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FOREWORD

A time framework is essential to understanding the history of all aspects of the geosphere. It
is a prerequisite to interpreting the development and structure of the sedimentary basins
which host our major petroleum, coal, and sedimentary mineral deposits, and is important
when seeking patterns in the dlstnbutlon of these resources through time. It is also critical to
our understanding of the interactive factors which have shaped the modern Austrahan en-
vironment, and in determlmng the patterns of global change.

For the Phanerozoic (the last 570 million years, the period of *visible life’), the most efficient
way of establishing such a time framework is by the study of fossils, which represent the most
concrete evidence for the evolution of life.

The palaeontological study of Australian sedimentary basins began with the first fossil
descriptions in the latter part of the eighteenth century, which during the nineteenth century
were used to establish the age of major suites of sedimentary rocks. An early example of the
systematic use of fossils as time markers for detailed correlation was the subdivision of Or-
dovician rocks in Victoria using graptolites at the beginning of this century. The develop-
ment of Australian biostratigraphy over the last 50 years has seen the setting up of various
b1ostrat1graph1c schemes using the fossil remains of a wide range of organisms - from the
microscopic, such as pollen grains and spores of land plants, to the macro- and megascopic -
the remains of larger invertebrates, fish, mammals, even of human artifacts.

Recent years have also seen a rapid growth in other methods of measuring geological time,
using radioactive decay of mineral elements, or reversals in the Earth’s magnetic field. But
no method for measuring geological time can operate in isolation, and a comprehensive time
framework needs to take into account information from a variety of sources.

This preliminary series makes available for immediate use a set of charts based on recent
palaeontological data from the specialist scientific literature, as well as unpublished informa-
tion from ongoing biostratigraphic research. The charts integrate zonal schemes using differ-
ent groups of fossils with isotopic and other data (magnetic reversal, eustasy curves), and
show the relationship of the Australian zones to standard international timescales and their
numerical calibration, where this information is available. The aim was not to produce a
separate 'Australian time scale’ in competition with already established international scales,
but rather to provide a set of up-to-date calibrated biostratigraphic charts for use in the Aus-
tralian region. Inevitably the detail of treatment and reliability varies for different parts of
the column and for different groups of fossils, and much work still needs to be done to develop

a fully integrated chronological scale comparable to tho se avaJlabIe in the Northern
Hemisphere. : :

Biostratigraphic charts were first prepared to prowde a firm chronological base for the
AMIRA (Australian Mineral Industries Research Association) sponsored Palaeageographzc
Atlas of Australia. The charts and explanatory text produced in this series are part of the
second phase of that project, the Pharerozoic History of Australia, which is funded in part by
APIRA (Australian Petroleum Industry Research Association). The charts have been com-
piled by palaeontologists in BMR, but incorporate contributions by other specialists working
in State Geological Surveys, Universities and the exploration industry, without which such a
comprehensive compilation would not have been possible.

I am confident that the charts will prove to be an essential tool for the exploration industry
in Australia.

P.J. Cook,
Associate Director, BMR
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ABSTRACT

Sedimentary sequences of Jurassic age have been described from all major continents including
Australia. To establish a globally applicable time framework for those sequences the most im-
portant fields of study so far have been palaesontology and radiometry. Magnetostratigraphy has
developed a suite of global geomagnetic reversals for the late Middle and Late Jurassic. The
evidence of each of these disciplines in the Tethyan realm are summarised and integrated, to
present a geochronological base with which the Australian Jurassic may be correlated

During the Jurassic the Gondwana supercontinent still remained largely mtact The
northwestern rim of the Australian Plate slowly shifted south, from 35° to 50° palaeolatitude.
Initial rifting occurred with Antarctica in the south, and sea floor spreadmg began in the north
and northwest, detaching fragments from the northern Gondwana rim,

The Australian Jurassic fossil record consists of vertebrates (fishes, amphibians, reptiles), in-
vertebrates (several macro- and microfaunal groups), and floras (land plants, spores, pollen,
marine microphytoplankton, calcareous nannofossils). Marine records are few, and are
restricted chiefly to Western Australia. Most sedimentary sequences have been dated by pal-
ynology, which to date has provided the only complete Jurassic biostratigraphies for Australia.

Isotopic ages measured from some Upper Triassic and Lower Jurassic volcanic and crystalline
rocks in eastern Australia agree with the ages given to spore-pollen sequences associated with
those rocks. The feasibility of magnetostratigraphic study in eastern Australia is being in-
vestigated. Eustatic influences observed in several sedimentary basins have been helpful in
dating nonmarine sediments.
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PRESENTATION OF DATA

This paper summarises global Jurassic
biostratigraphic and chronostratigraphic
standard scales, which form the basic time
framework for dating the Australian Juras-
sic. Data are presented as follows:

Firstly the essential palaeontological data
from Australia are summarised, updating
Bradshaw & Yeung (in prep.), and correlated
with data from other Gondwanian and Laur-
asian regions. Table I presents a selection of
representative sequences in important
regions of Laurasia and Gondwana. Table II
columns 3-6 present Tethyan/Boreal ammo-
nite biostratigraphies of several regions in
western Europe. Jurassic ammonite sequen-
ces from other regions are set out in columns
7-12. Recent global microfaunal and floral
biostratigraphies are given in columns 14-15.
Australian biostratigraphic and other fossil
records are set out in columns 19-27. Subject
columns bear identical numbers in Table IIA
(Hettangian-Bathonian) and Table IIB (Ox-
fordian-Tithonian). Details of Jurassic
stratotypes and stage boundaries are given in
Table III. The Triassic-Jurassic and Jurassic-
Cretaceous boundaries are discussed in more
detail in the text.

Next the Jurassic biorecords and chrono-
records are correlated on the most recent
evidence available from radiometry and
magnetostratigraphy. This correlation offers
a reference against which current and future
geochronological research of the Jurassic in
Australia may be calibrated.

Finally that evidence from Australian sedi-
mentary basins which directly or indirectly
points to rising and falling sea levels (recurr-
ent presence and absence of marine fossils,
cyclic patterns in deposition) is summarised.
This evidence is compared with global sea
level movements as have been proposed by
Vail & Todd (1981) and Haq et al. (1987).

THE PALAEONTOLOGICAL -
RECORD

From the eighteenth century onwards,
Jurassic strata have been mapped in south-
ern England (W. Smith, W.D. Conybeare, J.
Phillips, W. Buckland, H.B. Woodward, W.D.
Lang, S.S. Buckman, L.F. Spath, W.J. Arkell),
northwestern and central France (H. de la

Beche, E. de Beaumont, H. Douville, P. de
Loriol, A. d’'Orbigny, E. Haug, F. Roman),
northeastern France (E.W. Benecke), north-
western Germany (F. Koch, W. Dunker, H.
Salfeld, G. Hoffmann, F.A. Romer), the Jura
in France and southern Germany (W. Kilian,
L. von Buch, A. von Humboldt, F.A. Quen-
stedt, A. Oppel, K. von Zittel, W. Waagen, J.F.
Pompeckj), northern Switzerland (J.
Thurmann, L. Rollier, A. Gressley, M. Neu-
mayr), Poland (G. Bukowski, J. Lewinski),
and western USSR (S. Nikitin, A. Pavlov, A.
Borissiak). The present-day concepts of bio-
stratigraphy, methods of correlation, and pal-
aeogeographic interpretation have largely
evolved from those early workers.

In 1795 Alexander von Humboldt first coined
the term “Jura Kalkstein” for the Jurassic in
Germany. In 1823 Alexandre Brongniart
referred as “terrains Jurassiques” to the
Lower “Oolitic Series” of Conybeare and
Phillips. Subdivision into Lower (or Lias),
Middle, and Upper Jurassic was established
by Leopold von Buch in 1837, based on his
work in southern Germany. Alcide d’Orbigny
set up the basis for a Jurassic biochronology
for western Europe in 1842-1852. That
scheme, slightly extended by Alfred Oppel in
1858, and Edouard Renevier and Charles
Meyer-Eymar in 1864, gained adoption in the
U.K. from correlations between southern En-
gland and Burgundy by Thomas Wright
{published in 1872), and largely forms the
base of the present succession of stages for
the Tethyan Jurassic.

AMMONITE BIOSTRATIGRAPHY

The ammonite faunas of western Europe by
which the Jurassic is biostratigraphically
subdivided are part of the Mediterranean
province of the Tethyan realm (Brinkmann,
1959), but Boreal influences are apparent
(Hélder, 1979). In general terms, the English
faunas are Boreal-Subboreal, and those from
France and Germany Submediterranean in
character.

Palaeogeographic interconnections with
other Tethyan and Boreal/Arctic regions were
selective. A direct connection existed between
the southern European and Andean or-
thogeosynclines. A long and narrow
epicontinental sea lane carrying endemic
faunas (with Indopacific elements) extended
from the Himalayan Province across Somalia
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to Madagascar (Brinkmann, 1959; Hélder,
1979). Westernmost Australia and New Zea-
land were within the eastern Himalayan or
Indopacific province (Brinkmann, 1959).
Ammonite records reveal sufficient endem-
ism to prevent the development of a world-
wide Jurassic ammonite biostratigraphy, and
complicate correlation of the meagre record
from Western Australia with the overall
Tethyan picture.

LAURASIA: Outside  Tethyan/Boreal
western Europe, Boreal/Arctic and Tethyan
ammonite biostratigraphies have been estab-
lished for the Jurassic (or parts of it) in
northern Poland (Kutek et al., 1984), the
USSR, and Siberia (Mesezhnikov, 1988).
Correlation of sequences in those regions still
presents some problems (Table II columns 7-
9). The Jurassic ammonite record continues
eastward into western China, where it is in-
complete and augmented with brachiopod
and pelecypod evidence (Yang, 1988). A more
marine environment is indicated by the al-
most complete and detailed ammonite record
of Japan (Sato, 1961; Matsumoto, 1978; see
Table I). In North America, a broad ammon-
ite subdivision has been set up for the
Jurassic in the Pacific region only (Imlay,
1974; see Table II column 12). An incomplete
zonation for the Middle Jurassic has been
erected for western Canada (Westermann,
1981).

GONDWANA: Due to the late opening up of
the Indian Ocean the most detailed ammon-
ite record for the Gondwanian Jurassic,
described from West India (Krishna, 1984),
does not include the Early Jurassic (Table II
column 11). Early and Middle Jurassic
ammonites found in South America reveal
Tethyan influences (Westermann, 1974; Von
Hillebrandt, 1984; see Table ITA, column 14).
The faunal record of New Zealand includes
ammonites, belemnites, and pelecypods, and
at this time has not been formally subdivided
into a zonal system (Stevens & Speden,
1978). Jurassic faunal relations between Aus-
tralia and New Zealand are discussed in a
forthcoming paper.

MICROFOSSIL
BIOSTRATIGRAPHY

THE FAUNAL RECORD: Micropalaeont-
ology plays an increasingly important role in
world-wide correlations, aided by the huge

influx of data from the subsurface, and the
continental shelves and ocean floor. Jurassic
foraminiferal records are mostly dominated
by benthonic elements; regionally applicable
biostratigraphies have been developed but to
date no global zonal system exists for fora-
minifera (or ostracods). A calpionellid bio-
stratigraphy exists for the Latest Jurassic in
the western Tethys (Remane, 1978), and is
discussed where useful for indicating cor-
relations of other fossil sequences.

THE FLORAL RECORD - CALCARE-
OUS NANNOFOSSILS: Calcareous nanno-
fossil biostratigraphies have been erected by
several authors, and Perch-Nielsen (1985)
attempted to establish a standard zonal sys-
tem for the Jurassic in the western Tethyan
province (Table II column 14).

THE FLORAL RECORD - PALYNO-
LOGY: Palynology today covers a very- wide
range of palaeoenvironments. Sediments of
flood plain, fluvial/lacustrine, deltaic to
lagoonal, littoral, and marine origins (the lat-
ter including epineritic to continental shelf
sediments) produce a wealth of plant
microfossils, of which spores, pollen grains,
and dinoflagellate cysts have proven to be the
most significant.

Spores and pollen: The record has shown
the existence of broad vegetation provinces
during the Jurassic, especially in the
northern hemisphere, denoted by palaeo-
latitudinal control on the distribution of com-
mon plant groups (especially the
gymnosperms, such as Classopollis and
Araucariacites). Broad parallels observed
between Jurassic records of several con-
tinents, for instance Australia and South
America, are not yet sufficiently precise to
enable detailed long-range biostratigraphic
correlations.

Dinoflagellates: Study of marine
dinoflagellate cysts has resulted in much
more widely applicable biostratigraphies,
due to the floating life-style of the organisms
involved. Table II columns 15-18 give a selec-
tion of zonal schemes for the Atlantic region.
The global biostratigraphy proposed by
Williams (1977) is set out in column 15.
Habib & Drugg (1983) published a useful
dinocyst distribution chart for the Middle
and Late Jurassic in the northwestern
Atlantic. Other studies dealing with shorter
Jurassic intervals are mentioned in Woollam
& Riding (1983) and in the very comprehens-
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ive biostratigraphic summary of Williams &
Bujak (1985).

Qutside the Jurassic of northwestern Eu-
rope, dinocyst records in Eurasia, and especi-
ally in China and Japan, are very incomplete
and suggest endemic developments. Records
from Gondwana are very fragmentary and
incomplete. In New Zealand a continuous
dinocyst sequence has been documented only
from the latest Jurassic or Heterian upwards
(Wilson, 1984). To date only Australia has
developed a formal biostratigraphy covering
almost the entire Jurassic.

THE STANDARD JURASSIC TIME
= SCALE

This chapter reviews current Tethyan/global
standards of Jurassic biostratigraphy, chro-
nostratigraphy, and magnetostratigraphy.
With the possibility that a global mag-
netostratigraphic scheme may eventually be
developed for the entire Jurassic, the cross-
correlation between these three disciplines
will enable an internally consistent geo-
chronology to be set up for the Jurassic. The
framework here outlined serves as a provisio-
nal calibration scale for the Australian record
(see chapter AUSTRALIA). Limited space
prevents any but the briefest review of earl-
ier studies, which are duly acknowledged in
publications referred to here.

