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).






