eustatic fluctuations, as the main 
Gondwanan glaciation commenced in Argentina in 
the late Visean (Gonzalez 1990). In Euramerica. 
the inception of Gondwanan glaciation is marked 
by the start of cyclothemic deposition near the base 
of the Chester Series of the Upper Mississippi 
Valley. and the base of the Brigantian (Veevers & 
Powell 1987). Carboniferous glacial deposits in 
Australia are not older than Namurian, and occur 
at the time of the Levipustula levis Zone (Roberts 
et aI. 1995). 

Magnetostratigraphy 

The magnetostratigraphy of the Carboniferous has 
been summarised by Klootwijk et al. (1994) in a 
recent overview of this discipline for the entire 
Phanerozoic. Considerable progress has made been 
over the last five yea rs in the state of knowledge of 
the magnetostratigraphy within the timespan of the 
Late Carboniferous-Permian, compared with that 
of the Early Carboniferous-Devonian. 

A well established magnetically quiet period 
sparming the Late Carboniferous and most of the 
Pennian. was originally defined in the SNEO of 
eastern Australia, and informally named by Irving 
& Parry (1963) and Irving (1966) as the Kiaman 
magnetic interval. Its base in eastern Australia was 
defined at the reversal between the normal-polarity 
Paterson Volcanics (Toscanite), dated as Late 
Westphalian on the basis of K/Ar measurements at 
308 Ma (Roberts et aI. 199]c), and the reversed 
Seaham Format jon glacigene sediments. As 
magnetic measurements became available from 
other parts of the world, it became apparent that 
frequent reversals extend down into the Namurian. 
Such confusion about the position of the Paterson 
Reversal led Irving & Pullaiah (1976) to redefine 
the period as the Permo-Carboniferous Reversed 
Superchron (PCRS) with its base at a Namurian 
reversal in North America. 

Since the compilations of previous magneto­
stratigraphic syntheses (e.g .• Khramov 1987; 
Palmer et al. 1985: Tarling 1991), the apparent 
(KJAr) age of the nonnal polarity event within the 
Paterson Volcanics at the base of the Kiaman 
Reversed Interval has been demonstrated to be 20 
Ma too young (Gaoue-Long et al. in press; 

12 

Roberts et al. 1995). 
Recent magnetostratigraphic studies by DiVenere 
& Opdyke (1990) locate the base of the PCRS in 
the lowest part of the the Boss Point FOlmation of 
the Joggins section, Nova Scotia, which they 
regard as Westphalian A in age. The 
biostratigraphie control for such an age can be 
questioned, because re-evaluation of the original 
studies (Belt, 1965; Hacquebard, 1972) suggest a 
slightly older age. This fe-evaluation is supported 
by more recent palynological studies by G. Dolby 
(in Ryan & Boehner 1994), which demonstrate that 
the entire Claremont Formation and the lowermost 
Boss Point Formation of the Joggins section is late 
Namurian in age (Fig. 2). Thus, the base of the 
PCRS is probably within the late Namurian (? 
Namurian C). 

Although magnetostratigraphic sturues of the lower 
and upper boundaries of the PCRS are better 
constrained biostratigraphically, limited detail is 
available on possible normal polarity subchrons 
within the PCRS (Klootwijk et ai. 1994). One such 
normal polarity event of importance has been 
reported (Davydov et al. 1992) just below the PIC 
boundary, and is confmed to the Daixina 
bosbytauensis - D. robusta Zone, the latest 
fusulinid zone of the Carboniferous (see Jones, in 
Young & Laurie, in press). It is recognised in the 
south Urals, Donetz Basin and the northern 
Caucasus region, where it is latest Gzhelian in age, 
and it is also present in the terrestrial Manebach 
Formation of northeastern Germany (Menning et 
aZ.1988). 

THE CHART 

Overview 

Current studies of Carboniferous biostratigraphy in 
eastern Australia (e.g., Roberts et al. 1993c; 
Jenkins et al. 1993) has necessitated the present 
review of the Carboniferous System in Australia, 
which updates the previous charts and syntheses 
(e.g., campbell & McKellar 1969; Jones et al. 
1973; Roberts 1985a, Jones 1991). The chart 
shows correlations between the biochronologic and 
geochronologic scales of western Europe, the 
fonner USSR, the USA (columns 2-6), South 
China and Argentina (columns 23-29). Selected 
biozonal schemes supporting correlations between 
these key areas are summarised in columns 7-15 
(ammonoids, foraminiferids, conodonts, 
radiolarians, megaflora and microfiora). Summary 
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columns for key fossil groups used in 
biostratigraphic zonation of the Australian 
Carboniferous (conodonts, radiolarians, 
brachiopods, ostracods, microflora) are given in 
columns 16-22 of this chart. 

Conodonts are a widely used key group for 
international correlation, and Figure 3 shows 
various zonal schemes in current use for the Early 
Carboniferous. The Australian conodont zonation 
is based on an integration of schemes from the 
Bonaparte and Canning Basins in WA with the 
results of a recently completed zonation for eastern 
Australia. The eastern Australian zonation is more 
readily correlated with conodont zonations from 
North America, and the latter are summarised on 
the right side of Figure 2. The western Australian 
zonation can be tied in (with some difficulty) to 
conodont zonations from western Europe, which 
are summarised on the left side of the chart. The 
chart incorporates the latest published work, 
including a recent taxonomic and biostratigraphic 
analysis by Jenkins et al. (1993) on Visean 
conodonts from eastern Australia. 

The ammonoid faunas from eastern Australia have 
in the past been used to control the correlation of 
Australian brachiopod zones, but results of recent 
conodont studies indicate problems with the 
resulting ages (e.g. Jenkins 1974). Figure 4 shows 
the most recent conodont zonation for the Early 
Carboniferous (Dinantian) of eastern Australia 
against Mamet's foraminiferal zonation. These 
groups have been used to calibrate the eastern 
Australian Carboniferous brachiopod zonation 
presented in column 5. A summary of the 
biostratigraphic distributions of all the named 
Early Carboniferous (Dinantian) Australian 
ammonoid species is shown on the right of the 
chart. For comparison, the standard ammonoid 
scale and stratigraphic subdivision for the 
Dinantian of western Europe are shown in columns 
1 and 2. 

Geochronology; Column 1 

The geochronometric scale used for the Chart 
brackets the Carboniferous System between 354 
Ma and 298 Ma. The ages used in the construction 
of the Early Carboniferous (Dinantian) scale are 
based on the recent zircon-dating of volcanic 
samples, mostly from the SNEO, using the 
SHRIMP ion microprobe (Claoue-Long et al. 
1992; Claoue-Long er af. 1993, Roberts et al. 
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1 993a,b, in press). The Late Carboniferous 
(Silesian) scale from Westphalian B to Stephanian 
C is based on Hess & Lippolt (1986), who 
detennined 40 ArP9 Ar ages on sanidines taken from 
biostmtigraphically well constrained Carboniferous 
tonsteins in West Germany and the Czech 
Republic. 

Devonian-Carboniferous boundary. The 354 Ma 
date accepted for the Devonian-Carboniferous 
boundary is based on the new zircon ages of 
353.7±4.2 Ma for this boundary in the German 
stratotype section, and of 355.8±5.6 Ma for the 
lower part of the Kingsfield Formation (Claoue­
Long et al. 1992, 1993). This date was anticipated 
by biostratigraphic studies (Jones 1988; Young 
1989), and an age less than 360 Ma proposed by 
Richards & Singleton (1981) and Williams et al. 
(1982) for the Devonian/Carboniferous boundary, 
based on the ages of granites which they have 
dated in eastern Victoria. 

Tournaisian-Visean boundary. The Curra Keith 
Tongue (342.0±3.6 Ma) of the Isismurra 
Formation is the best constraint so far on the age 
of the Tournaisian-Visean boundary in Australia 
(Roberts et al. 1993a,b, in press). The previous age 
of about 342 Ma for this boundary (Jones 1988; 
also used by Cowie & Bassett 1989 for the lUGS 
Global Stratigraphic Chart) was based on the KI Ar 
age of an andesite at Foybrook in the Waverley 
Formation. This bed is now known to be 
considerably older, and revisions to the 
stratigmphy suggest it is an inappropriate datum 
for determining the Tournai sian-Visean boundary 
(cf. earlier discussions by Jones 1988, 1991). On 
the basis of the new data (Roberts et al. 1993a, in 
press), the Tournaisian-Visean boundary on Chart 
1 is now estimated at about 343 Ma. 

Within the Visean, the SHRIMP zircon age for the 
Martins Creek Ignimbrite of the Hunter Valley is 
now revised to 332.3±2.2 Ma (Roberts et al. 
1993a; in press). This ignimbrite lies between the 
Linoprotonia tenuirugosus Subzone, the upper 
subzone of the Delepinea aspinosa Zone and the 
Rhipidomella jortimuscula Zone, and recent 
conodont work (Jenkins et al. 1993) demonstmtes 
that the aspinosa-jortimuscula zone boundary lies 
within the Holkerian (see Chart 3). This gives a 
mid-Holkerian date at 332 Ma, and an estimated 
335 Ma for the base of the Holkerian. 

Visean-Namurian boundary. The most useful 
age constraints in the Upper Carboniferous are in 



Europe. where Hess & Lippolt (1986) have 
reported accurately measured 40 ArP9 Ar plateau 
ages for sanidine. which supersede preexisting data 
for the Upper Carboniferous in both measurement 
accuracy and biostratigraphic constraints. Claoue­
Long et al. (in press) have shown that these 40 Ar/ 
39 Ar ages are directly comparable with SHRIMP 
zircon ages being measured in the Australian 
sequences. Thc base of the Namurian is 
constrained by two 40 ArP9 Ar ages within the 
Namurian A. one at 319 ± 8Ma and another at 325 
± 8Ma; this scale is constructed on the basis that 
the older of these constrains the base of the 
Namurian whose base must be close to 327 Ma. In 
contrast, the 332.9 Ma date suggested by Harland 
et al. (1990) for this boundary is too old. and on 
our scale would lie within the Holkerian. 

It is also noted here that a new zircon age of 
328.0±1.7 Ma (Visean) for the nonnally 
magnetised Paterson Volcanics (Claoue-Long et 
ai. in press; Rober1s et ai. 1993a,b; 1995), 
previously correlated with the zone of mixed 
polarities within British Westphalian C coals 
(Noltimier & Ellwood 1977), shows that the 
magnetostratigraphic synthesis for the 
Carboniferous of Palmer et al. (1985) needs 
extensive improvement before it can be applied to 
the solution of stratigraphic problems. 

Namurian-Westphalian boundary. A recent 
determination of SHRIMP zircon ages of 
314.4:t4.6 Ma and 3l4.5±4.6 Ma for the E2a3 and 
E2b2 Arnsbergian ammonoid zones in England 
(Riley et al. 1995) indicates that the 315 Ma age 
suggested by Hess & Lippolt (1986) for the 
Namurian-Westphalian A boundary is probably too 
old. For the present chart. a 312.5 Ma age is 
suggested for this boundary, based on interpolation 
from the Arnsbergian tie point (314.5 Ma) below, 
and the Westphalian B/C boundary tie point (311 
Ma) above, which is dated by both 40 ArP9 Ar 
(Lippolt & Hess 1985), and SHRIMP zircon 
techniques (Claoue-Long et al. in press). The 309 
Ma for the Westphalian CID boundary is taken 
from the scale of Hess & Lippolt (1986). 

Westphalian-Stephanian boundary. The date of 
306Ma for the base of the Stephanian is again 
based on the Hess & Lippolt (1986) scale, which 
also gives a 303 Ma date for the Stephanian AlB 
boundary. 

Carboniferous-Permian boundary. The age of 
the CarboniferouslPemlian (CIP) boundary is 
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unresolved. The date of 295 Ma adopted for the 
CIP boundary by Jones (1988. 1991) was a 
compromise between the 290 Ma date of De Souza 
(1982), and Forster & Warrington (1985), and the 
300 Ma date of Hess & Lippolt (1986). The same 
(295 Ma) date is also used by Odin & Odin (1990) 
and Odin (1994). An important Carboniferous 
constraint on this boundary comes from the 300.3 
Ma 40 ArP9 age reported by Hess et ai. (1983) and 
Lippolt & Hess (1985) for a Stephanian B or C tuff 
(159/71S) from Baden Baden, Germany. 
Correlation with the Autun Basin in France would 
imply that this dated sample lies stratrgraphically 
below the uppermost Carboniferous Igornay 
Formation (Stephanian D of Bouroz & Doubinger 
1977). A 298 Ma date used for the CIP boundary 
by Roberts et al. (1995) and Young & Laurie (in 
gess), was based on the 297.8 Ma and 298.7 Ma 

ArP9 ages reported by Lippolt & Hess (1983) 
respectively for tuffs at LohmUhle (LO) and 
Hohlbusch (HO) in the Grenzlager Formation 
(basal Upper Rotliegend) from the Saar-Nahe 
Basin, Germany. Lippolt & Hess (1989) 
subsequently placed greater emphasis on their 
Rb/Sr biotite ages (289-292 Ma) for the Grenzlager 
rhyolites. Although correlation of these nonmarine 
beds to the marine succession in the southern Urals 
is uncertain, if the Lower Roiliegend is accepted as 
Pennian, the C/P boundary probably lies within the 
range of 295-300 Ma. 

Regional standard scales (Western Europe, 
Russia, USA); columns 2-6. 

Western Europe; Column 2 

This standard stratigraphic scale is used in this 
chart (column 2) for the Australian Carboniferous, 
and is a compilation of scales proposed by several 
authors for western Europe. The Early 
Carboniferous (Dinantian) scale is a composite of 
Belgian and British stages (George et al. 1976; 
Conil et al. 1977; Paproth et al. 1983), and the 
Late Carboniferous (Silesian) is a composite of 
British, German, French and Spanish stages 
(Ramsbottom et al. 1978; Owens et al. 1985; Riley 
et al. 1985; Wagner & Winkler Prins 1985). The 
Devonian/Carboniferous boundary in Australia is 
taken at the Wocklumerian-Balvian boundary of 
Germany, which is close to the Strunian-Hastarian 
boundary of Belgium. 

The biostratigraphic criteria for the recognition and 
correlation of the Toumaisian-Visean boundary in 
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Belgium, has been discussed by Conil et al. 
(l989a, 1991). See also Jones (1991:5) for other 
discussion on this subject. Coni 1 et al. (1989a) 
have shown that the base of the Belgian stage 
(Moliniacian) fonnalJy taken to be the base of the 
Visean in fact lies, by correlation with the 
boundary stratotype section at Dinant, within the 
Tournaisian. Riley (1 990b; 1991) has also 
discussed this question from the point of view of 
the British Chadian stage, which he regarded as 
mainly Tournaisian. The base of the Visean 
corresponds approximately with the base of the 
German goniatite zone CuII gamma, and within 
the British Chadian stage. The basis for the 
recognition of this horizon in Australia is discussed 
below. 

The base of the Namurian, which coincides with 
the base of the Late Carboniferous (Silesian) of the 
western European scale, is taken as the base of the 
range zone of Cravenoceras teton, following the 
Heerlen Congress decision of 1958. Hom (1960) 
has shown that this zone overlaps the upper part of 
the German goniatite zone CuIII gamma, viz., 
CuIII gamma2, which had previously been 
considered as the latest unit in the Visean. 

Former USSR; Columns 3-4 

The tripartite Carboniferous scale of the fonner 
Soviet Union is shown for two major regions, the 
East European Platform (column 3) and the Urals 
(column 4). Correlation of suites between these 
two regions are largely based on studies of the 
smaller foraminifers in the Early Carboniferous, 
and the fusulinids in the Middle and Late 
Carboniferous (e.g., Rotai 1979; Vdovenko et al. 
1987; Vissarionova 1975; Yabolkov 1975). 
Correlation of the Visean section of the East 
European Platfonn with that of Belgium is after 
Bogush & Yuferev (1990). Recent revision of the 
Moscovian of the East European Platform has 
resulted in the introduction of the Tsninsky suite 
between the Kashirsky and the Vereisky suites 
(Solovieva 1985; Solovieva et 01. 1985a,b). 

The base of the Russian Late Carboniferous, at the 
base of the Kasimovian, is marked by the first 
appearance of Prorriticites. This is an important 
tie-point for the base of the Missourian (the base of 
the Late Pennsylvanian), and the base of the 
Xiaodushanian Stage of China. It also corresponds 
to the base of the Streptognathodus oppletus Zone. 
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The intensive study about the Gzhelian-Asselian 
boundary has been discussed previously under the 
Carboniferous-Permian boundary. In this chart the 
base of the Permian System is taken at the base of 
the Russian boundary stratotype at the base of the 
Asselian Stage. 

USA; Columns 5,6 

The two-fold Carboniferous scale of the USA 
(columns 5,6) consists of Mississippian (Weller et 
al. 1948) and Pennsylvanian (Moore et al. 1944). 
Column 5 shows the four provincial series of the 
Mississippian established for the Upper 
Mississippi Valley, with a number of stratigraphic 
breaks (e.g. between the Kinderhookian and the 
Osagean, within the Osagean) that are often 
difficult to correlate both within USA and 
elsewhere. The redefined Osagean-Meramecian 
boundary for the type Meramecian follows 
Kammer et ai. (1991:46). The position of the base 
of the Chesterian series is defined at the base of the 
Ste Genevieve (after Maples & Waters 1987). 
Midcontinent (Arkansas) and Appalachian 
representatives of the Mississippian are depicted in 
column 6. 

The Pennsylvanian (Morrowan-Virgilian) 
succession of the Illinois Basin (column 5) is 
correlated with the Silesian of western Europe on 
the basis of miospores (peppers 1984); the 
Midcontinent (Arkansas) type section of the 
Morrowan (column 6) is correlated with European 
sections on miospore (Loboziak et al. 1984; 
Owens et al. 1984), ammonoid (Manger & 
Saunders 1980, Saunders & Ramsbottom 1993) 
and conodont evidence (Lane et al. 1985a); and the 
Appalachian subdivisions of the Pennsylvanian 
stratotype (column 6) are correlated with the 
Silesian of western Europe on the basis of plants 
(Englund et al. 1985). 

The term Atokan is used in the restricted sense, 
after Shaver (1984). Two distinctly differing 
opinions concerning the international correlation of 
the Atokan/Morrowan boundary have been 
summarised by Manger & Sutherland (1991), and 
are shown both in the Chart and Figure 1. The 
correlation based on ammonoid and conodont 
evidence differs Significantly from that based on 
foraminifers. Ammonoid and palynomorph 
evidence suggest that the Atokan/Morrowan 
boundary in Arkansas is within the Westphalian A 
Stage (Ramsbottom et at. 1978; Loboziak et at. 



1984). This view is supported by the conodont 
evidence, both in Arkansas (Lane et al. 1985a,b) 
and in the Cordilleran sections. There the base of 
the Atokan is drawn at the base of Zone 21 of 
Marnet's foraminiferal scheme, which is thought to 
coincide with the first appearance of the ammonoid 
Winslowceras, and the conodont Diplognathodus. 
The base of the Atokan (sensu Groves 1988), i.e., 
the base of Mamet Zone 21 (see Fig. 1), is at an 
older level, at the base of the Pseudostaffella 
antiqua Zone, near the base of the Akavassky of 
the Urals. Because the base of the P. antiqua Zone 
is now thought to approximate to the base of the 
Marsdenian of Britain (Winkler Prins 1991, p. 303; 
Wagner & Winkler Prins 1991), it follows that this 
is an alternative position for the Atokan/Morrowan 
boundary. 

Post-Vi rgilia n units are shown for Kansas (column 
5), Texas and the Appa.lachian Basin (column 6). 
Correlation of these follows Wilde (1975, 1984, 
1990) and Baars et al. (1992), who redefined the 
Permsylvanian/Pemiian boundary in Kansas, by 
extending the Virgilian up 10 the first appearance 
of Early Pennian conodonts and inflated 
schwagerinids of Ihe Pseudoschwagerina biozone 
at the base of the Neva Limestone (within the 
Council Grove Group). In this chart the base of the 
Permian System in North America is taken at the 
base of the Pseudoschwagerina uddeni Zone in the 
Neal Ranch Formation of Texas, at the base of the 
Wolfcampian Series (sensu Ross 1963). 

Biostratigraphy 

Northern Hemisphere biozones 

Ammonoidea; column 7 

The major ammonoid genozones are shown, after 
Ramsbottom & Saunders (1984), with 
modifications to accommodate the Goniocyclus­
Protocanites Zone of Kullmann et al. (1991) for 
the middle Toumaisian (Tn2), and the Visean 
zones after Riley (I 990a,b; 1991, 1993). 

Foraminiferida (Former USSR); column 8 

Foraminiferid zonations of the former Soviet 
Union are based 011 Rotai (1979), Lipina & 
Reitlinger (1970), Lipina & Tschigova (1979), 
Vdovenko et al. (1987), Davydov (1988) and 
Davydov et al. (1992). 

16 

Foraminiferida (North America & Fonner USSR); 
column 9 

Marnet's global foraminiferid Zones 3-23 (Mamet 
1974) are shown in column 9. These are 'inferred 
Marnet zones' as recalibrated against the 
Mississippi Valley formations by various authors 
(e.g. Baxter & Brenckle 1982; Brenckle et al. 
1974, 1982). Above this is shown Wilde's (1984) 
fusulinid zonation for the latest Carboniferous­
earliest Permian sequences of North America and 
the former Soviet Union. 

