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Abstract

We report on three large volume Early Cretaceous volcanic and sedimentary provinces: the Whitsunday Volcanic
Province and Great Artesian Basin system, both of northeastern Australia, and the Otway /Gippsland basin system along the
southeastern margin of Australia. The Whitsunday Volcanic Province is part of a mafic to silicic, high-K calc-alkaline
pyroclastic volcanic belt that extends for more than 900 km along the central and southern Queensland coast. Estimated
extrusive volumes are > 10° km3. Volcanic and intrusive activity shows a broad range of ages from 132 to 95 Ma, but ages
are dominated by an event between ~ 120 and 105 Ma. Contemporaneocus with volcanism in the Whitsunday Volcanic
Province, sedimentary basins in interior and eastern Queensland were receiving large volumes (> 105 km?) of volcanogenic
sediment. The Otway and Gippsland basins 1500 km to the south, were initiated by the break-up of Antarctica and Australia.
These basins contain > 4 X 10° km® of Aptian—Albian extrabasinal volcanogenic sediment supplied from the east. This
volcanogenic sedimentation post-dates rift-related volcanism within the basin system. These three provinces are each
significant for: (1) the accumulation of large volumes of volcanic and/or coeval volcanic-derived material; (2) the
compositional similarity between phenocryst and detrital plagioclase, augite and hornblende; and (3) age data recording a
major volcanic episode between 125 and 105 Ma. A causal relationship between volcanism in the Whitsunday Volcanic
Province and volcaniclastic sedimentation in the Otway /Gippsland and Great Artesian basin systems is therefore suggested.
We propose these provinces record volcanism related to the break-up of eastern continental Gondwana and the formation of
the modern eastern Australian passive margin. The scale and volume of volcanic products, coupled temporally with
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emplacements of oceanic plateaux in the Southwest Pacific, demonstrate that this volcanic event along the present eastern
Australian plate margin should be considered as another Early Cretaceous large igneous province. © 1997 Elsevier Science

B.V.
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1. Introduction

The Early Cretaceous is recognised as a time of
Gondwana break-up and the emplacement of large
igneous provinces. These provinces are manifest as
continental flood basalts, oceanic plateaux and vol-
canic-dominated passive margins, and represent the
voluminous emplacement of predominantly mafic
intrusive and extrusive rocks. Emplacement typically
occurs over a relatively short period of time (10°~10°
yr), and is often related to continental break-up [1].
Documented large igneous provinces of Early Creta-
ceous age include the Paranid—Etendeka continental
flood bimodal volcanic province that was emplaced
at ~ 132 Ma, just prior to seafloor spreading in the
South Atlantic (e.g., [2,3]); Kerguelen (114-109.5
Ma, [1] and references therein); and a number of
oceanic plateaux that formed in the Southwest Pa-
cific between 130 and 115 Ma (e.g., the Manihiki,
Ontong—Java and Hikurangi plateaux [4,5]).

For eastern Gondwana in the Early Cretaceous,
however, two aspects have remained enigmatic: (1)
the nature of the eastern Gondwanan plate margin,
whether it was undergoing rifting and plate break-up,
or convergence; and (2) the source of large volumes
of volcanogenic sediment now preserved in the Ot-
way /Gippsland basins and Great Artesian Basin sys-
tem of southeastern and northeastern Australia, re-
spectively (Fig. 1). The lack of early Mesozoic struc-
tural and geologic information in southeastern Aus-
tralia, and the widespread coverage of northeastern
Australia by the poorly studied Great Artesian Basin
system, have limited our understanding of the Creta-
ceous tectonic setting of eastern Australia.

