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Abstract - A single fossil leaf of Nothofagus from CRP-3 drillhole in the Victoria
L.and Basin provides further evidence for woody vegetation in the Tertiary of East
Antarctica. The plicate vernation of this small leaf indicates a deciduous habit and
suggests a cold climate. Located in the interval between 44.12 to 44.18 mbsf this
extends the range of these small-leaved deciduous taxa to the Early Oligocene, and
adds to the sparse macrofossil record of the East Antarctic vegetation of this period.
This further reinforces the suggestion that the transition from a diverse and mesic
vegetation in the Eocene to a depauperate flora in the Early Oligocene was a

relatively rapid event in East Antarctica. Despite limited Tertiary plant material
from East Antarctica, an emerging picture is one of substantially cooler climates than that seen in West

Antarctica at the same time.

INTRODUCTION

Antarctica fossil floras provide unique insights
into the vegetation history of this now glaciated
landscape. The Tertiary record of Antarctica is
particularly interesting as it records biotic changes
associated with the final stages of separation of
Gondwana fragments. The isolation of Antarctica in a
polar position, and subsequent reorganization of
oceanic circulation patterns, led to climatic cooling
and the development of a large ice sheet. This
resulted in widespread extinction of most of the
terrestrial biota from Antarctica, and created disjunct
distributions that characterize many Southern
Hemisphere groups today. For example, New
Zealand/Australian genera and species in a number of
families (e.g. Nothofagaceae, Stylidiaceae, Proteaceae)
often have their nearest relatives in South America
(e.g. Manos, 1987; Weston & Crisp, 1987). Antarctic
Tertiary floras are critical for understanding the
history of these Southern Hemisphere groups.
However, although the climatic cooling through the
Tertiary was one of the major mechanisms for
creating such striking biogeographic patterns, it is still
unclear how rapidly climate change affected the biota.
Was it one of rapid decline in diversity, or did floral
elements progressively drop out over millions of
years?

The record of Antarctic Tertiary floras is largely
confined to the Antarctic Peninsula region. On the
west side of the Antarctic Peninsula, floras in the
South Shetland Islands (King George Island) range

from Palaeocene to earliest Oligocene in age
(Zastawniak et al., 1985, and references therein). Rare
occurrences of fossil wood are also reported from
latest Oligocene marine strata (Destruction Bay
Formation, Birkenmajer, 1984; Dingle & Lavelle,
1998). To the east of the Antarctic Peninsula, in the
James Ross Island region, Tertiary floras of
Palacocene to ?earliest Oligocene are known from
Seymour Island and include leaf (Dusen, 1908; Case,
1988; Gandolfo et al., 1998a, 1998b), wood (Gothan,
1908) and spore/pollen (Askin, 1988) assemblages.
Sparse occurrences of Tertiary plant fossils are also
present elsewhere throughout the Antarctic Peninsula
(e.g. Elgar Uplands, Alexander Island; Thomson &
Burn, 1977), but generally these macrofloras are
poorly age-constrained and have not been fully
described.

Despite the relatively greater land area of East
Antarctica, there are noticeably fewer Tertiary floras
than seen in the Antarctic Peninsula. Erratics of
fluvial to shallow marine sandstones from the
McMurdo sound (Minna Bluff) region have yielded
Eocene to Oligocene plant fossils (Francis, 2000; Pole
et al., 2000; Askin, 2000). The flora comprises wood
of araucarian and podocarp conifers, and Nothofagus
angiosperms (Francis, 2000). Leaf assemblages are
numerically dominated by flowering plants, with
Nothofagus as the main component; minor araucarian
conifers are also present (Pole et al., 2000).
Palynological assemblages from the erratics indicate a
greater diversity than that seen in the wood and leaf
assemblages, but still support macrofossil evidence for
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a vegetation dominated by podocarps and Nothofugus
(Askin, 2000). Post-Eocene macrofloral records from
East Antarctica consist of Nothofagus from the Late
Oligocene of the CIROS-1 hole (Hill, 1989) and
Pliocene Sirius Group deposits (Francis & Hill, 1996;
Carlquist, 1987; Hill et al., 1996). However,
undescribed isolated seeds and in- growth-position
cushion plants and mosses occur in Sirius Group
deposits (Ashworth et al., 1997). These point (o
greater diversity than currently recognized. At present,
there is a temporal break between the Pliocene/late
Oligocene floras and the more diverse Eocecne
assemblages. Identifying floras from within this time
gap is critical to understanding the rate of floristic
changes associated with the onset of glacial
conditions. This report adds a further record of
Nothofagus from the Early Oligocenc of East
Antarctica.