Foraminiferida (USA); column 10 

The Mississippian zonations are mainly based on 
Baxter & Brenckle (1982), Brenckle & Groves 
(1986), and Marnet (1974). The first appearance of 
tuberculate foraminifers (Brenckle 1991) is an 
unsuitable marker for the Kinderhookian/Osagean 
boundary, because their occurrence is sporadic and 
probably diachronous in relation to the 
siphonodellid zonations between the Midcontinent 
and the Cordillera (Brenckle & Groves 1986; 
Webster et al. 1993). Groves (1988), by examining 
the calcareous foraminifers of the Bashkirian 
stratotype, established an approximate correlation 
between the base of the Pseudostaffella antiqua 
Zone and the base of Mamel's Zone 21 (base of 
Atokan in Texas). The Desmoinesian fusulinid 
zonation is after Douglass (1987), which in toto, 
probably represents Mamet's undefined Zone 23. 
Above this the Missourian, Virgilian, post­
Virgilian and Wolfcampian fusulinid zonations are 
taken from Wilde (1975, 1984). 

Conodonts (USA); column 11 

This column gives a composite conodont zonation; 
the Kinderhookian and Osagean is after Sandberg 
et al. (1978) and Lane et al. (1980); the Meramec­
ian and Olesterian is after Collinson et al. (1971); 
and the Pennsylvanian is after Lane et al. (1971), 
Lane & Straka (1974), and Menill (1975). 

Conodonts (western Europe, former USSR); 
column 12 

The Hastarian part of the column is after Paproth et 
al. (1983), the Ivorian to Warnantian part is after 
Conil et al. (1991). More detail on how the 
Dinantian conodont zones tie in with the 
Australian Carboniferous conodont zonation is 
given in Figure 2. The Namurian zonation follows 
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that of Higgins (1985). which is a modification of 
earlier schemes (Higgins 1975, 1981). The 
remaining zonation from Moscovian to the earliest 
Pennian (Asselian) is after Movshovich et al. 
(1979), Chernykh & Reshetkova (1987), Wang 
(1991) and Nemirovskaya (in Winkler Prins 1991). 

Radiolaria (Germany, USA, Russia); column 13 

The Early Carboniferous part of the radiolarian 
biozonation follows that proposed by Braun & 
Schmidt-Effing (1993) for the Rheinisches 
Schiefergebirge, which is a modification of earlier 
schemes (Braun 1991, Braun & Gusky 1991). The 
right-hand side of the Early Carboniferous part of 
the column depicts the Albaillella zonation of 
Cheng (1986, fig. 3), based on the Ouachita 
successions in Arkansas and Oklahoma. Both 
zonations have been calibrated against selected 
conodont zones and events, which have been tied 
into North American and European stages. The A. 
paradoxa group first appears in the Upper 
duplicata Zone (Le .. Tnlb) in North America, 
which is somewhat earlier than in Gennany 
(Lower crenulata Zone; i.e., Tn2a), as reported by 
Braun & Schmidt-Effing (1993). In the present 
paper, the older event is taken as the base of the A. 
paradoxa Zone (= Ab2A Zone of Cheng, 1986), 
and is thus depicted in the Chart (column 13). The 
uppennost Albaillella zone (A. nazarovi Zone) is 
defmed at the base by the fi rst appearance of the 
named species, and A. pennata in the uppermost 
Brigantian (P2) stage. The top of the zone remains 
to be established, but it is at least as high as the 
Kinderscoutian (Rl), and the zone appears to be 
the equivalent of the Albaillella - 3 assemblage of 
Holdsworth & Jones (1980). 

The Late Carboniferous-earliest Pennian 
(Moscovian-Asselian) part of the zonation is after 
the broad Palaeozoic radiolarian associations of 
Nazarov & Onniston (1985, fig. 7) from Russia. 

Megaflora; columll 14 

The megal10ral zonation for Europe follows 
Wagner (1984) and the small emendment made by 
Wagner & Winkler Prins (1985), who correlated 
the base of the Odontopteris cantabrica Zone with 
base of the Cantabrian Stage, at the base of the 
Villanueva Marine Fomlation in the boundary 
stratotype section at Velilla de Tarilonte, Palencia, 
Spain. 
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Microflora; column 15 

The microfloral zonation for the Northern 
Hemisphere is based on Owens (1984) and Peppers 
(1984). 

Selected Nonhern Hemisphere biochronologic tie­
points 

Several biochronologic tie-points, based on first 
appearance data (FAD) of an individual taxon or a 
zone, have been used for international correlation 
of the Carboniferous. Three of particular 
importance for the correlation of the Australian 
Carboniferous are listed below. 

1) FAD of the· Siphon odella sulcata Zone, which 
defines the Devonian-Carboniferous Boundary 
(DCB). 

2) FAD of the Gnathodus bilineatus Zone, which 
is taken at the base of V3b-beta (FAD of Cf6-beta 
foraminiferid zone) of the Belgian scale by Conil 
et al. (1991). Riley (1993) placed this datum at a 
slightly younger level, at the base of the B2a 
(Goniatites hudsoni) Zone and the ef6-gamma 
foramini-ferid zone. The older level is accepted 
here because Gn. bilineatus is recorded in CuII­
delta goniatite zone (Weyer 1972), below CuTII­
alpha, the base of which is correlated by Riley 
(1993) to the base of the Go. hudsoni Zone. The 
presence of Gnathodus bilineatus in the the Early 
Carboniferous of eastern Australia is important 
because of its first appearance at the base of the 
Gnathodus texanus-G.bilineatus Zone, which also 
marks the base of the Marginirugus barrington­
ensis brachiopod zone (Roberts et aZ. 1993c). 

3) FAD of monosaccate pollen, which is indic­
ative of the base of the Namurian (Clayton et al. 
1991), also marks the base of the Spelaeotriletes 
ybertii and S. queenslandensis microfloral 
Assemblages in Australia (Jones & Truswell 
1992), and probably the base of the Ancistrospora 
Assemblage (Azcuy & Jein 1980) in Argentina. 

Selected Australian biozones 

Conodonts; column 16 (See also Figure 2; Figure 
3, column 4) 

Conodonts are now a widely used key group for 
international correlation. In Australia, 
Carboniferous conodonts were first discovered in 



the Bonaparte Basin (McWhae et al. 1958; 
Glenister 1960), and their biostratigraphic 
significance was discussed by Jones & Druce 
(1966). Full taxonomic documentation was later 
provided by Druce (1969). Subsequent studies on 
Lower Carboniferous conodont faunas in Western 
Australia were concentrated in the Canning Basin 
(Nicoll & Druce 1979). Other faunas were also 
described from eastern Australia (Druce, 1970; 
Jenkins, 1974; Webb, 1977; Pickett, 1981, 1994; 
Mory & Crane, 1982). Earlier summaries and 
review compilations have been provided by Jones 
et al. (1973), Druce (1974), Jones & Roberts 
(1976), Nicoll & Jenkins (1985) and Jones (1991). 

Apart from the descriptions of small faunas from 
Queensland (Druce, 1970; Webb, 1977; Pickett, 
1981), the first major work on Carboniferous 
conodont faunas from eastern Australia was the 
conodont zonation proposed by Jenkins (1974) for 
New South Wales. Jenkins (1974) summarised a 
succession of seven conodont faunas and proposed 
six informal biostratigraphic zones above the 
lowest fauna, which was characterised by 
Siphonodella. Suhsequently Mory & Crane (1982) 
developed a siphonodellid zonation which could be 
tied into international siphonodellid schemes (e.g. 
Sandberg et al. 1978). Zonations based on 
Siphonodella have also been recognised in 
Western Australia (Druce 1969, Nicoll & Druce 
1979), but siphonodellids appear to be poorly 
represented compared to those from eastern 
Australia. 

In this column (also Figure 2), the base of the 
Gnathodus pUnCfaflfS Zone of Jenkins (1974) is 
correlated with the base of the Polygnathus 
communis carina Zone at the base of the Ivorian 
Stage (Tn3a) of Belgium. In terms of standard 
conodont zonations, this horizon corresponds to 
the base of the Lower typicus Zone of Lane et al. 
(1980), and to the base of the cuneiformis Zone of 
Belka & Groessens (1986). This differs from the 
earlier suggestion (Jones 1991) that the Gnathodus 
punctatus Zone of Jenkins 1974 should be 
correlated with the uppem10st siphonodellid zone 
(Gnathodus pUllctatus [Cc I-gamma] Zone), at the 
top of the Hastarian Stage (Tn2c) of the scheme of 
Paproth et at. (1983, table 2). Thus the correlation 
of the G. punctatlls Zone of Jenkins (1974). in the 
present chart, returns to that of Mory & Crane 
(1982, fig. 7). 

Jenkins et af. (1993) have described the cono-dont 
sequence of the V isean rocks above the 
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Scaliognathus anchoralis Zone in the New 
England Orogen, New South Wales, and the Yarrol 
Orogen, Queensland. This paper has an important 
bearing on the Early Carboniferous biochronology 
of eastern Australia, and the results of this 
research, have been used in several papers prior to 
its publication (e.g. Jones, 1991; Roberts et al. 
1993a,b). Four conodont biozones are established 
above the Scaliognathus anchoralis Zone. These 
Visean zones have been previously referred to, in 
ascending order. as Zones 1, 2, 3, and 4 in Jones 
(1991) and Roberts et ai. (1993b,c). The three 
lower zones are based on the ranges of species in 
the Patrognathus-Montognathus lineage, and the 
fourth zone is based on speCies unrelated to this 
lineage (Gnathodus texanus and G. bilineatus). 

The lowest biozone (Patrognathus conjunctus 
Zone) corresponds to the lower part of the informal 
Patrognathus? capricornis Zone of Jenkins (1974). 
It is marked by the first appearance of the named 
species which, in northern NSW. follows closely 
on the Scaliognathus anchoralis Zone. The 
informal Pseudopolygnathus cf. nodomarginatus 
Zone of Jenkins (1974) corresponds to the upper 
part of the anchoralis Zone, and is now regarded 
as a local teilzone (Jenkins et al. 1993). Taxa that 
first appear in the top of the Scaliognathus 
anchoralis Zone and pass into the Visean, include 
Gnathodus sp. B of Jenkins (1974), Polygnathus 
bischoffi and Gnathodus subbilineatus. 

The base of the Mof1tognathus semicarinatus Zone 
(Zone 2) is taken at the lowest abundant 
appearance of the eponymous species, disregarding 
rare occurrences of Montognathus semicarinatus in 
the conjunctus Zone. Important taxa include new 
species of Ade(ognathus (A. taphrognathoides and 
A. cannindahensis). Difficulties in detennining 
precise correlations at this level because of the 
endemic nature of the Australian conodont faunas 
are discussed in detail by Jenkins et al. (1993). The 
extinction of Polygnathus bischoffi in the lower 
part of the zone may indicate on the known 
European range of the species, that the base of the 
zone lies within the lower (Vlb) part of the 
Arundian. 

The base of the Mof1tognathus carinatus Zone is 
considered to approximate to the base of the 
Holkerian (Roberts et al. 1993c). Important taxa in 
this zone include the nominate species, Gnathodus 
girtyi, Lochriea commutata, and new species 
belonging to Adetognathus (A. subunicornis), and 
Mestognathus (M. convexus). 

• • • • • • 
• • • 
• • 
• • 
• • • • • • • • 
• • • • • 
• • • • • • 
• 
• 



• 
• • 
• 
• • 
• • • 
• • 
• • • • • 
• • • • • • • • • • • • • • • • • • 

The base of the Gilathodus texan us - G. bilineatus 
Zone is characterised by Gnathodus bilineatus 
(Roundy), and G. texallUS Roundy (sensu stricto, 
as revised by Jenkins et al. (1993). The first entry 
of G. bilineatus in western Europe establishes an 
early Asbian age for this level. The top of this 
zone contains Rhachistognathus prolixus 
Baesemann & Lane 1985, a species reported by 
Higgins et al. (1991) from the Gnathodus girtyi 
collinsoni and G. cf. texanus Zones of western 
Canada, indicating a Brigantian age. Jenkins et al. 
(1993) demonstrated that R. prolixus first appears 
in Australia in rocks equivalent to a topmost V3c 
or E1a age. On this basis, the Gnathodus texanus -
G. bilineatus Zone is topmost Visean and may 
extend into the early Namurian. 

The youngest known conodonts in the 
Carboniferous of Australia were described by 
Palmieri (1969) from the Murgon district, 
southeastern Queensland (for comments, see Jones 
et al. 1973; Druce 1974: Lane & Straka 1974; 
Jones & Roberts 1976, and Nicoll & Jenkins 
1985). Palmieri's samples contained poorly 
preserved faunas, possibly of different ages, 
ranging from early Namurian to early Westphalian. 

Brachiopods; columns 17, 18 

The history of biostratigraphic research on eastern 
Australian Carboniferous brachiopod faunas has 
been summarised by Roberts (1975, 1985a). 
Brachiopods are well-represented in the 
Carboniferous marine shelf sediments of Australia, 
and are distributed over a wide range of 
lithologies. Marked changes in faunal composition 
through time have proved the utility of the group 
for biostratigraphic studies and correlation in 
eastern and Western Australia. Two zonal schemes 
based on brachiopods have been established: one 
for the New England and Yarrol Orogens and the 
Broken River Embayment of eastern Australia 
(Roberts 1975): the other for the Bonaparte Basin 
of northwestern Australia (Roberts 1971; Thomas 
1971). Some of the zones established for the 
Bonaparte Basin can be identified in other basins 
in Western Australia (Canning and Carnarvon 
Basins), but detailed work is needed to determine 
whether all the zones can be generally applied 
throughout the Slate. Both brachiopod schemes 
were used, together with conodont zones in 
Western Australia, in the correlation of the 
Carboniferous System of Australia (Jones et al. 
1973). Differences hetween the composition of the 
brachiopod faunas in eastern and Western 
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Australia have been explained either as two 
zoogeographic provinces, caused by geographic 
isolation (Roberts 1971), or by envirorunental 
factors related to the abundance of carbonates in 
the west and of volcanogenic clastics in the east 
(Runnegar & Campbell 1976). A recent study of 
benthic marine communities in the Rhipidomella 
fortimuscula Zone (Lave ring 1993) shows scope 
for further work on the Carboniferous brachiopod 
succession, in terms of community associations 
and ecostratigraphy. 

Roberts et al. (1993c) in a recent review of the 
international significance of the brachiopod, 
ammonoid, conodont and foraminiferal evidence 
from the Early Carboniferous of eastern Australia, 
have resolved most of the apparent anomalies 
between the distribution of conodont and 
brachiopod zones (Jones 1991). Recent conodont 
evidence (Jenkins et al. 1993) supports the 
correlation of the boundary between the Zones of 
Marginirugus barringtonensis and Levipustula 
levis within the early Namurian Pendleian Stage 
of Britain (Roberts et ai. 1976). However, there 
still remains the age problem of the top of the 
Levipustula levis Zone. The surprisingly young 
(permian) isotopic ages reported for this level in 
the Southern New England Orogen (Roberts et al. 
1993b) dated tliin sills, rather than erupted units, so 
the younger ages do not constrain the 
biostratigraphy. Although this level cannot be 
dated precisely, recent work suggests that it is 
unlikely to extend above the Namurian (Roberts et 
al. 1995). 

In Queensland, the Levipustula levis Zone is 
followed by the younger Auriculispina levis Zone, 
within the Neerkol Formation. The A. levis Zone 
was originally introduced by Engel (1975:603) as 
the Cancrinella levis Zone for the association of 
the eponymous brachiopod species and the 
bryozoans Septatoporajlemingi and S. pustulosa. 
In the type locality, in the Stanwell-Ridgelands 
district of central Queensland, Fleming (1969:264) 
recognised two faunal units within the Neerkol 
Formation, a lower one characterised by 
Levipustula levis, and an upper one characterised 
by Cancrinella levis. The Neerkol Formation is 
separated from the overlying Dinner Creek 
Conglomerate (with a Glossopteris flora) by a 
strong, erosional unconformity. 

A few remnant species from the L. levis Zone 
persist through most of the sparsely fossiliferous 
Rands Formation, and are followed in the upper 



part of that unit (sensu Dear et at, 1971:36) by the 
Auriculispilla levis Zone. The basal conglomerate 
of the overlying Burnett Formation (sensu Dear et 
aZ. 1971) with the Eurydesma fauna probably 
marks a hiatus, comparable with the erosional 
unconfonnity in the Rockhampron area (Fleming 
1969), that separates the upper Neerkol Formation, 
the type locality for the Auriculispina levis Zone 
(Engel 1975), from the overlying Dinner Creek 
Conglomerate with a Glossopteris flora, indicative 
of a Permian age. Although the hiatus may not 
necessarily be of the same magnitude, this 
tectostratigraphic comparison, and the fact that the 
Auriculispina levis Zone contains Carboniferous 
rather than Pem1ian bryozoans (Engel 1989), 
indicates that the zone is more likely to be at the 
older (Namurian/Westphalian) limit of its total 
possible age range. 

Ostracoda; columll 19 

These microfossils are of proven biostratigraphic 
value in exploration for fossil fuels in the 
Carboniferous of North America, western Europe, 
USSR, and China (Sohn & Jones 1984). They were 
first used for this purpose in Australia in the late 
1950's, when the first evaluations of the 
biostratigraphic use of this group were carried out 
to provide correlations of Carboniferous and Late 
Devonian rocks encountered in petroleum 
exploration wells in the Canning and Bonaparte 
Basins, Western Australia (Jones 1958, 1959, 
1961. 1962a,b,c), So far the taxonomic description 
of these extensive assemblages is limited to 
eridostracans (Jones 1962c, 1968). and a formal 
taxonomic documentation of Carboniferous 
ostracods from the Bonaparte Basin (Jones 1989). 

The ostracod scale given in column 19 is internally 
controlled by conodont and foraminiferid 
zonations within the Bonaparte Basin, and is also 
calibrated against the Dinantian time-scale by these 
means, and by cognate and conspecific ostracod 
species (Jones 1989), To date. the older three 
assemblages. of early and middle Tournaisian age, 
have been recognised in the Laurel Formation of 
the Canning Basin. The alphabetic notation refers 
to a provisional ostracod scale set up for the 
Bonaparte and Canning Basins (Jones 1974). 

Radiolaria; column 20 

Despite the recot.-rnition of radiolarians in 
Palaeozoic rocks [rom [he New England Fold Belt 
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last century (David & Pittman. 1899) and the 
detailed description of a well-preserved and varied 
Middle Devonian fauna (Hinde 1899), studies of 
Carboniferous Radiolaria did not start in this 
region until the late 1980's (e.g., Isruga et al. 1988; 
Aitcruson 1988b,e,d). Apart from those reported 
from the New England Fold Belt, which includes 
the Neranleigh-Femvale beds in the Brisbane area 
(Aitchison 1988a), no Carboniferous radiolarians 
have been recorded from elsewhere in Australia. 
Thus. the study of the biostratigraphy of 
Carboniferous Radiolaria in Australia is still at an 
early stage, and until recently, the New England 
assemblages were calibrated against the 
preliminary Late Devonian to Permian radiolarian 
zonation of Holdsworth & Jones (1980). 

Over the last five years radiolarian age data have 
contributed towards the interpretation of the 
complex geological history of the New England 
Fold Belt (Aitchison 1989, 1990, 1993; Aitchison 
& Flood 1990). Aitchison (1993) has recently 
introduced a radiolarian biostratigraphy for the 
Late Devonian-Early Carboniferous, consisting of 
ten assemblages, seven of which are within the 
Early Carboniferous. He noted that the presence of 
the Albaillella paradoxa group in rus 
Protoalbaillella anaiwanensis assemblage 
indicated that this fauna can be assigned to the 
Ab2A assemblage zone of Cheng (1986). This 
suggests that the Protoalbaillella anaiwanensis 
assemblage is equivalent to an early part of the 
Albaillella paradoxa Zone in North America. It 
also supports the correlation depicted in Cheng 
(1986, fig. 3), which shows the first appearance of 
the A. paradoxa group earlier in North America, 
than in Gennany (see notes for column 13). 

Plant macrofossils; column 21 

Most accounts of the Carboniferous macro floral 
succession in Australia (e.g., Gould 1975; 
Retallack 1980; Morris 1975, 1985; Rigby 1985; 
White 1986), including the first report by 
Feistmantel (1890), have concentrated on those of 
eastern Australia, mainly from the Southern New 
England Orogen (SNEO). Here, the Leptophloeum 
australe flora of the Late Devonian is succeeded 
by the early Tournaisian Lepidodendropsis flora. A 
report by Jones et al. (1973) that L. australe is 
interbedded with marine brachiopods of the middle 
Tournaisian Spirijer sol Zone in the Myall region, 
NSW, has been negated by later work (Roberts et 
ai. 1991c). The so-called Lepidodendron flora of 
Morris 1975 (or more appropriately 
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Lepidodendropsis or Sublepidodendron, according 
to Rigby 1973) ranges from the sol Zone to the 
earliest part of the lower subzone (/. elegans) of 
the Delepinea aspinosa brachiopod Zone (Tn2a­
V1b). The Pitus flora of Morris (1975), which 
consists of silicified logs of P. sussmilchU, appears 
to range throughout the remainder of the aspinosa 
Zone in the SNEO (Roberts et af. in press); 
however, according to Gould (1975) the Pitus flora 
does not have the biostratigraphic significance 
implied by Morris, and he quotes a possible 
younger record from the Clifden Formation 
(Walkom 1928) in the northern part of the SNEO. 

