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Abstract A maximum subsidence and shortening rate of
0.2 ± 0.05 mm/yr is calculated for the Pliocene-Pleistocene
section of Cannington Basin, South Canterbury, New
Zealand. This estimate is based largely on geophysical data.
Strong, coherent seismic reflections down to 1.0 s two-way
travel time were recorded within the basin. Seismic velocities
within the basin range from 1.9 to 4.4 km/s, and seismic
refraction data show a depth of c. 1200 m to a basement with
a velocity of 5.6 ± 0.1 km/s. Within the top 600 m of the
sedimentary section, seismic velocities are <2.3 km/s, which
we interpret to be the Pliocene-Pleistocene section. Residual
gravity anomalies within the basin are as low as -20 mgal
and are asymmetrically disposed to the eastern side of the
basin against a sharp topographic scarp—the Brothers Fault.
About 300 m of topographic relief is present on this 30-
40 km long scarp. We propose that the Brothers Fault has
been active from the Pliocene until the present as a reverse
fault with dip inferred to vary between 80° and 50°. This
interpretation is based on the steepness of the residual gravity
anomalies across the Brothers Fault scarp, the seismically
interpreted thickness of Pliocene-Pleistocene sediments
across the fault, and the observations of tilting of late
Pliocene sediments on the hills that flank the eastern margin
of Cannington Basin.
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INTRODUCTION

In this study, an interpretation of Neogene sedimentary
thickness and geometry is made of Cannington Basin
(Fig. 1), South Canterbury, based on seismic and gravity
data. The principal goal of this work is to investigate the
magnitude and distribution of late Tertiary deformation that
has occurred in the central-eastern South Island. Late
Cenozoic reverse faulting has been documented east of the
Alpine Fault, although mainly in the schist terrains of Otago,
south of Timaru (Norris et al. 1990). No active faulting in
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the central South Island is reported east of Fairlie (Fig. 1)
(Officers of the New Zealand Geological Survey 1983).
Cannington Basin is a favourable locality to explore for
evidence of young deformation because it is one of a few
areas of the central South Island where a nearly complete
section of the once continuous cover of Tertiary sedimentary
rocks has survived the mainly Pliocene uplift and erosion
(Gair 1978).

This study is linked to the South Island Geophysical
Transect (SIGHT) (Stern et al. 1997). Two principal seismic
refraction profiles were shot during the SIGHT programme
using 400 portable seismographs placed coast to coast at a
nominal spacing of 400 m. One of these profiles passed
through Cannington Basin (Fig. 1). An aim of the present
project was, therefore, to obtain a more detailed map of the
Tertiary sediment thickness for the purpose of calculating
travel-time delays due to sediments in the basin.

From a practical standpoint, Cannington Basin is a
favourable location for a geophysical analysis. A separation
of regional and residual gravity anomaly trends is
straightforward because the basin has a width of c. 10 km,
which is small with respect to wavelength of the dominant
gravity anomalies of the central South Island (Syms 1978).

STRUCTURAL SETTING

In the South Island the clearest physiographic expression of
the Pacific-Australian plate boundary is the Alpine Fault
(Fig. 1, inset). The fault runs for most of the length of the
South Island and has accommodated c. 480 km of mainly
strike-slip motion since the Jurassic (Wellman 1953; Suggate
1963). Present day Pacific plate motion, relative to the
Australian plate, is c. 45 mm/yr and, of this, c. 12 mm/yr is
normal to the Alpine Fault (Walcott 1998). Around 90 km
of shortening normal to the Alpine Fault has been
accommodated in the past 6.4 m.y. (Walcott 1998).

Reverse faults in the Cannington Basin study area place
basement rocks against younger Tertiary rocks (Fig. 1). On
the western margin of the basin there is clear field evidence
that the Hunters Hills Fault is predominantly reverse (Gair
1959) but the sense of dip slip may change along strike (Gair
1967). On the eastern side of the Cannington Basin there is
a complex fault pattern, dominated by an uplifted block of
Permian greywacke-schist that includes the Mount Misery
Block (Gair 1959) at its southern end. Between Cave and
Fairlie, this uplifted block is most clearly developed as a
20 km long, 300 m high scarp (Fig. 1), along the top of which
runs the Brothers Road. We refer to this scarp as the Brothers
Fault.

A series of subparallel ridges, striking northwest-
southeast and lying to the east of the central Southern Alps
and the Alpine Fault, can be seen in a photo taken from the
space shuttle (Fig. 2). These appear to represent active, or
recently active, thrust fronts that are obliquely antithetic with
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Fig. 1 Geology and location ot
Cannington Basin. Positions ol
shot 23 of the SIGHT survey am:
the Cliff Road seismic survey art-
shown. The geological map i>
simplified from Gair(1967); onl;r
three geological units (Pliocene-
Pleistocene, Tertiary, and base-
ment) are shown. Dips in the
sedimentary units are shown
Brothers Fault runs on the eastern
side of Cannington Basin and is
most obvious between Cave an'
Fairlie. Locations of the four
gravity profiles are shown: 1
Cannington Road; 2 = Monavak
Road; 3 = Chamberlain Road; 4 •-
Fairlie. Inset: The position of
Cannington Basin with respect to
the central South Island and the
Alpine Fault. The location of the
mid-Tertiary shoreline is also
shown (after Gair 1978).

170 °

respect to the Alpine Fault. Active thrust faulting has been
associated with some of these structures, such as the Ostler
and Irishmans Creek Faults (Officers of the New Zealand
Geological Survey 1983), where young sediments, and hence
obvious offsets, are clearly preserved. Thrusts spawning
away from the Alpine Fault at an oblique angle (Fig. 2) are,
nevertheless, predicted by the 3D critical wedge modelling
of Koons (1993).

The most easterly of the ridges on Fig. 2 is a gently
curved fold on the eastern margin of the Cannington Basin
that strikes at a high angle to the Alpine Fault. This is the
Brothers Fault scarp.

STRATIGRAPHY OF THE CANNINGTON BASIN

Drillholes at Pareora and Fairlie (Fig. 1) show similar
sedimentary sequences; the former is summarised in Fig. 3
(after Gair 1978). All of the units seen in these drillholes
are observed throughout the Cannington Basin, but the

thicknesses of the units varies from place to place. Rock
type varies from pre-Tertiary greywacke to Holocene
alluvium.

The Tertiary sedimentary sequence is dominated by a
transgression from Cretaceous through to Oligocene. This
is interpreted as subsidence, presumably associated with
cooling after Cretaceous seafloor spreading in the South
Pacific (e.g., Weissel et al. 1976). A western, late Tertiary
shoreline can be defined (Gair 1978) on the change from
marine to nonmarine sediments, and this extends as a
northwest-southeast line (Fig. 1, inset), subparallel to
today's east coast but nearly 100 km inland. Limestone was
laid down in the Oligocene, which drillhole evidence shows
is c. 80 and 30 m thick at Fairlie and Pareora, respectively.
In the mid-late Miocene a regression took place as the plate
boundary became more compressional and uplift occurred.
In Cannington Basin, however, the Cannington Gravels (3-
4 Ma old) are recognised as being marine through to the
Pliocene (Collins 1953).


