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Vascular Plant Activity During the Pre- and Inter-Glacial
Periods Based on Organic Components in
the McMurdo Dry Valleys, Antarctica

GENKI I. MATSUMOTO*, YOSHIO YOSHIDA**,
KUNIHIKO WATANUKI*** and TETSUYA TORII****

Abstract

Distribution of organic components (acyclic and cyclic alkanes and alkenes, fatty
acids, 2-, 3-, (w-1)- and w-hydroxy acids, and @, w-dicarboxylic acids) and microscopic
data of microorganisms and visual kerogen in soil samples from the McMurdo Dry
Valleys of southern Victoria Land in Antarctica have been discussed in relation to the
evidence of the distribution of vascular plants in the past. Organic components in the
soils are probably derived from various source organisms ranging from bacteria to
vascular plants, except for living organisms, in different periods from Devonian to
Holocene. Long-chain #-alkanes and #z-alkanoic acids are believed to be vascular plant
origin, and strongly suggest that vascular plants are widely distributed in and the
surroundings of the McMurdo Dry Valleys during the pre- and inter-glacial periods of
“Eocene-Pleistocene.

Introduction
Antarctica was once a part of Gond- tinent, except in the period of Paleozoic conti-
wanaland from late Precambrian to Jurassic nental glaciation. After the breakup of Gond-
ages, and would have provided a favorable wanaland, relatively warm climatic conditions
habitat for vascular plants throughout the con- in the pre- and inter-glacial periods of Antarc-
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tica are believed to be suitable for biological
activity, including vascular plants. Presently,
Antarctica is extremely harsh for biological
activity and no vascular plants grow in the
continent, except in the northern part of the
Antarctic Peninsula.

Although Antarctica is covered with ice
sheets with an average thickness of 2450m,
some areas are ice-free especially in coastal
regions and inland mountains. The McMurdo
Dry Valleys of southern Victoria Land are the
largest ice-free areas in Antarctica, extending
approximately 2500km?. Moraines containing
various glacially eroded materials are in the
valley depressions, and are considered to be a
key material to elucidate the paleoenvironment
of Antarctica. Here we discuss organic compo-
nents, and microscopic data of microorganisms
and visual kerogen in soil samples obtained

from moraines in the McMurdo Dry Valleys in
relation to distribution of vascular plants dur-
ing the pre- and inter-glacial periods in Ant-
arctica.

Studied Sites

The McMurdo Dry Valleys mainly consist
of Taylor, Wright and Victoria Valleys (Fig. 1).
Floors and some parts of walls of these valleys
are covered with morainic and fluvioglacial
deposits of Pliocene to Holocene ages. Soil-like
materials can be found in the deposits in many
places. In December 1981 and 1983, surface soil
samples (0-10cm) were collected from the east
side of Don Juan Pond (Don Juan samples) in
the Wright Valley (Fig. 2), and the surroundings
of Lake Bonney (Bonney samples) in the Taylor
Valley (Fig. 3).
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Fig.1. Sampling locations in the McMurdo Dry Valleys of southern Victoria Land, Antarctica. Dotted area :
Ice-free region. Oblique lines area: Beacon Supergroup (modified from Barrett and Kyle, 1975).
Sampling site: 1-6, Don Juan-1 to Don Juan-6; 7, Bonney-W1; 8, Bonney-Cl; 9, Bonney-E2; 10,

Bonney-E8; 11, Bonney-E9; 12, Bonney-E12.
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Fig.2. Don Juan Pond viewed from the east side in
the Wright Valley of the McMurdo Dry
Valleys.

Fig.3. Lake Bonney west lobe with the terminus
of the Taylor Glacier in the Taylor Valley
of the McMurdo Dry Valleys.

Characteristics of Organic
Components

Analytical results of organic components in
soil samples are reported elsewhere (Ma-
tsumoto et al., 1981, 1990a, b, c; Table 1). A
series of u-alkanes (C,3-Css) and #z-alkenes
(C15-Css) were detected with a predominance of
odd-carbon numbers, as evidenced by high
carbon preference index values (CPI, Table 1;
Kvenvolden, 1966).
(C4-Cyo) with a predominance of even-carbon

Normal-alkanoic acids

numbers were found, together with small
amounts of iso- and anteiso-alkanoic, and #-
alkenoic acids. Of special interest was a pre-

dominance of long-chain #-alkanoic acids
(>C,q; Fig. 4). 3-Hydroxy (Cs-Cso) and (w-1)-
hydroxy (C.,-Cs) acids were detected with a
predominance of even-carbon numbers, but
2-hydroxy (Cg-Csp) and w-hydroxy (Cs-Cs,) acids
showed no even-carbon predominance. Small
amounts of iso- and anteiso-2-hydroxy and 3-
hydroxy acids were present in the soil samples.
a, w-Dicarboxylic acids (Cs-C;,) were detected
with near unity CPI values; mainly the C,;
dicarboxylic acid predominated.