The Nothorhacopteris argeminica flora has been 
previously interpreted as entirely Late 
Carboniferous in age. However, its earliest 
defInite appearance (as the "enriched 
Nothorhacopteris nora" of Morris, 1985) in the 
upper Mount Johnstone Fonnation near Paterson, 
has now been shown, on the basis of zircon-dating 
(Roberts et al. 1995; in press), to be as old as late 
Visean (V3b). This enriched flora, also known as 
the Sphenopteridium flora (Gould 1975; Retallack 
1980) and the Fedekurtzia intermedia flora (Rigby 
1985), appears to hc present throughout most of 
the range of Nothorhacopteris argentinica 
(Roberts et al. 1995). 

Retallack (1980) recognised a Botrychiopsis 
megafossil florulc in rocks containing the 
Potonieisporites or Stage 1 Assemblage (Kemp et 
af. 1977), a palynological assemblage which is 
now correlated with Biozone D of the Galilee 
Basin sequence (Jones & Truswell 1992). 
According to Rigby (1985), this plant assemblage, 
which he named thc BOfl)'chiopsis ovata 
assemblage, succeeds that of Nothorhacopteris 
argentinica. The Borr.vchiopsis ovata plant 
assemblage (previously known as the 
Gondwanidium asscmhlage of Rigby 1973), is 
present in the Sea ham Fom1ation at Lochinvar in 
the SNEO. Stratigraphically, it succeeds the 
Sphenopteridium norulc, and is followed by the 
Pennian Gangamopteris norule (of Retallack 
1980). The BotJychiopsis ovata and 
Gangomopteris floras are separated in the SNEO 
by a strong erosional unconformity, which 
represents a hiatus of about 15 Ma (Roberts et al. 
1995). 

Plant microfossils; columll 22 

Since Carboniferous plant microfossils were first 

21 

reported from Australia (Balme 1960), they have 
proven to be widely distributed, and of 
considerable stratigraphic value. Key references 
include Playford & Helby (1968), Playford (1971, 
1972, 1976), Kemp et al. (1977), Powis (1979) and 
Truswell (1980). Balme (1980) discussed 
palynological evidence bearing on the 
Carboniferous-Penni an boundary problem in 
Gondwana sequences, and Playford (1985, 1991) 
reviewed Early·Carboniferous palynomorphs from 
Australia. The summary zonation (column 22) is a 
composite attempting to integrate western and 
eastern Australian sequences. More confidence is 
placed in the lower part of the column, which is 
founded on detailed taxonomic work (Playford 
1971, 1972, 1976; Playford & Satterthwait 1985, 
1986, 1988) from the Bonaparte and Canning 
Basins in Western Australia. These broad zones 
are also identified in the Early Carboniferous of 
eastern Australia, for example in the Drummond 
Basin (Playford, 1977, 1978). Foster (1989) has 
recently introduced a new zone, the Grandispora 
cf. G. praecipua Zone, situated between the 
Grandispora spiculijera and the 
Anapiculatisporites largus Zones based on 
material from the offshore Bonaparte Basin. 

The post-maculosa part of the zonation follows the 
recent work by Jones & Truswell (1992) in the 
Galilee Basin, where four Late Carboniferous 
palynofloral zones (A-D) were recognised, being 
approximately· equivalent to the S. ybertii and 
Potonieisporites Assemblages of Kemp et al. 
(1977). As the first appearance of monosaccate 
pollen in the earliest Namurian (Cayton et al. 
1990) also defines the base of the S. ybertii 
Assemblage, it follows that the base of the oldest 
biozone (Zone A) of Jones & Truswell (1992) is 
also earliest Namurian. Jones & Truswell (1992) 
estimated that the youngest zone (Zone D) lay 
within the range Westphalian D to Late Autunian. 
This biozone may be as old as Westphalian C, 
given the similarities between its palynofloras and 
those in the Seaham Fonnation of the Hunter 
Valley, which from zircon data is unlikely to be 
younger than about 309 Ma (Roberts et al. 1995). 
Also, in view of the erosional unconfonnity 
between the Carboniferous and Pennian sequences 
in the Yarrol Basin, Queensland, Zone D may be 
no younger than Westphalian C. 

Playford (1986) has published the only account, to 
date, of megaspores from the Australian 
Carboniferous .. He reported that they are rarely 
encountered and fragmentary in the Carboniferous 



of Australia, mostly in marine sequences examined 
for miospores and pollen. At present, megaspores 
are not important for biostratigraphic studies in the 
Australian Carboniferous, but increased knowledge 
of these larger palynomorphs could be of 
palaeobotanical, if not stratigraphical significance. 

Correlation with Argentina: columns 23-26 

The marine invcnebratc, megaforal and 
microfloral zonations from Argentina are after 
Gonzalez (1985, 1989, 1993) Tabodada (1989), 
Archangelsky et of. (1980), and Azeuy et al. 
(1991). The hiatus si1ov,:n for the late Famennian 
and most of the Toumaisian represents the 
Devonian-Carboniferous unconformity related to 
the Eo-Hercynian orogeny in southern South 
America (Lopez-Gamundi & Rossello 1993). In 
the Calingasta-Uspallata basin, floodplain deposits 
in the El Raton Fonnation contain the Visean flora 
of the Archeosigillaria-Lepidodendropsis Zone (= 
the AL Zone of Sessarego & Cesari 1989). An 
unnamed micronoral association within the AL 
Zone are thought to share species in common with 
the Grandispora n7aculosa and Anapiculatisporites 
largus Assemblages of Australia (Sessarego & 
Cesari 1989). The AL Zone is also present in the 
Maliman Forn1ation of the Rio Blanco Basin, 
which contains marine interbeds with 
representatives of the "Protocanites"-Rosirhynchus 
Zone of Gonzalez (I 993). The "Protocanites" 
ammonoid fauna, known from only one locality, is 
considered to be late Tournaisian (Gonzalez 1985); 
however, according to Kullmann (1993) the 
specimen figured by Antelo (1969) as 
Protocanites, may belong to the early Visean 
genus Michiganites. 

The major glacial episode in the Carboniferous of 
Argentina is represented by the San Eduardo 
Group (El Paso and Hoyada Verde Fonnations) in 
the Calingasta-Uspalla1a Basin. Gonzales (1990) 
recognised two glaciations in the El Paso 
Formation (EPt EPJI) which are separated by an 
interglacial period (lG), and a third within the 
Hoyada Verde Fonna1 ion (HV). An alternative 
interpretation of the glacial episode in the San 
Eduardo Group has been provided by Lopez­
Gamundi & Espejo (1993). Taboada's (1989) 
Rugosochonetes-Bulahdelia Zone, known from a 
single locality within the EPII glacial episode, 
contains species in common with, or closely 
comparable to, species in the Rhipidomella 
fortimuscula and Marginirugus barringtonensis 
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Zones of New South Wales. The Levipustula levis 
Zone is present in the HV glacial event in the 
Hoyada Verde Formation which is approximately 
synchronous with the onset of cold climate 
conditions in eastern Australia. Sessarego & cesari 
(1989) regarded the extremely sparse megaflora at 
this time as a "sterile interzone", which separates 
the AL Zone from the NBG Zone (see below). 

The L. levis Zone is succeeded by a warm water 
fauna (the "Intermediate fauna" which includes the 
Buxtonia-Heteralosia fauna) regarded as late 
Westphalian-Stephanian in age, as it is overlain by 
Early Pennian (Asselian) glacigene deposits and 
the Cancrinella aff.jarleyensis Zone (Gonzalez, 
1990; 1993). During this Late Carboniferous 
postglacial period, an important megaflora - the 
NBG Zone (Nothorhacopteris, Botrychiopis, 
Ginkgophyllum Zone) - was present in the coal 
seams and carbonaceous shales of the Tupe and 
Lagares Fonnations. Associated with the NBG 
zone are the AN (Ancistrospora) and PO 
(Potonieisporites) Palynozones of Azcuy & Jelin 
(1980), which are correlated with the 
Spelaeotriletes Assemblage and the 
Potonieisporites Assemblage of Australia 
respectively (Azcuy & Jelin 1980, Truswell 1980, 
Jones & TruswellI992). Thus the AN Palynozone 
may be as old as earliest Namurian, and age 
equivalent to the marine Levipustula levis fauna. 

The base of the Permian is taken at the upper limit 
of the NBG Zone, marked by the incoming of the 
Nothorhacopteris chubutiana - Gangamopteris 
Flora, and the base of the Cristatisporites Zone 
(palynozone III of Azcuy & Jelin 1980). The latter 
zone, in Australian terms, is equivalent to the 
Granulatisporites confluens Zone of Foster (Foster 
& Waterhouse 1988). 

Correlation with South China; columns 27-29 

The standard stratigraphic subdivision for the 
Carboniferous of China has been obtained from the 
South China region (Hunan, Guizhou and Guangxi 
Provinces), after Zhang (1987) and Wang (1987), 
with the mid-Aikuanian Event after Ji Qiang 
(1987). The Lower Carboniferous (Fengningian) is 
commonly divided into two series. the Aikuanian 
(Tournaisian) and Tatangian (Visean, Namurian) 
Series. Two competing levels for the top of the 
Tatangian are shown: i) defmed by the base of the 
Dewan Stage at the Visean-Namurian boundary, 
(Wu et ai. 1987), and ii) defined by the Luosuan 
Stage at the mid-Carboniferous boundary (Rui et 
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al. 1987). The Upper Carboniferous (Hutian) is 
commonly divided into two series, the Weiningian 
and Mapingian Series. The Weiningian consists of 
the Huashiban and Dalan Stages (Yang et aZ. 
1980). The base of the Huashiban Stage is defined 
by the entry of Pselidosfa!fella and Reticuloceras, 
indicative of Marsdenian; and the base of the 
Dalan Stage is defined by the incoming of 
ldiognathoides sulcatus parvus, indicative of late 
Westphalian A (Rui & Zhang 1991). The 
Xiaodushanian Stage, the base of which is marked 
by the incoming of Protriticites, was established 
by Zhou et al. 1987 for the lower part (M ontiparus 
and Triticites Zones) of the original Mapingian 
Stage (Yang et al. 1979). Zhou et al. 1987 
restricted the Mapingian Stage to the upper part 
(Pseudoschwagerilla-Zellia Zone) of the original 
Mapingian. that correlates with the Asselian stage 
of Russia. 

Other Groups not shown in Chart 

Mollusca (Ammonoids) 

Australian Carboniferous ammonoids are mainly 
from the eastern states, where they occur in at least 
16 different stratigraphic horizons (for a brief 
history of studies on this group see Campbell et al. 
1983; and Campbell in Roberts, 1985a). Glenister 
(1960) recorded a single species of lmitoceras 
from the Laurel Formation. in the Canning Basin 
of Western Australia. The stratigraphic distribution 
of all named Australian species from the Early 
Carboniferous (Dinantian) are plotted up in Fig. 4 
against the east Australian brachiopod scale as 
calibrated by the latest conodont zonation (Roberts 
et al. 1993c). European goniatite zones and Mamet 
foraminiferal zones are given for reference 
purposes. The oldest ammonoids in the Carbon­
iferous of eastern Australia [Protocanites 
planorbijomlis (Etheridge) and Pseudarietites 
ammonitiformis (Etheridge)] were collected from 
the Rockhampton district. Queensland (Etheridge 
1892; Whitehouse 1930). They are probably of 
early Tn2a age. and are the earliest representatives 
in the sol Zone (Campbell et at. 1983). The 
youngest Dinantian ammonoid in the Australian 
record is Beyrichoceras bootibootiensis in the 
barringtonensis Zone at the the base of the Yagon 
Siltstone (Campbell eT al. 1983). The youngest 
known Carboniferous ammonoid in Australia, 
Cravenoceras kllllarinellSe. occurs in the lower 
part of the Levipustula levis Zone in the Kullatine 
Formation of the Kcmpscy district, NSW. 
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Mollusca (Bivalvia, Gastropoda) 

Most descriptions of bivalve and gastropod 
molluscs has been presented within works 
describing other marine invertebrate groups, as 
part of the entire shelly fauna (e.g., Etheridge 
1890a,b, 1896, 1898, 1907; de Koninck 1898; 
Benson 1921; Campbell 1961, 1962; Roberts 1963; 
Campbell & Engel 1963; and Campbell & 
McKelvey 1971). However, studies solely 
concerned with these Carboniferous molluscs 
include those on gastropods by Maxwell (1961b) 
and more recently by Yoo (1988). As yet these 
groups have not been analysed to provide detailed 
biostratigraphic information. 

Trilobites 

Only one trilobite superfamily (the Proetacea) 
survived into the Carboniferous, but "there is a far 
greater abundance and diversity of forms than is 
usually realized, and in parts of the Carboniferous 
System trilobites can be as important as many 
other fossil groups" (Owens 1990, p. 96). This has 
been borne out by recent trilobite studies in Europe 
(e.g., Hahn & Hahn 1988; Osmolska 1970; 
Thomas et al. 1984; Owens 1986), and in eastern 
Australia (Engel & Morris 1975, 1980, 1983, 
1984, 1985, 1989, 1991a,b, 1992, 1994). For the 
Australian Carboniferous, species ranges for 
various genera have been documented (e.g., Engel 
& Morris 1985, table 2; 1990, tables 1-5), and the 
systematic work of these authors has provided a 
sound taxonomic basis on which to formalise a 
biostratigraphic scheme, although as yet no 
complete trilobite zonation has been put together. 

Corals 

Corals have been intensively studied in the 
Carboniferous of Australia, but in general have a 
more limited geographic and stratigraphic 
distribution than braChiopods (Campbell & 
McKellar, 1969), and no coral biozonations have 
been established. The group has been used for 
local correlation, but seldom has it been used for 
intercontinental correlation, and then only in 
general terms. Pickett & Wu (1990) have recently 
reviewed the biostratigraphic potential of the 
Carboniferous coral faunas of eastern Australia, 
and plotted a succession of five faunas within the 
framework of the brachiopod zonation. Recent 
systematic, biostratigraphic, and palaeoecological 



studies havc concentratcd on the Lower 
Carboniferous coral faunas in the northern Yarrol 
Basin (Webb 1988. 1990), and the Toumaisian 
corals of the Rocky Creek Syncline of northern 
New South Wales (Pickell 1994) . 

Foraminiferida and Algae 

Carboniferous foraminiferids from Australia were 
first reported from the Bonaparte Basin by Jones 
(1958), and have been described by Belford (1968, 
1970) and Mamet & Belford (1968). Mamet & 
Playford (1968) reported on foraminiferids from 
the Canning Basin. Works on Carboniferous algae 
from the west arc limited to Veevers (1970), and 
Mamet & Raux (1983) on material from the 
Bonaparte Basin. 

No zonations based on foraminifelids and algae 
have been proposed for the Australian 
Carboniferous. Hov/eycr. their biostratigraphic 
potential is shown by a few taxonomic studies 
which have pcnnittcd assignment to the global 
zonations established by Mamet (1974). The study 
of Australian Carboni Cerous algae by Mamet & 
Roux (1983) was mainly taxonomic, with no 
emphasis on the biostratigraphy. The results of this 
work need to bc put into a biostratigraphic context, 
but this has not been allempted here. 

In the volcanogenic provinces of eastern Australia 
there are few recorded occurrences of 
foraminiferids and algae. but where present they 
have proved biostratigraphically useful. For 
example, foramini felids and algae identified by 
B.L. Marner (in Roberts 1975) from the same 
limestones near the top of the Delepinea aspinosa 
Zone (Linoprotonia tellllirugosus Subzone) at 
Brownmore (section 85) sampled by Jenkins 
(1974) are from Mamet's zones 13 to 15 «(V2b­
V3b). Those identified by Mamet (in Roberts 
1975) from limestones in the lower part of the 
aspinosa Zone (lllf/aria elegalls Subzone) at 
Rouchel Brook (Roberts & Oversby 1974) are 
from Mamet' s zones 1 I to 12 (V 1 b--V2a) or 
perhaps younger. 

C onchostraca 

The Conchostraca are small branchiopod 
crustaceans with a non-mineralised bilaterally 
compressed shell. Post-Palaeozoic species appear 
to have lived in a lacustrine milieu as do extant 
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species; but some Palaeozoic species may have 
been adapted to brackish paralic environments. 
Like the Ostracoda, they are potentially good 
biostratigraphic and palaeoecologic indicators. To 
date, only two conchostracan faunas are known 
from the Carboniferous of Australia, both within 
the Lower Carboniferous. One is present in the 
subsurface Anderson Formation (Visean) in the 
Canning Basin, Western Australia (Tasch & Jones 
1979), and the other is present in the Raymond 
Formation (?late Tournaisian - early Visean) of the 
Drummond Basin, Queensland (Tasch 1979). The 
dominant taxa of both faunas are the leaiids 
(Hemicycloleaia and Rostroleaia), which are 
currently being revised by Jones & Chen (in prep.). 
An older occurrence of these leaiid genera in the 
Middle Devonian of South China (Shen 1978) 
suggests a probable source for the Lower 
Carboniferous taxa in the Canning Basin (Tasch 
1987). 

Vertebrates 

Fish faunas are not as well known in the 
Carboniferous as they are in the Devonian of 
Australia, and consequently they have not received 
the same biostratigraphic attention. However, there 
have been some important recent studies of 
Carboniferous fish from Victoria, and Queensland. 
In Victoria, the well known Lower Carboniferous 
(Tournaisian) Mansfield fauna (Smith Woodward 
1906; Hills 1958) has recently been redescribed by 
Long (1988, 1991), and the fish remains of the 
Grampians in western Victoria (Chapman 1917) of 
supposed Carboniferous age, have been shown to 
be Devonian. In Queensland, an extremely rich 
palaeoniscid and acanthodian fish fauna from the 
Telemon and Raymond Formations in the Narrien 
Range of the Drummond Basin was described 
(Turner & Long 1987; Turner 1993), together with 
crossopterygian remains (Fox, Campbell. Barwick 
& Long 1995). Early Carboniferous shark remains 
reported by Turner (1990) from the Rockhampton 
district, have been compared with those previously 
reported by Thomas (1959) from the Lower 
Carboniferous (Tournaisian) Laurel Fonnation in 
the Canning Basin of Western Australia. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • 
• 
• 
• 
• • 
• 
• 
• • 
• • • • 
• 
• • 
• • • • 
• • 
• • • 
• 
• • • • 

ACKNOWLEDGEMENTS 

Many colleagues have contributed infonnation and 
discussion, the results of which have been included 
in the charts and notes. I especially thank Professor 
Jolm Roberts (Univcrsity of NSW) for many 
discussions on the Carboniferous biostratigraphy 
of eastern Australia, and Dr Huw Jenkins 
(University of Sydney) for his advice on 
Carboniferous conodont biostratigraphy. I am 
indebted to my AGSO colleagues Dr J.M. Dickins, 
Dr Clinton Foster, Dr R.S. Nicoll and Dr Gavin C. 
Young for many hclpful comments on earlier 
versions of the chart and figures. 

REFERENCES 

AITCIDSON, J.e. ]988.1. Early Carboniferous 
(Tournaisian) Radiolaria from the Neranleigh - Fernvale 
Beds, Lake Manchester. Queensland, Australia 
Queensland Government Mining Journal 89, 240-241. 

AITCmSON. J.e. 19R8b. Kinderhookian Radiolaria 
from the Gundahl Complex. Anaiwan terrane, New 
England orogen. N.S.W.. Australia. In R. Schmidt­
Effing & A. Braun (Editors) Geologica et Palaeonto­
logica First International Conference on Radiolaria 
(EURORAD V) Abstracts. Marburg, Germany, 178. 

AITCIDSON, le. 198Rc. Lnte Palaeozoic radiolarian 
ages from the Gwydir terrane, New England orogen, 
eastern Australia. Geology 16(9),793-795. 

AITCmSON, J.e. 1988d. Radiolaria from the southern 
part of the New England Orogen. eastern Australia. In 
J.D. Kleeman (Editor) N('ll' England Orogen Tectonics 
and Metallogenesis University of New England, 
Arrnidale, Australia. 49-60. 

AITCmSON, J.e. 1989. Discussion: Radiolarian and 
conodont biostratigraphy of siliceous rocks from the 
New England Fold Belt. Australian Journal of Earth 
Sciences. 36(1),141-142. 

AITCmSON. J.e. 1990. Significance of Devonian­
Carboniferous radiolarians from accretionary terranes of 
the New England Orogen, eastern Australia. Marine 
Micropaleontology 15.365-378. 

AITCmSON, J.e. 1993. Alhaillellaria from the New 
England orogen, eastern NSW, Australia. In 
LAZARUS, D. & DE WEVER, P. (Eds), Interrad VI. 
Marine Micropaleontology 21. 353-367. 

25 

AITCmSON, J.C. & FLOOD, P. 1990. Early 
Carboniferous radiolarian ages constrain the timing of 
sedimentation within the Anaiwan terrane, New 
England orogen, eastern Australia. Neues lahrbuch jur 
Geologie und Paliiontologie, Abhandlungen, 180, 1-19. 

ANTELO, B. 1969. Hallazgo del genero Protocanites 
(Ammonoidea) en el Carbonifero inferior de San Juan. 
Ameghiniana 6, 69-73. 