It is widely held that an Early Cretaceous conver-
gent margin and an andesitic magmatic arc existed
along eastern Gondwana, roughly coincident with the
modern Queensland coastline (e.g., [6,8—10]), on the
following grounds: (1) the calc-alkaline geochemical
affinities of volcanic rocks exposed in eastern
Queensland (e.g., Whitsunday Volcanic Province,
and Grahams Creek Formation [11] of the Marybor-

ough Basin; Fig. 1) have been interpreted as indicat-
ing subduction; (2) the Aptian—Albian volcanogenic
detritus in continental basins was petrographically
determined to be of ‘andesitic’ derivation [12—14];
and (3) as a continuation (e.g., {8—10)) of the preced-
ing history of plate subduction, magmatism and tec-
tonism during the Palaeozoic and early Mesozoic
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Fig. 1. Map showing locations of the Whitsunday Volcanic
Province (WVP) and Cretaceous sedimentary basins (shaded) in
eastern Australia. MB = Maryborough Basin; NEO = New Eng-
land Orogen. Hollow arrows represent generalised palaeocurrent
directions for the Surat Basin [6] and Otway/Gippsland basins
(this study). The Tasman Basin—Cato Trough—Coral Sea Basin
system was formed by seafloor spreading over the period 84-56
Ma [7,8).
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recorded by the New England Orogen (Fig. 1) in
eastern Australia (e.g., [15].

In contrast, offshore seismic reflection profiling
across the eastern margin of Australia (e.g., [7,16,17])
identified marginal plateaux and complex rift-basin
systems adjacent to the continental shelf. These rift-
basins, interpreted to contain Cretaceous rift-fill, in-
dicated that rifting and development of the eastern
Australian passive margin began in the Cretaceous,
prior to seafloor spreading in the Tasman Basin (Fig.
1). Detachment models have been used to explain the
rift geometry of the eastern Australian passive mar-
gin (e.g., [17,18]), but more importantly, these mod-
els imply no prior convergence in the Jurassic—
Cretaceous. Taylor and Falvey [19] suggested that
any continental arc would probably have become
inactive during the Early Cretaceous when the Pa-
cific Plate motion changed to northwest with respect
to Australia along a predominantly transform plate
boundary.

Contemporaneously with volcanism in eastern
Queensland, large volumes of feldspar and volcanic
lithic-dominated sediment were being shed into the
Great Artesian Basin system of interior Queensland
and the Otway and Gippsland basins in southeastern
Australia (Fig. 1). A major problem has been to
identify the source of this volcaniclastic sediment as
there are no interbedded volcanic rocks within the
Aptian—Albian sedimentary successions. For the Ot-
way /Gippsland basins, two models have been pro-
posed: (1) a continental ‘andesitic’ volcanic arc
source located to the east of the Gippsland Basin
[20]; and (2) an intra-rift volcanic source located in
the Otway Basin, with sediment transported east-
wards into the Gippsland Basin [21-23]. For the
Great Artesian Basin system, volcanogenic sedimen-
tation has been related to an andesitic volcanic arc
situated off the eastern coast of Queensland (e.g.,
[6.8,10].

The aim of this paper is to provide comparative
data for these Early Cretaceous provinces along the
eastern Australian margin. A substantial geochrono-
logical, geochemical and petrological database for
the Whitsunday Volcanic Province [24,25] is com-
pared with fission track age data of detrital minerals
[21], and petrologic studies [22,23,26] from the Ot-
way /Gippsland basins. The Great Artesian Basin
system has not been studied to the same extent, but

an extensive petrographic study of the Cretaceous
sedimentary rocks from the Surat Basin [6] forms the
basis of comparison with the other provinces. This
paper presents new data on the detrital mineralogy
for the Aptian—Albian volcanogenic sediments of the
Otway /Gippsland basins, and previously unpub-
lished feldspar mineral data from the Whitsunday
Volcanic Province. Some K /Ar ages from the Whit-
sunday Volcanic Province presented in previous
studies [25,27] were incorrect due to a laboratory
calculation error; the corrected age data is presented
in Appendix A.