BIOSTRATIGRAPHY

Stratotypes for most of the 11 Jurassic stages
have been defined in Germany, France, and
southern England (Table III). Problems
regarding ammonite biostratigraphy, and
suggestions regarding boundary type
sections and associated items have been dis-
cussed in a number of symposia, such as the
Colloque sur le Lias francais (Chambéry
1960); Deuxiéme Colloque International du
Jurassique (Luxembourg 1967); Colloque sur
la limite dJurassique-Crétacé (Lyon &
Neuchatel 1973); IUGS International Sym-
posium on Jurassic Stratigraphy (Erlangen
1984; Michelsen & Zeiss, 1984), and by seve-
ral authors (Cope et al., 1980a,b; Mégnien &
Mégnien, 1980; Krymholts et al., 1988; and
others).

The Early and Middle Jurassic stages in
Table IT are those summarised in Cope et al.

(1980a,b), and recommended for the U.K. to
the IUGS in Prague (George et al., 1969) and
the Deuxiéme Collogque International du
Jurassique (Morton, 1974). The Late Jurassic
stages are those summarised in Arkell
(1956), Ziegler (1974, 1981), and Mégnien &
Meégnien (1980) (see also Fig. 1).

Several biostratigraphic problems still await-
ing solution could not be incorporated into
Table II, and provisional solutions adopted
are briefly outlined in Appendix 1.

CHRONOSTRATIGRAPHY

Time frameworks published for the Jurassic
are based on extrapolation from isotopic key
data, assuming equal duration of stages
(from comparable thicknesses of sequences)
or ammonite zones (assuming a constant rate
of evolution), or constant rates of sea floor
spreading. Very little reliable isotopic control
has so far been obtained from the ocean floor.
More useful ages (K-Ar, Rb-Sr, Ar-Ar) have
been measured in onshore sedimentary and
crystalline rocks linked with the fossil record.
The data discussed by Armstrong (1978,
1982) and Odin (1982 Part II, Chapter NDS
Abstracts, p. 659- 948), offer some indications
between which age limits the Jurassic stages
may lie. A selection of data has been
summarised in Appendix 2.

MAGNETOSTRATIGRAPHY

A series of successive reversals of the earth’s
dipole magnetic field have been logged in
Cainozoic, Mesozoic, and Upper Palaeozoic
magmatic and sedimentary rock sequences
since the early nineteen sixties. Those re-
versals most probably originated from inter-
nal (i.e. not extraterrestrial) causes (Merrill
& McFadden, 1988), and have been recorded
on the oceanic crust as well as on land.

Larson & Hilde (1975) and Vogt & Einwich
(1979) set up a standard reversal diagram for
the Late Jurassic and Early Cretaceous (the
so-called Keithley sequence, including an-
omalies MO to M25) based on studies of
geomagnetic lineations from rift zones in the
Pacific (south of Hawaii). Recent studies
have also logged weaker reversals in the
magnetic interval preceding M25 (the so-
called Jurassic Quiet Zone), but not enough is
known about those (and older) anomalies to
propose a standard sequence for the entire
Jurassic.
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It is clear that magnetostratigraphy presents
a potentially valuable additional means
towards building up a standard chronology
for the earth’s history. It will enable
geoscientists to pinpoint ages of geological
events with more confidence by the degree of
internal consistency which they obtain from
integrating bio-, chrono-, and magnetostrati-
graphic correlations (see diagram). At the
present time such intercorrelations may not
be expected as a rule to show a high degree of
internal consistency, in view of the inherent
uncertainties within each discipline (bio-
stratigraphic resolution, rate of sea floor
spreading, radiometric decay constants, etc.).
Results obtained by each correlation for the
Jurassic are outlined below.

BIOSTRATIGRAPHY

VAN

CHRONOSTR. MAGNETOSTR.

CORRELATION A-B: This set of
correlations has been summarised in the pre-
vious section Chronostratigraphy.

'CORRELATION A-C: This correlation aims

at associating individual anomalies with
Jurassic stages.

Anomalies M18-M25. Fossil control has
been obtained from the ocean floor for only a
few anomalies. Ogg (1983) reported anomaly
M19n in DSDP site 534 (northern Atlantic) to
be linked with the lower limit of calpionellid
zone B (which correlates with the lower limit
of the combined B. grandis-jacobi ammonite
zone). Strata overlying anomaly M25 in
DSDP sites 100 and 105 (Northwest Atlantic)
include Jurassic (Oxfordian-Kimmeridgian)
nannofossils and foraminifera (see Ogg et al.,
1984).

Magnetic logging of land-based sedimentary
sequences has yielded much more detailed
information. Reversal sequences in Jurassic
and Cretaceous fossiliferous pelagic lime-

stones in Spain and Italy have been cor-
related with the M-sequence of anomalies.
Some of the most recent results are specified
below, and listed in Table III.

Channell et al. (1982) logged several Jurassic
reversal sequences in Umbria (central Italy),
and Ogg et al. (1984) in Sierra Gorda and
Carcabuey (southern Spain). Both studies
dated M19 to M21 as Tithonian and M23 and
M24 as Kimmeridgian. Channell et al. (1982)
placed the Kimmeridgian-Tithonian bound-
ary within M22. They suggested M25 to be of
Oxfordian age, and this was confirmed by
Ogg et al. (1984), who suggested the Oxford-
ian-Kimmeridgian boundary to lie at or
slightly above M25. Lowrie & Ogg (1986),
who recalibrated the M-series of anomalies,
also placed this boundary within M25.

Channell et al. (1982) placed the J-K bound-
ary (i.e. the base of the combined B. grandis-
Jacobi ammonite zone) within M19n in Foza,
central Italy, and this was confirmed by study
of sequences in Bosso in central Italy
(Channell & Grandesso, 1987) and Sierra de
Lugar in southern Spain (Galbrun; see Ogg &
Lowrie, 1986).

Ogg & Lowrie (1986) gave a detailed analysis
of published and unpublished studies of mag-
netic reversals near the J-K boundary in
Spain, Italy, and Hungary. They concluded
that the lower limits of the B. grandis and the
combined B. grandis-jacobi ammonite zones
fall within anomaly M18 and M19n
respectively.

Channell et al. (1987) measured several mag-
netic reversal sequences in Capriolo and
Xausa (northern Italy), and confirmed that
the Kimmeridgian-Tithonian boundary pro-
bably correlates with M22n, and the Tithon-
ian-Berriasian boundary (i.e. the lower limit
of calpionellid zone B) with the lower limit of
M18.

Older Jurassic anomalies. Weak magnetic
reversals have been detected in the Jurassic
Quiet Zone in the Pacific and Northwest
Atlantic Ocean floors. Lack of age control
makes them difficult to intercorrelate (see
next section); the only data available are
from the Blake-Bahama Basin, where bottom
strata overlying anomaly AM28 basalts in
DSDP site 534A are dated middle Callovian
(Gradstein & Sheridan, 1983).
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Magnetic reversals older than anomaly M25
have been logged also in land-based sequen-
ces, such as the Oxfordian in northern Spain
(Steiner et al., 1985), the Oxfordian/early
Kimmeridgian in Germany (Heller, 1977,
1978), the Callovian/early Kimmeridgian in
Italy, the Sinemurian/Bathonian in Hungary
and Italy (Channell et al., 1982), and the
basal Middle Jurassic in northern Italy and
Switzerland (Horner & Heller, 1983).

Fossil control for the ages of the mother rock
in various places varies between poor and
good, and at this time these reversals have
the appearance of being local rather than
global (see also Ogg & Steiner, 1984). No
magnetic reversal sequence is given for the
Hettangian-Bathonian in Table ITA.

CORRELATION B-C: This correlation aims
at establishing true ages for individual
geomagnetic reversals.

Anomalies M18-M25. The geomagnetic
reversal sequence calculated by Lowrie &
Ogg (1986) is here accepted for reasons set
out in the Conclusions (see below).

Anomalies M26-M29. Cande et al. (1978)
regarded anomalies PM26 to PM29 in the
Pacific as representing true reversals of the
earth’s magnetic field. Using Larson &
Hilde’s (1975) calibration and time scales
(and assuming a constant rate of Late
Jurassic sea floor spreading), they ex-
trapolated ages of approximately 154.8 Ma
and 155 Ma (lowermost Oxfordian) for PM26
and PM27, and 155.5 Ma and 157 Ma
(Callovian) for PM28 and PM29. Cox (1982)
gave recalibrated ages of about 163 Ma for
PM26 and PM27, 164 Ma for PM28, and 165
Ma for PM29, which result in identical stage
settings in the time table of Harland et al.
(1982).

Bryan et al. (1980) logged several anomalies
on the Northwest Atlantic sea floor (Blake-
Bahama Basin), which they labeled AM26-
AM28 and ‘Blake Spur’. From the rate of
Late Jurassic sea floor spreading in the basin
(which they assumed to have been constant)
they calculated AM26 and AM27 to be 150
Ma and 154 Ma (Callovian), and AM28 159
Ma (Bathonian; using the time scale of Van
Hinte, 1976). (The fossil evidence for a mid-
Callovian age of AM28 illustrates the

hazards of this extrapolation technique).
Bryan et al. (1980) thought that on profile
characteristics and age anomaly AM26 may
correspond with anomalies PM26-PM28.
(Channell et al., 1982, and Steiner et al.,
1985, tentatively calculated a Callovian age
for the Blake Spur anomaly).

Kent & Gradstein (1986) reviewed the above
anomalies in the framework of their own Ox-
fordian to Recent geomagnetic reversal sequ-
ence, whose Jurassic-Early Cretaceous part
they based on the absolute time scale of Har-
land et al. (1982). They extrapolated 158- 160
Ma (Oxfordian) for PM26 to PM29, and also
correlated PM29 with AM26. They indicated
AM27 to be 162 Ma (basal Oxfordian), and
AM28 167 Ma (Callovian), the last estima-
tion agreeing with the fossil evidence.

Lowrie & Ogg (1986) discussed the dis-
crepancies between magnetostratigraphic
and sea floor data for the Jurassic and Early
Cretaceous. They reassessed and recali-
brated the entire M-sequence of anomalies
and dated M26 to M28 147-148 Ma, and M29
149 Ma (i.e. Oxfordian in the time scale of
Hallam et al., 1985).

CONCLUSIONS: Since virtually none of the
Atlantic and Pacific Jurassic reversals can be
tied with the fossil record, geophysicists have
resorted to the method of extrapolating
between selected key points, thereby assum-
ing constant rates of Jurassic sea floor
spreading. In other words, they achieved
correlation A-C via steps B-C and A-B. This
method, however unavoidable at this time, is
not suitable. for cross-checking purposes, and
it is no surprise that calculated ages of an-
omalies vary considerably, depending on the
key points and geological time scales selected
by individual authors.

Biostratigraphic ages of geomagnetic
reversals obtained from land-based sequen-
ces are on the whole much more reliable. As is
shown in Table IIB column 1, the
geomagnetic reversal sequence M18-M29, as
calculated by Lowrie & Ogg (1986), can be
matched against the Kennedy & Odin (1982)
time scale without violating correlation A-C
summarised above. The ages for reversals
AM27-Blake Spur’ are adopted from Gradst-
ein & Sheridan (1983) and Steiner et al.
(1985).
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STAGE STRATOTYPE UPPER LIMIT MAGNETOSTRAT.

Ma chron EVIDENCE

130 M18 Bosso, Foza 1

_ base grandis

TITHONIAN none designed

131 M19N Carcabuey 2 12

base jacobi Foza, Xausa "'>3

KIMMERIDGIAN | S. England 1355? M22N | Xausa3?
OXFORDIAN S. England 140 M25 | Umbria®
CALLOVIAN S. England 150 Joz Xausa
BATHONIAN S. England 158 (BS) Blake-Bahama Basin °
BAJOCIAN N.W. France 170
AALENIAN S. Germany 178
TOARCIAN S. England 181
PLIENSBACHIAN| S.W.Germany | (189)
SINEMURIAN Centr. France? | (195)
HETTANGIAN S.E. France? (201)
RHAETIAN Austria (204)

1. Ogg & Lowrie (1986)
2. Ogg et al. (1984)
3. Channell et al. (1987)

4. Channell et al. (1982)
5. Lowrie & Ogg (1986)
6. Steiner et al. (1985)

correlations

TABLE lll: Isotopic ages of Jurassic stage boundaries and their Magnetostratigraphic
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EUSTASY

During the last hundred years a large body of
evidence has been collected for the existence
of a cyclus of synchronous rises and falls of
the sea level in several continents during the
last 500 million years or so. Hallam (1977)
reviewed several possible causes for world-
wide sea level movements and suggested that
they originated from episodes of uplift and
subsidence of mid-oceanic ridges. Changes in
volume of land ice or in mean temperature of
oceans would have been a minor influence
during the Jurassic (Hallam, 1977, 1984;
Donovan & Jones, 1979), and changes in the
shape of the globe also fall outside the scope
of this paper, as they would result in in-
finitely slower eustatic movements.

Hallam (1977) investigated the effect of sea
level movements on sedimentary facies and
faunal developments during the Jurassic. He
discerned a succession of widespread marine
transgressions and regressions in southern
England, France, and southern Germany,
and drew attention to synchronous marine
transgressions in other areas of the world,
notably in the Americas and Africa. He thus
developed a tentative eustatic sea level curve
for the Jurassic, indicating a slow absolute
rise (of at least 150 m), interrupted by recurr-
ent brief falls of sea level up to Oxfordian
times, and a probable fall during the
Kimmeridgian and Tithonian.

The earliest attempt to use seismically inter-
preted truncation of strata sequences in the
northern Atlantic region as a means of
detecting world-wide sea level movements
during the Mesozoic and Cainozoic was made
by Vail and collaborators. They published a
curve representing a ‘relative change of coas-
tal onlap’(Vail et al., 1977; Vail & Todd, 1981).
A broader-based study, integrating seismic
and sequence stratigraphic data to create
depositional models, was made by Hagq et al.
(1987), who published a very detailed (pro-
visional) coastal onlap curve for the Mesozoic
and Cainozoic. Their sea level curve is given
in Figure 4.

Little direct evidence of eustasy has been
found in the mostly nonmarine Jurassic
sequences of the Australian (onshore)
sedimentary basins. This is further discussed
in the Chapter AUSTRALIA.

AUSTRALIA

INTRODUCTION

The earliest geological and palaeontological
observations of this continent date from the
late eighteenth century as formal and infor-
mal reports, journals, diary notes, private
letters, etc., by individual explorers, curious
visitors, prospectors, and local laymen with
scientific geological interest exploring the
land, commonly on horse-back.

The discovery of economically valuable
minerals (gold, coal, copper) in the
nineteenth century led the Governments of
Victoria, New South Wales, and Queensland
to instigate official enquiries, and this activ-
ity gradually led to the institution of Govern-
ment Geological and Mining Departments,
which were charged with the organisation of
geological and mining acitivities. Subsejuent
studies gradually filled in the rough geology
of the continent, and at the beginning of the
twentieth century geological and pal-
aeontological research had been placed on a
proper organisational and legislative footing
in each of the states and territories.