ARCHANGELSKY, S., AZCUY, CL & PINTO, I.D., 
GONZALEZ, C.R., MARQUES TOIGO, M., 
ROSLER, O. & WAGNER, R.H. 1980. The 
Carboniferous and Early Permian of the South 
American Gondwana area: a summary of 
biostratigraphic . information. Actas IJ Congres 
Argentino de Paleontologia y Biostratigrafica y I 
Congreso Latinamen'canos Paleontologia, Buenos 
Aires, abril1978, 4, Simposio Carbonico-Permico, 257-
269. 

ARCHBOLD, N.W. & DICKINS, J.M. 1991. 
Australian Phanerozoic Timescales 6. Permian, a 
standard for the Permian System in Australia. Bureau of 
Mineral Resources, Geology & Geophysics, Record 
1989/36,1-17. 

AZCUY, C.L. 1985. Late Carboniferous 
paleogeography and stratigraphy of Argentina. Compte 
rendu lO-ieme congres International de Stratigraphie et 
de Geologie du Carbonifere, Madrid, 1983,4,281-293. 

AZCUY, C.L. & JELIN, R. 1980. Las Palinozonas del 
limite Carbonico-Permico en la Cuenca Paganzo.Actas 
IJ Congres Argentino de Paleontoiogia y Biostrati­
grafica y I Congreso Latinamericanos Paieontoiogia, 
Buenos Aires, abrii 1978, 4, Simposio Carbonico­
Permico, 51-67. 

AZCUY, Cl., SABATTINI, N. & TABOADA, A.C. 
1991. [imprint 1990]. Advances in the Lower 
Carboniferous zonation of Argentina. in BRENCKLE, 
P.L. & MANGER, W.L. eds, International correlation 
and division of the Carboniferous System. Courier 
Forschungsinstitut Senckenberg, 130,207-210. 

BAARS, DL. 1990. Permian chronostratigraphy in 
Kansas. Geology 18, 687-690. 

BAARS, DL., MAPLES, C.G., RITTER, S.M. & 
ROSS, C.A. 1992. Redefmition of the Pennsylvanian­
Permian Boundary in Kansas, Mid-Continent USA. 
International Geology Review 34(10), 1021-1025. 

BALl\1E, B.E. 1960. Notes on some Carboniferous 



microfloras from Western Australia. Compte rendu 4-
ieme congres fnfemalionai de Stratigraphie et du 
Geologie du Carbonifere, flecr/en, 1958, L 25-31. 

BALME, B,E. 1980. Palynology and the Carboniferous­
Permian boundary in Australia and other Gondwana 
continents. Palynologv 4. 43-55. 

BAXTER, l.W. & BRENCKLE. P.L. 1982. Preliminary 
statement on Mississippian calcareous foraminiferal 
successions of the Midcontinent (U.S.A) and their 
correlation to wqestern Europe. Newsletters on 
Stratigraphy 11(3).136-153. 

BAXTER,l.W. & VON BIITER. P.H. 1984. Conodont 
succession in the Mississippian of southern Canada. In 
SUTHERLAND. P.K. & MANGER. W.L. (eds) 
Biostratigraphy. Comfit!.' renda 9-ieme congres 
International de stratigraphie el de Geologie du 
Carbonifere. Washington and Champaign-Urbana, 
1979,2,253-264. 

BECKER, R.T. 1988. Ammonoids from the Devonian -
Carboniferous Boundary in the Hasselbach Valley 
(Northern Rhenish Slate Mountains). In FLAlS, G., 
FEIST, R., & ZlEGLER. W. (Editors), 1988, 193-213. 

BECKER, R.T. BLESS. M.1.M .. BRAUCKMANN, C., 
FRIMAN. L, HIGGS. K.D .. KEUPP, H., KORN, D., 
LANGER, W .. PAPROTH. E., RACHEBOEUF, P .. 
STOPPEL, D., STREEL. M .. & ZAKOWA. H. 1984. 
Hasselbachtal. the section hes! displaying the Devonian­
Carboniferous boundary bcds in the Rhenish Massif 
(Rheinisches Schicfcrgebirge). Courier 
Forschungsinstituf Sellckellherg, 67.181-191. 

BELFORD, D.J. 196R. Occurrence of the Genus 
Draffania Cummings in Western Australia. Bureau of 
Mineral Resources. Geology & Geophysics, Bulletin 92 
(3),49-52. 

BELFORD, DJ. 1970. Upper Devonian and 
Carboniferous Foraminifera. Bonaparte Gulf Basin, 
northwestern Australia. Bureau of Mineral Resources. 
Geology & Geophysics, BulleTin 108 (1), 1-38. 

BELKA, Z., & GROESSENS. E. 1986. Conodont 
succession across the Tournaisian-Visean boundary 
beds at Saler, Bclgium. Bullelin de fa Societe beige de 
Geologie 95(4), 257-280. 

BELT, E.S. 1965. Stratigmphy and paleogeography of 
Mabou Group and related Middle Carboniferous facies, 
Nova Scotia. Canada. Geological Society of America. 
Bulletin 76, 777-R02. 

26 

BENSON, W.N. 1921. A census and index of the Lower 
Carboniferous B urrindi fauna. Record of the Geological 
Survey of New South Wales 10(1),12-74. 

BLATCHFORD, T. 1927. Geology of portions of the 
Kimberley Division, with special reference to the 
Fitzroy Basin and the possibilities of the occurrence of 
mineral oil. Bulletin of the Geological Survey of 
Western Australia, 93,1-56. 

BOGUSH, 0.1. & YUFEREV, V.O. 1991. [imprint 
1990J. Foraminifers and problems at the Tournaisian­
Visean boundary in Siberia and Northeast U.S.S.R. in 
BRENCKLE, P.L. & MANGER, W.L. eds, 
International correlation and division of the 
Carboniferous System. Courier Forschungsinstitut 
Senckenberg, 130, 61-63. 

BOUROZ, A, & DOUBINGER, J. 1977. Report on the 
Stephanian- Autunian boundary and on the contents of 
Upper Stephanian and Autunian in their stratotypes. In 
HOLUB, V.M., & WAGNER, R.H. (Editors) 
SYMPOSIUM ON CARBONIFEROUS 
STRATIGRAPHY. Ustred. ustavu. Geol. 147-169. 

BOUROZ, A, EINOR, O.L., GORDON, M .• MEYEN, 
S.V., & WAGNER, R.H. 1978. Proposals for an 
International Chronostratigraphic Classification of the 
Carboniferous. Compte rendu 8-ieme congres 
International de Stratigraphie et de Geologie du 
Carbonifere, Moskva, 1975,1: General Problems of the 
Carboniferous Stratigraphy, Publishing House 'Nauka', 
36-69, Moscow. 

BRAUN, A. 1991. Radiolarien aus dem Unter-karbon 
Deutschlands. Courier Forschungsinstitut Senckenberg, 
133,1-177. 

BRAUN. A. & GUSKY, H.-J., 1991. Kieselige Sedi­
mentgesteine des Unterkarbon im Rhenoherzynikum -­
eine Bestandsaufnahme. Geologica et Palaeont%gica, 
25,57-77. 

BRAUN, A & SCHMIDT-EFFING, R.. 1993. 
Biozonation, diagenesis and evolution of radiolarians in 
the Lower Carboniferous of Germany. In LAZARUS, 
D. & DE WEVER, P. (Eds), Interrad VI. Marine 
Micropaleontology 21, 369-383. 

BRENCKLE, PL., 1991. [imprint 19901. Foraminiferal 
division of the Lower Carboniferous/Mississippian in 
North America. In BRENCKLE, PL. & MANGER. 
W.L. (editors). International correlation and division of 
the Carboniferous System. Courier Forschunginstitut 
Senckenberg 130, 65-78. 

• • • • 
• • • • • • • 
• • • • • 
• • • 
• 
• • • • • • 
• • • • • • 
• 
• 



• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • • 
• 
• 
• 
• 
• • 
• 
• 
• 
• • • • • 
• • 
• 

BRENCKLE, P.L. & GROVES, l.R. 1986. Calcareous 
Foraminifers from the Humholdt Oolite of Iowa: Key 
to Early Osagean (Mississippian) Correlations between 
Eastern and Westem North America. Palaios, 1: 561-
581. 

BRENCKLE, P.L.. LANE. H.R. & COLLINSON, C, 
1974. Progress toward reconciliation of Lower 
Mississippian conodont and foraminiferal zonations. 
Geology 2, 433-437. 

BRENCKLE, P.L., MARSHALL, F.C., WALLER, S.F. 
& WILHELM, M.H., 1982. Calcareous microfossils 
from the Mississippian Keokuk Limestone and adjacent 
formations, upper Mississippi Valley: Their meaning for 
North American and intercontinental correlation. 
Geologica et Palaeon/olosir:a 15,47-88. 

BRINKMANN. R. 1960. Geologic Evolution of Europe 
[translated from the German by l.E. Sanders], Enke 
Stuttgart, Hafner New York, 161 pp. 

BROWN, D.A., CAMPBELL, K.S.W. & ROBERTS, J. 
1965. A Visean cephalopod fauna from New South 
Wales. Palaeontology 7(4). 6R2-694. 

CAlvlPBELL. K.S.W. 1955. Phricodorhyris in New 
South Wales. Geological Magazine 92, 378-384. 

CAlvlPBELL, K.S.W. 1956. Some Carboniferous 
productid brachiopods from New South Wales. Journal 
of Paleontology 30.463-480. 

CAlvlPBELL, K.S.w. 1957. A Lower Carboniferous 
brachiopod-coral fauna from New South Wales. Journal 
of Paleontology 31, 34-9R. 

CAMPBELL, K.S.W. 1961. Carboniferous fossils from 
the Kuttung rocks of New South Wales. Palaeontology 
4(3),428- 474. 

CAMPBELL, K.S.W. 1962. Marine fossils from the 
Carboniferous glacial rocks of New South Wales. 
Journal of Paleontology 36{ 1),38-52. 

CAMPBELL, K.S.W .. BROWN, D.A., & COLEMAN, 
A.R. 1983. Ammonoids and the correlation of the 
Lower Carbonifcrous rocks of castern Australia. 
Alcheringa 7(2), 75-123. 

CAlvlPBELL. K.S.W., & ENGEL, B.A. 1963. The 
faunas of the Tournaisian Tulcumha Sandstone and its 
members in the Wcrric and Belvue Synclines, New 
South Wales. Journal of the Geological Society of 
Australia 10(1),55-122. 

27 

CAMPBELL, K.S.W., & McKELLAR, R.G., 1969. 
Eastern Australian Carboniferous invertebrates: 
sequence and affinities. In CAMPBELL, K.S.W. 
(Editor) 1969. Stratigraphy and Palaeontology. Essays 
in Honour of Dorothy Hill. Australian National 
University Press. Canberra, 77-119. 

CAMPBELL, K.S.W., & McKELVEY, B.C. 1972. The 
geology of the Barrington district, N.S.W. Pacific 
Geology 5, 7-48. 

CAMPBELL, K.S.W. & ROBERTS, J. 1969. 
Carboniferous. The faunal sequence and overseas 
correlation. In: G.H. PACKHAM (ED.). The Geology 
of New South Wales. Journal of the Geological Society 
of Australia, 16,261-264. 

CAREY, S.W. 1937. The Carboniferous sequence in the 
Werrie Basin. Proceedings of the Linnean Society of 
New South Wales, 62, 341-376. 

CAREY, S.W. & BROWNE, W.R. 1938. Review of the 
Carboniferous Stratigraphy, tectonics, and palaeo­
geography of New South Wales and Queensland 
Journal and Proceedings of the Royal Society of New 
South Wales 71,591-614. 

CHANG, K.H. 1975. Unconformity-bounded 
stratigraphic units. Bulletin of the Geological Society of 
America 86, 1544-1552. 

CHAPMAN, F. 1917. On the occurrence of fish remains 
and a Lingula in the Grampians, Western Victoria. 
Records Geological Survey of Victoria 4 (1), 83-86. 

CHENG, Y.-N. 1986. Taxonomic studies on Upper 
Paleozoic Radiolaria. National Museum of Natural 
Science, Special Publications 1, 311 pp., Taichung, 
Taiwan. 

CHERNYKH, V.V. & RESHETKOVA,N.P. 1987. The 
biostratigraphy and conodonts from Carboniferous­
Permian boundary deposits of the west slope of middle 
and south Urals. Sverdlovsk. Urals Science Centre, 
Academy Science. USSR, 1-50. 

CLAOuE-LONG, J.C., JONES, PJ., ROBERTS, J. & 
MAXWELL, S. 1992. The numerical age of the 
Devonian-Carboniferous boundary. Geological 
Magazine 129(3),281-291. 

CLAOuE-LONG, J.C., JONES,PJ. & ROBERTS, J. 
1993. The age of the Devonian-Carboniferous 
boundary. . In: Devonian-Carboniferous boundary 
(Editors M. STREEL, G. SEVASTOPULO, & E. 



PAPROTH) Annales de fa societe geologique de 
Belgique, 115(2),531-549. 

CLAOuE-LONG. 1.e.. COMPSTON, W .. ROBERTS, 
1. & FANNING. e.rv1. (in press). Two Carboniferous 
ages: a comparison of SHRIMP zircon dating with 
conventional zircon [lgcs [lnd 40 ArP9 A.r analysis. In 
BERGGREN. W.A .. KENT. D.V. & HARDENBOL, l. 
(Editors), Gcochrol1o!og\'. Time Scales and Global 
Stratigraphic Corrcl[ltion: a Unified Temporal 
Framework for an Historical Geology. Society of 
Economic Paleonr%gisls and Mineralogists Special 
Publication. 

CLARKE M.1 .. & FARlvIER, N. 1976. Biostratigraphic 
nomemcJature for Lale Palaeowic rocks in Tasmania. 
Paper of the Pror:eeriings of the Royal Society of 
Tasmania 110.91-109. 

CLAYTON, G. 19S:=;. Pbnt miospores from the 
Dinantian of Foulden. Berwickshire. Scotland. 
Transactions of the Royal Society of Edinburgh: Earth 
Sciences 76, 21-2:=;. 

CLAYTON, G. 1986. LaiC Tournaisian miospores from 
the Ballycultra Form[ltion at Cultra, County Down. 
Northern Ireland. Irish ./ollrnal (~f Earth Sciences 8, 73-
79. 

CLAYTON. G.. LOBOZIAK, S.. STREEL. M., 
TURNAU. E. & UTTTNG. J. 1991 [1990 imprint]. 
Palynological events in the Mississippian (Lower 
Carboniferous) of Europe. North Africa and North 
America. inBRENCKLE, P.L. & MANGER. W.L. eds, 
International correlation and division of the 
Carboniferous System.Col/rier Forschungsinstitut 
Senckenberg, 130. 79-g4. 

CLENDENING, l.A. 1975. Palynological evidence for 
a Pennsylvanian age assignment of the Dunkard Group 
in the Appalachian Basin: Part 1. In BARLOW, l.A., 
(Editor) The age of the Dunkard. Proceedings of the 1st 
I.C. White Memorial Symposium. 1972, West Virginia 
Geological and Economic Survey. Morgantown, 195-
221. 

COLLINSON, C. REXROAD. e.B. & THO:MPSON, 
T.L. 1971. Conodont zonation of the North American 
Mississippian. In SWEET. We. and BERGS1ROM, 
S.M., eds., Symposium on Conodont Biostratigraphy: 
Geological Society of America Memoir 127, 353-394. 

COLLINSON. e. SCOTT. A.1. & REXROAD, C.B. 
1962. Six charts showing biostratigraphic zones and 
correlations based on conodonts from the Devonian and 

28 

Mississippian rocks of the upper Mississippi Valley. 
Illinois Geological Survey Circular 328,1-32. 

CONIL, R. 1969. General discussion of Subcommission 
on Carboniferous Stratigraphy VIII. Lower boundary of 
the Visean. Compte Rendu 6-ieme congres 
International de Stratigraphie et Geologie du 
Carbonz/ere, Sheffield, 1967,1,188-189. 

CONIL, R. AUSTIN, RL LYS, M. & RHODES, 
EH.T. 1969. La limite des Etages Tournaisien et Viseen 
au stratotype de l'assise de Dinant. Bulletin de la 
Societe Beige de Geologie 77 (1),39-69. 

CONIL, R. GROESSENS, E. LALOUX, M. & POTY, 
E. 1989a. La limite Tournaisien/Viseen dans 1a region­
type, Annates de fa Societe Geologique de Belgique, 
T.112 (fascicule 1) - 1989, 177-189. 

CONIL, R. GROESSENS, E. & PIRLET, H. 1977. 
Nouvelle Charte stratigraphique du Dinantien type de 
Ie Belgique. Annales de fa Societe Geologique du Nord, 
96,363-371. 

CONIL, R., GROESSENS, E., LALOUX, M. POTY, E. 
& TOURNEUR, E 1991 [1990 imprint]. Carboniferous 
guide foraminifera, corals, and conodonts in the Franco­
Belgium and Campine Basins: their potential for 
widespread correlation. inBRENCKLE, P.L. & 
MANGER, W L. eds, International correlation and 
division of the Carboniferous System. Courier 
Forschungsinstitut Senckenberg, 130, 15-30. 

CONIL, R. LONGERSTAEY, PJ. & RAMSBOTTOM, 
W.H.C. 1989b. Materiaux pour Tetude 
micropaleontologique du Dinantien de Gran de­
Bretagne. Mem. [nsf. Geol. Louvain. XXX, 187 p. 

CONYBEARE, W.D., & PHll..LIPS, W. 1822. Outlines 
of the Geology of England and Wales, with an 
introductory compendium of the general principles of 
that science, and comparative views of the Structure of 
Foreign Countries, Part I. 

COWIE, l.W. BASSETT, M.G. 1989. International 
Union of Geological Sciences. 1989 Global 
Stratigraphic Chart, with geochronornetric and 
magnetostratigraphic calibration. Supplement to 
Episodes 12 (2). 

DAVID, T.WE., & PITTMAN, E.P. 1899. Palaeozoic 
radiolarian rocks of New South Wales. Quarterly 
Journal of the Geological Society of London 55, 16-37. 

• • • • • • • 
• • • 
• 
• 
• • • 
• • •• 
• 
• • 
• • 
• •• 
• 
• • • • • 
• • • 



• • • • • • • 
• 
• 
• 
• 
• • • 
• 
• • 
• 
• • 
• 
• • 
• • 
• • • • • 
• 
• • • 

DAVYDOV, V.I. 1984. The zonal subdivision of the 
Upper Carboniferous in southwestern Darvaz. Bulletin 
of the Moscow Sotiely of Naturalists (MOIP) 
Geological Series 59 (3). 41-57. 

DAVYDOV, VJ.1988. On the problems and principles 
of stage and zonal division of the Upper Carboniferous. 
Annual of the All-Union Paleontological Society, 
Leningrad 31. 256-269. 

DAVYDOV, V.L BARSKOV, 1.S., 
BOGOSLOVSKAYA. f\1.F., LEVEN, E.Y., POPOV, 
A.V., AKHMETSHINA. L.Z. & KOZITSKA YA, R.I. 
1992. The Carboniferous-Permian Boundary in the 
fanner USSR and its correbtion. International Geology 
Review 34(9),889-906. 

DAVYDOV, v.I., & POPOV, A.V.. 1986 - The 
sections of the Upper Carboniferous and Lower Permian 
deposits of the South urals. In Boundary deposits of the 
Urals, Pre-Urals area and Central Asia. Nauk, 29-33. 

DEAR, J .F.. 1968 - The geology of the Cania district. 
Publications of the Geological Survey of Queensland 
330,1-27. 

DEAR, J.F., McKELLAR, R.G. & TUCKER, R.M. 
1971. Geology of the Monto 1:250 000 sheet area. 
Geological Survey of Queensland Report 46, 1-124. 

DE KONINCK L.G. 1877. Recherches sur les Fossiles 
Paleozoiques de la Nouvelle-Galles du Sud (Australie). 
Memoirs de Societe Royale Science Liege, series 2, 6, 
and 7. (Translation hy T.W.E. DAVID: Memoirs 
Geological Survey of New South Wales. Palaeontology 
6,1898). 

DE SOUZA, H.A.F. 1982. Age data from Scotland for 
the Carboniferous time scale. In ODIN, G.S., (Editor) 
1982 - Numerical dating in stratigraphy. John Wiley, 
Chichester. voU, 455-460. 

DELEPINE, G. 1941. On upper Tournaisian goniatites 
from New South Wales. Australia. Annals of the 
Magazine of Na IHra I /lis/ory, series 11. 7, 386-395. 

DIVENERE, V.J. & OPDYKE. N.D. 1990. 
Paleomagnetism or the Maringouin and Shepody 
Formations, New Brunswick: a Namurian magnetic 
stratigraphy. Canadian Journal of Earth Sciences, 27, 
803-810. 

DIVENERE, V.J. & OPDYKE. N.D. 1991a. Magnetic 
polarity stratigraphy of the uppermost Mississippian 
Mauch Chunk Form:ltion. Pottsville, Pennsylvania. 

29 

Geology 19, 127-130. 
DIVENERE, V.J. & OPDYKE, N.D. 1991b. Magnetic 
polarity stratigraphy and Carboniferous Paleopole 
positions from the Joggins section, Cumberland 
Structural Basin, Nova Scotia. Journal of Geophysicial 
Research 96, B3, 4051-4064. 

DOUBINGER, J., & BOUROZ, A. 1984. Stephanien­
Autunien, Gzhelien-Asselien: zonations palynologiques 
et correlations stratigraphiques. In SUTHERLAND, 
P.K., & MANGER, W.L., (Editors) 
BIOSTRATIGRAPHY. Compte rendu 9-ieme congres 
International de Stratigraphie et de Geologie du 
Carbonifere, Washington and Champaign-Urbana, 
19792,599-605. 

