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Abstract The 160 m thick Castlecliff coast section was
deposited during the middle Pleistocene (c. 1.07-0.35 Ma)
and comprises 10 disconformity-bound cyclothems or
sequences. A typical sequence has three parts: (1) a basal
suite of shoreface and inner shelf sediments with intertidal
and shallow subtidal molluscan faunas, and cross-bedded,
pebbly shell gravels (type A shellbeds); (2) a mid-cycle
shellbed, which contains iz situ offshore molluscs in a matrix
of muddy fine sandstone or fine sandy siltstone (type B
shellbeds); and (3) an upper unit of terrigenous siltstone,
either bedded and barren of fossils, or bioturbated and with
a sparsely scattered in situ fauna similar to that of the
subjacent shellbed. The three parts of each sequence
correspond respectively to the transgressive systems tract,
mid-cycle shellbed, and highstand systems tract of the
sequence stratigraphic model. Sequence 7 (Kupe Formation,
Upper Kai-Iwi Shellbed, Upper Kai-Iwi Siltstone) is
designated as the type example of the Castlecliff motif. A
detailed measured section is presented of the Castlecliff
section, with 30 formations designated which correspond
to the most significant lithostratigraphic units and to the
inferred systems tract interpretation. Where possible, the
formational nomenclature follows that of Fleming (21
formations, six with adjusted boundaries). However, three
formations represent newly observed units (Mowhanau
Formation, Lower Kai-Iwi Shellbed, Lower Castlecliff
Siltstone), and seven other formations are erected on the
basis of previously described beds, members or informal
units (Rolled Concretion Conglomerate, Tiostrea-Dosina
Bed, Ophiomorpha Sand, Lower Westmere Shellbed,
Kaikokopu Formation, Upper Westmere Shellbed, Upper
Kai-Iwi Shellbed). The lithofacies and macrofaunal and
microfaunal associations are documented across the section
in terms of this lithostratigraphic framework.
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INTRODUCTION

The little deformed and richly fossiliferous mid-Pleistocene
sediments of the Wanganui coast section (Fig. 1, 2) have
been renowned since the start of European settlement in New
Zealand. For instance, exquisitely preserved molluscs from
Wanganui feature amongst the earliest illustrations of
invertebrate fossils from New Zealand (Mantell 1850) and
in the more comprehensive catalogue of Tertiary Mollusca
prepared by Hutton (1873). The coastal section assumed
even more importance after Thomson (1916) nominated it
as the type section for the New Zealand Castlecliffian Stage
and with Fleming’s (1947, 1953) detailed description of its
geology and fossil faunas. The descriptive lithological units
used by these previous workers are summarised in Tables 1
and 2.

In a remarkable analysis, based primarily on the repetitive
vertical variation of fossil content, Fleming (1953)
demonstrated that the Castlecliff sediments were deposited
under the influence of both tectonics and eustatic sea-level
variation, recognising that “the (Pleistocene) cyclothems are
typically separated by disconformities representing periods
when the sea advanced and carved wave-cut platforms”.
Fleming’s work, together with that of Emiliani (1955), and
similarly ignored by the wider geological community at the
time, showed that Earth’s most recent climatic history had
involved a multiplicity of glacial and interglacial episodes
which far exceeded in number the four climatic cycles then
recognised by Quaternary geologists studying continental
deposits. With the confirmation of Emiliani’s work by
Shackleton & Opdyke (1973), the international research
community finally came to accept the reality of multiple
Pliocene-Pleistocene glaciations, thus allowing Beu &
Edwards (1984) to correlate the Wanganui section to the
international oxygen isotope scale. Most recently, Abbott et
al. (1989) and Abbott & Carter (1994) have interpreted the
Castlecliff section in terms of sequence stratigraphy, and
deciphered the cyclothemic motif which marks each sea-
level rise and fall.