Initially, Jurassic strata were known only
from outcrop as coal beds in Queensland and
New South Wales (T'W.E. David, H.I. Jensen,
F. Reeves). Interest in the geology of Queens-
land was stimulated by the discovery of
Jurassic oil and gas-bearing beds in the
Great Artesian Basin early this century.
Despite a series of set-backs, systematic
mapping of large tracts of the basin began in
the early twenties (R.L. Jack, W.G.
Woolnough, L.C. Ball, F.W. Whitehouse).
Petroleum exploration at Weipa, Wyaaba,
and Karumba, and geophysical surveys after
World War 2 have opened up Cape York Peni-
nsula (Smart et al., 1980).

Geological exploration in Western Australia
started near the end of last century. Much of
it was done by A. Gibb Maitland, who, as
Government Geologist, reported on Jurassic
strata in the first comprehensive publication
on the state’s geology. Jurassic fossils were
reported initially by W.T. Bednall, C. Moore,
R. Etheridge Jr., C.G. Crick, and other work-
ers, and subsequently by L.F. Spath, C.
Teichert, R.O. Brunnschweiler, and W.J.
Arkell. Systematic field mapping and pal-
aeontological research of various sediment-
ary basins began after World War 2.
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In 1946 the Australian Government in-
stituted the Bureau of Mineral Resources,
Geology and Geophysics (BMR), which at
present is the largest earth science research
institute of Australia. Housed initially in
Melbourne, Victoria, and later in Canberra,
A.C.T, the BMR acts as the federal reposi-
tory of geological documentation, and ex-
pands and integrates knowledge of the
continent’s geology. Geological and geo-
physical activity was speeded up with the
availability of aerial photographs and the use
of four-wheel drive vehicles, and frequently
in joint projects with State Geological Sur-
veys, systematic mapping of sedimentary
basins started in Western Australia, Queens-
land, and Northern Territory.

The Australian Government also stimulated
closer relationships with the oil industry by
means of the Petroleum Search Subsidy Act
of 1957, which which made federal subsidies
available for commercial drilling projects.
Those projects furnished essential data for
in-depth stratigraphic and palaeontological
research of many sedimentary basins.

Increased search for oil and natural gas led to
intensive offshore seismic research and drill-
ing since the nineteen sixties, by SHELL,
ESSO, BURMAH OIL, WAPET, ELF-
AQUITAINE, ATLANTIC RICHFIELD,
WOODSIDE, and other companies. Their
activities have greatly expanded the known
area of Jurassic deposition, in particular off
the western and northwestern shores of the
continent.

JURASSIC ENVIROMENTS

The Jurassic geological history of Australia,
including plate-tectonics, stratigraphy, pal-
aeontology, and palaeoenvironments, have
been briefly summarised by Bradshaw &
Yeung (in prep.), who compiled the most up-
to-date literature lists of 15 onshore, coastal,
and offshore sedimentary basins (Figs 2, 3).

During the Jurassic the Australian Plate lay
within the sphere of marine orthogeosynch-
nal developments in the eastern Tethys
(Himalayan province of Brinkmann, 1959, or
Indo-Pacific region of Hélder, 1979), but most
of it was above sea level. The margins of the
vast central Archaean shield in the east are
onlapped by nonmarine Jurassic strata; only
its northernmost (Cape York, Bonaparte
Gulf) and western regions (Perth, Car-
narvon, and Canning Basins, Northwest
Shelf) have yielded evidence of marine influ-
ence.

The Gondwana continents had not yet begun
to separate, but initial rifting occurred
between Australia and Antarctica (Quilty,
1984). Fault systems and rift valleys along
the western margin, already emerging dur-
ing the Late Triassic, possibly indicate
wrenching movements with a land mass
(‘greater India’?) to the northwest (Veevers et
al., 1984).

The Great Artesian Basin includes the most
completely preserved sequence of Jurassic
sediments in the continent. Coal-bearing
sediments straddling the Triassic-Jurassic

NORTH & WEST SOUTH NORTHEAST & CENTRAL
LATE marine and nonmarine;| nonmarine; | nonmarine; marine inter-
JURASSIC| in some areas incom- | lower part calations in far north
plete missing
MIDDLE marine and nonmarine; nonmarine; in far north
JURASSIC| in some areas incom- —_— incomplete and mixed
plete marine-nonmarine (?)
EARLY marine and nonmarine; nonmarine; present in far
JURASSIC| in many areas incom- — north? marine? basal part
plete prfsent only in far east

Figure 3. Summary history of Australlan Jurassic environments
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boundary have been mapped in the adjoining
Clarence-Moreton Basin, and at Leigh Creek,
South Australia (Playford & Dettmann,
1965). All are of nonmarine origin. Although
mostly blanketed by Cretaceous and Tertiary
strata, especially in Queensland, they have
been accurately logged during widespread
drilling for artesian water and petroleum.
Unpublished work by the author indicate the
presence of shallow marine ?Lower and Mid-
dle Jurassic strata in northern Cape York
Peninsula.

QOutside Queensland and the northeastern
tip of New South Wales the Jurassic is poorly
known from outcrop in Australian sediment-
ary basins. Basal Jurassic diatreme breccias
occur in the Sydney Basin (Helby & Morgan,
1979). In the Otway and Gippsland Basins
the Upper Jurassic is known almost entirely
from borehole sections. The origin of
reworked (Early?) Jurassic spores and pollen
grains in the Cretaceous of the Otway Basin
has not been satisfactorily traced. Upper
Jurassic sediments have been logged in
offshore boreholes in the Great Australian
Bight (or Eyre) and Polda Basins along the
southern margin of the continent.

Marine and nonmarine Jurassic strata have
been mapped and logged in outcrop and the
subsurface in the western and northwestern
basins. The geology of various offshore basins
is very complicated, and details on stratigra-
phy are still obscure (Bradshaw et al., 1988).

THE FAUNAL RECORD

Sedimentary basins along the western and
northwestern margin of the continent con-
tain fossiliferous strata bearing ammonites,
belemnites, pelecypods, foraminifera, and
palynomorphs. Intercalating with thick coas-
tal to nonmarine sandstone and siltstone
beds, they provide a measure of age control
(Arkell, 1956; McWhae et al., 1958; Playford
et al., 1975; Quilty, 1975; Helby et al., 1987;
and others). Jurassic faunas display endemic

traits, but indicate Antarctic influences and

certain affinities with other Gondwana con-
tinents. Australian palaeontologists have
therefore traditionally related the fossil
record to the standard European Jurassic
geochronology.

Study of marine dinoflagellates has resulted
in a fairly complete composite Jurassic bio-
stratigraphy, which shows certain parallel

developments with the Tethyan Jurassic of
the Northern Hemisphere (Helby et al.,
1987). Spores and pollen grains have also
provided an uninterrupted Jurassic record
for Australia, and have made the most
successful contributions to interbasinal
correlations. They have shown (megafossils
are extremely rare) that the Australian
Jurassic flora included a large complement of
gymnosperms; the total number of spore and
pollen species recorded is roughly only half
that from the Early Cretaceous, owing
mainly to a much less diverse fern commun-
ity. Palaeofloristic links have been
demonstrated with other Gondwana con-
tinents (De Jersey, 1973; McKellar, 1974;
Filatoff, 1975).

The most important Jurassic faunal and flo-
ral records from Australia are briefly
summarised below. Except for palynology
(and foraminifera) fossil records are too
fragmentary for biostratigraphic analysis. In
view of the space available only the more rec-
ent studies are mentioned. Faunal and floral
correlations with adjacent Gondwana con-
tinents are discussed in more detail in a fu-
ture paper.

VERTEBRATE FAUNAS (Table II column
27): The vertebrate record of Australia is poor
and fragmented. Fishes have been reported
from the Middle to Late Jurassic freshwater
assemblage of Talbragar (Long, 1982; Long &
Turner, 1984). Amphibians are known from
the Early Jurassic Marburg and Evergreen
faunas (Warren, 1982; Molnar, 1984a; Lees,
1986). Reptiles are known from Mt Morgan
(Bartholomai, 1966; Molnar, 1982) and the
Evergreen fauna (Lees, 1986), both basal
Jurassic, and the Middle Jurassic Walloon
fauna (Molnar, 1980, 1982, 1984b; Lees,
1986).

INVERTEBRATE FAUNAS: Jurassic in-
vertebrate faunas are known almost ex-
clusively from Western Australia, and
include Protozoa (foraminifera, tintinnina),
Porifera, Bryozoa, Echinodermata (echin-
oids), Arthropoda (ostracods), Mollusca (gas-
tropods, bivalves, ammonites, nautiloids,
belemnites), and Brachiopoda (Quilty, 1975).
The following fossil groups have contributed
most to age determination and basin correla-
tion.

Ammonites and belemnites (Table II col-
umn 26). Ammonites are known from the lat-
est Jurassic of the Canning Basin (Brunn-
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schweiler, 1957, 1960), Middle to Late Juras-
sic of the Carnarvon Basin (McWhae et al.,
1958) and the early Middle Jurassic of the
Perth Basin (Arkell & Playford, 1954; Arkell,
1956; Coleman & Skwarko, 1967; Hall, 1989).

Belemnites are known from the latest
Jurassic in the Canning Basin (Brunnsch-
weiler, 1957, 1960) and the Middle Jurassic
(Bajocian) of the Perth Basin (McWhae et al.,
1958).

Bivalves. Bivalve molluscs are known from

the Late Jurassic of the Carnarvon Basin

(Teichert, 1940a) and the Canning Basin
(Teichert, 1940b; Brunnschweiler, 1957,
1960; Fleming, 1959), and the Middle
Jurassic of the Perth Basin (Coleman &
Skwarko, 1967).

Foraminifera (Table IIA column 19).
Scattered occurrences of agglutinated foram-
inifera have been reported from the Late
Jurassic in the Carnarvon Basin (McWhae et
al., 1958). Apthorpe & Heath (1981) set up a
zonal system for the Sinemurian/Pliens-
bachian to middle Bagjocian in petroleum ex-
ploration wells on the NorthWest Shelf.
Agglutinated foraminifera were reported
from the Late Jurassic of DSDP sites 259 and
261 at the outer margin of the shelf (Barten-
stein, 1974; Kuznetsova, 1974).

THE FLORAL RECORD

Plant megafossils. The discovery and min-
ing of coal in the Great Artesian and Clar-
ence-Moreton Basins gave rise to palaeo-
botanical research, initiated by A.B. Walkom
and L.C. Ball (Queensland) around the turn
of the century, and continued by F.W, White-
house (1955), R.E. Gould (1975, 1980), and
M.W. White (several unpublished BMR
Records). In Western Australia, identifiable
plant megafossils have been reported from
the Toarcian and Late Jurassic of the Perth
Basin (McWhae et al., 1958).

Various records, although locally abundant,
remain fragmentary and incomplete, and a
Jurassic megafloral biostratigraphy for Aus-
tralia has not been instituted at this time.

Calcareous nannofossils. Proto Decima
(1974) reported Jurassic nannofossils from
several DSDP sites at the outer margin of the
North West Shelf.

Marine dinoflagellates (Table II columns
20, 25). Cookson & Eisenack (1958, 1960)
first described and reported Jurassic
dinoflagellates from Australia. Biostrati-
graphic studies in many onshore and off-
shore boreholes in Western Australia
(Wiseman, 1980; Backhouse, 1978, 1988;
Helby et al., 1987; and others) have been in-
tegrated into a new zonal scheme for the en-
tire Jurassic by Helby et al. (1987; see Table
IT column 20).

Additional data have been retrieved from
northern Queensland, but are much more
restricted. Evans (1966b) made the first
attempt towards a biostratigraphic analysis
of the Late Jurassic in Cape York Peninsula
and Papua New Guinea. Burger (1982) and
Helby et al. (1987) also investigated latest
Jurassic to Early Cretaceous marine rock
sequences from the peninsula.

Spores and pollen grains (Table II col-
umns 21-25). Spores and pollen grains con-
stitute the principal medium by which
nonmarine and marine sedimentary sequen-
ces in Australia have been correlated. Early
studies by Balme (1957, 1964), De Jersey
(1963, 1971, 1975, 1976), Playford &
Dettmann (1965), and Evans (1966a) have
provided the key data from which broad and
readily correlatable biostratigraphic schemes
have been set up for the Australian Jurassic,
and which formed an enduring basis for later
studies.

Dettmann (1963) and Dettmann & Playford
(1969) made detailed studies of latest
Jurassic strata from the Great Artesian and
Otway-Gippsland Basins. Evans (1966a) first
instituted an informal zonation for the entire
Jurassic in the Great Artesian Basin. His
Early Jurassic intervals were formally
defined by Reiser & Williams (1969) and De
Jersey (1975, 1976), and the youngest
Jurassic interval by Burger (1973, 1989) and
Helby et al. (1987). A finer subdivision for the
Jurassic of eastern Australia was published
by Filatoff & Price (1987). Filatoff (1975) and
Backhouse (1978, 1988) presented a formal
zonation for the entire Jurassic in the Perth
Basin, which was slightly modified by Helby
et al. (1987) to be applicable continent-wide.

Zonal schemes and species ranges are set out
in Table II columns 21-24, as published by
their authors. Several zonal intervals are
outlined in more than one scheme, being
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defined by useful species with pan-Austral-
ian distribution. The columns illustrate the

different opinions as to ages of various zones.
Discrepancies also emerge by comparing ages
of spore-pollen and dinocyst sequences, as
each group of organisms carries its own doss-
ier of evidence (although some of that evid-
ence overlaps). This paper attempts to
reconcile those discrepancies by proposing al-
ternative time settings for current zonal
schemes which do not violate internal
correlations, although several dinocyst zones
are defined by rather vague criteria, and are
not readily correlated with the parallel spore-
pollen sequence.

The new time settings are argued in
Appendix 3, and set out in Table II (column
25) and Figure 4. The revised ages unavoida-
bly raise controversies for which the present
meagre body of evidence offers no solutions.
Adjustments to the new scheme may there-
fore be expected as fresh evidence comes to
light.

RADIOMETRIC AGES

Of all radiometric age determinations carried
out on crystalline and volcanic rocks in Aus-
tralia a few can be linked with the latest
Triassic-Jurassic fossil record.

