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Abstract Marine seismic reflection profiles, bathymetric
data, and seabed samples reveal the stratigraphy and
Quaternary structure of the southern Wairarapa and
Flaxbourne Basins in southeastern Cook Strait and eastern
Marlborough. These SW-NE-trending basins began forming
before the late Miocene (>10 Ma), but their development
has been mainly during and since that time and continues
today within the Pacific-Australia plate boundary zone.
Recently active structures deforming and bounding the
basins are recognised by growth strata and deformation of
Quaternary sediments. Observed structural geometries
reflect Pliocene-Recent changes in the kinematics of faulting
in central New Zealand. The 12-22 km wide southern
Wairarapa Basin contains up to c. 2.9 km of strata and is
deforming between offshore segments of the dextral strike-
slip Wairarapa Fault and associated Wharekauhau Thrust on
the western margin, and offshore extensions of the Aorangi
Mountains range-front reverse faults on the eastern margin.
To the southwest, in the eastern Marlborough Fault System,
the 15-20 km wide, 80 km long Flaxbourne Basin contains
>4.5 km of strata and is deforming by strike-slip and oblique-
slip faults including offshore sections of the Hope and
Kekerengu Faults. A new set of strike-slip faults, probably
younger than 1 Ma, strike parallel (c. 080 ± 10°) to the
current Pacific-Australian plate motion vector and obliquely
to inherited structural trends. Three of these faults are
possibly separating the Flaxbourne and Wairarapa Basins
in central, southern Cook Strait. Curved traces of the Needles
and Wairarapa Faults on the western margins of the basins
are aligned, and may cut across disrupted Miocene structures
to link part of the eastern Marlborough Fault System with
the North Island Dextral Fault Belt.

G98033
Received 9 September 1998; accepted 3 May 1999

Keywords Cook Strait; Marlborough; Wairarapa; plate
boundary; tectonic; faulting; structure; Quaternary; seismic
reflection; bathymetry; stratigraphy; sedimentary basins

INTRODUCTION

Southern Cook Strait forms the transition between North
Island's Hikurangi subduction margin and South Island's
continental transpression zone, and is an actively deforming
region between the mountains of both islands (Fig. 1) (Lewis
et al. 1994). Reconstructions of the New Zealand plate
boundary zone show that the strait has been situated
approximately within this transition area for at least 20 m.y.
(Fig. 1) (e.g., Walcott 1978, 1987; Little & Roberts 1997).
Throughout most of the Neogene, the transition has been
essentially fixed to the northern end of South Island and
western end of the Chatham Rise, despite the shape of the
plate boundary, the azimuth and velocity of relative plate
motion, and the paleogeography changing significantly.

Three major sedimentary basins exist beneath southern
Cook Strait (Fig. 2B) (Carter et al. 1988; Uruski 1992; Lewis
et al. 1994). The Wairau, Flaxbourne (Clarence Basin of
Uruski 1992), and southern Wairarapa Basins contain strata
with seismic reflectivity of >2.5 s two-way travel (TWT)
(>3 km) thick, and the first two are associated with prominent
negative gravity anomalies (Fig. 2A) (Fenaughty 1987; Rose
1991). The structural evolution of the basins should reflect
the tectonic complexities associated with changes in the
configuration of the plate boundary. The basins are being
actively faulted and folded above the subducted Pacific plate.

The subducted Pacific plate lies 15-25 km beneath
southern Cook Strait (Fig. 2B) and has been thrust beneath
northwestern South Island to a depth of at least 200 km
(Robinson 1986; Eberhart-Phillips & Reyners 1997). The
subduction decollement reaches the seabed at the thrust-
faulted deformation front southeast of the strait on the inner
flank of the 2800 m deep Hikurangi Trough (Lewis &
Pettinga 1993; Collot et al. 1996; Barnes et al. 1998).
Onshore southwest of Cook Strait are major, strike-slip faults
of the Marlborough Fault System (MFS) trending 055°-075°
(Fig. 2). These faults accommodate >80% of the predicted
38 mm/yr Pacific-Australian plate motion in northern South
Island (Freund 1971;Bibby 1981;Cowan 1990; Van Dissen
& Yeats 1991; Holt & Haines 1995) and have controlled the
sedimentation of Neogene basins (Little & Roberts 1997;
Audru & Delteil 1998). Onshore northeast of the strait and
west of the Wairarapa forearc basin are the strike-slip faults
of the North Island Dextral Fault Belt (NIDFB) trending
035°-045°, which uplift the axial ranges of southern North
Island and accommodate c. 21 mm/yr strike-slip dis-
placement (Beanland 1995; Van Dissen & Berryman 1996).

Most of the major active strike-slip faults in the NIDFB
and the MFS project offshore beneath Cook Strait and the
northeastern Marlborough continental shelf. The crustal
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Fig. 1 Present tectonic setting of the plate boundary through New Zealand and simplified reconstructions at 10 Ma and 20 Ma (after
Beanland 1995; Little & Roberts 1997). Abbreviations include: SA, Southern Alps; HM, Hikurangi margin; EHS, Esk Head Subterranc;
DM0, Dun Mountain Ophiolite. Crosses are active volcanoes. Shaded area offshore is the approximate region of continental crust as
depicted by the 2000 m isobath. The area in the inset box is the approximate area in Fig. 2.

Fig. 2 A, Contoured gravity anomalies in the southern North Island and Cook Strait region (Rose 1991). Anomalies (in uN/kg, when;
10 uN/kg = 1 mgal) are Free Air measured at sea level and Bouguer on land. Abbreviations include: WB, Wairau Basin; FB, Flaxbounu-
Basin; CB, Campbell Bank; RR, Rimutaka Range; AM, Aorangi Mountains; ECGH, East Coast Gravity High. B, Simplified basement
geology and late Quaternary faults in central New Zealand, and distribution of major sedimentary basins (stippled) in southern Cook
Strait. Abbreviations not in A include: CC, Cape Campbell; CSC, Cook Strait Canyon; CF, Carterton Fault; Jordan F., Jordan Thrust;
MFS, Marlborough Fault System; MKF, Mokonui Fault; MF; Masterton Fault; NIDFB, North Island Dextral Fault Belt; NC, Nicholsoi
Canyon; PB, Palliser Bay. Bold contours labelled 15 km, 25 km, and 50 km are depths to the subducted Pacific plate (Ansell <̂
Bannister 1996; Eberhart-Phillips & Reyners 1997). Mesozoic Torlesse subterranes (Begg & Mazengarb 1996) include: Rakaia Subtern.n
(South Island) and Wellington Belt (North Island) light shading; Esk Head Subterrane (South Island) and Rimutaka Belt (North Island:
dashed pattern; Pahau Subterrane (South Island) and Wairarapa Belt (North Island), dark shading. Contours offshore are isobaths in
metres. Broken lines are the axis of Cook Strait Canyon and the Hikurangi Channel.

structure and continuity of the faults beneath the strait,
however, have been debated (e.g., Carter et al. 1988). Carter
et al. and Lewis et al. (1994) interpreted seismic reflection
data and regional structural trends bounding the sedimentary
basins, and concluded that none of the faults, with the

possible exception of the Wairau Fault, link directly across
the strait (Fig. 2B).

Carter et al. (1988) considered that the offshore ends of
the strike-slip faults have been rotated clockwise relative to
their onshore segments and terminate within the sedimentary