By the early 1990s the Castlecliff coastal section was
firmly established as one of the world’s outstanding
examples of the interplay between eustasy, tectonics and
sedimentation, as a Southern Hemisphere reference section
for the middle Pleistocene, and as a potential international
stratotype for the Lower-Middle Pleistocene boundary
(Pillans et al. 1991, 1994), To aid further study of the
Castlecliff section, we present annotated photographs of
some parts of the coast (see Fig. 3), the detailed measured
section of Abbott (1994) (see Fig. 4), and summaries of the
sedimentary facies and fossil assemblages (see Table 3,
Fig. 5-8). We also take the opportunity here to adjust some
details of the formal lithostratigraphic nomenclature to fit
better with modern interpretations (cf. Table 2). The paper
includes modified versions of a small number of diagrams
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Table 1 Historical summary of the lithostratigraphic nomenclature applied to sedimentary units of the Castlecliff coastal section.
CU-8 |Estuarine Sands [Mosstown Sand
Upper Wanganui System Wanganui Beds CU-7 |[Tawera Silts Karaka Siltstone
Wanganui Beds (Upper Wanganui Beds) CU-6_|Upper Castlecliff Shelbed Upper Castlecliff Shelbed
(*Pleistocene") Sandy Beds CU-5 |Zethalia-Amphidesma Sands Shakespeare Clift Sand
Shakespeare Cliff Blue ClayShakespeare Cliff Blue ClayiCU-4 [Stlracolpus Slits Shakespeare |Shakespeare Cliff Siltstone
_4 CU-3 |Tainui Shelbed Tainui Shelbed
CU-2 |Antisolarlum Sands Pinnacle Sand
CU-2 |Antisolarium Sands (basal shellbed) Lower Castlecliff Shelibed
CU-1 |Basal Upper Castieclift Santds Seafield Sand
CL-11|Upper Kai-iwi Blue Silts Upper Kai-iwl Siltstone
Wanganui Wanganui System CL-10 |Kupe Formation Kupe Formation
Series (Wanganui Series) Kal-iwi Blue Clays CL-9 [Upper Westmere Silts Upper Westmere Siltstone
(*Pliocene") CL-8 iLower Westmere Silts Kai-wi  |Lower Westmere Siltstone
CL-7 |Buccinulum caudatum Shellbed Omapu Shellbed
CL-6_[Lower Kai-iwi Blue Siltstong Lower Kai-iwi Siltstone
Kaimatera beds Kaimatera Beds CL-5 |Mowhanau Pumice Sands Kaimatira Pumice Sand
Okehu Beds, No. 5 CL-4 |Upper Okehu Silts Upper Okehu Siltstone
Okehu Beds, No. 6 CL-3 |Okehu Shell Grit Okehu  |[Okehu Shell Grit
Okehu Beds, No. 7 CL-2 [Lower Okehu Siltstone Lower Okehu Siltstone
Okehu Beds, No. 8 CL-1 [Ototoka Shell Conglomerale Butlers Shell Conglomerata

first published elsewhere, so that it may serve as a stand-
alone descriptive reference for the Castlecliff section.

HISTORY OF STRATIGRAPHIC SUBDIVISION

Mantell (1848), Hochstetter (1864), Buchanan (1870),
Hutton (1873), and Park (1887, 1905) variously used the
term Wanganui Beds, Series, Formation or System to
describe the “fossiliferous blue-clays” which crop out along
the Castlecliff coast. Hutton (1886) distinguished a
conspicuously tuffaceous sand towards the base of the
succession as the Kaimatera (sic) Beds, and Park (1887)
recognised the Okehu, Kai-Iwi, and Wanganui Beds as
subdivisions of his Wanganui Series. However, it was not
until publication of the results of stratigraphic investigations
by the New Zealand Geological Survey (Fleming 1947,
1953) that a proper lithostratigraphic framework was
provided for detailed sedimentologic and faunal studies (cf.
Table 1). In parallel studies, Thomson (1916), Fleming
(1947, 1953), and Finlay & Marwick (1947) described the
biostratigraphy of the Castlecliffian Stage, for which the
coastal section at Wanganui was designated the type section.

RELATIONSHIP BETWEEN
LITHOSTRATIGRAPHY AND SEQUENCE
STRATIGRAPHY

Abbott & Carter (1994) showed that the coastal Castlecliff
section comprised 10 discrete sequences. Eight sequences
are characterised by three lithological subdivisions
punctuated by three intra-cycle surfaces (Fig. 4), in
descending order:

(6) a massive and fossiliferous, or bedded and unfossil-
iferous, sandy siltstone (highstand systems tract)

(5) an abruptly gradational contact (downlap surface)

(4) an in situ (type B) shellbed, indicative of terrigenous
sediment starvation (mid-cycle condensed shellbed)

(3) an abrupt, often burrowed or bioturbated surface of
deepening (local flooding surface)

(2) an interval of current-deposited, shallow marine sedimer:t
including reworlded (type A) shellbeds, well sorted sand.
and heterolithic sandstone and mudstone (transgress:v :
systems tract)

(1) a basal marine-cut surface of erosion (ravinement
surface, superposed upon the sequence boundary).

A ninth sequence (cycle 1) is top-truncated and comprises
a sequence boundary and overlying transgressive system:s
tract only (=Butlers Shell Conglomerate and Ototcka
Siltstone). The tenth sequence (cycle 4) contains an
additional element atiits top (the Omapu Shellbed of Flem:riy;
1953), which probably indicates shallowing.

