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Abstract The south Otago coast is characterised by a flight
of marine terraces which have formed and been uplifted in
Quaternary time. Optical luminescence dating along the
recently active Akatore Fault has provided burial ages for
beach sands resting upon a wave-cut platform in the
up thrown block that are equal to or younger than 71 ± 14 ka,
and a burial age of c. 20 ka for the loess cap. The ages on
beach sands clearly indicate that motion on this fault has
been relatively limited since the last interglacial, while the
loess date constrains the age of at least one faulting event
on the Akatore Fault at this locality, and two events on the
fault farther south, to be younger than 21 ka. The 6 m high
(above high sea level) sand units in the terrace shown here
to date from the late part of the last interglacial, suggest that
sea levels at that time (oxygen isotope substage 5a) may not
have been as low as -18 m, but rather closer to modern sea
level. These applications of optical luminescence dating,
using green light and infrared stimulation of quartz
luminescence, constitute a new approach to studying tectonic
rates on faults and paleo-sea levels.
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INTRODUCTION

The sediments discussed in this paper are exposed in a
section just south of the Taieri Mouth, which lies c. 30 km
southwest of Dunedin, South Island, New Zealand (Fig. 1).

A series of raised beaches are developed along the coastline
(Ongley 1939; Cotton 1957; Bishop 1994; Barrell et al. 1998;
N. Litchfield unpubl. data) and have been affected by uplift
on the Akatore Fault southwest of the Taieri Mouth. Optical
luminescence dating is used to date two units within one of
these raised beaches and the overlying loess.

Optical luminescence dating has been gaining in
popularity as a Quaternary dating method for sediments since
it was first proposed by Huntley et al. (1985). It can be used
to determine the time elapsed since minerals within a
sediment were last exposed to daylight, presumably during
or just after deposition (Aitken 1994). This is achieved by
optical stimulation of luminescence (OSL) from the
minerals, using laboratory exposures of visible or infrared
light (the latter kind of OSL is usually termed IRSL, or
infrared stimulated luminescence). Green (or blue-green)
light is usually used to stimulate an OSL signal from quartz,
whereas infrared light is normally used for feldspars.
However, infrared light can also be used to stimulate quartz
luminescence, which is thought to arise from feldspar
inclusions within the quartz grains (Huntley et al. 1993).
The OSL signal is proportional to the radiation dose received
since the last exposure to light and can be used to determine
the time elapsed since that event, provided that complete
OSL signal depletion ("zeroing") occurred during the natural
daylight exposure. It is generally safe to assume that an OSL
age is a minimum age even where incomplete zeroing might
have occurred. However, recent work on incomplete zeroing
(Roberts et al. 1998) using single quartz grain luminescence
may soon provide a way of avoiding this limitation.

Dating is carried out by adding laboratory radiation doses
to prepared portions of a sediment and constructing a dose
response curve, which can be extrapolated to give the
radiation dose that has been received since zeroing. This
value is known as the equivalent dose (ED) and is divided
by the effective annual radiation dose received by the
sediment to calculate the age.

SAMPLE LOCATION AND GEOLOGIC SETTING

The south Otago coast is characterised by a number of
marine terraces cut into Haast Schist basement (northeast)
and Cretaceous-Eocene, nonmarine and marine sediments
(southwest). The terraces near the Taieri Mouth range in
height from a few metres up to c. 120 m a.h.s.l.* (Bishop
1994; Barrell et al. 1998).
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*A11 terrace heights quoted here are average strandline heights,
considered to be the position of former shorelines (e.g., Pillans
1990). Strandline heights were measured with an electronic
altimeter, or tape, for the Holocene terraces, and the loess and
dune sand thickness estimated and removed. All heights are
measured relative to high tide level (h.s.l.) and are considered to
be accurate to +2 m up to 15 m a.h.s.l. and ±5-10 m above 15 m
a.h.s.l.
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Fig. 1 Geological map of the coastal zone near the Taieri Mouth, south Otago coast, South Island, New Zealand (after Bishop 1994)
showing sampling locality. Grid is the standard New Zealand metric grid at 1000 m intervals.

A prominent Holocene wave-cut bench and/or raised
beach (3 m a.h.s.l.) is restricted to the upthrown (east) side
of the Akatore Fault and has been dated with a minimum
age of 1000 yr BP (described below). The lowest Pleistocene
(loess covered) terrace (8-11 m a.h.s.l.) has not previously
been dated and is the subject of this paper.

The sampling location is shown in Fig. 1 together with
the trace of the Akatore Fault. The samples come from an
outcrop on the coastline (grid reference NZMS 260 145/
933556) within the uplifted eastern block of the Akatore
Fault, some 300 m east of the fault trace. The high-angle
(60°) Akatore Fault is an east-dipping reverse fault, the
onland trace of which forms a prominent inland-facing
escarpment, extending southwestward from near the Taieri
Mouth. Late Quaternary uplift on the fault has created
temporary barriers across eastward-draining streams,
resulting in the development of swampy depressions west
of the fault. Uplift on the fault has also given rise to a series
of raised beaches. The lowest raised beach, at c. 3 m a.h.s.l.
(mapped as h) by Bishop 1994, but not shown in Fig. 1),
occurs conspicuously southeast of the Taieri Mouth and is
formed of up to a metre of beach sand and gravel with no
loess cover. The next raised beach deposit (hi of Bishop
1994), at 8-11 m a.h.s.l., comprises a lower unit (c. 1 m) of

coarse, well-sorted reddish-orange sand and gravel resting
on schist basement, overlain by c. 1.5 m of fine, lightly
weathered, yellow sands (without local gravel) and capped
by c. 1 m of loess. Loess up to 3—4 m thick in places blankets
much of the area, and is estimated by Bishop (1994) to be
<30 ka.

Figure 2 shows the stratigraphy of the dated sedimentary
sequence. Dating samples NZ9 and NZ10 come from the
unit mapped as Ii2 by Bishop (1994) and NZ8 from the
overlying loess. Sample NZ9 comes from the highly
weathered yellow sands at the top of raised beach h.2, and
sample NZ10 from the coarser orange sands and gravels at
the base of the Ii2 raised beach sequence.

Resting on the sands of the lowest raised beach (h|) is a
dark muddy deposit containing floating clasts and abundant
organic matter. This unit is interpreted by Norris et al. (1994)
as a slump deposit resting on the raised beach, postdating
its uplift above high sea level, and has been radiocarbon
dated as 1010 ± 45 yr BP (Norris et al. 1994).

EXPERIMENTAL METHODS

Samples were collected in dark plastic tubes or in blocks
and prepared under orange-filtered fluorescent lighting (Lee


