Tectonic and volcanic history
of the Carnarvon Terrace:
Constraints from seismic interpretation and
geodynamic modelling
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Abstract

The under-explored Carnarvon Terrace, part of the
offshore Carnarvon Basin, represents one of the
remaining frontier areas on the northwest Australian
margin. To assess the tectonic and volcanic evolution of
this area, we have interpreted 6,700 km of 2D seismic
profiles covering an area of 23,750 km? and combined
the results with geodynamic models to differentiate
between alternative models for volcanism and margin
uplift. Our data suggest a multiphase history of faulting
and sediment accumulation in which major bounding
faults were active during the Late Triassic and Early
Jurassic. A major phase of uplift and erosion affected
both the Bernier Platform and the Exmouth Sub-basin
shortly before the breakup between Greater India and
Australia prior to 130 Ma. Widespread lower Cretaceous
sills, dykes and intrusions in the Exmouth sub-basin,
and the offshore Wallaby and Zenith plateaus, provide
evidence for syn- and post-rift volcanism. Whether or
not the observed volcanism was due to a mantle plume is
important for assessing the thermal and
uplift/subsidence history of the area. Mantle convection
modelling based on our global plate model and mantle
density heterogeneities suggests that a mantle plume
origin for volcanism is unlikely, as no known hotspot is
found to underlie the Carnarvon Terrace area at breakup
time. However, if we accept the idea that the Bunbury
Basalt of southwestern Australia, recently dated at 132
Ma, represents the earliest expression of the Kerguelen
plume, then the syn- and post-rift volcanism may
represent rifting above the Kerguelen plume head. The
observed Early Cretaceous uplift of the Bernier Platform
and Exmouth Sub-basin may represent either flexural
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rift-shoulder uplift or thermal uplift, accounting for
erosion or non-deposition of the thick Permian, Triassic
and Jurassic sections seen in onshore wells. Alternatively,
the observed volcanism may have been driven by small-
scale convection due to the juxtaposition of thick and
thin lithosphere along the transform margin south of the
Bernier Platform.

Introduction

The Carnarvon Terrace of the Carnarvon Basin is a
geographic term for the portion of the offshore Carnarvon
Basin south of the Cape Range Transform Fault (CRTF)
(Figs 1, 2). Geologically, the region lies between the
Exmouth and the Bernier platforms (Fig. 1), and represents
the boundary between the Northern and Southern
Carnarvon basins (Hocking et al., 1994). These two basins
occur beneath a veneer of Early Cretaceous and younger
sediments.

Seismic data acquired during 1991 (Mobil) and 1993
(Geco-Prakla) (Fig. 3) provide an opportunity to re-evaluate
the tectonic evolution of one of the margin’s least explored
With few wells to

interpretation, it is a challenge to date geological events, and

segments. constrain  seismic
to evaluate their causes. We used a new approach to tackle

such frontier areas, which we term "Exploration
Geodynamics”, i.e. the combined application of large scale
geodynamic modelling (including the mantle and the
lichosphere) and conventional data analysis techniques,
especially seismic interpretation. The geodynamic modelling
we employ is constrained by known plate motions and the
present mantle density structure, derived from mantle
tomography. Our combined seismic interpretation and
geodynamic modelling has focused on resolving the
following aspects of the margin development:

* the tming and evolution of the tectonic event which
initiated the major Early Cretaceous uplift of the Bernier
Platform and the southern Exmouth Sub-basin (Fig. 1);

* the origin of syn-rift sills and dykes, and their relationship
to large offshore igneous provinces, the Wallaby and

Zenith plateaus (Figs 1, 2).
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Figure 1: Bathymetric map of the western Australian margin.
Isobaths at 1000-m intervals delineate major topographic
features. The large rectangle represents the study area, the
small, grey polygon represents the area covered by seismic
surveys and the red curved line is the Rough Range Fault.
Abbreviations are NCB, North Carnarvon Basin; SCB, South
Carnarvon Basin; ESB, Exmouth Sub-basin; BP, Bernier
Platform; WS, Wallaby Saddle; WP, Wallaby Plateau; QR,
Quokka Rise; ZP, Zenith Plateau; CAP, Cuvier Abyssal Plain;
CT, Carnarvon Terrace.

Basin history

The Carnarvon Terrace, a physiographically complex
segment of the western Australian margin, encompasses an
inner continental slope, including the shallow Bernier
Platform and the 500-1500 m deep Exmouth Sub-basin. The
outer continental slope adjacent to this area includes the
Wallaby Plateau and the associated Quokka Rise and Zenith
Plateau, marginal plateaus with water depths of about 3000 m
(Figs 1, 2).

The Bernier Platform (Fig. 1) is underlain by a
Precambrian basement high in the core of an NNE-SSW
anticline (Symonds & Cameron, 1977) (Fig. 2), and its
stratigraphy includes a northward-dipping and structurally
high block of Paleozoic sediments, formed during the
tectonic rifting episode initiated in the Late Carboniferous
(Cockbain, 1989; Yeates et al., 1987). Its northwestern
boundary, a major down-to-the-west normal fault, has been

interpreted as the offshore extension of the Rough Range
Fault (Malcolm et al., 1991; Symonds and Cameron, 1977).
A controversial issue for modelling the evolution of this
margin is whether the Bernier Platform was an elevated
block from the Permian to the Early Cretaceous with
continuous subsidence on the north side of the Rough
Range fault as late Paleozoic/Mesozoic sediments were
deposited, as suggested by Bradshaw et al. (1988), or
whether it was uplifted during Late Jurassic-Early
Cretaceous rifting. Evidence in favour of Early Cretaceous
uplift is the change in sedimentation pattern at the
Jurassic/Cretaceous boundary in the northern part of the
Exmouth Sub-basin (Fig. 1) (Tait, 1985).

In the Early Jurassic (Sinemurian) a second major rifting
phase commenced forming the Exmouth Sub-basin (Fig. 1)
as a half graben (Malcolm et al., 1991). The two major
periods of continental breakup on the western Australian
margin during the Mid-Jurassic and Neocomian (Falvey &
Mutter, 1981)
(Callovian-Oxfordian and Berriasian-Valanginian), recognised
in the onshore Exmouth Sub-basin (Malcolm et al., 1991).
Basaltic rocks have been identified in Yardie East 1 (Fig. 2)
and are interpreted as intruded sills and dikes within Lower
Cretaceous through Triassic sediments.
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Figure 2: Volcanic provinces and oceanic plateaus and ridges in
the Cuvier Abyssal Plain interpreted from seismic reflection data
from Symonds et al. (1998) and our seismic interpretation. The
seaward dipping reflectors are interpreted as subaerially emplaced
sequences (Hopper et al., 1992; Colwell et al., 1994).