The Dalmally Basalt (Ipswich Basin,
northeastern N.S.W.), yielded a K-Ar age of
216£5 Ma. It is associated with the
Nymboida Coal Measures, which contain
Middle Triassic plant fossils. A dacite
(Glasshouse Mountains, southeastern
Queensland) which yielded a K-Ar whole-
rock age of 213+7 Ma may probably be
time-equivalent to a volcanic sequence in
the Nambour Basin, whose uppermost
strata contain Rhaetian spores and
pollen (Webb, 1982). These dates would
seem to indicate that 213 Ma for the
Triassic-Jurassic boundary (adopted by
Harland et al., 1982) is too old.

The Garrawilla Volcanies (Surat Basin,
N.S.W.) yielded K-Ar ages of 201.5-171.5 Ma
(Dulhunty & McDougall, 1966; Dulhunty,
1972). It is associated with Evans’ (1966a)
Unit J1 (Loughnan & Evans, 1978) and
Reiser & Williams’ (1969) Classopollis
classoides zone (see Helby & Morgan, 1979).
A basal Toarcian age suggested for that pal-
ynological horizon (see above) falls well

within the uncertainty margin of the
radiometric age.

The Towallum Basalt is a thin tholeiitic bas-
alt (southernmost Clarence-Moreton Basin,
N.S.W.) which yielded an “*Ar-*’Ar age of
187+5 Ma (Bradshaw et al., in prep.). This
age span falls within the late Pliensbachian-
Toarcian in Kennedy & Odin’s (1982) time
scale. The basalt fits into the latest Assembl-
age D/early Unit J2-3 zonal interval (see Bur-
ger, in press 2; Bradshaw et al., in prep.), and
this interval is thought on biochronological
considerations to be late Pliensbachian to
early Toarcian (McKellar, 1974; De Jersey,
1975).

EUSTASY

The marine Jurassic record of Australia is
restricted and fragmentary. The best
documented complete Jurassic sedimentary
sequence occurs in the Great Artesian Basin,
but is nonmarine (Fig. 4). Exon (1976), Exon
& Burger (1981), and Burger (1986, 1989)
outlined four successive Jurassic sediment-
ary cycles in the Eromanga and Surat Sub-
basins. Each cycle consists of (a) a basal
fluvial sandstone deposited during intervals
of rapid drainage (braided streams) as the
regional base level of erosion fell, and (b) an
overlying lacustrine mudstone/siltstone
interval deposited when a rising base level of
erosion resulted in sluggish drainage (mean-
dering streams), with occasional formation of
coal and bentonite beds.

‘Palynology proves this cyclic development to

have been synchronous in the two subbasins,
and such a degree of uniformity suggests
global rather than local (tectonic or other)
causes. There is no known evidence from
spores and pollen for periodic changes of cli-
mate (i.e. precipitation) to explain this
development. Recurrent uplifts of the eastern
Australian craton rim have also been sug-
gested as a possible cause, but application of
this mechanism meets with problems (Brad-
shaw & Yeung, in prep.).

Exon & Burger (1981) and Burger (1986) sug-
gested eustatic sea level movements to be the
most probable cause of the rising and falling
erosion level in the basin. Taking the most
probable ages of the associated spore-pollen
assemblages as a guide, they linked
sedimentary cycles 1 and 2 with Sinemurian-
Bathonian sea level movements of Vail et al.
(1977). On much less definite spore-pollen
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evidence they suggested a Callovian link for
cycle 3, and an Oxfordian-Tithonian link for
cycle 4. :

Burger (1989, in press 3) suggested a mod-
ified Kimmeridgian-Tithonian link for cycle
4, which coincides with the earliest occurr-
ence of Cicatricosisporites (see Appendix 3).
Pending more accurate palynological age
evidence the links with the sea level curve of
Hagq et al. (1987) here adopted are shown in
Figure 4.
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APPENDIX 1
AMMONITE BIOSTRATIGRAPHY

This Appendix outlines some of the outstanding
problems of Jurassic ammonite biostratigraphy in
Europe, which cannot all be incorporated in Table
II columns 3-6.

EARLY JURASSIC

Broadly, the Triassic-Jurassic boundary in Eu-
rope coincides with a Rhaetian marine transgres-
sion, which established epicontinental environ-
ments in central and northern Germany,
northern France, and southern England. Initially,
the Early Jurassic included the ‘Rhitische
Gruppe’ of C.W. Gumbel in the German and Aus-
trian Alps, the ‘rhétien’ of E. Renevier in France,
and the Rhaetic beds of C. Moore in England,
which includes the basal ‘Blue Lias’ and upper
Penarth Group (Arkell, 1933).

Because of their transgressive character it proved
difficult to correlate those sequences in detail. For
instance, the strongly facies-limited fauna of the
Alpine reef limestones allows no distinct expres-
sion for the Rét-Lias boundary (Fabricius, 1974).
In southern Germany and Switzerland the basal
Lias often includes an unconformity with a basal
conglomerate (Brinkmann, 1959), and in England
includes an interval of ‘non-sequence’. Torrens &
Getty (1980) discussed correlation of the as-
sociated ammonites, and advocated the lower
limit of the basal planorbis subzone of the
Psiloceras planorbis zone (instead of the base of
the Rhaetian) to mark the Triassic-Jurassic
boundary. The final choice of a boundary type

locality is still left open (Mouterde, in Michelsen
& Zeiss, 1984 1, p. 15).

The Hettangian-Sinemurian boundary seems to
represent a gap in many areas of northwestern
Europe. In Germany it presents very peculiar pro-
blems, in that faunas of the upper complanata
subzone of the angulata zone show a not yet fully
analysed time-transgressive character (Bloos, in
Michelsen & Zeiss, 1984 1, p. 20).

In the stratotype of the Sinemurian at Semur
(west of Dijon) the bucklandi zone of Arkell in-
cludes a lower rotiforme zone and an upper buck-
landi zone (Mouterde & Tintant, 1961), and the
semicostatum zone is somewhat more extended
than in England. A slight hiatus without ammon-
ites occurs between that zone and the following
obtusum zone (Guérin et al., 1961; Mouterde &
Tintant, 1980). In the Paris Basin this hiatus is
narrower, and Lefavrais-Raymond & Horon
(1961) recognised a birchi zone, which Mouterde
& Tintant placed in the early Sinemurian (i.e. un-
derneath the ‘Lotharingian’ sensu Haug).

The stratotype of the Toarcian near Thouars
(northwest of Poitiers) starts with a hiatus, the
oldest ammonite interval being the semicelatum
subzone of the tenuicostatum zone (Gabilly et al.,
1974). Mouterde & Tintant (1980) took the Toar-
cian to commence with the paltum subzone (3
subzones earlier), as in England. In southwestern
Germany (Rheingraben) the top of the Toarcian is
proposed to be a torulosum zone, which correlates
with the higher aalensis zone (Ohmert, 1984).

MIDDLE JURASSIC

D’Orbigny, not recognising an Aalenian stage,
placed the boundary between Toarcian and Bajo-
cian at Bayeux (Normandy) between the concava
and humphriesi zones, and near Thouars {(at the
Loire) underneath the sowerby zone. Dayczak-
Calikowska (1974) and Van Hinte (1976) retained
the Aalenian (opalinum-murchisonae interval) as
a separate stage, as recommended by the Inter-
national Geological Congress (1964). Mouterde
{1974) retained the Aalenian (opalinum-discites
interval) as a separate Early Jurassic stage in
Portugal. Dubar et al. (1974} for southeastern Fr-
ance, Thierry (1980) for the Paris Basin, and Cope
et al. (1980a) for England, all equated the Aalen-
ian with the opalinum-concavum interval, but as
part of the Middle Jurassic.

Bajocian strata containing the sauzei and lgeviu-
scula zones are thin or absent in Normandy, and
Rioult (1974) proposed a future stratotype to in-
clude only the humphriesianum- yeovilensis/
zigzag interval. Gabilly & Rioult (1974), who
reviewed the problem-of the Lower-Middle
Jurassic boundary along the whole of the
Armorican Block, suggested incorporating the
Aalenian (as redefined in Luxemburg in 1962)
into the Toarcian, and placed the base of the Bajo-
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cian between the concavus and sowerbyi zones.
This was accepted by Thierry (1980) and Cope et
al. (1980a), but they preferred to take the top of
the Bajocian between the parkinsoni and zigzag
zZones.

In Germany, the Bathonian fenuiplicatus zone of
Cope et al. (1980a) is taken as the youngest sub-
zone of the zigzag zone (Hahn, 1974). In south-
western Germany Pavia (in Michelsen & Zeiss,
1984 I, p. 55) recognised a Bajocian niortense (=
subfurcatum) zone, and Mangold (in Michelsen &
Zeiss, 1984 I, p. 67) a Bathonian retrocostatum (=
hodsoni) zone.

Callomon (in Michelsen & Zeiss, 1984 I, p. 77)
suggested the upper reAmanni subzone of the Cal-
lovian macrocephalus zone in France to correlate
with the basal calloviense zone in southern Eng-
land. The jason zone in England and the Paris
Basin includes the medea and jason = tyranni-
formis subzones, the enodatum = planicerclus
subzone being part of the preceding calloviense
zone (Cope et al., 1980a; Thierry, 1980; Cariou,
1984). Further east, however, the jason zone in-
corporates all three subzones (Cariou et al., 1974).

In Poland, the beds with Quenstedticerds of the
lamberti zone are regarded as Oxfordian (Day-
czak-Calikowska, 1974). :

LATE JURASSIC

Correlation of the Oxfordian in England, France,
and Germany is more complicated than given in
Table IIB (see Enay & Melendez, in Michelsen &
Zeiss, 1984 I, p. 87). According to Brenner (1984),
dinoflagellate evidence correlates the bimam-
matum-platynota interval in southwestern Germ-
any with the baylei-cymodoce interval in southern
England. This raises far-reaching questions con-
cerning isochrony of the ammonite boundaries,
but the dinocyst data are too recent to be
evaluated in depth.

Morton (1974), Cope et al. (1980a), and Debrand-
Pessard et al. (1980) proposed the baylei zone as
the oldest ammonite zone for the Kimmeridgian.
Morton did not define the top of the Kimmeridg-
ian, but Cope et al. proposed the succeeding
Portlandian in England to represent the youngest
Jurassic stage in the Boreal realm, starting with
the albani zone.

The ‘tithonische Etage’ was introduced by Alfred
Oppel in 1865 for the interval between the
Kimmeridgian eudoxus zone and the Valanginian
roubaudianus (=otopeta) zone. Since the studies of
KA. von Zittel and M. Neumayr in southern
Germany the name has been widely and success-
fully applied in Tethyan Europe for the hybo-
notum /elegans-transitorius interval. Debrand-
Pessard et al. (1980) took the gravesi zone as the
basal zone of the Tithonian in the Paris Basin.

Zeiss (1974) discussed the definition and possible
type section for the Tithonian in the Tethyan
realm, and proposed a lower-middle Tithonian
(Danubian) as the interval commencing with the
hybonotum zone (type locality in Franconia,
southern Germany), and an upper Tithonian com-
mencing with the scruposus zone (type locality
Ardéche, southeastern France). In this respect,
difficulties regarding the still insufficiently
known Ardéche ammonites, and an effective
definition for the Jurassic-Cretaceous boundary
are still to be resolved (see below). At the Colloque
sur la limite Jurassique-Crétacé Enay & Geyss-
ant (1975) recommended that the Tithonian com-
mence with the Aybonotum zone, and end with the
‘Durangites’ or upper transitorius zone, described
from the Cordilleras Beticas in southern Spain.

Table IIB follows Cope et al. (1980a) with regard
to the Oxfordian and their early Kimmeridgian
(baylei-autissiodorensis zones), here taken as
Kimmeridgian sensu stricto. Many of the Spanish
Tithonian zones are not recognised in other
regions of Europe, and at this time no standard
Tithonian ammonite zonation has been defined.

JURASSIC-CRETACEOUS BOUNDARY

A satisfactory palaeontological definition for the
Jurassic-Cretaceous (J-K) boundary has never
been agreed upon, as ammonite provincialism has
given rise to regional stage concepts (Portlandian,
Tithonian, Volgian, Purbeckian, Berriasian, Rya-
zanian) for various Tethyan and Boreal provinces
of Europe. Ammonite records from various re-
gions are mostly incomplete, and time relation-
ships of zonal intervals are still being argued.

The traditionally accepted J-K boundary has been
drawn in the Tethyan of Europe as being the
lower limit of the Berriasian (lower limit of the B.
grandis zone; Le Hégarat, in Cavelier & Roger,
1980). The equivalent sequences in southern Eng-
land and the Russian Platform contain gaps, and
show distinct Boreal influences.

In recent years this boundary has been question-
ed, as it is not defined sharply enough, and there
has been no contact defined with the preceding
Tithonian stage. At the 1973 Colloque sur la lim-
ite Jurassique-Crétacé the combined B. grandis-
Jacobi interval was seriously considered as an
alternative lowermost Cretaceous zone in the
Tethyan realm. This new boundary has an
equivalent in the Boreal realm of the USSR (al-
though it truncates the Tithonian as proposed by
Zeiss, 1974). It also coincides with the base of the
Calpionella alpina zone (calpionellid zone B of
Remane, 1978), and this zone has been widely ob-
served in Spain (Allemann et al., 1975; Oggef al.,
1984) and Italy (Ogg & Lowrie, 1986), as well asin
North Africa (Memmi & Salaj, 1975) and other
regions where the standard ammonite succession
is not recognised. Both boundaries are indicated
in Table IIB and Figure 1.



JURASSIC 19

APPENDIX 2

ISOTOPIC AGES

TRIASSIC-JTURASSIC BOUNDARY

Armstrong (1982) dated the Triassic-Jurassic (T-
J) boundary as 208 Ma, based on analysis of many
isotopic analyses of Upper Triassic (Takla Group,
215, 223 Ma) and Lower Jurassic (Hazelton
Group, 182-191 Ma) volcanics, and Upper Trias-
sic? erystalline rocks (200-209 Ma), all in British
Columbia, Canada. However, Odin & Letolle
(1982) and Kennedy & Odin (1982) commented on
the poor stratigraphic control of several of the
Canadian samples analysed. Quoting additional
results from late Triassic intrusives in Thailand
(209-211 Ma), the Early Jurassic of the USA (190-
206 Ma), and the Hettangian of France (194 Ma),
they deduced 204 Ma for the T-J boundary, a
value accepted in this paper.

