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Cretaceous—Tertiary tectonic history of the Fiordland margin, New Zealand
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Abstract Integration of regional seismic reflection data
with swath bathymetry and imagery data and onshore
geology has revealed the complex sequence of tectonic
events that have affected the development of the offshore
Fiordland margin. There are no core or dredge samples to
constrain the timing of these events, but comparison with
recent work on the Tertiary evolution of the Australia-Pacific
plate margin provided a temporal framework for the
subsurface interpretation. The integrated dataset allows the
prediction of the age and likely lithology of the seismic
sequences, the timing of tectonic events, and details of how
structures along the Fiordland plate margin developed in
response to changes in relative plate motion direction.

We conclude that Cretaceous rifting in the Tasman Sea
formed half-grabens along Caswell High and beneath the
Fiordland Basin. Up to several kilometres of Cretaceous to
Early Eocene sediments, probably terrestrial and marginal
marine sediments derived from the Campbell Plateau, are
preserved in these grabens.

A second phase of rifting in the Eocene, associated with
the formation of the Southeast Tasman Sea, resulted in the
separation of the Caswell High and Fiordland Basin block
from the Campbell Plateau and the start of its journey
northwest, northeast, and finally east to its present position
adjacent to Fiordland. The rift sediments are overlain by a
relatively uniform sequence, probably Late Eocene to Mid
Miocene deep-water carbonates. Strike-slip faults developed
along the continental shelf and slope in the Miocene, and
increasing margin-normal shortening in the Pliocene—
Pleistocene, led to the development of thrust faults along
the margins of sediment lobes in the Fiordland and Milford
Basins. The youngest sediments are up to several kilometres
thick, probably Late Miocene—Quaternary clastics derived
from Westland and Fiordland.
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INTRODUCTION

The Fiordland margin, south of the Challenger Plateau and
north of the Puysegur Trench, is a zone of transition from
strike-slip motion along the Alpine Fault to subduction of
the Australian plate beneath the Pacific plate along the
Puysegur Trench. The area is covered by swath bathymetry
and imagery (Delteil et al. 1996a) and by a few regional
geophysical seismic lines (Fig. 1). There are no core or
dredge samples to constrain the subsurface interpretation.
The onshore geology is informative (e.g., Nathan et al. 1986;
Sutherland 1996) but cannot be directly correlated with the
seismic data. However, recent advances in understanding
the plate tectonic evolution of the Southwest Pacific (e.g.,
Sutherland 1993; Lamarche et al. 1997) provide a framework
with which to test the subsurface interpretation. In this paper,
we present the first interpretation of the subsurface
sedimentary sequences and structures of the Fiordland
margin, describe the factors that have guided our inter-
pretation, and discuss the implications of the results for
understanding how structures along the plate margin may
have developed.

Geographic setting

The swath data show that the Fiordland margin is
characterised by a narrow continental shelf and a steep
continental slope cut by longitudinal faults and glacial
canyons offset from the fiords (Delteil et al. 1996a). The
trench beyond the foot of the slope consists of two largely
sediment-filled basins (the Milford and Fiordland Basins)
separated by an accretionary lobe (Fig. 1, 2). A second
accretionary lobe projects into the Fiordland Basin about
halfway along its length. Submarine canyons feeding into
the Milford Basin are particularly numerous and wide
compared to the few that feed into the Fiordland Basin.
Caswell High separates the filled trench from the Tasman
Sea oceanic basin to the west. Over most of its length,
Caswell High is down-faulted towards the trench along its
eastern margin.

Southwest of Caswell High and separated from it by a
broad saddle, is the large aseismic Resolution Ridge, a block
thought to be of continental origin (Wood et al. 1996).
Resolution Ridge intersects the continental margin at an
oblique angle, separating the thickly sedimented Fiordland
Basin from the largely sediment-free Puysegur Trench to
the south. The Resolution Ridge System is a series of
bathymetric ridges on the Australian plate with a segmented,
right-stepping en echelon geometry (Wood et al. 1996). A
huge scar on the inner Puysegur Trench wall is thought to
be evidence of subduction of another en echelon ridge
segment (Delteil et al. 1996a).

Tectonic setting

The crust that now lies west of the Fiordland continental
slope originated far to the south, adjacent to the western






