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Abstract Well developed but partially exposed shore
platforms at 6-8 m above mean sea level (m.s.l.) on the
southwestern flanks of Banks Peninsula have been
considered previously as evidence for either general tectonic
stability or differential subsidence of the peninsula. These
platforms probably formed during an interglacial high sea-
level stand, ¢. 120 000 yr ago or earlier. Banks Peninsula
has been assumed to be differentially subsiding, since
comparable platforms have not been identified on the
northern flanks, and adjacent late Quaternary marine and
fluvial sediments of the Canterbury Plains are unequivocally
subsiding. However, an alignment of coastal erosional
features at Cave Rock and Sumner Head, Christchurch
(northwestern flank of Banks Peninsula), may represent a
relict shore platform 56 m above m.s.l.

These erosional features are interpreted to be correlatives
of the platforms described on the southwestern flank, and
therefore suggest Banks Peninsula is not differentially
subsiding. By implication, wide (kilometre-scale) subsurface
{¢. =50 to —100 m below m.s.1.) rock platforms, recently
mapped by others, are interpreted to be the product of early
Pleistocene multiple glacio-eustatic sea-level falls and/or
rises. The presence of this subsurface platform, and possible
submarine correlative, suggests Banks Peninsula may have
been tectonically stable for much of the mid-late Quaternary.

Keywords shore platform; rock platform; sea caves;
glacio-eustacy; sea stack; plunging cliffs; coastal erosion;
strato-shield volcano; Quaternary; Banks Peninsula;
Canterbury

INTRODUCTION

Discontinuous shore platforms, +6-8 m above mean sea
level (m.s.1.), have been identified on the southwestern flanks
of Banks Peninsula, South Island, New Zealand (e.g.,
lobberns 1928; Speight 1930, 1943; Thomson 1964; Suggate
1968; Armon 1970). Lawrie (1992, 1993) showed that the
partially exposed platforms probably formed during the last
interglacial (8'%0 stage Se). More recently, thermo-
luminescence dates of loess deposits believed to postdate
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the platform, show the platform could have developed up to
200 000 yr ago (J. Soons pers. comm. 1996). The platforms
are best developed on volcanic rock spurs along 18 km of
the northern shore of Lake Ellesmere, where they are now
protected from open oceanic conditions by Kaitorete Barrier
(Fig. 1).

Lawrie (1992, 1993) concluded that Banks Peninsula,
as a block, was either stable or subjected to very low rates
of movement since the time of platform formation. Although
Brown &Weeber (1994) accepted that the southern margin
of Banks Peninsula is stable, they suggested that the northern
margin is subsiding, and therefore implied that Banks
Peninsula is differentially subsiding.

New observations presented here describe coastal
erosional features (5—6 m above m.s.1.) at Cave Rock, on
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Fig.1 Location map showing key features referred to in the text.
Metres to volcanic rock basement is after Brown & Weeber (1994)
and shore platforms are after Lawrie (1992). Geology is simplified
from Sewell et al. (1992).
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the northern margin of Banks Peninsula at Sumner,
Christchurch. The primary purpose is to resolve the conflict
that exists in the literature as to whether Banks Peninsula is
stable or differentially subsiding. The features described are
at the same level as the platforms described by Lawrie (1992,
1993) and others. If they are correlatives, Banks Peninsula
has not been differentially subsiding. The scope also includes
the general assessment of rock platforms, now below sea
level, as part of the basic data used to evaluate hypotheses
of stability and differential subsidence.

TERMINOLOGY

“Shore platform” is a non-generic term used to describe a
gently sloping to near-level coastal erosional feature cut into
rocks (Trenhaile 1980, 1987). The processes involved in the
development of these features are generally more varied and
complex than simply wave cutting. In this paper, I make the
distinction between (1) shore platforms that develop
between and/or a bit above the tide range of elevations during
a relatively stable sea level (i.e. sea-level stillstand) and (2)
rock platforms that are here interpreted to have developed
under either rising or falling sea levels (transgression or
regression).

In the case of (1), shore platforms attain a state of
dynamic, quasi-, or static equilibrium, depending largely on
changes in rock type as the platform develops (Trenhaile
1983). Trenhaile argues that most present-day shore
platforms have already attained their equilibrium, or are close
to it, as a consequence of the past 6500 yr of sea-level
stability. The width scale of these platforms is measured in
metres, up to ¢. 500 m (Trenhaile 1983, 1987).