DOUBINGER, J. & VETTER, P. 1985. Le Stephanien 
en France. Compte rendu lO-ieme congres International 
de Stratigraphie et de Geologie du Carbonifere, 
Madrid, 1983, 1,45-54. 

DOUGLASS, R.C. 1987. Fusulinid biostratigraphy and 
correlations between the Appalachian and Eastern 
Interior Basins. U.S Geological Survey Professional 
Paper 1451,1-95. 

DRISCOLL, E.G. 1960. Geology of the Mundubbera 
District. Papers Department of Geology, University of 
Queensland,5 (5), 1-27. 

DRUCE, E.C. 1969. Devonian and Carboniferous 
conodonts from the Bonaparte Gulf Basin, northern 
Australia and their use in international correlation. 
Bureau of Mineral Resources, Geology & Geophysics, 
Bulletin 98, 1-242. 

DRUCE, E.C. 1970. Lower Carboniferous conodonts 
from the northern Yarrol Basin, Queensland. Bureau of 
Mineral Resources, Geology & Geophysics, Bulletin, 
108 (3),91-105. 

DRUCE, E.C. 1974. Australian Devonian and 
Carboniferous conodont faunas. In BOUCKAERT, J., 
& STREEL, M. (Editors) International Symposium on 
Belgian Micropalaeontological Limits from Emsian to 
Visean. Narnur, 1974, Publication 5,1-18. 

DRUCE, E.C. & JONES,PJ. 1974. The Silesian in 
Australia - a review. Bulletin de fa Societe Beige de 
Geologie 83 (3), 169-182. 

DUN, W.S. 1902. Notes on some Carboniferous 
brachiopods from Clarencetown. Record, Geological 
Survey of New South Wales 7 (2), 72-88. 



DUN, W.S. & BENSOl'\. W.N. 1920. The geology, 
palaeontology and petrography of the Curmbubula 
District, with notes on adjacent regions. Proceedings of 
Linnean Societ), of New SOilth Wales 45, 337-374. 

ENGEL, B.A. 1975. A new ?bryozoan from the 
Carboniferous of eastern Australia. Palaeontology 18, 
571-605. 

ENGEL, B.A. 19RO. Carboniferous faunal zones in 
eastern Australia. III HERBERT, C .. & HELBY. R. 
(Eds.). A guide to the Sydney Bnsin. Bulletin of the 
Geological Sun'ey ofNel1' SOllfh Wales 26,326-339, 

ENGEL, B.A. 19R9. Carboniferous bryozoans as 
stratigraphic indic[ltors in eastern Australia. Compte 
rendu 11 erne colIgrds International de Stratigraphie et 
de Geologie dl/ Carhonif()re, Beijing. 1987. 3. 33-40. 

ENGEL. B.A. & MORRIS. N. 1975. Linguaphillipsia 
(Trilobita) in the Carbon i ferous of eastern Australia. 
Senckenbergiana lethaea. 56(2/3),147-185. 

ENGEL, B.A. & MORRIS. N. 1980. New 
Cyrtosymbolinae (Trilohita) from the Lower 
Carboniferous of castern Australia. Sellckenbergiana 
lethaea, 60(4/6). 265-2R9. 

ENGEL, B.A. & MORRIS. N. 1983. Phillipsia­
Weberiphillipsia in the Early Carboniferous of eastern 
New South Wales. AIr'hcringa. 7. 223-251. 

ENGEL, B.A. & MORRIS. N. 1984. Conophillipsia 
(Trilobita) in the Early Carboniferous of eastern 
Australia. Alcheringa. 8. 23-64. 

ENGEL, B.A. & MORRIS. N. 1985. The 
biostratigraphy of Carboniferous trilobites in eastern 
Australia. Compte renelll !O-ietne congres Infernational 
de Stratigraphie et de Geologie dll Carbonifere, 
Madrid. 1983. 4. 491-499. 

ENGEL, B.A.. & MORRIS. N. 1989. Early 
Carboniferous trilobites (Weaniinae) of eastern 
Australia. Alcheringa, 13.305-346. 

ENGEL, B.A .. & MORRIS. N. 1991a. [1990 imprint]. 
The biostratigraphic potential of Early Carboniferous 
trilobites from eastern Australin. in BRENCKLE, P.L. 
& MANGER. W.L. cds, International correlation and 
division of the Carhoniferous System. Courier 
Forschunginsiitul Senckellberg. 130. 189-198. 

ENGEL, B.A., & MORRIS. N. 1991b. Au1acopleuridae 
and Brachymetopidae (Trilobita) from the Lower 

30 

Carboniferous of eastern Australia 0) Namuropyge and 
Brachymetopus (Spinimetopus). Geologica et 
Paiaeont%gica, 25, 123-135. 

ENGEL, B.A., & MORRIS, N. 1992. Aulacopleuridae 
and Brachymetopidae (Trilobita) from the Lower 
Carboniferous of eastern Australia (ii) Brachymetopus 
(Brachymetopus) and Australosutura. Geologica et 
Palaeontologica, 26, 73-97. 

ENGEL, B.A., & MORRIS, N. 1994. Ditomopygmae 
(Trilobita) from the Lower Carboniferous of eastern 
Australia (i) Australokaskia (Austra!okaslda), 
Planokasfda and Malchi n. gen. Geologica et 
Palaeontologica, 28, 79-101. 

ENGLUND, K.J., HENRY, T.W., GILLESPIE, W.H., 
PFEFFERKORN, H.W. & MACKENZIE GORDON Jr. 
1985. Boundary stratotype for the base of the 
Pennsylvanian System, east-central Appalachian Basin, 
U.S.A. Compte rendu lO-ieme congres International de 
Stratigraphie et de Geologie du Carbonifere, Madrid, 
1983,4,371-382. 

ETHERIDGE, R. Jr. 1890a. Carboniferous mollusca in 
the Lower Carboniferous or Rhacopteris Series of the 
Port Stephens district, New South Wales. Annual Report 
for 1889, Department of Mines, New South Wales, 239. 

ETHERIDGE, R. Jr. 1890b. Additional Carboniferous 
mollusca in the Lower Carboniferous Series of the Port 
Stephens district, New South Wales. Annual Report for 
1889, Department of Mines, New South Wales, 240. 

ETHERIDGE, R. Jr. 1896. PalaeontoIogia Novae 
Cambriae Meridionalis. Occasional descriptions of New 
South Wales fossils, No.2. Records of the Geological of 
New South Wales 5(1), 14-18. 

ETHERIDGE, R. Jr. 1898. Palaeontologia Novae 
Cam briae Meridionalis. Occasional descriptions of New 
South Wales fossils, No.3. Records of the Geological of 
New South Wales 5(4), 175-179. 

ETHERIDGE, R. Jr. 1907. Palaeontologia Novae 
Cam briae Meridionalis. Occasional descriptions of New 
South Wales fossils, No.5. Records of the Geological of 
New South Wales 8(3),192-196. 

FEISTh1ANTEL, O. 1890. Geologica] and 
palaeontological relations of the coal and plant-bearing 
beds of Palaeozoic and Mesozoic age in eastern 
Australia and Tasmania. Memoir of the Geological 
Survey of New South Wales, Palaeontology 3,11-183. 

• • • 
• 
• 
• • • 
• 
• • 
• • 
• • 
• 
• • • 
• 
• 
• 
• • 
• • • 
• 
• 
• • • 
• • 



• 
• • 
• 
• • • • • 
• 
• 
• 
• 
• • 
• • 
• • • 
• 
• • 
• • 
• 
• • • 
• • • • • 

FLAJS, G. & FEIST. R. 1988. Index conodonts, 
trilobites and environment of the Devonian­
Carboniferous Boundary beds at La Serre (Montagne 
Noire), France. III FLAJS. G .. FEIST, R., & ZIEGLER, 
W. (Editors), 1988,53--107. 

FLAJS, G., FEIST, R .. & ZIEGLER, W. (Editors) 1988. 
Devonian-Carboniferous Boundary -- Results of recent 
studies. Courier Forschllngsinstitut Senckenberg, 100, 
1-245. 

FLEMING, PJ.G. 1967. Names for Carboniferous and 
Permian formations of the Yarrol Basin in the Stanwell 
area, central Queensland. Queensland Government 
Mining Journal 
68,113-116. 

FLEMING, PJ.G. 1969. Fossils from the Neerkol 
Formation of central Queensland. In. CAMPBELL, 
K.S.W. (ed.) Stratigraphy and Palaeontology. Australian 
National University Press. Canberra, 264-275. 

FORSTER, S.c.. & WARRINGTON, G. 1985. 
Geochronology of the Carboniferous. Permian and 
Triassic. In SNELLING. N.J .. (Editor), 1985.99-113. 

FOSTER, C.B. 1989. Palynological Report. Elf 
Aquitaine Barnett No.2. Bonaparte Basin. (unpublished 
report for Elf Aquitaine) 30 pp. 

FOSTER, c.B. & WATERHOUSE, J.B. 1988, The 
Granulatisporites cOI~f7I/(.'ns Oppel-zone and Early 
Permian marine faunas from the Grant Fonnation on the 
Barbwire Terrace, Canning Basin, Western Australia. 
Australian Journal olEar/ii Sciences 35(2),135-157. 

FOX, R.C., CAMPBELL K.S.W .. BARWICK, R.E. & 
LONG, J.A. 1995. A new ostcoicpid fish from the 
Lower Carboniferolls Raymond Formation, Drummond 
Basin, Queensland. Memoirs of the Queensland 
Museum 38(1). 

GEORGE, T.N., JOHNSON, G.A.L, MITCHELL, M., 
PRENTICE, J.E.. RAMSBOTTOM, W.H.C., 
SEVASTOPULO. G.D .. & WILSON. R.B. 1976. A 
correlation of Dinantian rocks in the British Isles. 
Special Report of/he Geological Sociery of London 7, 
1-87. 

GEORGE, T.N .. & WAGNER. R.H .. 1972 - LU.G.S. 
Subcommission on Carhoniferous Stratigraphy. 
Proceedings and Report of the General Assembly at 
Krefeld, August 21-22. Compte relldu 7-ieme congres 
International Stratigraphie et Geologie du Carbonifere, 
Krefeld, 1971,1, 139-147. 

31 

GLENISTER, B.F. 1960. Carboniferous conodonts and 
ammonoids from Western Australia. Compte rendu 4-
ieme congres International de Stratigraphie et du 
Geologie du Carbonifere, Heerlen, 1958,1,213-217. 

GONZALEZ, CR., 1985. Esquema biostratigrafico del 
Paleozoico superior marino de la Cuence, Uspallata­
Iglesia, Re. Argentina. Acta Geologica Lilloana, 16(2), 
231-244. 

GONZALEZ, C.R., 1989. Relaciones biostratigraficas 
del Paleozoico Superior marino en el Gondwana 
Sudamericano. Acta Geologica Lilloana, 17(1),5-20. 

GONZALEZ, C.R., 1990. Development of the Late 
Paleozoic glaciations of the South American Gondwana 
in western Argentina. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 79, 275-287. 

GONZALEZ, C.R., 1993. Late Paleozoic faunal 
succession in Argentina. Comptes rendus 12-ieme 
congres international de la stratigraphie et Geologie du 
Carbonifere et Permien. 1,537-550. 

GOULD, R.E. 1975. The succession of Australian pre­
Tertiary megafossil floras. The Botanical Review 41 
(4),453-483. 

GROVES, J.R. 1988. Calcareous foraminifers from the 
Bashkirian stratotype (Middle Carboniferous, South 
Urals) and their significance for intercontinental 
correlations and the evolution of the Fusulinidae. 
Journal of Paleontology 62(3),368-399. 

HACQUEBARD, P.A. 1972. The Carboniferous of 
eastern Canada. Compte rendu 7-ieme congres 
International Stratigraphie et Geologie du Carbonifere, 
Krefeld, 1971, 1,69-90. 

HAHN, G. & HAHN, R. 1988. The biostratigraphical 
distribution of Carboniferous Limestone trilobites in 
Belgium and adjacent areas. Bulletin de la Societe 
beIge de Geologie 97 (1),77-93. 

HARDMAN, E.T. 1884. Report on the geology of the 
Kimberley District, Western Australia. Western 
Australia Parlimentary Paper 31. 

HARDMAN, E.T. 1885. Report on the geology of the 
Kimberley District, Western Australia. Western 
Australia Parlimentary Paper 34. 

HARLAND, W.B., ARMSTRONG, R.L., COX, A.V., 
CRAIG, L.E., SMITH A.G. & SMITH, D.G. 1990. A 
geologic timescale 1989. Cambridge University Press, 



1-263. 

HARLAND, W.B., COX, A.V .. LLEWELLYN, P.G., 
PICKTON, C.A.G., SMITH kG., & WALTERS, R. 
1982. A geologir /imesmfe. Cambridge University 
Press, 1-131. 

HENRY, T.W, & GORDON, M. 1992. Middle and 
Upper Chesterian brachiopod biostratigraphy, eastern 
Appalachians, Virginia and West Virginia. In 
SUTHERLAND. PK. & MANGER, W.L. (eds) Recent 
advances in Middle Carboniferous biostratigraphy - a 
symposium. Oklahoma Geological Survey Circular 94, 
1-21. 

HESS, J.C., BACKFISCR S. & LIPPOLT. H.J. 1983. 
Konkordantes Sanidin· und diskordante Biotitalter eines 
Karbon tuffs def Baden·Badener Senlce, 
Nordschwarzwald. Nelles 1ahrhuch fiir Geologie und 
Paltionto!ogie Monatshejle 1983(5).277-292. 

HESS, J.C. & LIPPOLT. H.J. 1986. 4°Arf°Ar ages of 
tonstein and luff sanidincs: new calibration points for 
the improvement of the Upper Carboniferous timescale. 
Chemical Geology ({s%pe Geoscience Section) 59, 
143-154. 

HIGGINS, A.C .. 1975· Conodont zonation of the late 
Visean - early Westphalian slrala of the south and 
central Pennines of northern England. Bulletin 
Geological Survey of Great Britain 53. 1·90. 

HIGGINS, A.c.. 1981 - The position and correlation of 
the boundary between the proposed 
Mississippian/Pennsylvanian Subsystems. Newsletters 
on Stratigraphy 9 (3). 176·182. 

HIGGINS, A.C. 1985. The Carboniferous System: Part 
2 - Conodonts of the Silesian Subsystem from Great 
Britain and Ireland. In HIGGINS, A.C & AUSTIN, R.L. 
A stratigraphical index of conodonts, British 
Micropalaeontological Society. Ellis Horwood, 
Chichester, 210-227, 

HIGGINS, A.C., RICHARDS. B.C. & HENDERSON, 
C.M. 1991. Conodont biostrnligraphy and paleoecology 
of the uppermost Devonian and Carboniferous of the 
Western Canada Sedimentary Basin. In. ORCHARD, 
MJ. & McCRACKEN. A.D. (eds). Ordovician to 
Triassic conodont paleontology of the Canadian 
Cordillera. Geological SIII"I'('V of Calla cia Bulletin 417, 
215-251. 

Hll...LS, E.S., 1958· A brief review of Australian fossil 
vertebrates. In WESTOLL T.S. (Editor) Studies on 

32 

fossil vertebrates, Athlone Press: London, 86-107. 

HINDE, G.L. 1899. On the radiolaria in the Devonian 
rocks of New South Wales. Quarterly Journal of the 
Geological Society of London 55, 83-164. 

HOLDSWORTH, B.K., & JONES. DL. 1980. 
Preliminary radiolarian zonation for Late Devonian 
through Permian time. Geology 8, 281-285. 

HORN, M.. 1960 - Zur stratigraphischen Gliederung 
des tieferen Namur. V. Die Zone des Eumorphoceras 
pseudobilingue im Sauerland. Fortschritte im der 
Geologie von Rheinland und Westjalen 3 (1),303-342. 

ISHIGA, H., LEITCH, E.C., WATANABE, T., NAKA, 
T., & IWASAKI, M. 1988. Radiolarian and conodont 
biostratigraphy of siliceous rocks from the New 
England Fold Belt. Australian Journal of Earth 
Sciences 35(1), 73-80. 

IRVING, E. '1966. Paleomagnetism of some 
Carboniferous rocks from New South Wales and its 
relation to geological events. Journal of Geophysical 
Research 71, 6025-6051. 

IRVING. E. & PARRY, L.G. 1963. The magnetism of 
some Permian rocks from New South Wales. 
Geophysical Journal of the Royal Astronomical Society 
7,395-411. 

IRVING, E. & PULLAIAH, G. 1976. Reversals of the 
geomagnetic field, magnetostratigraphy, and relative 
magnitude of palaeosecular variation in the 
Phanerozoic. Earth Science Reviews 12,35-64. 

JACK, R.L., & ETHERIDGE, R., Jnr. 1892. THE 
GEOLOGY AND PALAEONTOLOGY OF 
QUEENSLAND AND NEW GUINEA. Brisbane. 
Government Printer. and London, Dulau. 

JENKINS, T.B.H. 1974. Lower Carboniferous conodont 
biostratigraphy of New South Wales. Palaeontology 17, 
909-924. 

JENKINS, T.B.H., CRANE, D.T. & MORY, AJ. 1993. 
Conodont biostratigraphy of the Visean Series in eastern 
Australia. Alcheringa 17,211-283. 

Jl QIANG, 1987. Early Carboniferous conodonts from 
Jianghua County of Hunan Province and their 
stratigraphic value -- with a discussion on the mid­
Aikuanian Event. Bulletin of the fnstitute of Geology, 
Chinese Academy of Geological Sciences, Beijing, 16, 
115--138,3 pis. 

• • • • 
• • • • • 
• • 
• 
• 
• • • • • 
• • • • • • • • 
• 
• • • • • • • 



• 
• 
• 
• 
• • • • 
• 
• 
• 
• 
• 
• • • • • 
• 
• 
• • 
• • 
• • 
• • • 
• • • • 
• 

JONES, MJ. & TRUSWELL, E.M. 1992. Palynology 
of the Late Carhonifcrous and Early Permian Joe Joe 
Group, southern Galilee Basin, Queensland. BMR 
Journal of Australian Geology and Geophysics. 13, 
143-185. 

JONES, PJ. 1958. Preliminary report on 
micropalaeontology of samples from the Bonaparte 
Gulf Basin. Bureau of Milleral Resources, Geology & 
Geophysics, Record 195R/26. 

JONES, PJ. 1959. Preliminary report on Ostracoda 
from Bore BMR No.2. Laurel Downs. Fitzroy Basin, 
Western Australia. Bureall of Mineral Resources, 
Geology & Geophysics, Report 38. 37-52. 

JONES, PJ. 1961. Ostracod assemblages near the 
Upper Devonian-Lower C:u'boniferous boundary in the 
Fitzroy and Bonaparte Gulf Basins. In VEEVERS, J.J., 
& WELLS, A.T. The geology of the Canning Basin, 
Western Australia. Bwmll of Mineral Resources, 
Geology & Geophysir:s, Bulletif! 60.277-281. 

JONES, PoI. 1962a, Micropalaeontological examination 
of the Lower Carboniferous-Upper Devonian sequence 
of Meda No. 1. In PUDOVS KIS. V., Meda No.1 Well 
Completion Report of West Australian Petroleum Pty 
Ltd, Bureau of Mineral Resources, Geology & 
Geophysics, Petrolellm Search Subsidy Acts Publication 
7,31-32. 

JONES, PJ. ] 962b. Preliminary notes on Upper 
Devonian Ostracoda from Frome Rocks No.2 Well. In 
ELLIOTT, R.M.L.. Frome Rocks No, 1 and No. 2 
Wells, Completion Repol1s of West Australian 
Petroleum Ply Ltd, Bllreau of Mineral Resources, 
Geology & Geophysics, Petroleum Search Subsidy Acts 
Publication 8,35-39. 

JONES, PJ. 1962c. The ostracod genus Cryptophyllus 
in the Upper Devonian and Lower Carboniferous of 
Western Australia. Burl.'(Ju of Mineral Resources, 
Geology & Geophysics, Bulletin 62(3), 1-37. 

JONES, PJ. 1968. Uppcr Devonian Ostracoda and 
Eridostraca from the Bonaparte Gulf Basin, 
northwestern Australia. Rlircall of Mineral Resources, 
Geology & Geophysics, Bulletin 99, 1-93. 

JONES, PJ. 1974. Australian Devonian and 
Carboniferous (Emsian-Visean) ostracod faunas: a 
review. In BOUCKAERT. J. & STREEL, M. (Eds) 
International Symposium of Belgian 
Micropalaeonl%gical Limits from Emsian to Visean, 
Namur, 1974, Puhlicatiol1 6.1-19. 

33 

JONES, PJ. 1988. Comments on some Australian, 
British and Gennan isotopic age data for the 
Carboniferous System. Newsletter on Carboniferous 
Stratigraphy, JUGS Subcommission on Carboniferous 
Stratigraphy 6, 26-29. 

JONES, PJ. 1989. Lower Carboniferous Ostracoda 
(Beyrichicopida and Kirkbyocopa) from the Bonaparte 
Basin, northwestern Australia Bureau of Mineral 
Resources Australia Bulletin 228, 1-97. 

