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Abstract: The Fossil Hill flora from Fildes Peninsula on King George Island, Antarctica, consists of more than 40
forms of ferns, gymnosperms and angiosperms. It contains a mixture of neotropical and subantarctic elements, mostly
resembling the Early Tertiary palaeoflora of southern South America. According to “the nearest living relative
method” and “leaf physiognomical analysis”, the plants of the Fossil Hill flora probably grew under a kind of
temperate to warm temperate climatic conditions. The mean annual temperature was probably a little more than 10°C;
the mean annual range of temperature could be low; and the precipitation was abundant. The area where the plants
of the Fossil Hill flora were growing was at rather low altitude. In order to determine the cause of the warm and humid
climate at the time the author proposes the following hypothesis. During the Cretaceous and early-middle Palacogene,
Antarctica, Australia and South America as parts of Gondwana formed a nearly continuous landmass along the
southern margin of the ancient Pacific Ocean, its southern part being effectively separated from other oceans and
continents at thattime. Thus it is reasonable to assume that a warm oceanic current flowing polewards from the equator
transported huge quantities of heat to Gondwana and provided the above-mentioned climatic conditions for plant

growth at least in those areas at rather low altitudes along the southern margin of the ancient Pacific Ocean.
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Introduction

At present Antarctica is a vast continent—a world of ice
and snow, surrounded on all sides by seas and oceans, 98%
of its land is covered by ice with an average thickness of
2450 m, but up to 4750 m in places. Air temperatures range
from a little higher than freezing to ca. —30°C in summer and
from —20°C to —65°C in winter, the lowest temperature
recorded so far being —89.6°C. Under these extreme condi-
tions, there are only two species of flowering plants to be
found in the Antarctic Peninsula: Deschampsia antarctica
(Poaceae) and Colobanthus quitensis (Caryophyllaceae), the
remaining plants being cryptogams, including mosses and
lichens. However, according to available palaeobotanical
evidence, both vegetation and climate in this continent
during the period of the Cretaceous and the Early Tertiary
were widely different from what they are today.

The present author made a detailed study of the fossil
plants (called the Fossil Hill flora) collected from Fossil
Hill, 1.5 km northwest of Great Wall Station on Fildes
Peninsula, King George Island by the 2nd to the 4th Chinese
Antarctic Expeditions in 1986-1988. This flora consists of
at least 40 forms belonging to 16 genera and 14 families, of
which 4 genera, 6 species and 2 indeterminate forms are
pteridophytes, namely Osmunda sp., Gleichenia sp.,
Thyrsopteris shenii Zhou et Lisp. nov., Alsophila antarctica
Dusén, and two indet. fertile and sterile pinnules (Zhou and
Li, in press a; Dusén, 1908; Berry, 1928; Tryon and Tryon,
1982; Czajkowski and Rosler, 1986); gymnosperms total-
ling 5 genera and 11 species: Dion antarctica Zhou sp. nov.,
Araucariasp., Podocarpus (Dacrycarpus) tertiarius (Berry)
Florin, Podocarpus (Stachycarpus) sp. 1, Podocarpus
(Podocarpus) sp. 2, Podocarpus (Podocarpus) sp. 3,

Podocarpus (Podocarpus) sp.4, Acmopyle antarctica Florin,
Papuacedrus shenii Zhou sp. nov. (Zhou and Li, in press b;
Dusén, 1899, 1908; Berry, 1928, 1938; Florin, 1940a, b;
Orlando, 1964; De Luca and Sabato, 1979; De Luca et al.,
1982; Zastawniak, 1981; Zastawniak et al., 1985; Czajkowski
and Rosler, 1986; Hill and Carpenter, 1989); angiosperms
totalling 7 genera and 23 species: Nothofagus subferruginea
(Dusén) Tanai, Nothofagus oligophlebia Li sp. nov.,
Nothofagus sp., Lomatia sp., Pentaneurum dusenii
(Zastawniak) Li gen. et comb. nov., ?Myrtiphyllum
bagnalense Dusén, Rhoophyllum nordenskjoeldi Dusén,
?0reopanax guinazui Berry, Dicotylopyllum elegans Li sp.
nov., Dicotylophyllum latitrilobatum Zastawniak,
Dicotylophyllum sp. 1-10 (Li, in press; Dusén, 1899, 1908;
Berry, 1925, 1928, 1938; Barton, 1964; Orlando, 1964;
Czajkowski and Rosler, 1986; Tanai, 1986, Birkenmajer
and Zastawniak, 1986, 1989a, b). Most of the nearest living
species (or genera) of the above-mentioned fossil plants are
mainly distributed in tropical Latin America and southern
part of South America, corresponding to Good’s (1953)
Neotropical and Antarctic Kingdoms respectively. In the
present author’s opinion, the latter should be renamed the
Sub-Antarctic Kingdom (Li, in press). So the Fossil Hill
flora appears to have been a mixed plant assemblage com-
posed of neotropical elements and subantarctic ones, having
a close affinity to those Tertiary floras in South America and
the Antarctic Peninsula (Dusén, 1899, 1908; Berry, 1938;
Birkenmajer and Zastawniak, 1986). Having compared the
South America floras with those from West Antarctica the
present author is inclined to believe that the geological age
of'the Fossil Hill flora is referable to the Early Tertiary, most
probably to the early to middle Eocene, a conclusion which
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is in accordance with that of Li, Z. N. et al. (1989), who
determined the isotopic age of the Fossil Hill Formation and
the Block Hill Formation as 52 = 1 Ma - 43 = 2 Ma.