MATERIALS AND METHODS

Cape Roberts Project drillhole CRP-3, sited
11.76 km offshore from Cape Roberts, Antarctica at
77.0106° S and 163.6404° E (see location map)
provided the material for this study. Preserved as a
compression, the leaf occurs in a muddy medium to
fine-grained sandstone at 44.12 to 44.18 mbsf. The
fossil leaf was revealed by degaugement of the
surrounding matrix, and photographed immersed in
alcohol. A camera lucida drawing made with an
Olympus stereo dissecting microscope SZHO-10 was
used to help interpretation of venation patterns
(Fig. 1C). The leaf is largely skeletonized, with
compressed organic material lying over the main
secondary and tertiary veins. Attempts were made to
prepare cuticular material by dilute chromic acid,
Schulze’s reagent, and gentle maceration in hydrogen
peroxide. However, the leaves were extremely fragile
and yielded very small and poorly preserved
fragments. Descriptive terminology follows that
recommended in the manual for leaf architecture
(1999), and Hickey (1988). The material is lodged at
the Institute of Geological and Nuclear Sciences,
Lower Hutt, New Zealand with accession number
B1347.

DESCRIPTION

Leaf with plicate vernation, 18 mm long by 10
mm wide, apex acute, rounded, margin lobed to
serrate. Venation pinnate, primary vein straight,
persisting to the apex with a slight taper. Secondary
veins craspedodromus, straight or slightly curved
apically, opposite, terminating at the margin
approximately in the centre of each marginal
serration. Tertiary veins percurrent, alternate or
opposite, obtuse. Quaternary veins alternate
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percurrent, Higher order veins present  but
arrangement unclear, aerolation well developed. No
marginal fimbrial vein observed. Leaf margin lobed to
serrated, teeth apparently compound with the major
tooth being supplied by a secondary vein, and lowcer
order teeth being supplied by branches from the
secondaries. Cuticle thin, poorly preserved, no cellular

detail observed.

DISCUSSION

Based on leaf form, shape and venation pattern,
this small craspedodromus leaf is best placed in the
Southern Hemisphere genus Nothofagus. Although the
lack of cuticular details precludes firm identification,
further support for the affinity of the leaf comes from
palynological evidence that points to Nothofugus
being one of the main elements of the vegetation
(Cape Roberts Science Team, 2000; Askin & Raine,
2000; Raine & Askin, this volume). The distinctive
pattern of raised ridges between the secondary veins
indicates that the leaf was folded in the bud prior to
leaf expansion (plicate vernation) (Fig. 1A). This type
of leaf development in Nothofagus is found
exclusively in the deciduous species (Philipson &
Philipson, 1988) and indicates the fossil material was
also deciduous. This perhaps explains the delicate
nature of the leaf cuticle, which is generally thinner
in deciduous species. However, deciduousness is not a
phylogenetically informative character, and so the leaf
cannot be placed with any confidence within one of
the four extant subgenera of the genus. Placement of
fossil Nothofagus leaves into an extant subgenus rclies
on good preservation of leaf architectural and
cuticular characters (Jordan & Hill, 1999), and the
latter is lacking for this material. However, it should
be noted that most of the Nothofagus pollen diversity
at this time in the Antarctic is made up of Nothofagus
subgenus Fuscospora (Raine & Askin, this volume).

A large number of fossil species have been
ascribed to Nothofagus in the Southern Hemisphere
(Romero & Dibbern, 1985; Tanai, 1986; Hill, 1989;
Scriven et al., 1995; Hill et al. 1996), but few have
features diagnostic of deciduous taxa (i.e. plicate
vernation). Amongst the deciduous taxa, those from
East Antarctica include Nothofagus beardmorensis
from the Pliocene Sirius Group (Hill et al., 1996).
Although N. beardmorensis can be more than twice as
long as the leaf described here, it shares a number of
important similarities. For example, in both the
secondary veins are straight and they also terminate
the marginal lobes/serrations. In this respect, the leaf
described here is also like the extant N. alessandri
(Fuscospora) and N. obliqua (Lophozonia).