In the case of (2), very wide (kilometre scale) and
extensive platforms can develop. On the basis of modelling,
Trenhaile (1989) shows these wide platforms may develop
during sea-level fall and/or rise. As in (1) it is only the near-
intertidal zone that is actively developing as a platform.
However, a wide rock platform develops through planation
as this zone moves up or down in response to sea-level rise
or fall. These rock platforms can have substantial relief
between the outer and inner edge (up to 50 m or more) and
in profile have the morphology of a gently sloping ramp. To
avoid ambiguity and to make a distinction from (1), I will
refer to these wide platforms as rock platforms.

METHODS

Cave Rock (Fig. 1, 2) was visited and photographed during
July, August, and October 1996, at both high and low tide
periods. Methods used in studying Cave Rock involved field
observations, mapping, use of photo mosaics, and surveying.
The heights of key features were surveyed relative to a
benchmark located at the top of the rock (13.29 m above
m.s.]. relative to Lyttelton Datum). Interpretations based on
photo mosaics were verified in the field.

Particular attention was paid to erosional features:
benches, ledges, notches, and caves. These features either
(1) reflect differences in susceptibility to erosion between
layers, (2) truncate the layers or structural grain, or (3) are
a combination of (1) and (2). The first may be attributed to
general weathering processes. However, truncation
(especially if horizontal) must be attributed to more
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aggressive “cutting” processes. Many of the features
observed truncate underlying beds and the structural
grain.

GEOLOGICAL SETTING

Banks Peninsula is a large Cenozoic alkalic intraplate
volcanic promontory (c. 1500 km?) comprising two large
strato-shield volcanoes, Lyttelton Volcano and Akaroa
Volcano, and numerous small parasitic cones (Sewell et al
1992). Lyttelton Volcano is symmetrical and sits on
basement fault block comprising Torlesse metasediments up
to 150 m above m.s.1. but c. 1000~1500 m above surrounding
basement (Wood et al. 1989; Sewell et al. 1992). Volcanic
activity started c. 15 m.y. ago and continued for c. 10 m.y.
through to 5.8 m.y. ago (Sewell et al. 1992).

The sandy-gravel Canterbury Plains prograded eastwards
mostly during the Quaternary ice ages, connecting Banks
“island” to the mainland by the middle Pleistocene (Field et
al. 1989; Wood et al. 1989; Brown & Weeber 1994).

SUMNER BAY, CAVE ROCK, AND SUMNER HEAD

Wave climate and tidal range

The Sumner Bay wave climate is dominated by northeasterl:
winds and swells. Semidiurnal tides dominate withac. 2 m
range (microtidal). The spring/neap tide effects are relativel:
small compared to the monthly perigean/apogean effects (D
Goring, NIWA, pers. comm. 1996). Precise data on storm
surge effects in Sumner Bay are not available. Although
storm surges in New Zealand have been estimated to be
limited to 0.8 m above m.s.l. (Heath 1979), this value is
probably significantly underestimated, since Heath did nct
account for wave setup and interaction with tides (Kirk
1979).

Cave Rock

Cave Rock is a 13.29 m high sea stack, covering c. 0.1 km®,
located in Sumner on the northern margin of Banks Peninsula
(Fig. 1, 2A). The stack is now connected to land but was
referred to as “Cave Island” on early charts (Macpherson
1978). There are some human modifications and possible
excavations, including flat-lying concrete foundations.
Construction of a sea wall to prevent coastal erosion at
Sumner, reclamation for road building, and a consequent
change in the Avon-Heathcote estuary flood-ebb channel.
have resulted in alternating periods of aggradation and
progradation of the adjacent Clifton Beach (Macpherson
1978; Findlay 1984).

The Cave Rock stack comprises two aa basalt lava units
separated by a marked orange-brown tuffaceous bed up to
60 cm thick. The lower unit appears to have been an eroded
remnant of a local high, which was mantled by the basalt
flows of the overlying unit. Consequently, the layers in the
upper unit have variable strikes and dips, but there is a
general dip 30-60° to the north (Fig. 2B, C). Individual flows
are commonly massive and separated by clinker, agglo-
merate, blocky, or tuffaceous layers and lenses.