The major pentacyclic compounds in the
Don Juan samples were triterpenes, such as
hop-17(21)-ene, neohop-13(18)-ene and hop-
22(29)-ene as well as triterpanes i.e., 178(H)-22,-
29,30-trisnorhopane, 178(H),218(H)-hopane
and/or 178(H),218(H)-homohopane, while those
in the Bonney samples were mainly 178(H)-22,-
29,30-trisnorhopane, 17«(H),218(H)-30-
norhopane and 17«(H),218(H)-hopane. The
major steranes and diasteranes in the Don Juan
samples were (20S)-5«(H),14a(H),17a(H)-
cholestane, (20R)-5a(H),14a(H),17a(H)-
cholestane, (20R)-24-methyl-5«(H),148(H),-
178(H)-cholestane/(20R)-24-methyl-58(H),-
14a(H),17a(H)-cholestane, (20R)-24-ethyl-
5a(H),148(H),178(H)-cholestane/(20R)-24-ethyl-
58(H),14a(H),17a(H)-cholestane, and/or (20R)-
24-ethyl-5a(H),14a(H),17a(H)-cholestane. Gen-
erally, distributions of the pentacyclic com-
pounds and sterane compositions of the Bonney
samples are more complex than those of the
Don Juan samples, and comprise many isomer-
ized forms (Matsumoto et al., 1990b).

(20S/20R)-24-Ethyl-5a(H),14a(H),17 a (H)-
cholestane ratios (0.03-0.66) and (22S/22R)-
17a(H),218(H)-homohopane ratios (0.01-1.1)
revealed that organic components in the soil
samples have experienced various thermal
stresses (e.g. Seifert and Moldowan, 1981; Philp,
1986; Table 1).
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Fig.4. Relative abundances of fatty acids in
selected soil samples from the McMurdo Dry
Valleys. Bold solid line: Normal alkanoic
acids. Bold dotted line: Normal alkenoic acids.
Dotted line: Iso-alkanoic acids. Solid line:
Anteiso-alkanoic acids.

Sources of Organic Compo-
nents

A large variety of organic compounds sug-
gest that organic matter in the soil samples is
derived from various organisms ranging from
bacteria to vascular plants, with various
periods from Devonian (Beacon Supergroup) to
Holocene. Especially, abundance of long-chain
n-alkanes and #-alkanoic acids in the soil sam-
ples strongly suggests that organic matter was
largely derived from vascular plants. However,
no vascular plants are presently distributed in
the McMurdo Dry Valleys and adjacent
regions. Therefore, direct contribution of vas-

cular plants is impossible. Aeolian transport of
the waxes of vascular plants from the mid and
lower latitudes is not important (Matsumoto et
al., 1981, 1990a). Detailed microscopic studies
revealed that no living cyanobacteria and
microalgae occurred, but small amounts of
their debris were detected in some soil samples
(Matsumoto et al., 1990a). No #-alkenoic acids
were dominant in all the soil samples. Hence,
living organisms are not important sources of
these organic components. Amorphous ker-
ogen (68-98%) due to microbial debris was
found as the major component, with small
amounts of very fine coals (2-329), but no
woody and herbaceous kerogens were detected
in any soil samples. This result implies that the
main sources of organic matter were micro-
organisms and ancient vascular plants (Ma-
tsumoto et al., 1990b).