THE JURASSIC STAGES

Hallam et al. (1985), who discussed the Jurassic

time scale, criticised Kennedy & Odin’s (1982)

choice of Late Jurassic boundary ages based on

glauconies. They suggested that systematic dis-

crepancies with the ages calculated by Van Hinte

(1976) indicated underestimations due to argon

loss. Van Hinte based his ages on equal duration

of Jurassic ammonite subzones (on average 1Ma),

assuming a constant rate of ammonite evolution.

The technique of ‘averaging out’ durations of
ammonite intervals (which at any rate are

guesses based on isotopic dates) might in practice

yield plausible time estimations for parts of the

Jurassic (Geological Society of London, 1964; Har-

land et al., 1982; Westermann, 1984; Hallam ez-
al., 1985), but the basic assumption is an un-

proven one. Ammonite evolution, being tied to the

environment, was more likely to be not uniform

(see Hallam, 1984),

Odin (1985) was well aware of the uncertainties of
glaucony datings but disputed the common belief
that they are systematically underestimated. He
stated that there is no convincing evidence of
significant argon loss ‘in epicontinental, un-
weathered, shallow buried and non-tectonized
deposits’, and pointed out that specific conditions
in which argon loss may occur can usually be
identified.

Pending the analysis of new reliable material
Kennedy & Odin (1982) proposed stage boundary
ages with uncertainty margins estimated at £3-5
Ma, which are here adopted (see Table III).

JURASSIC-CRETACEOUS BOUNDARY
A maximum age of 135 Ma seems reasonable to

accept for the B. jacobi zone in view of Kennedy &
QOdin’s (1982) discussion of several glaucony ages

close to the J-K boundary (see Burger, in press 1).
K-Ar analyses have yielded 129.4 and 131 Ma
(NDS75, 76) and 128 and 134 Ma for the Port-
landian in southern England and northwestern
France, 135 Ma for the basal Purbeck and 131-
135 Ma for the early Volgian, both in southern
England, and 130 Ma for the late Volgian in the
Mexico Basin.

There are few reliable age indicators for the base
of the B. grandis zone. Kennedy & Odin (1982)
cited glaucony datings of 122 and 134 Ma for the
Ryazanian in England and the USSR. Harland et
al. (1982) calculated 135 Ma for the Berriasian-
Valanginian boundary on the basis of minimum
error functions from dated glauconies, but by the
same method Lowrie & Ogg (1986) obtained 135
Ma for the J-K boundary (base of B. grandis zone).
This value is accepted by many geoscientists, but
this paper follows Odin (1985) in taking the base
of the B. grandis zone at 130 Ma, and suggests the
base of the B. jacobi zone to be 131 Ma, both with

a likely error of £3 Ma.

APPENDIX 3

REVISED AGES OF
PALYNOZONES

The dinoflagellate biostratigraphy for the
Jurassic of Australia of Helby et al. (1987) is set
out in Table II column 20. Many dinocyst zones
are defined on vague criteria, and their full
stratigraphic range within intervals defined by
first appearances of species (the most reliable
biostrati- graphic criterium) appears somewhat
flexible. This Appendix gives evidence which
seems to indicate that most Jurassic intervals
may be consistently about one stage older than
dated by their authors (see items A-G). The al-
ternative ages do not significantly alter those
authors’ dinocyst/spore correlations (compare
Table II columns 20-21 and Figure 4); the spores
and pollen - however indirectly - support changes
in age of a comparable order of magnitude (see
items H-K).

The alternative ages are deduced chiefly from
comparison of the distribution of dinocyst species
in Australia and northwestern Europe. Long-dist-
ance dinoflagellate correlations carry an element
of risk but are thought to be valuable, as has been
shown for the Early Cretaceous of Australia
{Morgan, 1980; Burger, 1982; and others).

(A): None of the zones within the P. jehiense-D.
lobispinosum zonal interval are defined by first
appearances of index species (Fig. 4). Helby et al.
(1987) referred to ammonite evidence from the
Carnarvon Basin for a basal Berriasian age of the
overlying B. reticulatum zone, and that evidence
is here accepted. They placed the P. iehiense zone
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(4 zonal intervals earlier) at the J-K boundary,
claiming it to be the oldest interval which is as-
sociated with the dispersed spore genus Cica-
tricosisporites. However, this genus may have
arrived in Australia during the Kimmeridgian
(see item K), and that age is suggested for the
iehiense zone. According to Helby et al. (p. 36) the
C. delicata zone, 2 zonal intervals above the
iehiense zone, is associated with the earliest
appearance of Canningia reticulate, and that
species first appears in the early Tithonian of
northwestern Europe (Sarjeant, 1979).

(B): The D. jurassicum zone occurs with ?middle
Kimmeridgian belemnites in the Canning Basin
(Helby et al., 1987, p. 31). An Oxfordian age might
be suggested for part of this zone, as it includes
Systematophora areolata, and in Europe and the
northwestern Atlantic this species first appears in
the late Oxfordian (Sarjeant, 1979; Habib &
Drugg, 1983).

(C): None of the zones within the W. spectabilis-C.
perforans zonal interval are defined by first
appearances of species. Item B implies that this
interval is not younger than Oxfordian. Its upper
part (C. perforans zone) appears to be associated
with the earliest appearances of Leptodinium eu-
morphum and Belodinium dysculum (Helby et al.,
1987, p. 36). In northwestern Europe L. eu-
morphum first appears in the early Oxfordian
(Sarjeant, 1979; Riley & Fenton, 1982), and B.
dysculum in the late Oxfordian (Sarjeant, 1979).
However, Helby ef al. (1987, p. 17) stated that the
underlying W. clathrata zone occurs with (early?)
Kimmeridgian ammonites in the Carnarvon
Basin.

(D): The W. spectabilis-C. perforans zonal interval
may extend downwards into the Callovian. Its
basal W. spectabilis zone commences with the
first apparances of Scriniodinium crystallinum,
and includes the first appearances of Wanaea
spectabilis and W. clathrata (Helby et al., p. 26).
All three species first appear within the early
Callovian of northwestern Europe (Sarjeant,
1979). This alternative age is not incompatible
with ammonite evidence from the Carnarvon
Basin (Helby et al., p. 17) for an (early?) Oxfordian
age of 'the middle part of the W. clathrata zone’,
taking into account the vague boundaries defined
for that zone.

(E): From item D it follows that the R. aemula
zone may be Callovian, and this finds support in
the first appearance of Rigaudella aemula in the
basal Callovian of northwestern Europe {Sarje-
int, 1979; Riley & Fenton, 1982).

(F): Helby et al. (1987, p. 21) suggest a Callovian
age for their W. digitata zone on the first appear-
ance of the nominate species in northwestern Eu-
rope. A Bathonian age is here suggested on the
arguments presented in items C, E, and G.

(G): The C. halosa zone, which Helby ef al. (1987)
regarded as Bathonian, is here tentatively dated
as Bajocian, as it coincides in time with the first
appearance of the spore genus Contignisporites
(see item I).

The spore-pollen biostratigraphy for the Austral-
ian Jurassic outlined in Table II column 25 and
Figure 4 is a composite one. Assemblages A-D
were defined in the Clarence-Moreton Basin (De
Jersey, 1970, 1971, 1973, 1975, 1976). Reiser &
Williams (1969), McKellar (1974), and Burger
(1986, in press 2) defined Units J2-4 and equiva-
lent intervals in the Great Artesian Basin.
Geological ages of the Middle and Late Jurassic
zones are still debated. The ages here given are
based not only on biological arguments, but also
on the abovementioned eustasy studies from the
Great Artesian Basin (Burger, in press 2, 3).

(H): Faunal evidence for the Triassic-Jurassic
boundary in Australia is extremely poor, but
there is approximate agreement about where to
place it in the spore-pollen sequence. De Jersey
(1975, 1976) placed it near the lower limit of his
Assemblage B in the Clarence-Moreton Basin,
and Helby (1987) placed it at the lower limit of
Reiser & Williams’ (1969) Classopollis classoides
zone in the Bonaparte Gulf Basin.

(I): In the Great Artesian Basin Contignisporites
cooksoniae (as redescribed by Filatoff & Price,
1988) first appears within sedimentary cycle 2,
and probably not earlier than Bajocian (McKellar,
1974; Burger, in press 2). In Western Australia
the C. cooksoniae zone was dated as Callovian-Ox-
fordian (Filatoff (1975) and Bathonian-Callovian
(Helby et al., 1987; the downward extension of the
genus’ range in their fig. 13 may be due to erro-
neous identification). It is possible that Con-
tignisporites appeared later in Western Australia,
but its sudden, widespread appearance in the
eastern basins does not suggest such a slow trans-
continental migration.

(J): Price et al. (1985) associated the Unit PJ6/R.
watherooensis zone with the Westbourne Forma-
tion (sedimentary cycle 3 of Exon & Burger, 1981)
in the Surat and Eromanga Basins. Burger (in
press 3) linked those strata with a Callovian-basal
Kimmeridgian phase of high eustatic sea level (of
Vail & Todd, 1981).

(K): Spore-pollen sequences crossing the J-K
boundary have been documented in both Western
and eastern Australia. In the absence of faunal
evidence there is no close agreement as to where
to place this boundary in the sequence. One of the
most distinctive palynostratigraphic horizons in
the Australian Mesozoic is the first appearance of
the spore genus Cicatricesisporites. It marks the
lower limit of the C. australiensis and C. stylosus
zones in the east, and that of the B. eneabbaensis
zone in the west, and has long been used as a con-
venient marker for the J-K boundary. Evidence
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from the Canning and Carnarvon Basins sug-
gests, however, that the genus probably appeared
earlier (Tithonian? see Dettmann & Playford,
1969, p. 186-187). Judging by how rapidly certain
species of Cicatricosisporites migrated towards
the north pole in the Jurassic of Europe and
North America, Burger (1989) estimated that the
same group of species may have arrived in the
Great Artesian Basin during the Kimmeridgian
(Fig. 5). That age is also adopted by Burger (in
press 1) and this paper.

REFERENCES

ALLEMANN, F., GRUN, W. & WIED-
MANN, J., 1975—The Berriasian of
Caravaca (Prov. of Murcia) in the sub-
betic zone of Spain and its importance
for defining this stage and the
Jurassic-Cretaceous boundary.
Mémoire du Bureau de Recherches
Géologiques et Miniéres 86, 14-22.

APTHORPE, M.C. & HEATH, R.S., 1981—
Late Triassic and Early to Middle Jur-
assic foraminifera from the North West
Shelf, based upon foraminifera. Fifth
Australian Geological Convention of

BMR Record /yaﬂ/Ja

the Geological Society of Australia,
Abstracts 3, 66.

ARKELL, W.J., 1933—The Jurassic System
in Great Britain. Clarendon Press, Ox-
ford, 681 p.

ARKELL, W.J., 1956—Jurassic Geology of
the World. Oliver and Boyd Ltd., Edin-
burgh, 806 p.

ARKELL, W.J. & PLAYFORD, P.E., 1954—
The Bajocian ammonites of Western
Australia. Royal Society (London), Phi-
losophical Transactions B 237, 547-
605.

ARMSTRONG, R.L., 1978—Pre-Cenozoic
Phanerozoic time scale — computer file
of critical dates and consequences of
new and in-progress decay-constant re-
visions. In COHEE, G.V., GLAESS-
NER, M.F. & HEDBERG, H.D.
(editors), Contributions to the geologic
time scale. Amerjcan Association of
Petroleum Geologists, Studies in Geo-
logy 6, 73-91.

ARMSTRONG, R.L., 1982—Late Triassic-
Early Jurassic time-scale calibration in



22 D.BURGER

British Columbia, Canada. In ODIN,
G.S. (editor), Numerical dating in
Stratigraphy. Part 1. John Wiley &
Sons Ltd, Chichester, 509-513.

BACKHOUSE, J., 1978—Palynological zon-
ation of the Late Jurassic and Early
Cretaceous sediments = of  the
Yarragadee Formation, central Perth
Basin, Western Australia. Geological
Survey of Western Australia Report 7,
53 p.

BACKHOUSE, J., 1988 Late Jurassic and
Early Cretaceous palynology of the
Perth Basin, Western Australia. Geolo-
gical Survey of Western Australia Bul-
letin 135,233 p.

BALME, B.E., 1957—Spores and pollen
grains from the Mesozoic of Western
Australia. CSIRO Australia, Coal Rese-
arch Section, Technical Communica-
tion 25,48 p.

BALME, B.E., 1964—The palynological
record of Australian pre-Tertiary
floras. In CRANWELL, L.M. (editor),
Ancient Pacific Floras. University of
Hawaii Press, Honolulu, 49-80.

BARRON, E.J., HARRISON, C.GA,
SLOAN, J.L. & HAY, WW,, 1981—
Paleogeography, 180 million years ago
to the present. Eclogae Geologicae Hel-
vetiae 74, 443-470,

BARTENSTEIN, H., 1974—Upper
- Jurassic-Lower Cretaceous primitive
arenaceous foraminifera from DSDP
sites 259 and 261, eastern Indian
Ocean. Initial Reports of the Deep Sea
Drilling Project 27, 683-695.

BARTHOLOMAI, A., 1966—The discovery
of plesiosaurian remains in freshwater
sediments in Queensland. Australian
Journal of Science 28, 437-438.

BHALLA, S.N., 1983—India. In MOULL-
ADE, M. & NAIRN, A.EM. (editors),
The Phanerozoic geology of the world
II. The Mesozoic, B. Elsevier,
Amsterdam, 305-351.

BIRKELUND, T., THUSU, B. & VIGRAN,
J., 1978—Jurassic-Cretaceous bio-
stratigraphy of Norway, with com-
ments on the British Rasenia cymodoce
Zone. Palaeontology 21, 31-63.

BLANT, G., 1973—Structure et paléogéo-
graphie du littoral meridional et orien-

tal de I’Afrique. In BLANT, G. (editor),
Sedimentary Basins of the African
Coasts. Part 2: South and East Coast.
IUGS Commission for Marine Geology,
Symposium Montreal, 1972. Associa-
tion of African Geological Surveys,
Paris, 193-231.

BRADSHAW, M. & YEUNG, M., in prep.—
Palaeogeographic Atlas of Australia.
Volume 8: Jurassic. Bureau of Mineral
Resources, Canberra.

BRADSHAW, M.T., WELLS, AT &
O’BRIEN, P.E., in prep.—Revision of
the stratigraphic position of the Tow-
allum Basalt, Clarence-Moreton Basin
- Implications for Australian Jurassic
biostratigraphy. Australian Journal of
Earth Sciences

BRADSHAW, M.T., YEATES, A.N., BEY-
NON, R.M., BRAKEL, A.T.,, LANG-
FORD, R.P.,, TOTTERDELL, J M. &
YEUNG, M., 1988—Palaeogeographic
evolution of the North West Shelf re-
gion. In PURCELL. P.G. & PURCELL,
R.R. (editors), The North West Shelf,
Australia. Proceedings of Petroleum Ex-
ploration Society Australia Symposium
(Perth 1988), 29-54.