A small (100 m?) shore platform exists on the north-
eastern aspect (Fig. 2B), facing directly into the prevailing
waves. The junction between the cliff and the shore platform
is at the high-tide level. From here, the platform slopes
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Fig.2 A, South-facing view of Cave Rock and Sumner (Photo: D. L. Homer, reproduced from Brown & Weeber 1992). B, Northeast-
facing aspect of Cave Rock showing active shore platform, boulder field, and sea cave (photo taken 0.5 h after low tide). C, Cave
Rock, western aspect, showing alignment of erosional features described in text. D, Prominent planed dike at Sumner head and cave
viewed from Cave Rock (houses on Scarbough Hill for scale). The location of a tunnel, and inferred incipient sea arch, is marked.

seawards c. 1° for c. 17 m to a low-tide riser ranging
50-90 cm in height (Fig. 2B, 3). From the low-tide riser,
the platform is bevelled and disappears below a sandy
substrate exposed at low tide. A pile of large, interlocking,

blocky boulders, with long axes ranging 1.5-2.5 m, is on
the northeastern margin at a height of 1-8 m above m.s.1.
(Fig. 2B). These boulders are angular, and no significant
transport was involved in their emplacement.
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The agglomerate layers are exploited by wave energy,
creating a network of potholes and caves that range in scale
from a few metres to tens of metres; some of the caves cut
through the stack (Fig. 2A—C). Numerous discontinuous,
metre-scale ledges, notches, cave floors, and changes in the
morphology of larger caves appear to align along two levels
cutting across the dipping volcanic layers (Fig. 2B, C). These
levels are 3.7 and 5-6 m above m.s.l. relative to Lyttelton
Datum. Adjacent to the northeastern side of Cave Rock,
remnants of lava flows form two offshore platforms, planed
at 2 and 3.7 m above m.s.l. (Fig. 2A).

Sumner Head

At Sumner Head, a 3—5 m wide volcanic dike(?) forms a
conspicuous bench that slopes northwards at c. 10°,
terminating at a cliff that rises from a present-day active
platform (Fig. 2D). This bench is estimated to be ¢. 6 m
above m.s.l. and protrudes c. 30 m out from the cliff. About
300 m south of the head there is a high-level cave (Fig. 2D).
The floor at the mouth of the cave (4.3 m above m.s.l.)
appears to have been raised by c. 1 m and infilled by humans.
This makes it difficult to reliably ascertain the floor level
relative to m.s.l. A conservative estimate of the location of
the natural cave floor was 3.3 m above m.s.l. A small
“tunnel”, with dimensions of 2 x 1 m and c. 2 m deep,
penetrates the volcanic rock spur that separates the beach
with the cave from the access beach to the south at
Scarborough. The tunnel floor is flat and ranges between
1.9 and 2.7 m above m.s.l., as is a pronounced notch in the
spur. There is no evidence for artificial excavation, which
indicates the tunnel is probably a natural feature: possibly
an incipient, now abandoned, sea arch.

All these described features are well above the high-tide
mark and there is no evidence of presently active marine
erosion.

Interpretation

The coastal features described above and summarised in
Fig. 3 are typical of eroding rocky shorelines (Trenhaile
1987; Griggs & Trenhaile 1994). The small shore platform
morphology and height above m.s.1., described on Cave
Rock (Fig. 2B), is compatible with the present-day intertidal
range and wave environment and is therefore interpreted as
an active shore platform. The boulder field probably
represents the debris of a collapsed large ledge or cave.
Although caves and associated ledges can and do develop
within and along volcanic layers by normal weathering or
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Fig. 3 Schematic summary of
key morphological features thar
together provide evidence for
higher former sea-level stand(s).

offshore planed(7)
stacks

volcanic processes, sea-caves and ledges usually develop
under the driving force of hydrostatic pressure generated
by breaking waves, and often preferentially develop along
a horizontal plane (Trenhaile 1987). Caves and notches that
develop laterally eventually coalesce to form narrow
platforms (Trenhaile 1987). Cotton (1967) cited caves in
basalt developing in such a manner. Given the low tidal range
at Banks Peninsula, and descriptions of rocky shores (Cotton
1967; Trenhaile 1987; Griggs & Trenhaile 1994), it is
unlikely that the features aligning at 56 m above m.s.l. are
a product of coastal processes at present-day sea level.

Following the same arguments presented by Lawrie
(1992, 1993) when considering the age of shore platforms
on the southern margin of Banks Peninsula, the above-
described features must be attributed to the last interglacial
sea-level highstand or earlier. They are probably poorly
preserved relict shore platform-cliff junctions and sea caves.
Although it is not possible to determine an absolute date of
formation, the features probably developed during 30
stage Se, c. 120 000 yr ago, when sea level was lastatc. 6 m
above m.s.l. (Chappell 1983).