JONES, P.J. 1991. Australian Phanerozoic Timescales 
5. Carboniferous. Biostratigraphic chart and explanatory 
notes. Bureau of Mineral Resources, Geology & 
Geophysics, Record 1989/35, 1-43. 

JONES, PJ., CAMPBELL, K.S.W. & ROBERTS, J. 
1973. Correlation chart for the Carboniferous System 
of Australia. Bureau of Mineral Resources, Geology & 
Geophysics, Bulletin 156A, 1-40. 

JONES, P.J. & DRUCE, E.C. 1966. Intercontinental 
conodont correlations of the Palaeozoic sediments of the 
Bonaparte Gulf Basin, northwestern Australia. Nature 
211 (5047),357-359. 

JONES, P.I. & NICOLL, R.S. 1984. Comments on the 
recommendations of the subcommittee of SCCS on the 
the mid-Carboniferous boundary. Newsletter on 
Carboniferous Stratigraphy, lUGS Subcommission on 
Carboniferous Stratigraphy 5, 17-18. 

JONES, P.I. & ROBERTS, J. 1976. Some aspects of 
Carboniferous biostratigraphy in eastern Australia: a 
review. BMR Journal of Australian Geology & 
GeophysiCS 1(2), 141-151. 

JONGMANS, WJ., & GOTHAN, W. 1937. 
Betrachtungen ueber die Ergebnisser des zweiten 
Kongresses fuer Karbon Stratigraphie. Compte rendu 2-
ieme congres International de Stratigraphie et de 
Geologie du Carbonifere, Heerlen, 1935, 1,1-40. 

KAMMER, T.W., BRENCKLE, P.L., CARTER, JL. & 
AUSICH, W.I., 1991. Redefinition of the Osagean­
Meramecian boundary in the Mississippian stratotype 
region. Palaios 5(5), 414-431. 

KEMP, E.M., BALME, B.E., HELBY, R.I., KYLE, 
R.A., PLAYFORD, G., & PRICE, P.L. 1977. 
Carboniferous and Permian palynostratigraphy in 
Australia and Antarctica: a review. BMR Journal of 
Australian Geology and Geophysics 2,177-208. 
KHRAMOV, A.N. 1987. Paleomagneto}ogy. Springer 
Verlag, Berlin, 308 pp. 



KLOOTWIJK, c.T.. lDNURM. M., THEVENIAUT, H. 
& TRENCH. A. 1994. Phanerozoic magnetostratigrapy: 
a contribution to the Tirncsca!cs Project. AusTralian 
Geological Survey Organisation, Record 1994/45, 1-52. 

KULLMANN, J. 1993. P:llcozoic ammonoids of 
Mexico and South America. Comptes rendus l2-ieme 
congres internmional ric la Sfrmigraphie et Geologie du 
Carbonifere et Permien. 1.557-562. 

KULLMAJ\TN. J., KORN, D. & WEYER, D. 1991 
[imprint 1990]. Ammonoid Zonation of the Lower 
Carboniferous Subsystem. in BRENCKLE, P.L. & 
MANGER, W.L. cds, Intcrn:lIional correlation and 
division of the Carhonifcrous System. Courier 
Forschungsin.wiflll Sel/c/:.('!Ihcrg 130. 127- 131. 

LANE, H.R., BAESEMANN.J.F., & GROVES, J.R. 
1985a. Is the base of the Re!ica/oeeras - Zone a reliably 
recognizable biostratigraphic level? In LANE, H.R., & 
ZIEGLER, VI. (Editors) 19R5. 137-148. 

LANE, H.R., BOUCKAERT. J.. BRENCKLE, P., 
EINOR, O.L., HAVLENA. V .. HIGGINS, A.C., 
YANG, JING-ZHJ. MANGER. W.L., NASSICHUK, 
N., NEMIROVSKAYA. T.. OWENS, B., 
RAMSBOTIOM. W.H.C.. REITLINGER, E.A. & 
WEYANT, M. 19R5b. Proposal for an International 
Mid-Carboniferous Boundary. Compre rendu lO-ieme 
congres International de Stratigraphie et de Geologie 
du Carbonifere, Madrid, J983. 4, 323-339. 

LAl\JE, H.R .. MERRILL. G.K., STRAKA, J.J., & 
WEBSTER, G.D.. 1971. North American 
Pennsylvanian Conodont Biostratigraphy. In SWEET, 
W.C. & BERGSTROM. S.M .. (Editors) Symposium on 
Conodont Biostratigraphy. Geologica! Society of 
America Memoir 127,395-414. 

LANE, H.R.. SANDBERG. C.A., & ZIEGLER, w. 
1980. Taxonomy and phylogeny of some Lower 
Carboniferous conodonts and preliminary standard post­
Siphonodella zonation: Gi'Ologica e{ Palaeont%gica, 
14.117-164. 

LANE, H.R. & STRAKA. J.J. 1974. Late Mississippian 
and Early Pennsylvanian conodonts Arkansas and 
Oklahoma. Ge%gicnf So('ier), of America Special 
Paper 152,1-144. 

LANE H.R .. & ZIEGLER. W. 1983. Taxonomy and 
phylogeny of Scafiogllarhus BRANSON & MEHL 1941 
(Conodonta, Lower Carhoniferous). Senckenbergiana 
lethaea 64(2/4), 19lJ225. 

34 

LANE, H.R., & ZIEGLER, W. (Editors) 1985. Toward 
a boundary in the middle of the Carboniferous: 
Stratigraphy and Paleontology. Courier 
Forschungsinstitut Senckenberg 74, 1- 195. 

LAYERING, LH. 1993. Gradational benthic marine 
communities in the Early Carboniferous RhipidomeUa 
fortimuscu!a Zone (late Visean), New South Wales. 
AGSO Journal of Australian Geology & Geophysics 
14(4),361-370. 

LIPINA, O.A. & REITLINGER, E.A. 1970. 
Stratigraphie zonale et Paleozoogeographie du 
Carbonifere Inferieur d'apres les Foraminifures. 
Compte rendu 6-ieme congres International de 
Stratigraphie et de Geologie du Carbonifere, Sheffield, 
1967,3,1101-1112. 

LIPINA, O.A. & TSCHIGOVA, V.A. 1979. The 
ToumaisianNisean boundary on the Russian Platfonn 
and Urals according to foraminifers and ostracods. 
Compte rendu 8-feme congres International de 
Stratigraphie et de Geologie du Carbonifere, Moscow, 
1975,3,283-287. 

LIPPOLT, H.J. & HESS, J.C. 1983. Isotopic evidence 
for the stratigraphic position of the Saar-Nahe 
Rotliegend volcanism I. 4°ArfOK and 4°ArfOAr 
investigations. Neues lahrbuch fUr Geologie und 
Paliiontologie Monatshefte 1983(12),713-730. 

LIPPOLT, HJ., & HESS, J.C. 1985. Ar4°/M9 dating of 
sanidines from Upper Carboniferous tonsteins. Compte 
rendu lO-ieme Congres International de Stratigraphie 
et de Geologie du Carbonifere, Madrid, 1983, 4, 175-
181. 

LIPPOLT, H.J. & HESS, J.C. 1989. Isotopic evidence 
for the stratigraphic position of the Saar-Nahe 
RotIiegend volcanism III. Synthesis of results and 
geological implications. Neues lahrbuch fur Geologie 
und Paliiontoiogie Monatshefte 1989(9),553-559. 

LOBOZIAK, S., COQUEL, R. & OWENS, B. 1984. 
Les miospores des Fonnations Hale et Bloyd du Nord 
Arkansas. In SUTHERLM"D, P.K., & MANGER, 
W.L., (Editors) - BIOSTRATIGRAPHY. Comptes 
rendus 9-ieme congres international de Stratigraphie et 
de Ge%gie du Carbonifere. Washington and 
Champaign-Urbana, 1979,2,385-390. 

LONG, JA 1988. New palaeoniscoid fishes 
(Osteichthyes, Actinopterygii) from the Late Devonian 
and Early Carboniferous of Victoria, Australia. 
Memoirs of the Association of Australasian 

• 
• • • 
• 
• • • • • 
• 
• • •• 
• 
• • 
• 
• • • • 
• • 
• • 
• 
• • 
• • 
• 
• • 



• • • 
• 
• 
• 
• • 
• 
• 
• • • • • • • 
• 
• • 
• • 
• 
• 
• 
• • • • • • • • • 

Palaeontolocf;is/s. 7. 1-64. 

LONG, J.A. 1991. The long history of Australian fossil 
flshes.In P. VICKERS-RICH et al. (Editors) Vertebrate 
Palaeontology of Australasia, Pioneer Desin Studios & 
Monash University, Clayton, 336-428. 

LONSDALE, w., 1840. On the age of the limestones of 
south Devon. Proceedings of the Geological Society of 
London 3,281-286. 

LOPEZ-GAMUNDL O.R. & ESPEJO, I.S. 1993. 
Correlation of a paleoclimatic mega-event: the 
Carboniferous glaci:lIion in Argentina. Compte rendu 
12-ieme congres Inlernarional de la Stratigraphie et 
Geologie du CarholliJhe et Permien. 1,313-324. 

LOPEZ-GAMUNDL O.R. & ROSSELLO, E.A. 1993. 
Devonian-Carboniferous unconformity in Argentina and 
its relation to the Eo-Hercynian orogeny in southern 
South America. Geologische Rundschau. 82,136-147. 

McCOY, F. 1847. On the fossil botany and zoology of 
the rocks associated with the coal of Australia. Annals 
of the Magazine of Natl/ral History, series 1,20. 

McKELLAR, R.G. 1967. The geology of the Cannindah 
Creek area, Monto district, Queensland. Publications of 
Geological Survey of Queensland 331, 1-38. 

MCWHAE, J.R.H., PLAYFORD, P.E., LINDNER, 
A.w., GLENISTER, B.F., & BALME, B.E. 1958. The 
stratigraphy of Western Au~tralia. Journal of the 
Geological Societ), (~rAlIslralia, 4 (2), 1-161. 

MAMET, B. 1974. Une Zon[llion par Foraminiferes due 
Carbonifere Inferiellr de la Tethys Occidentale Compte 
rendu 7-ieme congu)s Inlernaliona/ de Stratigraphie et 
de Geologie du CarboniJere, Krefeld. 1971,3,391-408. 

MAMET, B.L. & BELFORD, D.J. 1968. Carboniferous 
foraminifera, Bonaparte Gulf Basin, northwestern 
Australia. Micropaleontology 14,339-347. 

MAMET, B., MIKHAILOFF. No, & MORTELMANS, 
G. 1970. La stratigraphic du Tournaisien et du Viseen 
Inferieur de Landclies. Compamison avec les coupes du 
Tournais et du Bord Nord du Synclinal de Namur. 
Memoires de la Societe helge de Geologie. de 
Paleontologie et d' f/ydrologie. Serie 8, 9 (1970), 1-81. 

MAMET, B.L. & PLAYFORD. P.E. 1968. Sur la 
presence de Quaisiendothyrinae (Foraminiferes), en 
Australie occidentale (Canning Basin). Compte rendus 
Sommaire des Scant:es de la Societe Geologique de 

35 

France 1968, fascicule E, Seance du 28 Octobre 1968, 
229. 

MAMET, B.L. & ROUX, A. 1983. Algues devono­
carboniferes de l' Australie. Revue de 
Micropaleontologie, 26, (2) 63-131. 

MANGER, W.L. & SAUNDERS, W.B. 1980. Lower 
Pennsylvanian (Morrowan) ammonoids from the North 
American midcontinent. Journal of Paleontology 54(3) 
Supplement, Part II of II; The Paleontological Society 
Menwir 10, 1-56. 

MANGER, W.L. & SUTHERLAND, P.K. 1991 [1990 
imprint]. Comparative ammonoid/conodont-based and 
foraminifer-based Middle Carboniferous correlations. in 
BRENCKLE, P.L. & MANGER, W.L. eds, 
International correlation and division of the 
Carboniferous System. Courier Forschungsinstitut 
Senckenberg. 130,345-350. 

MANGER, W.L. & SUTHERLAND, P.K. 1992. 
Analysis of sections presumed to be complete across the 
Mississippian-Pennsylvanian boundary, southern 
Midcontinent. In SUTHERLAND, P.K. & MANGER, 
W.L. (eds) Recent advances in Middle Carboniferous 
biostratigraphy - a symposium. Oklahoma Geological 
Survey Circular 94, 69-79. 

MAPLES, C.G. & WATERS, J.A. 1987. Redefinition 
of the Meramecian/Chesterian boundary 
(Mississippian). Geology 15 (7),647-651. 

MARSDEN, M.A.H. 1976. Upper Devonian 
Carboniferous.ln DOUGLAS, J.C. & FERGUSON, JA 
(Editors) Geology of Victoria. Geological Society of 
Australia Special Publication 5. Chapter 5,77-124. 

MATHESON, R.S:, & TEICHERT, C. 1948. 
Geological reconnaissance in the eastern portion of the 
Kimberley Division, Western Australia. Annual Report 
of the Department of Mines, Western Australia for 
1945,73-87. 

MATIHEWS, S.C. 1970. Comments on 
palaeontological standards for the Dinantian. Compte 
rendu 6-ieme congres International de Stratigraphie et 
Geologie du Carbonifere. Sheffield, 1967, 3,1159-1164. 

MAXWELL, W.G.H. 1954. Upper Palaeozoic 
formations in the Mt Morgan district - faunas. Papers. 
Department of Geology. University of Queensland. 4 (5) 
1-69. 

MAXWELL, W.G.H. 1961a. Lower Carboniferous 



brachiopod faunas from Old Cannindah, Queensland. 
lourmal of Paleonto!o?y. 35.82-103. 

:MAXWELL. W.G .H. 196 I h. Lower Carboniferous 
gastropod faunas from Old Cnnnindah, Queensland. 
Palaeontology 4(1),59-70. 

MAXWELL. W.G.H. 1964. The geology of the Yarrol 
Region. Part 1. Biostratigraphy. Papers, Department 
of Geology, Univ('I'siry oj' Queensland. 5 (9), 1-79. 

:MEISCHNER. D. 1970. Conodontcn-chronologie des 
Deutschen Karhons. COn7r}{f rendll 6-ieme congres 
International de Slraligraphie ef de Geologie du 
Carbonifere, She/fir/d, !yo7. 3.1169-1180. 

:MERRILL, G.K. 1975. Pennsylvanian conodont 
biostratigraphy and paleoecology of northwestern 
Illinois. Geologiral Society America Microform 
Publication 3,1-130. 

:METCALFE, I. 1981. Conodont zonation and 
correlation of the Dinanlinn and early Namurian Strata 
of the Craven Lowlands of northern England. Institute 
of Geological Sciences (Brilish Geological Sun>ey) 
Report 80/10, 1-70. 

MOORE, R.C. et nl. 1944. Corrclntion of Pennsylvanian 
fonnations of Norlh America. Geological Society of 
America Bulletin 55,657-706. 

MORRIS, L.N. 1975. The Rhacopleris Flora in New 
South Wales. In. CAMPBELL. K.S.W. (cd.) Gondwana 
Geology. Australian Nalionnl University Press, 
Canberra, 99-108. 

MORRIS L.N. 19R5. The noral succession in eastern 
Australia. In DmZ. C.M. cd .. The Carboniferous of the 
World. II Auslralin. Indian suhcontinent, South Africa, 
South America and North Africa. lUGS Publication 20, 
118-123, Instuto Geologico y Minero de Espana and 
Empressa Nacional Adam de Investigaciones Mineras 
SA, Spain. 

MORY, AJ. 1981. A review of Early Carboniferous 
stratigraphy and correlalions in the northern Tamworth 
Belt. New South Wales. Proceedil1gs of the Linnean 
Society of New Soutli Wales 105(3),213-236, 

MORY, AJ. 1982. Thc Enrly Carboniferous 
palaeogeography of the n011hcrn Tamworth Belt, New 
South Wales. Journal of fhe Geological Society of 
Australia 29,357-366. 

MORY, AJ.. & CRANE. D.T. 1982. Early 

36 

Carboniferous Siphon odella (Conodonta) faunas from 
eastern Australia. Alcheringa 6, 275-303. 

MOVSHOVICH, E.V., KOZUR, H., PAVLOV, A.M., 
PNEV, V.P., POLZOVA, AN., CHUVASHOV, B.I. & 
BOGOSLOVSKAYA, M.E, 1979 - Conodont faunas of 
the Pre-Ural Lower Permian and the problems of the 
correlation of Lower Permian deposits, In Conodonts of 
the Urals and their stratigraphic significance. Academy 
of Science USSR, Urals Scientific Centre, Trudy 
Institute of Geology and Geochemistry 145,94-131. 

NAZAROV, B.B. & ORMISTON, A.R. 1985. 
Evolution of Radiolaria in the Paleozoic and its 
correlation with the development of other marine fossil 
groups. Senckenbergiana lethaea 66(3/5),203-215. 

NEVES, R., GUEINN, KJ" CLAYTON, G., 
IOANNIDES, N.S., NEVILLE, R.S.W., & 
KRUSZEWSKA, K. 1973. Palynological correlations 
within the Lower Carboniferous of Scotland and 
Northern England. Transactions of the Royal Society of 
Edinburgh 69 (2). 23-70,6 pIs. 

NICOLL, R.S. & DRUCE, E.C. 1979. Conodonts from 
the Fairfield Group, Canning Basin, Western Australia. 
Bureau of Mineral Resources, Geology & Geophysics, 
Bulletin 190, 1-134. 

NICOLL, R.S. & JENKINS. T.B.H. 1985. Conodont 
biostratigraphy. In ROBERTS, J., 1985a, 114-117. 

NICOLL, R.S. & JONES, PJ. 1981. Lower 
Carboniferous conodont and ostracod biostratigraphy 
and the lithofacies of the Bonaparte Gulf Basin, 
northwestern Australia. Geological Society of Australia 
Abstracts 3, Sediments through the ages, 50. 

NOLTIMIER, N.C., & ELLWOOD, B.B. 1977. The 
Coal Pole: Palaeomagnetic results from the Westphalian 
B, C and D coals, WaIes. Transactions of the 
American Geophysical Union 58,375. 

OSMOLSKA, H. 1970. Revision of non­
cyrtosymbolinid trilobites from the Tournaisian­
Namurian of Eurasia. Palaeontologica P%nica, No. 
23,1-165, 

OWENS, B. 1984. Miospore zonation of the 
Carboniferous. In SUTIIERLAND, P.K., & MANGER, 
W.L.. (Editors) - BIOSTRATIGRAPHY. Compte rendu 
9-ieme congres International de Stratigraphie et de 
Geologie du Carbonifere, Washington and Champaign­
Urbana, 1979 2, 90-102. 

• • • 
• • • • • • 
• • .: 
• • • • .' • 
• • • • 
• • 
• • • • • • • 
• • • 



• 
• 
• 
• 
• 
• 
• • 
• 
• 
• • 
• 
• • • 
• • 
• • • 
• • 
• 
• 
• • • • • 
• • • 
• 

OWENS, B., LOBOZIAK. S. & COQUEL, R. 1984. 
Late Mississippian-Enrly Pennsylvanian Miospore 
assemblages from Northern Arkansas. In 
SUTHERLAND. P.K., & MANGER, W.L., (Editors) -
BIOS1RATIGRAPHY. Compte rendu 9-ieme congres 
International de Strafif!,raphie et de Geologie du 
Carbonifere. Washing fOil and Champaign-Urbana. 
19792,377-384. 

OWENS, B., RILEY. N.J .. & CALVER. M.A. 1985. 
Boundary stratotypes and new stage names for the 
Lower and Middle Westphalinn sequences in Britain. 
Compte rendlt lO-ieme congres International de 
Stratigraphie et de Geolof!,ie du Carbonifere. Madrid. 
1983,4,461-472. 

OWENS, R.M. 1986. The Carboniferous trilobites of 
Britain. Part 1. Mono,Qraphs ()f fhe Palaeontographical 
Society, London. 1-26. pis. 1-7. (Publication No. 570, 
part of Volume 138 for 1984). 

OWENS, R.M. 1990. Carboniferous trilobites: the 
beginning of the end. Gcology Today 6 (3), 96-100. 

PALFREYMAN. W.D .. 1984. Guide to the geology of 
Australia. Bureau oj Mineral Resources. Geology & 
Geophysics. Bul/cfin 181. 1-111. 

PALMER, J.A. PERRY. S.P.G. & TARLING, D.H. 
1985. Carboniferous magne\ostrntigraphy. Journal of 
the Geological Society 142 (6). 945-955. 

PALMIERI. V. 1969. Upper Carboniferous conodonts 
from limestones ncar Murgon. south-east Queensland. 
Publications of the Gcologiwl Survey of Queensland 
341 (palaeontologic;)l Paper 17): 1-13. 

PAPROTH, E. 1980. The Devonian-Carboniferous 
boundary. Lethaia 13(4).287. 

PAPROTH. E.. CONIL. R.. BLESS. MJ.M., 
BOONEN, P., CARPENTIER. N., COEN, M., 
DELCAMBRE.B.. DEPRIJCK. Ch.. DEUZON, S., 
DREESEN, R.. GROESSENS. E.. HANCE, L., 
HENNEBERT. M.. HmO. D .. HAHN. G. & R .• 
RISLAIRE, 0.. KASIG. W., LALOUX, M., 
LAUWERS, A .. LEES, A .. LYS, M., OP DE BEEK, 
K., OVERLAU. P .• PIRLET, R., POTY, E., 
RAMSBOTIOM. W .. STREEL, M., SWENNEN, R., 
THOREZ, J.. VANGUESTAINE. M., VAN 
STEENWINKEL, M .. & VIESLET. J.L. 1983. Bio- and 
Lithostratigraphic suhdivisions of the Dinantian in 
Belgium, a review. Annales de la Societe Geologique 
de Belgique. 106. 185-239. 