The mineral chemistry, which provides the only
available control on volcanic source characteristics
for the Otway /Gippsland and Great Artesian basin
systems, is compared with the mineral chemistry
from the temporally equivalent Whitsunday Volcanic
Province. A number of similarities exist between
these provinces that, collectively, place important
constraints on the nature of the Early Cretaceous
eastern Gondwana margin. Although the provinces
are spatially isolated, we argue that the Whitsunday
Volcanic Province and the contemporaneous inunda-
tion of volcanogenic sediment into the Otway /Gip-
psland and Great Artesian basin systems record the
same, margin-wide event. We suggest that volcanism
and volcanogenic sedimentation was associated with
a ~ N-S oriented rift system > 2,500 km in length
that developed along the present eastern Australian
margin at approximately 125 Ma. Large volumes
(> 1.5 % 10° km?) of volcanic and volcanically de-
rived material characterised the early stages of dis-
persal of continental fragments of the eastern
(Australian) margin of Gondwana.

2. Whitsunday Volcanic Province

Ewart et al. [25] and Parianos [27] have provided
detailed accounts of the petrology, geochemistry, and
volcanic lithologies of the Whitsunday Volcanic
Province. The province comprises volcanic rocks and
related granites exposed in the Whitsunday, Cumber-
land, and Northumberland Island groups, and on-
shore exposures (Proserpine Volcanics of Clarke et
al. [28]) along the central Queensland coast (Fig. 2).
Early Cretaceous volcanic rocks crop out further
south in the Shoalwater Bay area near Rockhampton,
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and in the Maryborough Basin (Fig. 1), defining an the extrusive component of the Whitsunday Volcanic
Early Cretaceous silicic pyroclastic volcanic belt (Fig. Province are >3 X 10* km?, but exceed 10° km’
2) more than 900 km long, ~ 100 km wide, and when the full extent of this volcanic belt is taken into
locally more than 2 km thick. Volume estimates for consideration.
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Fig. 2. Extent and generalised volcanic geology of the Whitsunday Volcanic Province. Numbers are corrected K—Ar and Rb-Sr (italicised)
dates from Ewart et al. [25] and Parianos [27]. Locations of islands referred to in text are shown. The inset map shows the inferred
distribution of Early Cretaceous volcanism along the eastern coast of Queensland [25,28].
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Volcanic lithologies are dominated by dacitic to
rhyolitic lithic ignimbrite, with intercalated lithic lag
breccia, surge, fallout, and phreatomagmatic de-
posits. Rhyolitic and dacitic domes and andesite
lavas are subordinate. Basalt lavas (uncommon on
the islands) are volumetrically more abundant in
younger mainland exposures. Ignimbrite depositional
units are commonly 10—-100 m thick, and ignimbrite
sequences exceed 1 km in thickness on the Hook and
Whitsunday islands. Associated with the volcanics
are locally significant thicknesses of coarse vol-
canogenic conglomerate and sandstone exposed at
Cape Conway (~ 550 m) and South Molle Island
(75 m). The sedimentary rocks are texturally and
compositionally immature, reflecting local prove-
nance, and sedimentation appears to have been in a
poorly confined alluvial environment in which upper
flow regime conditions dominated.

The volcanic sequences are interpreted as subaeri-
ally deposited, with localised water—magma interac-
tion (cf. [28]). The Hook, Whitsunday, Hamilton,
and Lindeman island sequences (Fig. 2) are inter-
preted by Ewart et al. [25] as ‘intracaldera’ facies,
based on: (1) the > 1 km thickness of ignimbrite-

dominated sequences on these islands; (2) a perva-
sive low grade alteration; (3) the abundance of inter-
mediate to silicic dyke swarms; and (4) the occur-
rence of very coarse lithic lag breccias with clasts up
to 6 m in diameter. The paucity of debris-flow
deposits, and the burial of near-vent deposits, such as
basaltic agglomerate, by ignimbrites are interpreted
as indicating an overall low-relief depositional envi-
ronment. The interstratification of proximal /near-
vent lithofacies, such as rhyolite domes and lavas,
basaltic agglomerate and agglutinate, and medial to
distal lithofacies including ignimbrite and surge de-
posits suggests a muitiple vent volcanic environment.
We conclude volcanism occurred in a low-relief
extensional environment, dominated by several
caldera centres, with no evidence from the facies
architecture to support a high-standing, stratovol-
cano-type andesitic magmatic arc.