Other deciduous taxa include a single leaf from
the Late Oligocene of the CIROS-1 hole (Hill, 1989).
This leaf differs, as the secondary veins terminate in
the sinus of the lobes where they branch to form a



Nothofagis from the Early Oligocene of Antarctica 403

Fig. I - Nothofagus leaf. A, whole specimen illustrating the plicate morphology and crenate margin terminated by straight secondary veins.
B. leaf immersed in ethyl alcohol to enhance venation detail. C, interpretive drawing of leaf venation pattern. D, details of the higher-order
venation revealed by immersion in ethyl alcohol. A-C, scale bar = 5 mm, D, scale bar = 1 mm.



404 2.1, Cantrill

marginal vein, much like the extant N. gunnii (Hill,
1689, fig. 3). Elsewhere in East Antarctica pooriy
preserved Eocene Norhofugus leaves occur in the
McMurdo Sound region (Pole et al., 2000). These
leaves are small (10-20 mm long), plicate, and have a
crenate leaf margin, but details of the vein
architecture are not well preserved. Pole et al. (2000)
compared this material to N, gunnii, N. pumilio and
the Oligecene fossil from CIROS-1 mentioned above.
The fack of details of higher order venation patterns
precludes meaningful comparison with the material
described here.

In the Antarctic Peninsula region, leaves referred
to Nothofagus occur in Palaeocene to 20ligocene
strata on Seymour Island (Dusen, 1908; Case, 1983:
Gandelfo et al., 1998a) and in the South Shetland
Islands (Zastawniak et al., 1985), Amongst these
leaves considerable diversity exists in leafl size class,
margin type, and venation architecture., Those few
with plicate vernation are largely confined to the
latest Eocene to earliest Oligocene (R, Hunt, pers.
comm.), All thege leaves are still pooriy
circumseribed, making comparison with the material
described above difficulr.

AGE

Biostratigraphy of the upper 200 m of the CRP-3
core is based on diatoms (Cavitarus jouseanus) and
calcareous nannofossils (Transversoponiis
pulcheroides) and is supported by magnetostratigraphy
(Cape Reberts Science Team, 20003 The combined
data indicate deposition in the
magnetochron Ci2r of Early Oligocene age.

VEGETATION

Terrestrial palynofioras in CRP-3 are of a low
diversity, and largely dominated by Nothofagidites and
Podocarpidites. These anemophilous (wind-pollinated)
taxa produce a large amount of pollen, and so it is
perhaps not surprising that they are most {requently
eacountered in residues. However, palynomorph yield
in CRP-3 is low: this could be due to either a high
flux of sediment, or sparseness of vegetation in the
source area (Cape Roberts Science Team, 2000). The
palynoflora includes rare grains of bryophytes
(Coptospora), lycophytes (Lycopodiumsporires),
pteridophytes (Cvathidires, Laevigatosporiies and
Rugulatisporites), conifers (Podocarpidites sp) and
angiosperms (?Cyperaceaepollis, Tricolpites,
Triporopollenites, TProteacidites, Myricipites harrisii,
Stellaria-type, Chenopodipollis) (Cape Roberts
Science Team, 2000). These all point (o a low
diversity vegetation with broad similarities to present
day mageilanic or alpine vegetation {Askin & Raine,
20000,

The relatively depauperate Early Oligocene
palynoflora {e.g. Cape Roberts Science Team, 2000;
Mehr, 1990), when compared to older Eocene

mid-part of

assemblages (e.g. Askin, 2000; Mohr, 1990}, suggests
a major change in the vegetation. This interpretation
is supperted by the macrofoessil record: Eocene fioras
in East Antarctica include Araucaria, Nothofagus
(both deciduous and evergreen), and at least three
other angiosperm types (Pole et al., 2000). These
Eocene leaves range [rom notophylious (o
microphyllous in size. a contrast from the
micrephyllous foliage of the Oligocene. Such a shift
in leal size class is 10 be expected as climatic
conditions cooled. The pattern seen in the fossil leaf
material is also supported by palynology. Eocene
strata contain considerable more diversity, particularly
in podocarp conifers and angiosperms (Proteaceae and
others), than seen in Early Oligocene strata (Askin,
2000; Askin & Raine, 2000; Raine & Askin, this
volume).