37 

PAPROTH, E., FEIST, R. & FLAJS, G. 1991. Decision 
on the Devonian-Carboniferous boundary stratotype. 
Episodes 14(4),331-336. 
PEOU, S. 1979. A new athyridacean brachiopod from 
the Carboniferous of Rawdon Vale, New South Wales. 
Alcheringa 3 (3), 189-195. 

PEOU, S. & ENGEL, B.A. 1979. A Carboniferous 
fauna from Rawdon Vale, New South Wales, 
Alcheringa 3 (2), 141-157. 

PEPPERS, R.A. 1984. Comparison of miospore 
assemblages in the Pennsylvanian System of the Illinois 
Basin with those in the Upper Carboniferous of western 
Europe. In SUTHERLAND, P.K., & MANGER, W.L. 
(Editors) - BIOS1RATIGRAPHY. Compte rendu 9-
;eme congres International de Stratigraphie et de 
Geologie du Carbonifere, Washington and Champaign­
Urbana, 1979 2. 483-502. 

PHILLIPS, J. 1835. Guide to Geology, 2nd edition, 
London. 

PICKETI, J. 1981. Late Devonian and Early 
Carboniferous conodonts from the Myrtlevale Beds and 
Hardwick Fonnation, Star Basin. Queensland 
Government Mining Journal, 82, 24-27. 

PICKETT, J.W. 1993. The Late Devonian-Early 
Carboniferous succession at Slaughterhouse Creek, 
Gravesend. Geological Survey of New South Wales, 
Quarterly Notes, 91,1-10. 

PICKETT, J.w. 1994. Tournaisian corals and 
conodonts from the Slaughterhouse Creek area, New 
South Wales, Australia. Courier Forschunginstitut 
Senckenberg, 172,51-67. 

PICKETT, J.W., & WU WANG-SRI, 1990. The 
succession of Early Carboniferous coral faunas in 
eastern Australia and China. Alcheringa 14,89-108. 

PLAYFORD, G. 1971. Lower Carboniferous spores 
from the Bonaparte Gulf Basin, Western Australia and 
Northern Territory. Bureau Mineral Resources, 
Geology & Geophysics, Bulletin 115, 1-105. 

PLAYFORD, G. 1972. Trilete spores of 
Umbonatisporites in the Lower Carboniferous of 
northwestern Australia. Neues lahrbuch fur Geologie 
und Palaontologie. Abhandlungen, 141(3),301-315. 

PLAYFORD. G. 1976. Plant microfossils from the 
Upper Devonian and Lower Carboniferous of the 
Canning Basin, Western Australia. Palaeontographica 



B, 158, 1-71. 

PLAYFORD, G. 1l)77. A Lower Carboniferous 
palynoflora from the Drummond B:Jsin. cast-central 
Queensland. Proceedings of (he Royal Society of 
Queensland 88: 75·S 1. 

PLAYFORD, G. Ing. Lower Carboniferous spores 
from the DUC<1brnok Formation. Drummond Basin, 
Queensland. PalaC'oll/ogra/)hica. B. 167: 105-160. 

PLAYFORD, G. 1985. Palynology of the Australian 
Lower Carboniferous: a review. Comple rendu JO-ieme 
Congres InrernOljol1a/ dc Slraligraphie el de Geologie 
du Carbonifere. Madrid. 1983.4.247-265. 

PLAYFORD. G. 19R6. Lower Carboniferous 
megaspores from the Clarke River Basin, north 
Queensland, Auslrali;l. Special Papers in 
Palaeontology. 35, 135-148. pis. 24-26. 

PLAYFORD, G. 1991 [imprint 1990J. Australian Lower 
Carboniferous miospores relevant to Extra-Gondwanic 
correlations: an evaluation. In BRET\CKLE. P.L. & 
MANGER, W.L. (editors). International correlation and 
division of the Carboniferous System. Courier 
Forschungsinsrifll! Senckcl/berg 130, 85-125. 

PLAYFORD. G. & HELBY. R. 196R. Spores from a 
Carboniferous section in the Hunter Valley, New South 
Wales. Journal of rhe Gcological Society of Australia 
15,103-119. 

PLAYFORD, G. & SAlTERTHWAIT. D.F. 1985. 
Lower Carboniferous (Visean) spores of the Bonaparte 
Gulf Basin, northwestern Australia. Part One. 
Palaeontographica Ahr B 195. 129-152. 

PLAYFORD, G. & SATTERTHWAIT, D.E 1986. 
Lower Carboniferous (Visean) spores of the Bonaparte 
Gulf Basin, northwestern Australia. Part Two. 
Palaeontographica Ahr B 200. 1-32. 

PLAYFORD. G. & SAlTERTHWAIT. D.F. 1988. 
Lower Carboniferous (Viseiln) spores of the Bonaparte 
Gulf Basin, northv./cstcrn Auslraliil: Part Three. 
Palaeonwgraphic(l Abr B 208. 1-26. 

POPOV, A.V. & DAVYDOV. V.r. 19R7. Carboniferous 
and Permian houndary according to magneto- and 
biostratigraphic criteria. 111h Inrernational Congress of 
Carboniferous Stratigrapliy and Geology. Beijing, 
Abstracts of papers (2). 316-318. 

POWlS. G.D. 1979. Palynology of the Late Palaeozoic 

38 

glacial sequence, Canning Basin, Western Australia. 
Ph.D. Thesis University of Western Australia 
(unpublished). 
POWIS, G.D. 1984. Palynostratigraphy of the Late 
Carboniferous sequence, Canning Basin, W.A. In 
PURCELL, P.G. (Editor) The Canning Basin, W.A.: 
Proceedings of the Geological Society of 
Australia/Petroleum Exploration Society of Australia 
Symposium. Perth, 1984,429-438. 

RAMSBOITOM, W.H.C. 1973. TrartSgressions and 
regressions in the Dinantian: a new synthesis of British 
Dinantian stratigraphy. Proceedings of the Yorkshire 
Geological Society 39, 567-607. 

RAMSBOITOM, W.H.C. 1977. Major cycles of 
transgression and regression (mesothems) in the 
Namurian. Proceedings of the Yorkshire Geological 
Society 41, 261-291. 

RAMSBOITOM, W.H.C. 1979. Rates of transgression 
and regression in the Carboniferous of NW Europe. 
Journal of the Geological Society, London 136, 147-
153. 

RAMSBOITOM. W.H.C. 1984. The founding of the 
Carboniferous System. In MACKENZIE GORDON, Jr., 
(Editor) - OFFICIAL REPORTS; HISTORY OF 
CARBONIFEROUS GEOLOGY. Compte rendu 9-ieme 
congres International de Stratigraphie et de Geologie 
du Carbonifere, Washington and Champaign-Urbana, 
1979 1, 109- 112. 

RAMSBOITOM, W.RC., CALVER, M.A., EAGER. 
R.M.C.. HODSON, F., HOLLIDAY, D.W., 
STUBBLEFIELD, CJ., & WILSON, RB. 1978. A 
correlation of Silesian rocks in the British Isles. Special 
Report of the Geological Society of London 10,1-82. 

RAMSBOTIOM, W.H.C., & SAUNDERS, W.B. 1984. 
Carboniferous Ammonoid zonation. In 
SVTHERLM"D, P.K.. & MANGER, W.L. (Editors) -
BIOSTRATIGRAPHY. Compte rendu 9-ieme congres 
International de Stratigraphie et de Geologie du 
Carbonifere. Washington and Champaign-Urbana, 
19792.52-64. 

RETALLACK, GJ. 1980. Late Carboniferous to 
Middle Triassic megafossil floras from the Sydney 
Basin. In: C. HERBERT & R HELBY (eds.). A guide 
to the Sydney Basin, Bulletin Geological Survey of 
NSW. 26, 384-430. 
RICHARDS, I.R, & SINGLETON, O.P. 1981. 
Palaeozoic Victoria, Australia: igneous rocks and their 
interpretation. Journal of the Geological Society of 

• • • • • • 
• 
• • 
• • 
• • 
• • • • • 
• • 
• • • • • • 
• • • • 
• • • • 



• • • • • • 
• • • • • 
• • • • • • • 
• • • 
• • 
• • • • • • • • • • • 

Australia 28, 394-421. 

RIEK, E.F. 1973. A Carhoniferous insect [from 
Tasmania]. Nature. London. 244,455-456. 

RIEK, E.F. 1976. Neosecoptcra. a new insect suborder 
based on specimen discovered in the Late Carboniferous 
of Tasmania. Alcherillga 1(2).227-234. 

RIGBY, J.F. 1973. GondH'(}JlidiUII1 and other similar 
Upper Palaeozoic genera. and their stratigraphic 
significance. Publiealiolls Geologica! Survey of 
Queensland 350. Palaeoll!ofogir.af Paper 24.1-10. 

RIGBY, J.E 1985. Aspects of Carboniferous 
Palaeobotany in eastern Australia. Compte rendu 10-
ieme congres International de Stratigraphie et de 
Geologie dll Carbonifere. Madrid. 1983,4,307-312. 

RILEY, N.J. 1990a. Revision of the 8eyrichoceras 
Ammonoid Biozonc (Dinnntian), NW Europe. 
Newsletters on Straligraphy 21 (3). 149-156. 

RILEY, N.J. 1990h. Straligraphy of the Worston Shale 
Group (Dinantian). Craven Basin. north-west England. 
Proceedings of the Yorkshire Geological Society 48 (2), 
163-187. 

RILEY, N.J. 1991. [imprint 1990]. A global review of 
mid-Dinantian ammonoid stratigraphy. in BRENCKLE, 
PL. & MANGER. \v'L. cds. Intemational correlation 
and division of the CU'[)onil'erous System. Courier 
Forschunginstitlll S·(,Ilc/.:cllherg 130, 133-143. 

RILEY, N.J. 1993. Dinantian (Lower Carboniferous) 
biostratigraphy and chronostratigraphy in the British 
Isles. Journal of Ihe Gc%gical Society. London 150(3), 
427-446. 

RILEY, NJ., CLAOUE-LONG. J., HIGGINS, A.C., 
OWENS, B., SPEARS. A.. TAYLOR, L., & VARKER, 
Wl. 1995. Geochronomctry and Geochemistry of the 
European Mid-Carhonifel rollS Boundary Stratotype 
proposal, Stonehead Beck. North Yorkshire. England. 
Annales de fa socic/{ g(i%giqllC' de Belgique, 116,275-
289. 

RILEY, NJ., RAZZO. MJ., & OWENS. B. 1985. A 
new boundary stratotype section for the Bolsovian 
(Westphalian C) in northern England. Compte relldu 10-
ieme congres Illtcmatiol/ol de S'tratigraphie et de 
Geologie du Carhonijere. Madrid, 1983. l, 35-44. 
ROBERTS. J. 1963. A Lowcr Carboniferous fauna from 
Lewinsbrook, New Soulh Wales. Journal and 
Proceedings, Royal Society {?f'New SOllth Wales. 97, 1-

39 

29. 
ROBERTS, J. 1965. Lower Carboniferous zones and 
correlation based on faunas from the Gresford-Dungog 
district, New South Wales. Journal of the Geological 
Society of Australia 12, 105-122. 

ROBERTS J. 1971. Devonian and Carboniferous 
brachiopods from Bonaparte Gulf Basin, northwestern 
Australia. Bureau of Mineral Resources. Geology & 
Geophysics, Bulletin 122, vol. 1,319 pp., vol. 2, 59 pIs. 

ROBERTS, J. 1975. Early Carboniferous brachiopod 
zones of eastern Australia. Journal of the Geological 
Society of Australia 22, 1-32. 

ROBERTS, J. 1976. Carboniferous chonetacean and 
productacean brachiopods from eastern Australia 
Palaeontology 19 (1), 17-77. 

ROBERTS, J. 1981. Control mechanisms of 
Carboniferous brachiopod zones in eastern Australia 
Lethaia 14, 123-134. 

ROBERTS,J. 1985a. Australia, 9-145. In MARTINEZ 
DIAZ, C. (Editor), The Carboniferous of the world: 2. 
Australia, Indian subcontinent, South Africa, South 
America and North Africa. International Union of 
Geological SCiences Publication 20, 1-447. 

ROBERTS, J. 1985b. Carboniferous sea level changes 
derived from depositional patterns in Australia. 
Compte rendu 10-ieme Congres International de 
Stratigraphie et de Geologie du Carbonifere, Madrid, 
1983,4,43-64. 

ROBERTS, J., CLAOuE-LONG, J.C. & JONES, P.J. 
1991a. Calibration of the Carboniferous and early 
Permian of the Southern New England Orogen by 
SHRIMP ion microprobe zircon analyses. Advances in 
the study of the Sydney Basin 25th Newcastle 
Symposium, 38-43. 

ROBERTS, J., CLAOuE-LONG, J.C. & JONES, Pl. 
1991b. Calibration of the Carboniferous and early 
Permian of the Southern New England Orogen by 
SHRIMP ion microprobe zircon analyses. Newsletter on 
Carboniferous Stratigraphy. lUGS Subcommission on 
Carboniferous Stratigraphy 9, 15-17. 

ROBERTS, J., CLAOuE-LONG, J.e. & JONES, PJ. 
1993a. Revised correlation Carboniferous and Early 
Permian units of the Southern New England Orogen, 
Australia. Newsletter on Carboniferous Stratigraphy. 
lUGS Subcommission on Carboniferous Stratigraphy 
11,23-26. 



ROBERTS, J.. CLAOuE-LO:-\G, J.e. & JOl\TES, PJ. 
1993b. SHRIMP !.ircol1 dating and Australian 
Carboniferous time. Compte's Rem/lis 12-ieme Congres 
International de /0 Stratigraphie et Ge%gie du 
Carbonifere el Permicll, :2. Bllenos Aires. 319-338. 

ROBERTS, J., CLAOUE-LONG, J.C. & JONES, PJ. in 
press. Australian Enrly Carboniferous time, In 
BERGGREN, \v.A .. KEl\T. D.V. & HARDEl\.'BOL. J. 
(Editors), Geochronology. Time Scales and Global 
Stratigraphic Correlations: a Unified Temporal 
Framework for an Historical Geology. Society of 
Economic Paleol1lO/ogisfs and Mineralogists Special 
Publication. 

ROBERTS, J .• CLAQUE-LONG. J.C .. JONES, PJ. & 
FOSTER, C.B. J995. SHR1\1P i'.ircon age control of 
Gondwanan sequences in LMe Carboniferous and Early 
Permian Australia. In NOJJ-hiostrotigraphical methods 
of dating and corre/mioll. cds Dunay, R.E. & Hailwood, 
E.A., Geological Sociely of Lonodon Special 
Publication 89. ]45-174. 

ROBERTS, J., & ENGEL. B.A. 1980. Carboniferous 
palaeogeography or the YalTnl and New England 
Orogens, eastern Australia. Journal of the Geological 
SocietyojAusfralia 27. ]67-186. 

ROBERTS, J., HUNT. 1.\\1. & THOJvIPSON, D.M. 
1976. Late Carboniferous marine invertebrate zones of 
eastern Australia. A/cheringa 1(2).197-225. 

ROBERTS, J.. JONES. PJ. & JENKINS. T.B.H. 1993c. 
Revised correlations for Carboniferous marine 
invertebrate zones of eastern Australia. Alcheringa 
17(3),353-376. 

ROBERTS, J., & OVERSBY. I:$.S. 1974. The Lower 
Carboniferous geology of the ROllchel district, New 
South Wales. Bureal/ oj" Milleraf Resources, Geology & 
Geophysics. Bulletin 147.1-93. 

ROSS, C.A. 1963. Standard Wolfcampian Series 
(permian), Glass Mountains. Texas. Geological Society 
of America Memoir gx. 1-205. 

ROSS, C.A. & ROSS. J.R.P. 1985. Late Paleozoic 
depositional sequences arc synchronous and worldwide. 
Geology l3, 194-197. 

ROSS, C.A.&ROSS.J.R.P. 1987. Late Paleozoic sea 
levels and depositional sequences. Cushman 
Foundation for Foraminiferal Research. Special 
Publication 24.137-149. 

40 

ROTA!. A.P. 1979. Carboniferous stratigraphy of the 
USSR: proposal for an international classification_ In 
WAGl\TER, R.H., HIGGINS, A.C., & MEYEN, S.V., 
(Eds.) The Carboniferous of the USSR (Reports to the 
lUGS Subcommission on Carboniferous Stratigraphy). 
Yorkshire Geological Society Occasional Publication 4, 
225-247. 

RUDWICK, MJ.S., 1979. The Devonian: a System 
born from conflict Special Papers in Palaeontology 23, 
9-21. 

RUI, L. & ZHANG, L. 1987. A new 
chronostratigraphic unit at the base of the Upper 
Carboniferous, with reference to the mid-Carboniferous 
boundary in South China. In WANG C.Y. (ed.), 1987. 
Carboniferous boundaries in China, Science Press, 
Beijing, China, 107-121. 

RUI, L. & ZHANG, L. 1991 [1990 imprintJ. 
Chronostratigraphic subdivision of the Upper 
Carboniferous of South China. in BRENCKLE, P.L. & 
MANGER, W.L. eds, International correlation and 
division of the Carboniferous System. Courier 
Forschungsinstitut Senckenberg, 130,339-344. 

RUNNEGAR. B. & CAMPBELL, K.S.W. 1976. Late 
Palaeozoic faunas of Australia. Earth Science Review, 
12,235-257. 

RUNNEGAR, B. & MCCLUNG, G. 1975. A Permian 
time scale for Gondwanaland. In CAMPBELL, K.S.W. 
(Editor) Gondwana Geology. Papers presented at the 
Third Gondwana Symposium. Canberra, Australia. 
1973, Australian National University Press, Canberra, 
425-441. 

RYAN, RJ. & BOEHNER, R.C., 1994. Geology of the 
Cumberland Basin, Cumberland, Colchester and Pictou 
Counties, Nova'Scotia. Nova Scotia Department of 
Natural Resources. Mines and Energy Branches 
Memoir 10, 1-222,5 enclosures, 4 maps. 

SANDBERG, C.A. ZIEGLER, W. LEUTERITZ, K. & 
BRILL, S.M. 1978. Phylogeny, speciation, and zonation 
of Siphoflodella (Conodonta, Upper Devonian and 
Lower Carboniferous). Newsletters on Stratigraphy, 7 
(2), 102-120. 

SAUNDERS, W.B. & RAMSBOTIOM, W.H.C. 1993. 
Re-evaluation of two Early Pennsylvanian (Middle 
Namurian) ammonoids and their bearing on Mid­
Carboniferous correlations. Journal of Paleontology 
67(6),993-999. 
SEDGWICK, A. & MURCHISON, R.I. 1839. 

• • • • 
• • • • • 
• .0 
• • • • • • • 
• • • 
• • • 
• • 
• • 
• • • • • • 



• • • • • • • • • 
• • 
• • • • • • • • • • • • • • • • • • • • • • • 

Classification of the older strat ificd rocks of Devonshire 
and Cornwall. Philosophical Magazine, Ser. 3, 14, 241-
260. 

SESSAREGO, H.L. & CESAR!, S.N. 1989. An Earyly 
Carboniferous nOr:l rrom Argentina. Bioslmtigraphic 
implications. Rel'icll' o(P(I/ocohofony and Palynology 
57,247-264. 

SHAVER, R.H. 1984. Atohm Series concepts with 
special reference to thc Illinois Basin and Iowa. In 
SUTHERLAND, P.K. & MANGER, W.L., (Editors), 
1984, 101-112. 

SHEN Y.B. 1978. Lcaid conchostracans from the 
Middle Devonian of South China with notes on their 
origin, classification, :lIld evolution. III Papers for the 
International Symposium on the Devonian System. 
Nanjing, China. Nanjing Institute of Geology and 
Palaeontology, 1-9. 

SNELLING, N.J. 1985. The Chronology of the 
Geological Record. Memoir 10, The Geological 
Society. Blac/G1'ell, Oxj(mf. 

SOHN, I.G. & JONES. P.J. 1984. Carboniferous 
ostracodes a hiostratigraphic evaluation. In 
SUTHERLAND. P.K .. & MANGER. W.L. (Editors) -­
BIOSTRATIGRAPHY. COli/pIP Rel1dll 9-ieme Congres 
International de .'lfmfigral)liie cf de Geologie du 
Carbonifere, Washin,r<(OII. D.C. and Champaign­
Urbana, 1979. 2.69-80. 

SOLOVIEVA, M.N. 1985. Corrcction of the USSR 
General Carboniferous scale in connection with 
restudying in Moskovian Stage stratotype and a new 
model for the correbtion of the lower Moskovian 
substage. Compte /'cndll JO-ieme congres International 
de Stratigraphie ef de Geologie du Carbonifere. 
Madrid. 1983. 1, 21-26. 

SOLOVIEVA, M.N .. CHIZHOVA. V.A" EINOR, 
O.L., GRIGORTEVA. A.D .. REITLINGER. E.A., & 
VDOVENKO, M. V. 19R5a. Review of recent data on 
the Carboniferous Straligr:1phyof the USSR. Compte 
rendu lO-ieme congrc1s Inlernational de Strarigraphie et 
de Geologie du Carbol1{fere. Madrid, 1983, 1, 3-10. 