Age data (Fig. 3) show a broad duration of vol-
canic and intrusive activity from 132 to 95 Ma,
predating seafloor spreading in the Tasman Basin to
the south (> 84 Ma [8]). More importantly, the dates
confine the main period of activity between ~ 120
and 105 Ma. Intrusive activity was largely coeval
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Fig. 3. Space—time presentation of isotopic (Rb/Sr and corrected K/ Ar) age data with error bars from the Whitsunday Volcanic Province
[24,25,27,28]. Ages have been projected onto a cross-section, oriented SW—-NE from the mainland to the outer islands. Illustrated is the
main phase of activity for the Whitsunday Volcanic Province, identified by Ewart et al. [25].
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with volcanism and, combined with field relation-
ships, the major period of explosive volcanism is
interpreted to have occurred ~ 120-110 Ma.

The phenocryst mineralogy comprises plagio-
clase, augite, Fe—Ti oxides, with lesser hypersthene
(altered), hornblende, biotite, quartz, and sanidine.
Plagioclase is the primary phenocryst phase in all
volcanic compositions. Although plagioclase ‘is al-
tered to albite, sufficient remnant primary composi-
tions are generally preserved to determine composi-
tional ranges (Fig. 4). In coherent volcanic rocks,
plagioclase phenocryst compositions extend from
labradorite (Ang,) and bytownite (Ans,) in the do-
lerites and andesites, through to andesine (An,y) in
the rhyolite lavas and dykes (Fig. 4). In the volumet-
rically dominant dacitic and rhyolitic ignimbrites,
compositions are primarily andesine to oligoclase
(An 4—An,,), tending towards more sodic composi-
tions than in the coherent volcanic lithologies. Both
calcic pyroxene and amphibole are relatively magne-
sian (Figs. 5 and 6), while augite shows little varia-
tion in Fe—-Mg—Ca ratios amongst the dolerite to
low-silica rhyolite compositional range. Bimodal to
divergent phenocryst compositions, and the occur-
rence of normal and reverse compositionally zoned
phenocrysts in dolerites through to rhyolites are in-
dicative of magma mixing.

The volcanic suite exhibits a continuous spectrum
of compositions from basalt to high-silica rhyolite
(Fig. 7), with high-K caic-alkaline affinities and
geochemical signatures that are comparable to
Southwest Pacific island arc regions [25]. On Ba/Nb
versus La/Nb plots (Fig. 8), the volcanics show a
complete range from intraplate to arc-like composi-
tions. The data cannot be simply explained by frac-
tional crystallisation since the mafic and silicic vol-
canic fields almost completely coincide. From the
Hf-Th-Ta relationships, the data plot as a linear
array that is most readily explained as a mixing array
(Fig. 8), with the mafic end of the spectrum project-
ing into the E-MORB or within-plate field, whereas
the silicic volcanics and granites plot within the
calc-alkaline or destructive plate margin field.

Trace element and isotopic studies [25,27] have
argued that the broad spectrum of compositions was
generated by two-component magma mixing, with
superimposed fractional crystallisation in the high-
silica rhyolites. The two magma sources are defined
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Fig. 4. Feldspar phenocryst compositions from coherent and pyro-
clastic volcanic rocks of the Whitsunday Volcanic Province (WVP,
unpublished data), and detrital feldspar compositions from the
Fumeralla and Wonthaggi formations (Otway /Gippsland basins,
this study), and Surat Basin (Great Artesian Basin [6]). End-mem-
ber feldspar compositions are: An = Anorthite; Ab = Albite; Or =
Orthoclase. Hollow symbols represent altered compositions. N =
number of analyses.

as: (1) a large volume, partial melt of relatively
young crust with a non-radiogenic, calc-alkaline
character; and (2) a within-plate tholeiitic basalt
(near E-MORB) with a geochemical character simi-
lar to the Tertiary within-plate basalts of eastern
Australia [25,35]. Three important conclusions that
can be drawn from the geochemical studies are: (1)