Expected shore-platform heights under different
(assumed constant) tectonic uplift or subsidence regimes can
be modelled using eustatic sea-level curves derived from
the Huon Peninsula (New Guinea), calibrated with
astronomically tuned 80 isotope data (Imbrie et al. 1984;
Bull 1984; Chappell & Shackleton 1986). If the 120 000 yr
age of formation is accepted, in agreement with Lawrie
(1992), then modelling shows the northern margin of Banks
Peninsula has probably been relatively stable since the last
interglacial. Moreover, modelling shows that possible rates
of tectonic movement are very tightly constrained. For
example, last interglacial platforms would be expected at
18-22 m below sea level if Banks Peninsula were subsiding
at the rate of 0.2 m/ka, as suggested by Wellman (1979).
Even a slow subsidence of 0.05 m/ka would result in the
120 000 yr old platform being at present-day sea level, and
not the +5—6 m observed. This modelling is equally
applicable to the +6-8 m platforms described by Lawrie
(1993) on the southern margin of Banks Peninsula.

DISCUSSION

Lawrie (1992) also noted the presence of high (46 m)
notches along the cliffs of Sumner, most east-facing bays
(e.g., Okains Bay), and on the southern side of Banks
Peninsula east of Kaitorete Barrier (Fig. 4). Though
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Fig. 4 Locations referred to in
the text and bathymetry around
Banks Peninsula (after Herzer
1980; Herzer & Carter 1983).
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equivocal, Lawrie suggested these notches indicate a former
higher sea level and also provide “evidence that the peninsula
is not tilting as they show no significant variations in
elevation” (1992, p. 73). High-level erosional features
between Sumner and Cashmere are equivocal today largely
because of extensive housing and infrastructure development
on the northwestern flanks of Banks Peninsula. However,
an early description makes it clear that,

“Banks Peninsula ... shows by the configuration of its base
that an oscillation averaging about 20 feet in vertical height has
taken place, the country being depressed and afterwards raised to
about the same altitude again. This line is well visible travelling
round Banks Peninsula ... the signs of a former submersion
disappear below the newer fluviatile and lacustrine deposits.”
(Haast 1874, p. 55).

Today, the oscillation that Haast refers to would be
interpreted as a rise and fall in sea level and not landmass.
Furthermore, as argued by Suggate (1968), Lyttelton
Volcano’s symmetry suggests the edifice has not been
subjected to significant differential subsidence since
formation c. 10 m.y. ago.

The evidence presented here, together with the past
observations of other workers, strongly suggests the northern
margin of Banks Peninsula is stable and has not been
differentially subsiding since the early last interglacial.

Using borehole data, Brown & Weeber (1994) contoured
the inferred contact between sediment and volcanic rock at
—50 and —100 m below m.s.l. (Fig. 1). They call this surface
a “rock platform” and interpret the morphology, gradient
between the contours (c. 1-3°), and the spatial distribution
of depth to volcanic rock as a reflection of the “intensity of
coastal processes” (p. 181). The width of the rock platform
is measured at the kilometre scale, up to 4 km in the
southwest from Taitapu to Lake Ellesmere. In regard to the
mapped northwestern flank, they refer to very steep platform
margins that can be described as “plunging” (e.g., at
Ferrymead adjacent to the estuary of the Avon and Heathcote
Rivers, one well ¢. 50 m from outcrop reached volcanic rock
93 m below the surface, whereas another well ¢. 300 m from
outcrop reached volcanic rock ¢. 215 m below the surface).

iIf one accepts the observations detailed here, it is likely
that the mapped rock platforms are contemporaneous. Rock
platform formation must have been before 350 000 yr ago,

since sediments 120 m below Christchurch (Shirley
Formation) are inferred to be c. 310-350 000 yr old (Brown
& Wilson 1988) and overlie the northern rock platform in
the McCormacks Bay — Redcliffs area (see NCCB 1986,
fig. 4.9, 5.3).

The question of how this deeply buried rock platform
formed is unresolved. Although the metre to 100 m scale
shore platforms along the ocean-facing southeastern coast
of Banks Peninsula from East Head to Peraki Bay may be
an analogue for the platforms described by Lawrie (1992,
1993), they are very poor analogues for the kilometre-scale
rock platform described by Brown & Weeber (1994).
Although the relationship between shore platform width and
wave energy is often contradictory and complex, it is
generally accepted that wave energy rapidly dissipates across
shore platforms (Trenhaile 1987). Consequently, shore
platforms that are discussed as being wide (c. 400 m) are
usually associated with weak formations and large tidal
ranges—properties and conditions not characteristic of
Banks Peninsula. The mapped rock platform is clearly not
characteristic of the present-day stable sea level (last 6500
yr) and, by analogy, is probably not characteristic of past
interglacial high sea level stands.