SOLOVIEVA, M.N .. FISUNENKO. O.P" GOREVA, 
N.V., BARSKOV. 1.S.. GUBAREVA, V.S., 
DZHENCHURAEVA. A.V .. DALMATSKAYA, 1.1., 
IVANOVA, E.A.. POLETAEV. V.I .. POPOV. A.V., 
RUMYANTSEVA. Z.S .. TETERYUK. V.K .. & SHIK, 
E.M. 1985b. New d:l1:l on str:1ligraphy of the Moskovian 
Stage. Compte relic/II / ()-h1mc cOllgn1s International de 

41 

Stratigraphie et de Geologie du Carbonifere. Madrid. 
1983,1,11-20. 

STRZELECKI, P.E. DE, 1845. Physical Description of 
New South Wales and Van Diemen's Land: 
accompanied by a geological map, sections and 
diagrams and figures of organic remains. Longman. 
Brown, Green and Longmans. London, 462 pp. 

SUTHERLAND. P.K. & MANGER, W.L. (eds) 1984. 
The Atokan Series (pennsylvanian) and its boundaries -
a symposium. Oklahoma Geological Survey Bulletin 
136,1-198. 

SUTHERLAND, P.K. & MANGER, W.L. (eds) 1992. 
Recent advances in Middle Carboniferous 
biostratigraphy - a symposium. Oklahoma Geological 
Survey Circular 94,1-181. 

TABOADA, A.C. 1989. La fauna de la Formacion EI 
Paso, Carbonifero Inferior de la Precordillera 
Sanjuanina. ActaGeologica Lilloana 17(1), 113-129. 

TALENT, J.A 1989. Transgression-Regression pattern 
for the Silurian and Devonian of Australia. In LE 
MAIThE, R.w. (Editor) Pathways in Geology - Essays 
in honour of Edwin Sherbon Hills. 201-219, Blackwell, 
Melbourne. 

TALENT, J.A., MAWSON, R., ANDREW, AS., 
HAMILTON, PJ. & WHITFORD, DJ. 1993. Middle 
Palaeozoic extinction events: Faunal and isotopic data. 
Palaeogeography. Palaeoclimatology. Palaeoecology 
104,139-152. 

TARLING, D.H. 1991. Applications of 
Palaeomagnetism in the Carboniferous. Compte rendu 
ll-ieme congres International de Stratigraphe et de 
Geologie du Carbonifere, Beijing, 1987, 1,205-212. 

TASCH, P. 1987. Fossil Conchostraca of the southern 
Hemisphere and continental drift. Paleontology, 
biostratigraphy, and dispersal. Geological Society of 
America. Memoir 165, 1-290. 

TASCH, P. & JONES, PJ. 1979. Carboniferous and 
Triassic Conchostraca from the Canning Basin, Western 
Australia. Bureau of Mineral Resources. Geology & 
Geophysics. Bulletin 185,3-20. 

TEICHERT, C. 1950. Discovery of Devonian and 
Carboniferous rocks in the North-West Basin, Western 
Australia. Australian Journal of Science 12,62-65. 

THOMAS, AT. OWENS, R.M. & RUSHTON, AW.A 



1984. Trilobites in Brili~h Str:1ligraphy. Special Report 
ofthe Geologica! SociC'ry of Londoll, 16, 1-78. 

THOMAS, G.A. 1957. Lower C:1rboniferous deposits in 
the Fitzroy B:1sin. Western Australi:1. Australian 
Journal of Science 19. 160-161. 

THOMAS, G.A. 1959. The Lower Carboniferous 
Laurel FOnTI:1tion or the Fitzroy Basin. Western 
Australia. Bureau oj' AI;J/cral Resources, Geology & 
Geophysics. Report 38, 21-36. 21-36. 

THOMAS, GA 1971. Carboniferous and Early 
Permian brachiopods from Westem and northern 
Australia. Bureau of Mil/cra! Rcsources. Geology & 
Geophysics, BIIi/efin 56. 1-277. 

THO:MPSON. T.L. 1967. Conodont Zonation of lower 
Osagean rocks (Lower Mississippian) of southwestern 
Missouri. Missouri D;l'isiol1, Geological Survey and 
Water Resources Rpp0ri of II/I'csligations. 39. 

TIIOMPSON. T.L. & FELLOWS. L.D. 1970. 
Stratigraphy and conodont biostratigraphy of 
Kinderhookinn :md OS:lgean (Lower Mississippian) 
rocks of southwestern Missomi and the adjacent area. 
Missouri Division, Gc%girn/ Survey and Water 
Resources Report l<f In1'('Sfigatiol1s, 45. 

TRUSWELL. E.M. I9RO. Permo-Carboniferous 
palynology of Gondwanaland: progress and problems 
in the decade to 19RO. BMR JOllrnal of Australian 
Geology and Geop/iysirs (2), 95-111. 

TURNER. S. 19R2. Middle Pal:lcozoic elasmobranch 
remains from Australia. Journal of Vertebrate 
Paleontology, 2. 117-131. 

TI1RNER, S. 19R6. Vertebrate faunn of the Sjlverband 
Formation, Grampimls. western Victoria. Proceedings 
of the Royal Society of ViCloria, 98, 53-62. 

TI1RNER, S. 1990. Early Carhonifcrous shark remains 
from the Rockhampton district. Queensland. Memoirs of 
the Queenslalld MlIsf'/ltI/ 2R. 65-73. 

TI1RNER, S. 1993. Early Carboniferous 
microvertebrates from the Nan'ien Range, central 
Queensland. Memoirs o{r/ie Associaliofl of Australasian 
Palaeonto{ogis/s IS, 2R9-304. 
WRNER, S. & LONG. l.A. 1987. Lower 
Carboniferous palaeoniscoids (Pisces: Actinopterygii) 
from Queensland. Memoirs of/he Queensland Museum 
25, 193-200. 
VARKER, W.J., OWENS. B. & RfLEY. N.J. 1991 

42 

[1990 imprint]. Integrated biostratigraphy for the 
proposed Mid-Carboniferous Boundary Stratotype 
lOCality at Stonehead Beck, Cowling, N. Yorkshire. 
Courier Forschungsinstitut Senckenberg 130,221-236. 

VARKER, W.J. & SEVASTOPULO, G.D. 1985. The 
Carboniferous System: Part 1 - Conodonts of the 
Dinantian Subsystem from Great Botian and Ireland. In 
HIGGINS, A.C., & AUSTIN, R.L. (Eds). A 
stratigraphical index of conodonts. British 
Micropalaeolllological Society Series 167-209. 

VDOVE:t\TKO, M.V. AISENVERG, D. Ye., 
BRAZHJ\TJKOVA, N. Yeo & POLETAEV, V.I. 1987. 
The problems of the Lower Carboniferous stratigraphy 
of the Russian Platform. 11th International Congress of 
Carboniferous Stratigraphy and Geology, Beijing, 
1987, Abstracts of papers 1,38-39. 

VEEVERS, J.J. 1970. Upper Devonian and Lower 
Carboniferous calcareous algae from the Bonaparte Gulf 
Basin, Northwestern Australia. Bureau of Mineral 
Resources. Geology & Geophysics. Bulletin, 116, 173-
188. 

VEEVERS, J.J. & POWELL, C. MeA., 1987. Late 
Paleozoic glacial episodes in Gondwanaland reflected in 
transgressive-regressive depositional sequences in 
Euramerica. Geological Society of America Bulletin 98, 
475-487. 

VISSARIONOVA, A. Ya. (ed.) 1975. Field Excursion 
guidebook for the Carboniferous sections of the south 
urals (Bashkiria). lzdatelsrvo 'Nauka'. Moscow, 183 p. 
(in Russian and English). 

VOGES, A. 1960. Die Bedeutung der Conodonten fur 
die Stratigraphie des Unterkarbons I und II 
(Gattendorfia - undPericyclus - Stufe) des Sauerlandes. 
Fortschritte in der Geologie von Rheinland und 
Westjalen 3 (1), 197-228. 

WAGNER, R.H. 1984. Megaflora! zones in the 
Carboniferous. In SUTIffiRLAND, P.K., & MANGER, 
w.L., (Editors) - BIOS1RATIGRAPHY. Compte rendu 
9-ieme cOllgres International de Stratigraphie et de 
Geologie du Carbonifere. Washington and Champaign­
Urbana. 1979 2,109-134. 

WAGNER, R.H., SAUNDERS, W.B. & MANGER, 
w.L. 1985. Report of the IUGS Subcommission on 
Carboniferous Stratigraphy (General Assembly in 
Madrid, September 1983. Compte rendu lO-ieme 
congres International de Stratigraphie et de Geologie 
du Carbonifere. Madrid. 1983, 1, LVII-LXI. 

• • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • 
• 



• • • • • • • • • • • 
• • • • • • • • • 
• • • • • • • • • • • • • • 

WAGNER, R.H .. & WINKLER PRINS, C.F. 1985. 
Stratotypes of the two Lower Stephanian stages. 
Cantabrian and Barrueli;m. Compte rendu lO-ieme 
congres Intemational de Stratigraphie ef de Geologie 
du Carbonifere. Madrid. J983, 4, 473-483. 

WAGNER. R.H., & WINKLER PRINS, c.F. 1991. 
Major subdivisions of the Carboniferous System. 
Compte rendu ll-ieme congres International de 
Stratigraphie et de Geologie rill Carbonifere, Beijing, 
1987, 1,213-245. 

WALKOM, A.B. I92H. Fossil plants from the Upper 
Palaeozoic rocks of New South Wales. Proceedings 
Linnean Society New South Wales 53. 255-269. 

WANG C.Y. (cd.). 1987. Carboniferous boundaries in 
China, Science Press, Beijing, China, J80 pp. 

WANG ZHI-HAO 1991. Conodonts from 
Carboniferous-Permian boundary strata in China with 
comments on the boundary. Acta Palaeonlologica 
Sinica 30 (I), 8-39. 

WANG ZHI-HAO & HIGGINS, A.C. 1989. Conodont 
zonation of the Namllrian-Lower Permian strata in 
South Guizhou. China. PalaeolllOlogica Cathayana 4, 
261-291. 

WEBB, G.E. 1989. Latc Viscan coral-algal bioherms 
from the Lion Creek Fonnation of Queensland, 
Australia. Compte rellclil !l-ieme congres International 
de Stratigraphe e1 de Geologie dll Carbonifere, Beijing, 
1987,3,282-295. 

WEBB, G.E. 1990. Lowcr Carboniferous coral f:lUna of 
the Rockhampton Group. cast-central QueenSland. 
Association of Australasi{/l/ Palaeonto!ogists Memoir 
10,1-167. 

WEBB, J.A. 1977. Stratigraphy and palaeontology of 
the Bukali area. Monto district. Queensland. Papers 
Department of Geology. Unil'ersit)' of Queensland 8 (1), 
37-70. 

WEBSTER. G.D" CHEN, X. &. DEREWETZKY, A. 
1993. A preliminary evaluation of the Kinderhookian­
Osagean boundary interval in Wyoming and Idaho, 
western USA. News{eller Oil Carboniferous 
Stratigraphy 11, 27-'29. 

WEIBEL, c.P. & NORBY, R.D. 1992. Paleopedology 
and conodont biostratigraphy of the Mississippian­
Pennsylvanian boundary interval. Type Grove Church 
shale area, southern I!!inois. /11 SUTHERLAND. P.K. & 

43 

MANGER, W.L. (eds) Recent advances in Middle 
Carboniferous biostratigraphy a symposium. 
Oklahoma Geological Survey Circular 94.39-53. 

WELLER, J.M. et aI. 1948. Correlation of the 
Mississippian fonnations of North America. Geological 
Society of America Bulletin 59.91-196. 

WEYER, D. 1972. Trilobiten und Ammonoideen aus 
der Entogonites nasutus-Zone (Unterkarbon) des 
Btichenberg-Sattels (ElbingerOder Komplex, Harz), Tell 
1. Geologie, 21, 166-184. 

WHITE. M.E. 1986. The greening of Gondwana. Reed 
Books, Sydney. 256 pp. 

WHITEHOUSE, EW, 1930. The geology of 
Queensland. In: Handbook for Queensland. 
Australasian Association for the Advancement of 
Science. 23-39. 

WILDE. G.L. 1975. Fusulinid evidence for the 
Pennsylvanian-Permian boundary. Proc. 1st I.C. White 
Memorial Symposium. In BARLOW J.A. (Editor) - The 
Age of the Dunkard (1972). West Virginia Geol. and 
Economic Survey, Morgantown, 123-138. 

WILDE, G.L. 1984. Systematics and the Carboniferous­
Permian boundary. In SUTHERLAND, P.K., & 
MANGER, W.L., (Editors) - BIOS1RATIGRAPHY. 
Compte rendu 9-ieme congres International de 
Stratigraphie et de Geologie du Carbonifere, 
Washington and Champaign-Urbana, 19792,543-558. 

WILDE. G.L. 1990. Practical fusulinid zonation: the 
species concept; with Permian Basin emphasis. West 
Texas Geological Society Bulletin 29(7), 5-34. 

WILLIAMS, H.S. 1891. Correlation papers - Devonian 
and Carboniferous. U.S. Geological Survey Bulletin 80, 
1-279. 

WILLIAMS, I.S., 1ETLEY, N.S., COMPSTON, W., & 
McDOUGALL, 1., 1982. A comparison of K-Ar and 
Rb-Sr ages of rapidly cooled igneous rocks: two points 
in the Palaeozoic timescale re-evaluated. Journal of the 
Geological Society of London 139,557-568. 

WINCHELL, A. 1872. Report of a geological survey of 
the vicinity of Belle plaine. Scott County, Minnesota. 
St. Paul. Minn., 16 p. 

WINKLER PRINS, C.F.1991 [1990 imprint]. SCCS 
Working Group on the subdivision of the Upper 
Carboniferous S.L. ("Pennsylvanian"): a summary 



report. In BRENCKLE, P.L & ~1ANGEK W.L. 
(editors), Intcrnn!ion:ll correlation nnd division of the 
Carboniferous SYS1Cln. COlII'i('r Forschullgsinsritut 
Senckenberg 130.297-306. 

WOODWARD, A.S. I ()06. On a Carboniferous fish 
fauna from the M,msricld di<;[rict. VictOlia. Memoirs of 
the National lYfusellm. l\1clhourne. I. 1-32. 

WU, W.S., ZHANG, L.X .. ZHAO,X.H .. lIN, Y.G. & 
LIAO. Z.T. 1987. Carhoniferolls hOIlndaries in China, 
Science Press, Beijing. China, 180 pp, 

YABOLKOV, V.S. (Ed.) 1975. Field excursion 
guidebook for the Clrhonifcrous sections of (he 
Moscow Basin. J:d{/[c{s!\'O 'Nal/ka'. Moscow. 176 p, 
(in Russian and English). 

YANG, S.P., HOU. H.F.. GAO. L.D .. WANG, Z.1., & 
WU, X.H. 19RO. The Clrhoniferous System of China. 
Acta Geologica Sin;ca :'i4(3), 167-175. 

YANG, S.P .. W13. W.S .. ZHANG. L.X" LTAO. ZT. & 
RUAN, y'p, 1979. New classification of the 
Carboniferous System in China. Acta Straligraphia 

Sinica 3(3), 180-192. 

Y~O, E.K 19RR. Early Carboniferous Mollusca from 
Gundy, Upper Hunter, New South Wales. Records of 
the Australian Museum 40. 233-264. 

YOUNG. G.c. 19R9. Australian Phanerozoic 
Timescales 4. Devoni~m. Biostratigraphic chart and 
explanatory notes. Bllreall of Mineral Resources, 
Geology & Geophysics. Rccord 1989/34. 17 pp. 

YOUNG. G. C. & LAURIE. 1.R., (Editors) An 
Australian Phanero:oic Timescn/I'. Oxford University 
Press (in press). 

CAPTIONS FOR FIGURES AND CHART 

FIG. 1 Euamerican Mid-Carboniferous 
correlations. 

Col. 1 Numerical time scale, interpolated between the 
Westphalian BIC boundary tie point (311 Ma), which 
is dated by both 40ArP Ar (Lippolt & Hess 1985), and 
SHRIMP zircon techniques (Claoue-Long et al. in 
press), and a late Arnsbergian tie point (314.5 Ma) 
determined from SHRINfP zircon ages of 314.4±4.6 Ma 
and 314.5±4.6 Ma for the E2a3 and E2b2 Arnsbergian 
ammonoid zones in England (Riley et aZ. 1995). By 
placing these zones nearer the older limit of their 
numerical error bars, the Namurian/Westphalian 
boundary may be about 312.5 Ma, and the 
Amsbergian/Chokerian boundary may be about 314 Ma. 

Col. 2 The western European scale (Silesian, in part), 
showing the British Stages (Ramsbottom et al. 1978). 

Col. 3 & 4 The latest Serpukhovian, Bashkirian, and 
earliest Moscovian Stages for the East European 
(Russian) Platform, and the Urals (Aisenverg et al. 
1979). 

Col. 5 minois Basin. The lowennost Caseyville 
Formation is probably as old as the Lower 
Declinognathodus noduliferus-Rhachistognathus 
primus Zone (Weibel & Norby 1992). 

Col. 6 The Cane Hill Member of Hale Fonnation is 
correlated with R1b2 of the Kinderscoutian, on 
ammonoid evidence (Saunders & Ramsbottom 1993) 
and with the Upper D. noduliferus-Rh. primus Zone on 
the basis of conodonts (Lane & Straka 1974). 

Col. 7 A European goniatite zonation (modified after 
Ramsbottom & Sanders 1984, and Riley 1990, 1991). 

YU CHANG-MLl\J (cd.) 19RR. Devoni:m-Carboniferous Col. 8 The forarniniferid zonation for the latest 
boundary in Nanbiancll!l. Guilin, China - Aspects and 
Records. Sciencl' Prcss, BeUillg, Chil1a, 1-379. 

ZHANG, L.X. (cd.) 19R7. Carhonirerous Stratigraphy in 
China. Science Press. Beijing. China. 160 pp. 

ZHOU, T.M .. SHENG, J.z .. & WANG. Y.l. 1987. 
Carboniferous-Permian boundary beds and fusulinid 
zones at Xiaodushall, GU:lIlgnan. eastern Yunnan. Acta 
Micropalaeolli%gica SilliCii 4(2). 123-160. 

ZIEGLER, W. 1969. Eine neue Conodontenfauna aus 
dem hOchsten Obcrdevon. Forrschriflc in der Geologie 
von Rheinland lind Wcstfa!rll. 17. 343-360. 
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Serpukhovian. Bashkirian, and earliest Moscovian 
Stages for the East European (Russian) Platfonn, and 
the Urals 

Col. 9 The foraminiferid zonation of Mamet (1974). 

Col. 10 The foraminiferid zonation of USA. Note the 
alternative position of the Morrowan/Atokan boundary, 
as defined at the base of Marnet Zone 2l. 
Col. 11 The conodont zonation of USA. 

Col. 12 The conodont zonation of the British Isles 
(Higgins 1975, 1985). 
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Col. 13 The microrIoral zonation for western Europe 
(Owen 1984). 

Col. 14 The microlloral zonation lor the Illinois Basin, 
USA (peppers 19R4). 

FIG. 2 Composite mid-Carboniferous magnetic 
polarity sequence based on a tentative correlation of 
results from the Mauch Chunk Formation 
(Pennsylvania) and from the Cumberland Basin 
(Nova Scotia, New Brunswick), redrawn after 
DiVenere' and Opd)'kc (llJ91a, fig. 10; 1991b, fig. 6) 
and modified from Klootwijk et aI., 1994, fig.9). 

Polarity zones: Normal black; Reversed white. 

FIG.3 Early Carboniferous conodont correlations 

Proposed correlation of Early Carboniferous conodont 
zonations from Western Europe. after Paproth et al. 
(1983), Voges (1960). Ziegler (1969). Meischner 
(1970), Sandberg ('/ al. (1978). Lane ct af. (1980), 
Metcalfe (1981), and Varker & Sevastopulo (1985); 
Australia, after Druce (1%9), Nicoll & Druce (1979), 
Nicoll & Jones (1981). Jones (1989), Jenkins (1974), 
Mory & Crane (1982) and Jenkins et af. (1993), and 
North America after Collinson ('/ af. (1962, 1971). 
Thompson (1967), Thompson & Fellows (1970), and 
Baxter & von B i Iter (1984). 

FIG. 4 Distribution of Australian Carboniferous 
ammonoids 

Column 1. A composite subdivision for western Europe 
(after Coni! el af. 1976. 1989: George et af. 1976 and 
Paproth et al. 1983). 

Column 2. A European goniatite zonation (modified 
after Ramsbottom & Sanders 1984, and Riley 1990, 
1991). 

Column 3. The foraminii"cricl zonation of Mamet (1974). 

Column 4. Carboniferous conodont zonation for eastern 
Australia (after Jenkins 1974: Mory & Crane 1982; 
Jenkins et al. 1993): which has served to recalibrate the 
brachiopod zonation of Roherts (1975). 

Column 5. The brachiopod zonation of Roberts (1975). 

Column 6. Distribution of Australian ammonoid species 
(abstracted from Camphell ('/ al. 1983). 

CHART. Correlations between the geochronologic 
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and biochronologic scales of Australia and those of 
western Europe, the Former Soviet Union, South 
China and Argentina (see text-pages 11-22). 
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