BRENNER, W., 1988—Dinoflagellaten aus
dem Unteren Malm (Oberer Jura) von
Sitiddeutschland; Morphologie, Okolo-
gie, Stratigraphie. Tiibinger Mikropa-
ldontologische Mitteilungen 6, 116 p.

BRIDEAUX, W.A. & FISHER, M.J., 1976:
Upper Jurassic-Lower Cretaceous
dinoflagellate assemblages from Arctic
Canada. Geological Survey of Canada
Bulletin 259, 53 p..

BRINKMANN, R., 1959—Abriss der Geo-
logie. Vol. 2: Historische Geologie. Fer-
dinand Enke Verlag, Stuttgart, 360 p.

BRUNNSCHWEILER, R.O., 1957—The
geology of Dampier Peninsula, Western
Australia. Bureau of Mineral Resour-
ces, Geology and Geophysics, Report 13,
19 p.

BRUNNSCHWEILER, R.O., 1960—Marine
fossils from the Upper Jurassic and the
Lower Cretaceous of Dampier Peni-
nsula, Western Australia. Bureau of
Mineral Resources, Geology and Geo-
physics, Bulletin 59, 53 p.



JURASSIC 23

BRYAN, GM., MARKL, RG &
SHERIDAN, R.E., 1980—IPOD site
surveys in the Blake-Bahama Basin.
Marine Geology 35, 43-63.

BUJAK, J.P. & WILLIAMS, G.L., 1977—
Jurassic palynostratigraphy of offshore
eastern Canada. In SWAIN, F.M. (edi-

. tor), Stratigraphic micropaleontology of
Atlantic Basin and borderlands. Else-
vier, Amsterdam, 321-329.

BURGER, D., 1973—Spore zonation and
sedimentary history of the Neocomian,
Great Artesian Basin, Queensland.
Geological Society of Australia Special
Publication 4, 87-118.

BURGER, D., 1982—A basal Cretaceous
dinoflagellate suite from northeastern
Australia. Palynology 6, 161-192.

BURGER, D., 1986—Palynology, cyclic
sedimentation, and pal-
aeoenvironments in the Late Mesozoic
of the Eromanga Basin. Geological
Society of Australia Special Publication
12, 53-70.

BURGER, D., 1988—Early Cretaceous en-
vironments in the Eromanga Basin:
palynological evidence from GSQ
Wyan- dra-1 corehole. Association of
Australasian Palaeontologists Memoir
5,173-186.

BURGER, D., 1989—Stratigraphy, palyno-

logy, and palaeoenvironments of the

" Hooray Sandstone, eastern Eromanga

Basin, Queensland and New South

Wales. Queensland Department of
Mines Report 3, 28 p.

BURGER, D, in press 1—Australian Phan-
erozoic timescales: 9. Cretaceous. Bio-
stratigraphic charts and explanatory
notes. Bureau of Mineral Resources,
Geology and Geophysics, Record
1989/39

BURGER, D., in press 2—Past and present
palynological studies in the Clarence-
Moreton Basin, Queensland and New
South Wales. Bureau of Mineral Re-
sources, Geology and Geophysics, Bul-
letin

BURGER, D., in press 3—Palynology of the
Walloon Coal Measures, Kangaroo
Creek Sandstone, and Grafton Forma-
tion, Clarence-Moreton Basin, Queens-
land and New South Wales. Bureau of

Mineral Resources, Geology and
Geophysics, Bulletin

CANDE, S.C.,, LARSON, RL. & La-
BRECQUE, J.L. 1978—Magnetic

lineations in the Pacific Jurassic Quiet
Zone. Earth and Planetary Science
Letters 41, 434-440.

CARIOU, E., 1984—Biostratigraphic sub-
division of the Callovian stage in the
Subtethyan province of ammonites;
correlations with the Subboreal zonal
scheme. In MICHELSEN, O. & ZEISS,
A. (editors), IUGS International Sym-
posium  on Jurassic stratigraphy
Volume III (Erlangen, 1984). Geological
Survey of Denmark, Copenhagen, 315-
326.

CARIOU, E.,, ELMI, S.,, MANGOLD, C,,
THIERRY, J. & TINTANT, H., 1974—
La succession des faunes dans le
Callovien frangais; essais de correlation
a léchelle de la zbne. Mémoire du
Bureau de Recherches Géologiques et
Miniéres 75, 665-692.

CAVELIER, C. & ROGER, J. (editors),
1980—Les étages francais et leurs
stratotypes. Mémoire du Bureau de
Recherches Géologiques et Miniéres
109, 295 p.

CHANNELL, J.E.T. & GRANDESSO, P.,
1987—A  revised correlation of
Mesozoic  polarity  chrons  and
calpionellid zones. Earth and Planetary
Science Letters 85, 222-240.

CHANNELL, J.E.T., BRALOWER, TJ. &
GRANDESSO, P., 1987—Biostrati-
graphic correlation of Mesozoic polarity
chrons CM1 to CM23 at Capriolo and
Xausa (Southern Alps, Italy). Earth
and Planetary Science Letters 85, 203-
221.

CHANNELL, JE.T., OGG, JG &
LOWRIE, W., 1982—Geomagnetic
polarity in the Early Cretaceous and
Jurassic. Philosophical Transactions of
the Royal Society of London A 306, 137-
146.

COLLOQUE SUR LA LIMITE
JURASSIQUE-CRETACE (Lyon &
Neuchatel 1973), 1975—Mémoire du
Bureau de Recherches Géologiques et
Miniéres 86, 393 p.



24 D.BURGER

COLLOQUE SUR LE LIAS FRANCAIS
(Chambéry 1960), 1961—Mémoire du
Bureau de Recherches Géologiques et
Minieres 4, 862 p.

COLEMAN, P.J. & SKWARKO, SK,
1967—Lower Triassic and Middle
Jurassic fossils at Enanty Hill,
Mingenew, Perth Basin, Western Aus-
tralia. Bureau of Mineral Resources,
Geology and Geophysics, Bulletin 92,
197-215.

COOKSON. I.C. & EISENACK, A., 1958—
Microplankton from Australian and
New Guinea upper  Mesozoic
sediments. Proceedings of the Royal
Society of Victoria 70, 19-79.

COOKSON, I.C. & EISENACK, A., 1960—
Upper Mesozoic microplankton from
Australia and New Guinea. Palaeonto-
logy 2, 243-261.

COPE, J.C.W., DUFF, K.L., PARSONS,
C.F., TORRENS, H.S., WIMBLEDON,
W.A. & WRIGHT, J.K.,, 1980a—A
correlation of Jurassic rocks in the
British Isles. Part Two: Middle and
Upper Jurassic. Geological Society of
London Special Report 15, 109 p.

COPE, J.CW., GETTY, T.A., HOWARTH,
M.K.,, MORTON, N. & TORRENS,
H.S., 1980b—A correlation of Jurassic
rocks in the British Isles. Part One: In-
troduction and Lower Jurassic.
Geological Society of London Special
Report 14, 73 p.

DAYCZAK-CALIKOWSKA, K., 1974—
Development of the Middle Jurassic in
Poland. Mémoire du Bureau de
Recherches Géologiques et Miniéres 75,
463- 464.

DEBRAND-PASSARD, S., ENAY, R. &
RIOULT, M. (editors), 1980—dJuras-
sique Supérieur. Mémoire du Bureau
de Recherches Géologiques et Miniéres
101, 195-253.

DE JERSEY, N.J., 1963—Jurassic spores
and pollen grains from the Marburg
Sandstone. Geological Survey of
Queensland Publication 307, 18 p.

DE JERSEY, N.J., 1970—Triassic
miospores from the Blackstone Forma-
tion, Aberdare Conglomerate and Race-
view Formation. Geological Survey of

Queensiland Publication
Palaeontological Paper 22, 41 p.

DE JERSEY, N.J., 1971—Early Jurassic
miospores from the Helidon Sandstone.
Geological Survey of Queensiand
Publication 351, Palaeontological
Paper 25, 49 p.

DE JERSEY, N.J., 1973—Rimulate pollen
grains from the Lower Mesozoic of
Queensland. Geological Society of Aus-
tralia Special Publication 4, 127-140.

DE JERSEY, N.J., 1975—Miospore zones
in the Lower Mesozoic of southeastern
Queensland. Gondwana Geology (Third
Gondwana  Symposium, Canberra
1973), 159-172.

DE JERSEY, N.J., 1976—Palynology and
time relationships in the lower Bun-
damba Group (Moreton Basin). Queens-

land Government Mining Journal 77,
460-465.

DETTMANN, M.E., 1963—Upper Mesozoic
microfloras from south-eastern Aus-
tralia. Royal Society of Victoria Pro-
ceedings 77, 1-148,

DETTMANN, M.E. & PLAYFORD, G,
1969—Palynology of the Australian
Cretaceous: a review. In CAMPBELL,
K.8.W. (editor), Stratigraphy and Pal-
aeontology, Essays in honour of
Dorothy Hill. Australian National Uni-
versity Press, Canberra, 174-210.

DEUXIEME COLLOQUE INTERNATIO-
NAL DU JURASSIQUE (Luxembourg
1967), 1974—Mémoire du Bureau de
Recherches Géologiques et Miniéres 75,
757 p.

DINGLE, R.V., SIESSER, W.G. & NEW-
TON, A.R., 1983—Mesozoic and Terti-
ary Geology of Southern Africa. A.A.
Balkema, Rotterdam, 375 p.

DONOVAN, D.T. & JONES, EJ.W., 1979—
Causes of world-wide changes in sea
level. Journal of the Geological Society
of London 136, 187- 192.

DORHOFER, G. & NORRIS, G., 1977: Dis-
crimination and correlation of highest
Jurassic and lowest Cretaceous ter-
restrial palynofloras in north-west Eu-
rope. Palynology 1, 79-93.

DUBAR, G., ELMI, S.,, MOUTERDE, R. &
RUGET-PERROT, C., 1974—Divisions

348,



JURASSIC 25

et limites de ’Aalenien (sud-est de la
France et quelques régions meridio-
nales). Mémoire du Bureau de
Recherches Géologiques et Miniéres 75,
397-410.

DULHUNTY, J.A., 1972—Potassium-argon
dating and occurrence of Tertiary and
Mesozoic basalts in the Binnaway dis-
trict. Royal Society of New South
Wales, Journal and Proceedings 105,
71-76. _

DULHUNTY, JA. & McDOUGALL, I,
1966—Potassium-argon dating of ba-
salts in the Coonabarabran-Gunnedah
district, New South Wales. Australian
Journal of Science 28, 393-394.

ENAY, R. & GEYSSANT, J.R., 1975—
Faunes tithoniques des chaines béti-
ques (Espagne méridionale). Mémoire
du Bureau de Recherches Géologiques
et Miniéres 86, 39-55.

EVANS, P.R., 1966a—Mesozoic stratigra-
phic palynology in Australia. Austral-
ian Oil and Gas Journal 12, 58-63.

EVANS, P.R., 1966b—Contributions to the
palynology of northern Queensland and
Papua. Bureau of Mineral Resources,
Geology and Geophysics, Record
1966/19 (unpublished).

EXON, N.F., 1976—Geology of the Surat

Basin in Queensland. Bureau of Mine-

. ral Resources, Geology and Geophysics,
Bulletin 166, 160 p.

EXON, NF. & BURGER, D.,, 1981—
Sedimentary cycles in the Surat Basin,
and global changes of sea level. BMR
Journal of Australian Geology and
Geophysics 6, 153-159.

FABRICIUS, F., 1974—Stratigraphische
Probleme der Trias-Jura Grenze und
des untersten Lias in den nordwest-
lichen Kalkalpen. Mémoire du Bureau
de Recherches Géologiques et Miniéres
75, 211- 212.

FILATOFF, J., 1975—Jurassic palynology
of the Perth Basin, Western Australia.
Palaeontographica B 154, 1-20.

FILATOFF, J. & PRICE, P.L., 1988—A
pteridacean spore lineage in the Aus-
tralian Mesozoic. Association of Aus-

tralasian Palaeontologists Memoir 5,
89-124.

FLEMING, C.A., 1959—Buchia plicata
(Zittel) and its allies, with a description
of a new species, Buchia hochstetteri.
New Zealand Journal of Geology and
Geophysics 2, 889-904.

FREBOLD, H., 1958—Stratigraphy and
correlation of the Jurassic in the Can-
adian Rocky Mountains and Alberta
foothills. In GOODMAN, A.J. (editor),
Jurassic and Carboniferous of Western
Canada. American Association of
Petroleum Geologists, Tulsa, Okla-
homa, 10-26.

GABILLY, J. & RIOULT, M., 1974—Le
Bajocien inférieur et le Toarcien
supérieur sur les bordures du Massif
Armoricain. Limite entre le Jurassique
Inférieur et le Jurassique Moyen.
Probleme de 'Aalenien. Mémoire du
Bureau de Recherches Géologiques et
Miniéres 75, 385-396.

GABILLY, J., MATTEI, J., MOUTERDE,
R. & RIOULT, M., 1974—I’Etage Toar-
cien: Zones et sous-zones d’ammonites.
Mémoire du Bureau de Recherches
Géologiques et Miniéres 75, 605-634.

GECZY, B., 1974—Biozones et chronozones
dans le Jurassique de Csernye (Mon-
tagne Bakony). Mémoire du Bureau de
Recherches Géologiques et Miniéres 75,
411-422.

GEOLOGICAL SOCIETY OF LONDON,
1964—The Phanerozoic time scale.
Geological Society of London Quarterly
Journal 120 Supplement, 260-262.

GEORGE, T.N., HARLAND, W.B., AGER,
D.V.,, BALL, H.W, BLOW, WH,
CASEY, R., HOLLAND, CH,,
HUGHES, N.F.,, KELLAWAY, GA.,
KENT, P.E., RAMSBOTTOM, WHL.C,,
STUBBLEFIELD, J. & WOODLAND,
AW., 1969—Recommendations on
stratigraphical usage. Proceedings of
the Geological Society of London 1656,
139-166.

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

GOULD, R.E., 1980—The coal-forming
flora of the Walloon Coal Measures.
Coal Geology 1, 83-105.