We here nominate cycle 7 (as described below, and ia
Fig. 4, 6) as the type example of the Castlecliff motif
sequence, the major| elements of which can be recognise 1
in all 10 Castlecliff sequences. The relative thinness of the
Castlecliff sequenceis which display this motif, compare 1
with their equivalents in the basin axis, indicates that thev
were deposited in a low-subsidence region on the western
margin of the basin.|

The systems tradts recognised at Castlecliff by Abbc:t
& Carter (1994) correspond closely to the conventionai
lithostratigraphic uﬁits (mostly formations, members and
beds) introduced by Fleming (1953). Given the occurrence
of eight three-part sequences, one two-part sequence, and
one four-part sequence, a total of 30 stratigraphic units are
required to describe} the Castlecliff section fully (Table 2,
as follows: 1

15 units formatiorijs recognised by Fleming (1953)

6 units formations redefined slightly from Flemm ot
(1953)

6 units formations recognised as beds, members, or
informal pnits by Fleming (1953)

3 units  formations introduced by Abbott & Carter (19941,

An increasing nuhlber of new datasets are being collected
for the Castlecliff section, for example, magnetostratigraphy
(Turner & Kamp 1990), oxygen isotope stratigraphy (L.
Mitchell unpubl. data), and beryllium isotope stratigraphy
(Graham et al. 1998)| For ease of comparison and correlation,
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Karaka Siltstone 10.3 Karaka Siltstone u
I Tawera lenticles
Upper Castlecliff Shellbed 10.2 Upper Castlecliff Shellbed U
Shakespeare Cliff Sand* 10.1 Shakespeare Cliff Sand U
[ Basal shellbed (Amphidesma -rich)
Shakespeare Cliff Siltstone * 9.3 Shakespeare Cliff Siltstone U
Tainui Shellbed 9.2 Tainui Shellbed U
Pinnacle Sand 9.1 Pinnacle Sand U
{(unrecognised by CAF) 8.3 Lower Castlecliff Siltstone NU, NN
Lower Castlecliff Shellbed 8.2 Lower Castlecliff Shellbed U
Seafield Sand 8.1 Seafield Sand U
l Toms Conglomerate**
Upper Kai-iwi Siltstone 7.3 Upper Kai-lwi Siltstone U
Kupe Formation Pecten layer
Pelecypod shellbed member 7.2 Upper Kai-lwi Shellbed NN, UP
Mactra tristis layer
Gastropod shellbed member 7.1 Kupe Formation TBA
Cross-bedded sand member
Upper Westmere Siltstone 6.3 Upper Westmere Siltstone BBA
Fossiliferous siltstone member 6.2 Upper Westmere Shellbed NN, UP
Kaikokopu Formation TBA, UP
Kaikokopu Shell Grit*** 6.1
Lower Westmere Siltstone 5.3 Lower Westmere Siltstone BBA
Fossiliferous silt member 5.2 Lower Westmere Shellbed NN, UP
Fossiliferous free sand member 5.1 Ophiomorpha Sand NN, UP
Omapu Shellbed 4.4 Omapu Shellbed U
Lower Kai-lwi Siltstone 4.3 Lower Kai-lwi Siltstone BBA
{unrecognised by CAF) 4.2 Lower Kai-iwi Shellbed NU, NN
Kaimatira Pumice Sand™** [Units a-c 4.1 Kaimatira Pumice Sand U
Upper Okehu Siltstone 3.3 Upper Okehu Siltstone BBA
[Basal fossiliferous conglomerate 3.2 Tiostrea-Dosina Bed NN, UP
Okehu Sheli Grit 3.1 Okehu Shell Grit U
Lower Okehu Siltstone 2.3 Lower Okehu Siltstone BBA
[ Rolled Concretion Conglomerate 2.2 Rolled Concretion Conglomerate NN, UP
{unrecognised by CAF) 2.1 Mowhanau Formation NU, NN
Butlers Shell Conglomerate | Ototoka Siltstone tongue 1.1b Ototoka Siltstone U
Conglomerate member 1.1a Butlers Shell Conglomerate U

Key for status column, with respect to Fleming (1953): U = unchanged; BBA = bottom boundary adjusted; TBA = top boundary
adjusted; NU = new unit; NN; = new name; UP = upgraded to formation status.

*Unit described from Shakespeare Cliff, Wanganui City by Fleming (1953);
*** Unit described from Kaikokopu Road by Fleming (1953); ****Unit described from Kaimatira Bluff, Wanganui

Punga (1952);
City by Fleming (1953).

it is important that such datasets are referred to a common
stratigraphic column, We present such a reference column
in Fig. 4, and discuss below the redefined terms and new
units which are necessary to completely describe the section
in formational lithostratigraphic terms. The other 20
lithostratigraphic units, 5 of which have adjusted lower
boundaries, are otherwise essentially unchanged from the
definitions of Fleming (1953).

** {nit described from the Rangitikei Valley by Te

Though Fleming (1953) mostly used groups (the Okehu,
Kai-Iwi, and Shakespeare Cliff Groups) for his mapping of
the Wanganui Subdivision, he showed that, despite poor
outcrop, many constituent formations could also be
recognised inland. Subsequently, Abbott (1992, 1994)
demonstrated that both the sequences and the individual
formations of the Kai-Iwi Group (oxygen isotope stages 25—
17) can be traced 50 km across the basin as far as the