Palaeoclimatic Analysis

Since climate is a major factor governing the distribution
of vegetation, plant fossils are considered as a direct and
convincing line of evidence for establishing the climate in
the geological past. In order to establish the palacoclimate,
palaeobotanists usually use two different methods. One is to
make a comprehensive analysis of the climatic tolerances of
those extant representatives having the closest affinity to
each fossil taxon (nearest living relative method) and the
second (leaf physiognomy method) uses leaf size and leaf
margin types as a means of determining the palaeoclimate.
Wolfe (1979, p. 1) argued for the latter method as follows:
“Environmental factors are continually affecting lineages
to select individuals and populations that are physiog-
nomically best adapted to that particular environment.”
“Physiognomically similar forest types typically do appear
in widely separated areas that have similar major climatic
parameters irrespective of the lineages involved.”

In this paper both methods are adopted to analyse the
Fossil Hill flora. It was found by applying the first method
that the nearest living relatives (species or genera) of pteri-
dophytes and gymnosperms in the Fossil Hill flora are
largely distributed in the low and middle latitudes of the
Southern Hemisphere. For example the nearest living spe-
cies to Thyrsopteris shenii is a relict form, Thyrsopteris
elegans which is only found on the Juan Fernandez Islands
(ca. 33°S, 80°W) in the southeast Pacific Ocean, i.e. in the
neotropical plant region. However, representatives of this
genus had a worldwide distribution in the geological past.
The records of the meteorological station on Robinson
Crusoe Island (33°37'S, 78°52'W), one of the Juan Fernandez
Islands, show that the annual mean temperature is 16°C,
with a mean temperature for the warmest month of 19°C,
and a mean temperature for the coldest month of 12°C
(Table 1). The representatives of Nothofagus, a dominant
genus of angiosperms both in number of species and speci-
mens in the Fossil Hill flora, have their nearest living
relatives in the southern part of South America and New
Zealand, being major members of temperate rainforests in
these regions. It is worth noting that the fossil leaves of
Nothofagus are much bigger in size than those of their living
relatives, which shows that the climatic conditions at that
time were somewhat warmer and more humid. Other com-
mon forms among the fossil angiosperms are Pentaneurum

dusenii and Lomatia sp. the former belonging to the
Melastomataceae, with tropical South Americaas its present-
day centre of distribution, whereas the latter is very similar
to an extant species being distributed in Chile. It may be
assumed from the distribution of these nearest living spe-
cies, especially from the meteorological data in the region
where the genus Thyrsopteris occurs, that these plants once
lived in a warm temperate rainforest, with a rather low mean
annual range of temperature but with abundant precipita-
tion.

Statistics show that the leaf physiognomy has a close
relation with the prevailing climatic conditions (Wolfe,
1979). The most important aspects of the physiognomical
features available for palaecoclimatic analysis are the leaf
margin types (dentation or an entire margin). Asrevealed by
Wolfe (1979), Wolfe and Upchurch (1987), Upchurch and
Wolfe (1987), in mesic east Asian environments, the per-
centage of dicotyledonous species that are entire-margined
closely parallels mean annual temperature: an increase of 3
percent entire-margined species correlates with an increase
of 1°C in mean annual temperature, i.e. a leaf margin
percentage of about 60% approximates the 20°C isotherm.
Since the modern vegetation of the Southern Hemisphere
has higher percentages of entire-margined species than that
ofthe Northern Hemisphere, the relation appears to be about
4%/1°C (Wolfe, 1979). In the Fossil Hill flora, entire-
margined leaves amounted to 40%. This suggests that the
flora existed at a mean annual temperature of about 10°C, or
higher, considering the above-mentioned results of the near-
est living relative analysis.

Of the non-deciduous species from the Fossil Hill flora,
small-sized leaves are common. This may reflect the high-
latitudinal zone in which the plants were growing (Smith
and Briden, 1977), the consequent lower temperatures in
summer, and the very small amount of sunlight in winter.

The main conclusions from these palacobotanical studies
are: (1) in the early-middle Palacogene, a temperate to
warm-temperate rainforest had developed in the Fossil Hill
region of King George Island; (2) these forests were domi-
nated by Nothofagus, Podocarpus, Araucaria and
Papuacedrus, with an undergrowth consisting of
Thyrsopteris, a kind of tree fern, the cycad Dion etc.; (3) a
mean annual temperature slightly higher than 10°C, but
lying at a high latitude, where the sunlight was very weak in
winter, the temperature was far from high in summer, and
the mean annual range of temperature was quite low while
there was abundant rainfall.

Table 1. Data from Meteorological Station of Robinson Crusoe Island, Juan Fernandez Islands (based on “World

Climatic Data”, 1972).

Elements Jan. Fei;: Mar. Apr. a
T°C 19 19 17 17 16
R mm 20 30 41

86 150

T = temperature; R = precipitation.
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Jun. Jul.

Aug. Sep.

Oct. Nov. Dec.
14 13 12 13 13 15 17
162 147 112 73

40 4] 25