GRADSTEIN, FM. & SHERIDAN, R.E.,
1983—On the Jurassic Atlantic Ocean



26 D.BURGER

and a synthesis of results of Deep Sea
Drilling Project Leg 76. Initial Reports
of the Deep Sea Drilling Project 76,
913-943.

GUERIN, S., LAUGIER, R. &
MOUTERDE, R, 1961—Le
Sinémurien supérieur ou le probléme
du Lotharingien. Etude detaillée du
stratotype: le Lotharingien de Lorra-
ine. Mémoire du Bureau de Recherches
Géologiques et Miniéres 4, 307-318.

HABIB, D. & DRUGG, W.S, 1983—
Dinoflagellate age of Middle Jurassic-
Early Cretaceous sediments in the
Blake-Bahama Basin. Initial Reports of
the Deep Sea Drilling Project 76, 623-
638.

HAHN, W., 1974—Zur Stratigraphie des
Bathoniums der Schwabischen Alb.
Mémoire du Bureau de Recherches
Géologiques et Miniéres 75, 435- 442.

HALL, R.L., 1989—Lower Bajocian
ammonites (Middle Jurassic;
Soninniidae) from the Newmarracarra
Limestone, Western Australia. Al-
cheringa 13, 1-20.

HALLAM, A., 1977—Eustatic cycles in the
Jurassic. Palaeogeography, Palaeo-
climatology, Palaeoecology 23, 1-32.

HALLAM, A., 1984—Pre-Quaternary sea
level changes. Annual Review of Earth
" and Planetary Sciences 12, 205-243.

HALLAM, A, HANCOCK, JM., La-
BRECQUE, J.L, LOWRIE, W. &
CHANNELL, J.E.T., 1985—Jurassic to
Paleogene: Part I Jurassic and Creta-
ceous geochronology and Jurassic to
Paleogene magnetostratigraphy. In
SNELLING, N.J. (editor), The Chrono-
logy of the Geological Record. Geologi-
cal Society (London) Memoir 10,
118-140.

HAQ, B.U., HARDENBOL, J. & VAIL,
P.R., 1987—Chronology of fluctuating
sea levels since the Triassic. Science
235, 1156- 1167.

HARLAND, W.B., COX, AV,
LLEWELLYN, P.G., PICKTON,
C.A.G.,, SMITH, A.G. & WALTERS, R.,
1982—A geologic time scale. Cambridge
Earth Science series. Cambridge Uni-
versity Press, Cambridge, 131 p.

HELBY, R., 1987—A palynological study of
the Cambridge Gulf Group (Triassic-
Early Jurassic). Association of Aus-
tralasian Palaeontologists Memoir 4,
Microfiche 1, 1-47; fiche 2, figs 1-5;
fiche 3, figs 6-12.

HELBY, R. & MORGAN, R., 1979—Paly-
nomorphs in Mesozoic volcanoes of the
Sydney Basin. Geological Survey of
New South Wales, Quarterly Notes 35,
1-15.

HELBY, R., MORGAN, R. & PARTRIDGE,
A.D., 1987—A palynological zonation of
the Australian Mesozoic. Association of
Australasian Palaeontologists Memoir
4,1-94.

HELLER, F., 1977—Palaeomagnetism of
Upper Jurassic limestones from south-
ern Germany. Journal of Geophysics
42, 475-488. ’

HELLER, F., 1978—Rock magnetic studies
of Upper Jurassic limestones from
southern Germany. Journal of
Geophysics 44, 525- 543.

HOLDER, H., 1979-—Jurassic. In ROBI-
SON, R.A. & TEICHERT, C. (editors),
Treatise on Invertebrate Paleontology.
Part A Introduction. Geological Society
of America, Boulder, Colorado, and
University of Kansas, Lawrence,
Kansas, A390-A417.

HORNER, F.J. & HELLER, F., 1983—
Lower Jurassic magnetostratigraphy at
the Breggia Gorge (Ticino, Switzer-
land) and Alpe Turati (Como, Italy).
Geophysical Journal of the Royal As-
tronomical Society 73, 705-718.

IMLAY, R.W., 1974—Jurassic ammonite
succession in the United States. M¢é-
moire du Bureau de Recherches Géo-
logiques et Miniéres 75, 709- 724.

JORDAN, R., 1974—Zur Stratigraphie und
zur Paldontologie der Ammoniten des
Oberen Pliensbachium (Jura, Dome-
rium, Lias Delta) nordwest-Deutsch-
lands. Mémoire du Bureau de Re-
cherches Géologiques et Minieres 75,
521-532.

KENNEDY, W.J. & ODIN, G.S., 1982—The
Jurassic and Cretaceous time scale in
1981. In ODIN, G.S. (editor), Numeri-
cal dating in Stratigraphy Part 1. John
Wiley & Sons Ltd, Chichester, 557-592.



JURASSIC 27

KENT, D.V. & GRADSTEIN, F.M., 1986—
A Jurassic to Recent chronology. In
VOGT, P.R. & TUCHOLKE, B.E.
(editors), The Geology of North Amer-
ica. Volume M, the western North
Atlantic Region. Geological Society of
America Inc., Boulder, Colorado, 45-50.

KOTOVA, 1Z., 1983—Palynological study
of Upper Jurassic and Lower Creta-
ceous sediments, Site 511, Deep Sea
Drilling Project Leg 71 (Falkland
Plateau). Initial Reports of the Deep
Sea Drilling Project 71, 879-906.

KRISHNA, J., 1984—Current status of the
Jurassic stratigraphy of Kachchh,
western India. /n MICHELSEN, O. &
ZEISS, A. (editors), IUGS International
Symposium on Jurassic stratigraphy
(Erlangen 1984), Volume I1I. Geological
Survey of Denmark, Copenhagen, 732-
742,

KRYMHOLTS, G.Y., MESEZHNIKOV,
M.S. & WESTERMANN, G.E.G.
{editors), 1988—The Jurassic ammon-
ite zones of the Soviet Union. Geologi-
cal Society of America Special
Publication 223,116 p.

KUTEK, J., MATYJA, B.A. & WIER-
ZBOWSKI, A., 1984—Late dJurassic
biogeography in Poland and its strati-
graphical implications. In MICHEL-
SEN, O. & ZEISS, A. (editors), IUGS
International Symposium on Jurassic

- Stratigraphy (Erlangen, 1984) Volume
III. Geological Survey of Denmark,
Copenhagen, 743-754.

KUZNETSOVA, K.1., 1974—Distribution of
benthonic foraminifera in Upper Jur-
assic and Lower Cretaceous deposits at
site 261, DSDP Leg 27, in the eastern
Indian Ocean. Initial Reports of the
Deep Sea Drilling Project 27, 673-681.

LARSON, R.L. & HILDE, TW.C,, 1975—A
revised time scale of magnetic
reversals for the Early Cretaceous and
Late Jurassic. Journal of Geophysical
Research 80, 2586-2594.

LEES, T., 1986—Catalogue of type, figured
and mentioned fossil fish, amphibians
and reptiles held by the Queensland
Museum. Memoirs of the Queensland
Museum 22, 265-288.

LEFAVRAIS-RAYMOND, A. & HORON,
0., 1961—Bassin de Paris. Mémoire du

Bureau de Recherches Géologiques et
Miniéres 4, 3-56.

LONG, J., 1982—The history of fishes on
the Australian continent. In RICH,
P.V. & THOMPSON, E.M. (editors),
The fossil vertebrate record of Australa-
sia. Monash University, Clayton, Victo-
ria, 53-85.

LONG, J. & TURNER, S., 1984—A checkl-
ist and bibliography of Australian fossil
fish. In ARCHER, M. & CLAYTON, G.
(editors), Vertebrate zoogeography &
evolution in Australasia. Hesperian
Press, Carlisle, Western Australia, 235-
254.

LOUGHNAN, F.C. & EVANS, P.R., 1978—
The Permian and Mesozoic of the Mer-
riwa-Binnaway-Ballimore area, New
South Wales. Royal Society of New
South Wales, Journal and Proceedings
111, 107-119.

LOWRIE, W. & OGG, J.G., 1986—A mag-
netic polarity time scale for the Early
Cretaceous and Late Jurassic. Earth
and Planetary Science Letters 76, 341-
349.

MARESCH, W.V., 1983—The Northern
Andes. In MOULLADE, M. & NAIRN,
A.E.M. (editors), The Phanerozoic geo-
logy of the world II. The Mesozoic, B.
Elsevier, Amsterdam, 121-149.

MATSUMOTO, T., 1978—Japan and ad-
joining areas. In MOULLADE, M. &
NAIRN, A.E.M. (editors), The Phan-
erozoic - geology of the world II. The
Mesozoic, A. Elsevier, Amsterdam, 79-
144,

McKELLAR, J.L., 1974—Jurassic
miospores from the upper Evergreen
Formation, Hutton Sandstone, and
basal Injune Creek Group, north-
eastern Surat Basin. Geological Survey
of Queensland Publication 361, Pal-
aeontological Paper 35, 89 p.

McKELLAR, J.L., 1981—Palynostratigra-
phy of samples from the Narangba
area, Nambour Basin. @Queensland
Government Mining Journal 82, 268-
273. .

McWHAE, J.R.H., PLAYFORD, P.E.,
LINDNER, A.W., GLENISTER, BF. &
BALME, B.E., 1958—The stratigraphy



28 D.BURGER

of Western Australia. Journal of the
Geological Society of Australia 4, 161 p.

MEGNIEN, C. & MEGNIEN, F. (editors),
1980—Synthése géologique du Bassin
de Paris. Volume 1: Stratigraphie et
paléogéographie. Mémoire du Bureau
de Recherches Géologiques et Miniéres
101, 470 p.

MEMMI, L. & SALAJ, J., 1975—Le Ber-
riasien de Tunisie, succession de
faunes d’ammonites, de foraminiféres
et de tintinnides. Mémoire du Bureau
de Recherches Géologiques et Miniéres
86, 58-67.

MERRILL, R.T. & McFADDEN, P.L,

1988—Secular variation and the origin

. of geomagnetic field reversals. Journal

of Geophysical Research 93 (B10),
11,589-11,597.

MESEZHNIKOV, M.S., 1988-Tithonian
(Volgian). In KRYMHOLTS, G.Y,,
MESEZHNIKOV, M.S. & WESTER-
MANN, G.E.G. (editors), The Jurassic
ammonite zones of the Soviet Union.
Geological Society of America Special
Paper 223, 50-62.

MICHELSEN, O. & ZEISS, A. (editors),
1984—IUGS International Symposium
on Jurassic stratigraphy, Volumes I-1I1
(Erlangen, 1984). Geological Survey of
Denmark, Copenhagen, 908 p.

MOLNAR, R.E., 1980—Australian Late
Mesozoic terrestrial tetrapods: some
implications. Mémoire du Société
Géologique de France 139, 131-143.

MOLNAR, R.E,, 1982—Australian
Mesozoic reptiles. In RICH, P.V. &
THOMPSON, E.M. (editors), The fossil
vertebrate record of Australasia.
Monash University, Clayton, Victoria,
169-225.

MOLNAR, R.E., 1984a—A checklist of Aus-
tralian fossil amphibians. In ARCHER,
M. & CLAYTON, G. (editors), Vertebr-
ate zoogeography & evolution in Aus-
tralasia. Hesperian Press, Carlisle,
Western Australia, 309-310.

MOLNAR, R.E., 1984b—A checklist of Aus-
tralian fossil reptiles. In ARCHER, M
& CLAYTON, G. (editors), Vertebrate
zoogeography & evolution in Australa-
sia. Hesperian Press, Carlisle, Western
Australia, 405-406.

MORGAN, R., 1980—Palynostratigraphy of
the Australian Early and Middle
Cretaceous. Geological Survey of New
South Wales, Memoir Palaeontology 18,
153 p.

MORTON, N., 1974—The definition of
standard Jurassic Stages. Mémoire du
Bureau de Recherches Géologiques et
Miniéres 75, 83- 93.

MOUTERDE, R., 1974—Le Lias du
Portugal; vue d’ensemble et divisions
en zones. Mémoire du Bureau de Re-
cherches Géologiques et Miniéres 75,
537-546.

MOUTERDE, R. & TINTANT, H., 1961—
L’étage Sinémurien: le Sinémurien de
Semur. Mémoire du Bureau de Re-
cherches Géologiques et Miniéres 4,
287- 295.

MOUTERDE, R., & TINTANT, H. (editors),
1980—Lias. Mémoire du Bureau de
Recherches Géologiques et Miniéres
101, 75-123.

MURRAY, G., 1961—Geology of the
Atlantic and Gulf Coast Province of
North America. Harper & Brothers,
New York, 692 p.

NALIVKIN, D.V., 1973—Geology of the
USSR. Oxford & Boyd, Edinburgh, 855
p. (translated from the Russian by N.
Rast; edited by N. Rast & T.S. Westoll).

NORRIS, G., 1969—Miospores from the
Purbeck Beds and marine Upper Jur-
assic of southern England. Palaeonto-
logy 12, 574-620.

ODIN, G.S. (editor), 1982—Numerical dat-
ing in Stratigraphy. Parts I and II.
John Wiley & Sons Ltd, Chichester,
1040 p.

ODIN, G.S., 1985—Concerning the numeri-
cal ages proposed for the Jurassic and
Cretaceous geochronology. In SNELL-
ING, N.J. (editor), The Chronology of
the Geological Record. Geological
Society (London) Memoir 10, 196-198.

ODIN, G.S. & LETOLLE, R., 1982—The
Triassic time scale in 1981. In ODIN,
G.S. (editor), Numerical dating in
Stratigraphy Part 1. John Wiley &
Sons Ltd, Chichester, 523-533.



JURASSIC 29

OGG, J.G., 1983—Magnetostratigraphy of
Upper Jurassic and lowest Cretaceous
sediments, Deep Dea Project Site 534,
western North Atlantic. Initial Reports
of the Deep Sea Drilling Project 76,
685- 697.

0OGG, JG. & LOWRIE, W, 1986—
Magnetostratigraphy - of the
Jurassic/Cretaceous boundary. Geology
14, 547-550.

OGG, J.G. & STEINER, M.B., 1984—
Jurassic magnetic polarity time scale:
current status and compilation. In
MICHELSEN, O. & ZEISS, A.
(editors), IUGS International Sympos-
ium on Jurassic stratigraphy Volume
III (Erlangen 1984). Geological Survey
of Denmark, Copenhagen, 778-794.

