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Plant macrofossils from the Foulden Hills Diatomite
(Miocene), Central Otago, New Zealand

Mike Pole*

Twenty eight taxa of angiosperm fossils are described from the Early Miocene (c. 20
Ma) Foulden Hills Diatomite, not far from Dunedin, New Zealand. Some leaves include
cuticle, and this has sometimes facilitated identification. Families confidently identified
include Euphorbiaceae, Lauraceae, Myrsinaceae, Myrtaceae, Sapindaceae, and
Smilacaceae, and, less confidently, Cunoniaceae and/or Elaeocarpaceae, Hernandiaceae,
Leguminosae, Meliaceae or Rutaceae, Sterculiaceae, Tiliaceae, and Winteraceae. There
is a notable absence of Nothofagus macrofossils, and only a single conifer, a broad-
leaved Podocarpus. The original community was probably moderately diverse and
growing on a nutrient-rich substrate. Floristics and climate were probably similar to
northern New South Wales and southern Queensland today.
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INTRODUCTION
The deposit of diatomite at Foulden Hills is situated about 10 km to the north east of
Middlemarch, and 50 km north-west of Dunedin, New Zealand (Fig. 1). The deposit has been
known for several decades, for both its economic and scientific value. Fossil leaves are
abundant in some horizons, and are often large and distinct. Paleobotanically they are
especially important because many of them retain their original cuticle. The aim of this paper
is to describe a collection of angiosperm macrofossils from the Foulden Hills Diatomite,
utilising both leaf architecture and the cuticular characteristics, and to interpret the results
within a wider context.

All leaves described here are believed to come from a single locality - a small, disused
diatomite mining pit. Stratigraphically they probably all come from within a metre of the pit
floor. There is no large-scale change in lithology visible in the fossil-bearing sediment, which
is therefore treated as a single assemblage. The locality is given the New Zealand Geological
Society Fossil Record Number I43/f8503.

The diatomite is regarded as part of the Dunedin Volcanic Group (Coombs et al. 1960,
1986). Radiometric dating of volcanics in the area suggests (D.S. Coombs pers. comm. 1991)
an age of about 20 Ma (Early Miocene). The diatomite is believed to have accumulated in a
volcanic maar lake (D.S. Coombs pers. comm. 1991).

The specimens described in this paper represent collections made by C. Travis in 1965, A.
Lowe, C.A. Landis, and myself in 1988, and by J. Youngson, J.D. Campbell, and D. Lee in
1992. A single species, Podocarpus travisiae Pole, has been described previously (Pole
1993a).

The Foulden Hills assemblage is of great biostratigraphic importance as it is associated
with volcanic rock which can be dated absolutely. Clearly a confirmation of the 20 Ma age

•Department of Plant Science, University of Tasmania, G.P.O. Box 252C, Hobart, TAS 7001, Australia.
Present address: Department of Botany, University of Queensland, St Lucia, QLD 4067, Australia.



Journal of The Royal Society of New Zealand, Volume 26, 1996

suggested by Coombs would be useful. The
palynology of the diatomite is dominated by
Nothofagus subgenus Brassospora (Couper
in Coombs et al. 1960; pers. obs.). On this
basis I suspect that the Foulden Hills
Diatomite correlates with the oldest known
Manuherikia Group assemblages to the west,
or perhaps slightly earlier.

MATERIALS AND METHODS
Leaves were located in the field by splitting
blocks of diatomite. As the material dried
over a period of days the diatomite was found
to split along bedding planes and roll up
tightly, rather like an ancient scroll. A coat
of clear nail varnish halted this process and
highlighted venation. The leaves show a
range of preservation from those with good
cuticle to those completely lacking it. To
prepare cuticle, a fragment of leaf was
removed with a scalpel blade, the nail varnish

Fig. 1 Locality map. w a s r e m o v e c i wi th acetone, silicates were
removed with hydrofluoric acid, and
mesophyll with 10 % chromium trioxide,
and the residue finally stained with safranin.

Cuticle was mounted on glass slides with phenol-glycerine jelly for transmitted light
microscopy (TLM), and, if sufficient cuticle remained, on to stubs for scanning electron
microscopy (SEM). Frequently, the upper and lower cuticular surfaces were found compressed
so close against one another that separation was impossible. Some distinct cuticle types were
only recovered as dispersed cuticle and have not been matched with any leaf form.

Leaves were traced at 5X magnification on to acetate sheets using a Nikon Profile
Projector, then reduced using a photocopier and redrawn on architectural paper with Indian
ink.

Most fossil catalogue numbers are prefixed with "OU", indicating specimens stored in the
Geology Museum of the Department of Geology, University of Otago. The single specimen
prefixed with "MM" is stored in the Middlemarch District Museum. Extant herbarium
material prefixed with "OPH" and "E" is stored in the Department of Plant Science, University
of Tasmania.

TAXONOMIC PHILOSOPHY
Step one in the taxonomic investigation was to partition groups of individuals into taxa,
operationally equivalent to species. This information is presented as a taxonomic key. The
key is considered the most important part of this taxonomy as it contains the information
which defines the taxa. For Linnean taxa, the equivalent would be the diagnosis. A diagnosis
indicates how a taxon differs from all others of similar rank within a monophyletic group,
while a key can cover any artificial group, in this case, an entire assemblage. Ideally, there
would be a single key to derive all parataxa (from various localities) but this would be
cumbersome until a formal hierarchical system of leaf morphotypes was devised. Such a
system is slowly evolving on paper, but will need a much greater knowledge of leaf
architecture than is currently available, and further alterations to terminology. As there is
little apparent overlap between taxa from Foulden Hills and from other localities, the
problem can be ignored and the Foulden Hills taxa defined relative only to each other.

As this deposit contained leaves without cuticle, and dispersed cuticle without leaves, two


