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Pollen analysis of Pliocene-Pleistocene Kowai Formation (Kurow Group),
Mackenzie Basin, South Canterbury, New Zealand

D. C. MILDENHALL
Institute of Geological & Nuclear Sciences
P.O. Box 30 368
Lower Hutt, New Zealand

Abstract Kowai Formation in the Lake Pukaki area of the
Mackenzie Basin, is a tectonically deformed gravel sequence
containing rare, fossiliferous, fine-grained horizons with
pollen assemblages that are unusual in their composition.
The sequence of vegetation types from oldest to youngest
is: (1) assemblages with high percentages of Brassospora-
type beech and Casuarina; (2) assemblages with high
percentages of araucarian pollen (position uncertain); (3)
Fuscospora-type beech assemblages; and (4) grassland/
scrubland assemblages preceded by a major angular
unconformity. The Fuscospora-type beech assemblages are
further divided into sequences where, from oldest to
youngest, the paleovegetation is: (a) Fuscospora-type beech
with Brassospora-type beech and Casuarina; (b) Fusco-
spora-type beech with Phyllocladus (position uncertain); (c)
Fuscospora-type beech with a variety of pollen types; (d)
Fuscospora-type beech with podocarps; and (e) Fuscospora-
type beech totally dominates. The age of the beds is Pliocene,
as determined by the presence of a number of pollen species
that last appeared in the Pliocene, along with a few taxa that
first appear at the same time. The youngest grassland/
scrubland assemblages, lacking extinct taxa, may be from
fluvioglacial sediments of Pleistocene age. During the early
phases of deposition, the climate was warmer and more
humid than the present day, as evidenced by the presence of
abundant araucarian, Nothofagus (Brassospora) beech and
Casuarina pollen. Most of the Kowai Formation was
deposited at a time when the area was covered in a
Nothofagus (Fuscospora) beech forest, indicative of an
interglacial climate not dissimilar from that experienced in
present-day beech forests. From the top of the sequence,
evidence of glacial conditions starts appearing as the forest
vegetation disappears to be replaced by grassland/scrubland
vegetation.
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INTRODUCTION

This paper has been written to demonstrate that the terrestrial
sediments infilling the Mackenzie Basin can be placed in
stratigraphic order based on changes in the type of spore
and pollen assemblages contained therein. This can be done
even when the age range of the sediments remains unclear
and fossils are hard to find.

The Mackenzie Basin is an intermontane basin situated
in South Canterbury. The basin is infilled with terrestrial
Pleistocene sediments locally overlying tilted terrestrial
Pliocene gravel and finer sediments sitting on a greywacke
basement.

Over recent decades, a large number of isolated pollen
samples have been collected from Pliocene units in the Lake
Pukaki area of the Mackenzie Basin. The sediments in this
area, originally named the Glentanner Formation by Speight
(1940), are now included in the terrestrial and marginally
marine Kowai Formation of the Kurow Group (Field &
Browne 1986). Most samples collected for spores and pollen
are unfossiliferous, but occasional samples yielded spores
and pollen, and these samples give some idea of the range
of ages of these beds, the differing depositional environ-
ments, and paleoclimate. Some localities contain wood
fragments and pieces of lignite.

Glentanner Formation has been assigned a range of ages
from Miocene-Pliocene (Speight 1940), late Miocene-
Pliocene (Harrington in Fleming 1959), to Pliocene (Gair
1968; McGregor 1987). As the Kowai Formation, it was
given an age range of possibly Kapitean through to
Nukumaruan (i.e., late Miocene-Pleistocene; Field &
Browne 1986). The formation in the Lake Pukaki area
consists of coarse, folded, and highly tilted terrestrial gravel
deposited along the eastern margin of the main alpine chain
in the Mackenzie Basin (Fig. 1). Local beds of deltaic,
lacustrine claystones and sandstones are present (Field et
al. 1989), and it is these beds that provide most of the pollen-
bearing samples. The type locality of Glentanner Formation
is near the Glentanner Homestead in the Tasman valley (near
grid reference H37/785958 from the metric 1:50 000
topographic map series INFOMAP 260). The type locality
of the Kowai Formation is on the South Branch of the Kowai
River, in North Canterbury (grid ref. M34/782830 (base) to
M34/792812 (top); Browne & Field 1985). Field & Browne
(1986) believe that the Kowai Formation probably formed
as one continuous sheet overmuch of Canterbury. However,
the beds are now exposed in discrete isolated units in which
the scarcity of key, datable horizons makes detailed
correlation between remnants difficult.

Pollen samples have been taken from a number of
localities within the gravel over many decades, but nowhere
is there a continuous fossiliferous sequence. Many of the
correlations are made on the basis of stratigraphy, vegetation
assemblage, and presumed palynological age, based on first
appearances and the presence of rare extinct pollen types
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Fig. 1 Locality diagram of the
Lake Pukaki area of the
Mackenzie Basin showing some
of the sampling sites, major faults,
distribution of the Kowai Form-
ation (stippled) in this area, and
metric map sheet boundaries. All
fossil record numbers are based on
these metric sheets. The distri-
bution of Mesozoic-Paleozoic
semi-schist and greywacke base-
ment is hatched. Post-Kowai
Formation Quaternary sediments
are left blank. The sheet fossil
numbers are registered in the New
Zealand Fossil Record File which,
along with the grid references, are
based on the national thousand-
metre grid of the 1:50 000 topo-
graphical map series INFOMAP
260.

that are known to die out in the Pliocene and Pleistocene in
South Island sequences.

PALYNOLOGY

This study is based on 107 pollen samples collected over a
period of several decades from 42 different localities. Of
these 107 samples, only 22 contained enough palynomorphs
to provide an adequate statistical count, while 69 contained
no palynomorphs.

A wide range of pollen assemblages has been collected
from the Kowai Formation, presumably representing a range
of ecological and climatic conditions (Mildenhall 1999)
rather than facies changes. Whether these beds also represent
a wide age range has been more difficult to determine
because it appears that a number of samples probably contain
recycled pollen from sediments of Miocene age. Most of
the samples contain in situ spores and pollen that are so badly
preserved that determining Miocene extinct taxa on the basis
of colour and preservational differences is not possible. Most