CLIMATE

The marked change in comiposition and abundance
of palynofloral residues between the Eocene and the
Early Oligocene (Askin, 2000; Askin & Raine, 2000;
Raine & Askin, this volume) suggests a major change
in vegetation. This has potentially important
imphications, as a change from forest to tundra
vegetation would resuit in increased albedo, and lead
1o positive feedback feop that reinforces the climatic
cooling seen in this part of the stratigraphic colummn.
Indeed recent modeling experiments suggest that high
latitude vegetation played an important role in
mediating the climate of these regions (Otto-Bliesner
& Upchurch, 1997). Although a single leaf is not
representative of the vegetation as a whole, the
affinity of the leaf can be used o infer past climate
conditions. This is largely due to more wide-ranging
studies on extant {e.g. Hill & Trugwell, 1993; Hili &
Jordan, 1996) and fossil (Francis & Hill, 1996)
Nothofagus assemblages that provide physiological
limits to growth in this taxon. Hill & Truswell (1993)
estimated frost tolerance limit of deciduous
Nothofagus species at —22°C but this may be
conservative, particularly for ground hugging forms
{(Hill & Jordan, 1996). As piant growth relies on
Higuid water at least part of the year must have been
above freezing. Hill & Jordan (1996) suggested that
in summer months “temperature must have been at
least 5°C for several weeks” Tor Nathofagus
beardmorensis to survive. The highly seasonal nature
of polar environments is often not considered when
using nearest living relative approaches (o estimate
climatic conditions from fossil Nothofagus (e, g.
Mercer, 1986, 1987). However, Francis & Hill (1996}
based their estimates of mean anoual temperature for
Nothofagus beardnmorensis on comparisons (o
Northern Hemisphere angiosperms (Saliv) growing in
a similar environment and with a similar habit. This
suggests that the growing season was short and warm
{up to 5°C) but the winter season down to -15 to
~22 °C, possibly with a mean annual temperature of
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~12°C (Francis & Hill 1996¢). These estimates are
probably equally applicable to the leafl described in
this study.

CONCLUSIONS

The Tertiary histery of Antarctic vegetation 1s still
relatively poorly known and much work remains to be
done, both in terms of fully describing known
deposits, and discovering new deposits from critical
time periods, Despite this, an emerging pattern
suggesls that climatic cooling profoundly infiuenced
the vegetation history. The presence of small
deciduous Norhofagus leaves in the Early Oligocene
substantially narrows the time gap between
depauperate “glactal” floras and the more diverse
mesic floras of the Focene. It appears that the
transition from cool temperate and relatively diverse
vegetation in the mid- to Late Eocene to tundra-{ype
vegelation seen in the Pliocene may have occurred
relatively rapidly (i.e. between the Latest Eocene and
the earliest Qligocene), Establishing the exact nature
and timing of vegelational changes will be important
when examining poetential positive feedbacks to
climatic cooling,

Comparison of the Antarctic Peninsula Toras {i.e.
Palacocene 1o Oligocene) with those of the Ross Sea
region suggests that Antarctic vegetalion was
regionatly heterogeneous. Although Eocene floras
from the Ross Sea region are poorly preserved. and
limited material is available, the floya is relatively
smaller-leaved compared {o coeval floras in the
Antarctic Peninsuia. Furthermore, East Antarctic floras
are of lower diversity (this may be a reflection of the
limited sample size) and contain more deciduous faxa
than Eocene floras in the Antarctic Peninsula, This
points to a cooler East Antarctica compared to the
more maritime Antarctic Peninsula. However,
importantly the Antarctic Peninsula floras show an
increase in diversity of deciduous taxa towards the
Eocene-Oligocene boundary, supporting a cooling
vend in this region also.
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