Kilometre-wide (submarine) rock platforms backed by
plunging cliffs are characteristic of offshore volcanic islands
(e.g., Auckland Islands, Campbell Island, Lord Howe Island,
Rocas Aijos; Summerhayes 1967; Cotton 1967; Kruse &
Schmieder 1996). Cliffs are described as plunging if their
base is well below the present-day wave base. Banks
Peninsula is also characterised by plunging cliffs where
exposed to the open sea (Cotton 1949, 1951, 1967), along
the rock platform margins mapped by Brown & Weeber, and
probably along the most western margin of Banks Peninsula,
where arelict sea stack at Halswell suggests coastal erosional
processes have been active in the past (Lawrie 1992, p. 82).
Banks Peninsula may be encircled by plunging cliffs.

The development of wide, submerged rock platforms
backed by plunging cliffs is generally considered to be
associated with lower sea level stands (Cotton 1967,
Trenhaile 1987). Computer simulations by Trenhaile (1987)
showed that such platforms and plunging cliffs are best
developed during low sea level stands and especially during
postglacial rising sea levels (up to 10 km with 0.5 and 2°
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gradients). Trenhaile (1989) suggested inheritance plays a
role in hard-rock platform development over multiple
glacial-interglacial cycles.

More specifically, bathymetry along the eastern margin
of Banks Peninsula between Le Bons Bay and Akaroa
Harbour (Herzer & Carter 1983) has morphology similar to
that mapped by Brown & Weeber (1994) in the northwest.
Along this eastern margin, plunging cliffs intersect a gently
sloping (c. 1.5°) platform, possibly a rock platform covered
with a veneer of sediment (Fig. 4). The platform extends
for ¢. 4 km due east to a water depth of 70 m, after which
the seabed is relatively flat (c. 0.05°) through to the outer
shelf edge (Herzer & Carter 1983). Since this assumed rock
platform is at a similar depth below m.s.l. as the rock
platform mapped in the northwest and southwest by Brown
& Weeber (1994), it may be contiguous below the cover of
recent deposition along the northern and southern margins
of Banks Peninsula (Herzer 1981; Barnes 1994).

From the above discussion, I suggest that the rock
platform mapped by Brown & Weeber (1994), and its
assumed contiguous extension, was developed during
multiple eustatic falling sea levels characteristic of glacial
times or possibly during early postglacial sea-level rise(s),
and before the sandy-gravels that form the Canterbury Plains
fully prograded out to connect Banks island to the mainland.

Given that the rock platform is between—50 and —100 m,
it is reasonable to assume that its development occurred
when eustatic falls were limited to —50 and —100 m. More
speculatively, and assuming a relatively stable Banks
Peninsula, the rock platform may mark coastal erosion
around a Banks “island” before 600 000 yr ago when §'30
isotope data suggest eustatic falls were limited to <100 m
(Ruddiman et al. 1989; Shackleton et al. 1990; Abbot &
Carter 1994; Head & Nelson 1994). In comparison, during
late Quaternary lowstands, Banks Peninsula was subjected
to less coastal erosion because the then characteristic sea-
level falls of ¢. 120-130 m or more meant the glacial
shoreline was ¢. 60 km east of Banks Peninsula at the present
shelf edge (Herzer 1981).

There is evidence that shows the offshore continental
shelf to the north and south of Banks Peninsula has been
subsiding throughout the Pliocene and Quaternary periods
at estimated rates varying between —0.08 nmvk.y. in the south
(Field & Browne 1993; Wood et al. 1989) and —0.4 m/k.y.
in the north (Herzer 1981; Barnes 1994). These rates are
consistent with stratigraphic evidence from onshore water
boreholes on the northern and southern margin of Banks
Peninsula. I conclude, therefore, that the subsidence history
and driving mechanism of north Canterbury Plains is more
complex than hitherto considered.

CONCLUSIONS

1. Coastal erosional features at Sumner reaffirm Lawrie’s
(1992, 1993) suggestion that Banks Peninsula has been
relatively stable for at least 120 000 yr and not subject to
differential subsidence.

2. The Banks Peninsula northwestern and southwestern 1—
4 km wide rock platforms at c. ~100 m, mapped by Brown
& Weeber (1994), are probably contemporaneous platforms.
The rock platforms formed as a result of coastal erosion
effected by multiple eustatic sea-level changes, at lowstand
levels, during glacial-interglacial cycles and probably before
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mid Pleistocene. By implication, Banks Peninsula was
relatively stable since ¢. 850600 000 years.
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