Cyanobacterial mats containing various
microorganisms are commonly distributed in
and around the streams, lakes and ponds of the
McMurdo Dry Valleys. Katabatic wind in the
valleys is strong and, thus atmospheric trans-
port of these microbial materials may be
responsible for the sources of soil organic
matter. Some organic matter may have been
produced by @z situ microbial activity, and
accumulated for a geological time. Certain
short-chain #-alkanes and #-alkanoic acids,
n-alkenes, and hydroxy acids may have
attributed to these cyanobacterial mats as well
as microbial activity (Matsumoto et al., 1990a,
b). However, long-chain components and
organic components having low CPI values are
uncommon in these cyanobacterial mats (Ma-
tsumoto et al., 1979; Matsumoto, 1989). Thus,
wind-transported cyanobacterial mats are not
important sources for these organic compo-
nents in the soil samples, and long-chain com-
pounds are probably attributed to the following
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two candidate sources: (1) Erosion of the Bea-
con Supergroup, and (2) vascular plant debris
in the pre- and inter-glacial periods.

The Beacon Supergroup of Gondwanaland
sediments is widely distributed in the high
altitude areas (>1500m above sea level) of the
McMurdo Dry Valleys and adjacent regions (e.
g., Barrett and Kyle, 1975; Fig. 1). The Beacon
Supergroup often contains fossils of vascular
plants, such as Glossopteris. Matsumoto et al.
(1986, 1987) reported hydrocarbons and fatty
acids in these sedimentary rocks in the same
area, although their compositions are much
different from those in the soil samples. Espe-
cially, long-chain components having relatively
high CPI values are not abundant in the Beacon
Supergroup samples. Also, the Beacon Super-
group in this region contains triterpanes and
steranes having a wide variety of maturation
from near zero to equilibrium ratios (Ma-
tsumoto et al., 1987). It is consistent with those
of the soil samples (Table 1). «,w-Dicarboxy-
lic acid distributions in the soil samples are
very different from recent sediments where
even-carbon numbered dicarboxylic acids usu-
ally predominate, but similar to those in ancient
sediments, e.g. Scottish Torbanite (Carbonifer-
ous), in which no even-carbon dicarboxylic
acids predominate (Douglas et al., 1970; Table
1).

It is probable, therefore, that these dicar-
boxylic acids, straight-chain compounds having
low CPI values, and some cyclic compounds are
derived from the Beacon Supergroup. The soil
samples, however, contain considerable
amounts of triterpenes and less matured triter-
panes and steranes, indicating the presence of
young organic matter due to biological activity
other than that in the Beacon Supergroup.
Thus it is unlikely that the Beacon Supergroup
is important sources of long-chain components

in the soil samples.

After isolation of Antarctica from Gond-
wanaland, relatively warm climatic conditions
may have provided a favorable habitat for
various organisms, including vascular plants in
the McMurdo Sound region. Palynomorphs and
a Nothofagus leaf impression in the CIROS-1
drillhole (702m long, 36-34.5 Ma and 30.5-22 Ma)
suggested that cool temperature forest formed
on the foothills of the Transantarctic Moun-
tains and persisted through several glacial
cycles (e.g., Barrett et al., 1989; Harwood et al.,
1989; Hill, 1989). Furthermore, parenchymatous
and woody tissues were found in the Sirius
Formation (3.1-2.5 Ma) of the Beardmore Gla-
cier region in Transantarctic Mountains (ca. 85°
S; Askin and Markgraf, 1986). Relatively warm
climatic conditions prevailed in this region
when portions of the Sirius Formation were
deposited (Webb et al., 1987). These biological
materials including vascular plant debris were
probably buried beneath the ice-sheet during
glacial periods under a favorable condition for
preservation of organic matter.

These materials were eroded by glaciers
and transported to the valley depressions as
moraines. Long-chain #=-alkanes and #-
alkanoic acids in the soil samples are probably
attributed to these vascular plant debris. Also,
(20R)-5a(H),14a(H),17a(H)-C,5/C,, sterane
ratios in 7 of 12 soil samples were found to be
greater than unity, supporting that organic
components in the soil samples are originated
from certain vascular plants, although some
cyanobacteria/green algae are possible sources
(Matsumoto et al., 1990b; Table 1).

Conclusions

Distributions of organic components in the
soil samples from the McMurdo Dry Valleys of
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southern Victoria Land, Antarctica were dis-
cussed focused on vascular plant activity in the
past. Complex distributions of organic compo-
nents in the soil samples are attributed to the
mixing of various source organisms ranging
from bacteria to vascular plants with different
ages from Devonian to Holocene, rather than
from present day living organisms. Especially,
the predominance of long-chain compounds
strongly suggests that vascular plants were
distributed in the McMurdo Dry Valleys and
surroundings during the pre- and inter-glacial
periods of Eocene-Pleistocene.
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