OGG, J.G., STEINER, M.B., OLORIZ, F. &
TAVERA, J.M., 1984—Jurassic mag-
netostratigraphy, 1. Kimmeridgian-Ti-
thonian of Sierra Gorda and
Carcabuey, southern Spain. Earth and
Planetary Science Letters 71, 147-162.

OHMERT, W., 1984—Problems at the
Toarcian/Aalenian boundary. In
MICHELSEN, O. & ZEISS, A.
(editors), IUGS International Sympos-
ium on Jurassic stratigraphy, Volume I
(Erlangen 1984). Geological Survey of
Denmark, Copenhagen, 259-266.

PERCH-NIELSEN, K, 1985—Mesozoic
calcareous nannofossils. In BOLLI,
H.M., SAUNDERS, J.B. & PERCH-
NIELSEN, K. (editors), Plankton
stratigraphy. Cambridge University
Press, Cambridge, 329-426.

PETERSON, J.A., 1988a—A synthesis of
the Jurassic System in the southern
Rocky Mountain region. In SLOSS,
L.L. (editor), The Geology of North
America. Volume D-2, Sedimentary
cover — North American Craton: U.S.
Geological Society of America Inc.,
Boulder, Colorado, 65-76.

PETERSON, J.A., 1988b—Phanerozoic
stratigraphy of the northern Rocky
Mountain region. In SLOSS, L.L. (edi-
tor), The Geology of North America.
Volume D-2, Sedimentary cover — North
American Craton: U.S. Geological
Society of America Inc., Boulder, Col-
orado, 83-108.

PETRI, S. & MENDES, J.C., 1983—Brazil.
In MOULLADE, M. & NAIRN, A.EM.
(editors), The Phanerozoic geology of
the world II. The Mesozoic, B. Elsevier,
Amsterdam, 151-179.

PLAYFORD, G. & DETTMANN, ME,,
1965—Rhaeto-Liassic plant
microfossils from the Leigh Creek Coal
Measures, South Australia.
Senckenbergiana Lethaea 46, 127-181.

PLAYFORD, P.E.,, COPE, R.N., COCK-
BAIN, AE., LOW, GH. & LOWRY,
D.C., 1975—Phanerozoic. Geological
Survey of Western Australia Memoir 2,
223-433.

PRICE, P.L., FILATOFF, J., WILLIAMS,
A.J., PICKERING, S.A. & WOOD,
G.R., 1985—Late Palaeozoic and
Mesozoic palynostratigraphical units.
CSR 0il and Gas Division, Palynology
Facility, Report 274/25 (unpublished).

PROTO DECIMA, F., 1974—Leg 27 calcar-
eous nannoplankton. Initial Reports of
the Deep Sea Drilling Project 27, 589-
621.

QUILTY, P.G., 1975—An annotated biblio-
graphy of the palaeontology of Western
Australia. Geological Survey of Western
Australia Report 3, 264 p.

QUILTY, P.G., 1984—Mesozoic and Cen-
ozoic history of Australia as it affects
the Australian biota. In COGGER,
H.G. & CAMERON, E.E. (editors), Arid
Australia. Australian Museum,
Sydney, 7-55.

RAWSON, P.F., CURRY, D,, DILLEY, F.C.,
HANCOCK, J.M., KENNEDY, W.J.,
NEALE, JW., WOO0OD, CJ. &
WORSSAM, B.C., 1978—A correlation
of Cretaceous rocks in the British Isles.
Geological Society of London Special
Report 9,70 p. -

REISER, R.F. & WILLIAMS, A.J., 1969—
Palynology of the Lower Jurassic
sediments of the northern Surat Basin,
Queensland. Geological Survey of
Queensland Publication 339, Pal-
aeontological Paper 15,24 p.

REMANE, J., 1978—Calpionellids. In
HAQ, B.U. & BOERSMA, A. (editors),
Introduction to marine micropalaeonto-
logy. Elsevier, New York, 161-170.



30 D.BURGER

REYRE, Y., 1973—Palynologie du Méso-
zoique Saharien. Mémoire du Museum
National d’Histoire Naturelle, Nouvelle
Série C 27, 284 p.

RICCARDI, A.C., 1983—The Jurassic of
Argentina and Chile. In MOULLADE,
M. & NAIRN, A.E.M. (editors), The
Phanerozoic geology of the world II.
The Mesozoic, B. Elsevier, Amsterdam,
201-263.

RILEY, L.A. & FENTON, J.P.G.,, 1982—A
dinocyst zonation for the Callovian to
middle Oxfordian succession (Jurassic)
of northwest Europe. Palynology 6,
193-202.

RIOULT, M., 1974—Observations sur le
stratotype du Bajocien et sur l'étage
Bajocien de A. d’Orbigny. Mémoire du
Bureau de Recherches Géologiques et
Miniéres 75, 375-383.

SARJEANT, W.A.S.,, 1979—Middle and
Upper Jurassic dinoflagellate cysts: the
world excluding North America. Amer-
ican Association of Stratigraphic Pal-
ynologists, Contribution Series 5B,
133-157.

SATO, S., 1961—Etudes biostratigraphi-
ques des ammonites du Jurassique du
Japon. Mémoire de la Société Géologi-
que de France (Nouvelle Série) 94, 122

P.

SATO, T., 1975—Marine Jurassic forma-
tions and faunas in Southeast Asia and
New Guinea. Geology and Palaeonto-
logy of Southeast Asia 15, 151-189.

SMART, J., GRIMES, K.G., DOUTCH, H.F.
& PINCHIN, J., 1980—The Mesozoic
Carpentaria Basin and the Cainozoic
Karumba Basin, North Queensland.
Bureau of Mineral Resources, Geology
and Geophysics, Bulletin 202, 73 p.

STEINER, M.B., OGG, J.G., MELENDEZ,
G. & SEQUEIROS,. L., 1985—Jurassic
magnetostratigraphy, 2. Middle-Late
Oxfordian of Aguilon, Iberian Cordil-
lera, northern Spain. Earth and
Planetary Science Letters 76, 151-166.

STEVENS, G.R. & SPEDEN, 1.G., 1978—
New Zealand. In MOULLADE, M. &
NAIRN, A.E.M. (editors), The Phanero-
zoic geology of the world II. The Meso-
zoic, A. Elsevier, Amsterdam, 251-328.

TEICHERT, C., 1940a—Marine Jurassic in
the North-West Basin, Western Aus-
tralia. Royal Society of Western Aus-
tralia, Journal 26, 17-27.

TEICHERT, C., 1940b—Marine Jurassic of
East Indian affinities at Broome,
North-Western Australia. Royal
Society of Western Australia, Journal
26, 103-119.

THIERRY, J. (editor), 1980—Jurassique
Moyen. Mémoire du Bureau de Recher-
ches Géologiques et Miniéres 101, 125-
193.

THUSU, B. (editor), 1978—Distribution of
biostratigraphically diagnostic dinofla-
gellate cysts and miospores from the
northwest European continental shelf
and adjacent areas. Continental Shelf
Institute Publication 100, 97-101.

TORRENS, H.S. & GETTY, T.A., 1980—
The base of the Jurassic System. In
COPE, J.CW., GETTY, TA. et al., A
correlation of Jurassic rocks in the
British Isles. Part One: Introduction
and Lower Jurassic. Geological Society
of London Special Report 14, 17-22.

VAIL, P.R. & TODD, R.G., 1981—Northern
North Sea Jurassic unconformities,
chronostratigraphy and  sea-level
changes from seismic stratigraphy. In
CLING, J.V. & HOBSON, C.D. (ed-
itors), Petroleum Geology of continental
shelf of northwest Europe. Institute of
Petroleum, London, 216-235.

VAIL, P.R.,, MITCHUM, R.M. & THOM-
SON, 'S., 1977—Seismic stratigraphy
and global changes of sea level, Part 4:
Global cycles of relative changes of sea
level. In PAYTON, C.E. (editor), Seis-
mic stratigraphy-—Applications to hy-
drocarbon exploration. American As-
soctation of Petroleum Geologists Me-
moir 26, 83-97. -

VAKHRAMEEV, V.A., BARKHATNAYA,
LN., DOBRUTSKAYA, N.A., PAVLOV,
V.V., ROVNINA, L.V. & FOKINA, N.I.,
1975—Paleobotanical data and the
Jurassic-Cretaceous boundary.
Mémoire du Bureau de Recherches
Géologiques et Miniéres 86, 213-220.

VAN HINTE, J.E., 1976—A Jurassic time
scale. American Association of Petro-
leum Geologists Bulletin 60, 489-497.



JURASSIC 31

VEEVERS, J.J., JONES, J.G., POWELL,
C.McA. & TALENT, J.A., 1984—Syn-
opsis. In VEEVERS, J.J. (editor),
Phanerozoic earth history of Australia.
Clarendon Press, Oxford, 351-402.

VIGRAN, J.0. & THUSU, B, 1975—
Ilustrations of Norwegian microfossils:
illustrations and distribution of the Ju-
rassic palynomorphs of Norway. Conti-
nental Shelf Institute Publication 65,
55 p. :

VOGT, P.R. & EINWICH, AM., 1979—
Magnetic anomalies and sea-
spreading in the western North
Atlantic, and a revised calibration of
the Keithley (M) geomagnetic reversal
chronology. Initial Reports of the Deep
Sea Drilling Project 43, 857-876.

VOLKHEIMER, W. & QUATTROCCHIO,
M., 1975—Palinologia estratigrafica
del Titoniano (Formacién Vaca Muerte)
en el area de Caichigue (Cuenca Neu-
quina). Parte A: especies terrestres.
Ameghiniana 12, 193-241.

VON HILLEBRANDT, A., 1984—The fau-
nal relations of the Lower Jurassic
ammonites of South America. In
MICHELSEN, O. & ZEISS, A.
(editors). IUGS International Sympos-
ium on Jurassic stratigraphy Volume
III (Erlangen, 1984). Geological Survey
of Denmark, Copenhagen, 716-729.

WARREN, A., 1982—Australian fossil
amphibians. In RICH, P.V. & THOMP-
SON, E.M. (editors), The fossil verte-
brate record of Australasia. Monash
University, Clayton, Victoria, 145-157.

WEBB, J.A., 1982—Triassic radiometric
dates from eastern Australia. In ODIN,
G.S. (editor), Numerical dating in
Stratigraphy, Part 1. John Wiley &
Sons Ltd, Chichester, 515-521.

WESTERMANN, G.E.G., 1974—Ammonite
succession of the Middle Jurassic in the
southern Andes. Mémoire du Bureau
de Recherches Géologiques et Miniéres
75, 423-430.

WESTERMANN, G.E.G., 1981—Ammonite
biochronology and biogeography of the
Circum-Pacific Middle Jurassic. In
HOUSE, M.R. & SENIOR, J.R. (edi-
tors), The Ammonoidea. Systematics
Association Special Volume ' Acade-
mic Press, London, 459-498.

floor .

WESTERMANN, G.E.G., 1984—Gauging
the duration of stages: a new approach
for the Jurassic. Episodes 7/2, 26-28.

WHITEHOUSE, F.W, 1924—Some
Jurassic fossils from Western Aus-
tralia. Royal Society of Western Aus-
tralia, Journal 11, 1-13.

WHITEHOUSE, F.W., 1955—The geology
of the Queensland portion of the Great
Australian Artesian Basin. Appendix G
in Artesian Water Supplies in Queens-
land. Department of the Co-ordinator
General of Public Works, Queensland,
Parlementary Paper A 56-1955. Gov-
ernment Printer, Brisbane.

WILLIAMS, G.L.,, 1975—Dinoflagellate
and spore stratigraphy of the Mesozoic-
Cenozoic offshore Eastern Canada.
Geological Survey of Canada Paper 74-
30, 107-161. :

WILLIAMS, G.L., 1977—Dinocysts; their
palaeontology, biostratigraphy and pal-
aeoecology. In RAMSAY, A.T.S. (edi-
tor), Oceanic  micropalaeontology.
Academic Press, London, 1231-1325.

WILLIAMS, G.L. & BUJAK, J.P., 1985—
Mesozoic and Cenozoic dinoflagellates.
In BOLLI, H.M., SAUNDERS, JB. &
PERCH-NIELSEN, K. (editors). Plank-
ton stratigraphy. Cambridge University
Press, Cambridge, 847-964.

WILSON, G.J., 1984—New Zealand Late
Jurassic to Eocene dinoflagellate bio-
stratigraphy. Newsletters on Stratigra-
phy 13, 104- 117.

WISEMAN, J.F., 1980—Palynostratigra-
phy near the Jurassic-Cretaceous
boundary in the Carnarvon Basin,
Western Australia. Proceedings of the
Fourth International Palynological
Conference (Lucknow, 1976-1977) 2,
330-349.

WOOLLAM, R. & RIDING, J.B., 1983—
Dinoflagellate cyst zonation of the Eng-
lish Jurassic. Institute of Geological
Sciences Report 83/2, 41 p.

WORMBS, J., 1974—Makrofauna und
Stratigraphie des Dogger im Norden
der D.D.R. Mémoire du Bureau de
Recherches Géologiques et Miniéres 75,
533-535.

YANG, ZUNYI, 1986—The Jurassic Sys-
tem. In YANG, Z., CHENG, Y. &



32 D.BURGER

WANG, H. (editors), The geology of
China. Clarendon Press, Oxford, 140-
152.

ZEISS, A., 1974—Berechtiging und Gliede-
rung der Tithon-Stufe und ihre Stel-
lung im oberen Jura. Mémoire du
Bureau de Recherches Géologiques et
Miniéres 75, 283-291.

ZIEGLER, B., 1974—Grenzen der Bio-
stratigraphie im Jura und Gedanken
zur  stratigraphischen = Methodik.
Mémoire du Bureau de Recherches
Geéologiques et Miniéres 75, 35-67.

ZIEGLER, B., 1981—Ammonoid biostrati-
graphy and provincialism: Jurassic -
Old World. In HOUSE, M.R. & SEN-
IOR, J.R. (editors), The Ammonoidea.
Systematics Association Special
Volume 18. Academic Press, London,
433-457.

FIGURE AND TABLE CAPTIONS

Figure 1: Correlations of ammonite zones
at the Jurassic-Cretaceous boundary
between France, England, USSR, and
Siberia

Figure 2: Australian sedimentary basins
containing Jurassic strata

Figure 3: Summary history of Australian
Jurassic environments

Figure 4: Revised ages of Australian
Jurassic palynological zones and as-
sociated sequences of the Great Artes-
ian Basin (see section
AUSTRALIA-Eustasy, and Appendix
3).

Figure 5: Jurassic polar migration of
Cicatricosisporites from its documented

first appearance at different pal-
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