
Tephra layers
in the Vostok ice core:

160,000 years of
southern hemisphere volcanism

Table A. Representative major element analyses (weight percent)
of glass shards in visible tephra layers in the Vostok ice core
analyzed by energy-dispersive X-ray analysis and comparative
analyses from other tephra layers and potential source areas.
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Recent studies of a deep ice core from Vostok Station, Ant-
arctica, have focused on the climatic and carbon-dioxide record
contained in the core, which covers the last glacial/interglacial
climatic cycle (approximately 160,000 years) (Jouzel et al. 1987;
Barnola et al. 1987). Other work has examined the aerosol
record (continental and marine impurities) preserved in the
ice and its relationship to climate (De Angelis, Barkov, and
Petrov 1987; Legrand et al. 1988). This paper reports on pre-
liminary studies of a number of visible dust layers identified
in the core that were found to contain volcanic ash (tephra).

Core sections containing the visible layers were first sketched,
with the core depth, length of the section, position, orienta-
tion, and thickness of any visible layers indicated. Samples
were cut from each of the layers (and in some cases the adjacent
ice) with a band saw and washed to remove external contam-
ination using the same techniques used by Legrand et al.,
(1984). Washed samples were placed in pre-rinsed Millipore
filtration units containing Nuclepore Aerosol filters and al-
lowed to melt.

Results of some of the analyses of tephra layers in the Vostok
core are presented in the table (parts A, B, and C). The figure
shows examples of the types of particles extracted from some
of the Vostok tephra layers.

Kyle, Palais, and Thomas (1984) and Palais et al., (1987),
described a tephra layer found at 100 meters in a core drilled
in 1979 at Vostok Station (column 1, table A) and concluded
that it originated in a major explosive eruption of Candlemas
Island in the South Sandwich Islands about 3,200 years ago.
We believe that the tephra layer identified at 369 meters (col-
umn 2, table A) (figure, block a) in the deep Vostok core (2,083
meters long drilled in 1980) also formed from a major volcanic
eruption in the South Sandwich Islands (probably Thule or
Bellingshausen Island) about 15,500 years ago. This conclusion

Sample:	 V100	 V369	V550
Reference:	Palais et al. 1987	This work	This work
Number of

analyses:	 37	 47	 19
Number of

particles:	 -	 25	 18
Age (in thousands

of years)	 3.2	 15.5	30

Si02	59.73 (1.79)	57.62 (1.85)	62.81 (1.55)
Ti02	0.90 (0.16)	1.02 (0.21)	1.30 (0.24)
Ai 203	14.84 (0.66)	15.38 (2.07)	14.66 (1.08)
FeO b	10.25 (1.23)	11.00 (2.46)	9.07(l.48)
MnO	 0.15 (0.12)	0.24 (0.13)	0.18 (0.09)

MgO	 2.44 (0.48)	2.89(l.38)	1.60 (0.64)
CaO	 6.64 (0.76)	7.44 (0.72)	5.80 (0.84)
Na20	 4.46 (0.57)	3.51 (0.70)	2.88 (0.72)
K20	 0.63 (0.19)	0.40 (0.11)	0.95 (0.17)
P205	n.d.c	0.01 (0.03)	0.08 (0.07)

S03	n.a.d	0.18 (0.13)	0.15 (0.08)
Cl	 na.	0.32 (0.08)	0.30 (0.07)
Minerals	 Andesine/	Andesine/	na.

	

labradorite	labradorite
Subcalcic augite

a One standard deviation.
b FeO total Fe as FeO.
Not detected.

d Not analyzed.

is based on similarities in the composition of the tephra and
the eruption products on these islands (Baker 1978 and per-
sonal communication).

The tephra layer at 550 meters in the Vostok core (column
3, table A) (figure, block b) has a composition which is also
compatible with an origin in the South Sandwich Islands. This
eruption could have originated from the northern part of Can-
dlemas Island (Baker 1978).

The tephra layer at 641 meters (column 4, table B) (figure,
block c) is very different from those discussed above and may
have originated from a similar source as a number of tephra
layers studied by Nishio, Katsushima, and Ohrnae (1984) in
the Allan Hills (column 5, table B) and by Keys, Anderton,
and Kyle (1977) from a site in southern Victoria Land. The
source of these tephra layers is thought to be in an area be-
tween the Koettlitz Glacier and the Royal Society Range; how-
ever, the composition of volcanic rocks in this part of Antarctica
(McMurdo Volcanic Province) shows no consistent areal or
temporal variations which might permit the precise identifi-
cation of the volcanic source of this tephra (Keys et al. 1977;
Kyle personal communication).

A number of other tephra layers at 1,510 meters (column 6,
table C) (figure, block d) 1,575 meters, 1,578 meters, and 1,591
meters in the Vostok core were also studied and are all prob-
ably from a related, but unknown, source. No Cenozoic vol-
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Table B. Representative major element analyses (weight percent)
of glass shards in visible tephra layers in the Vostok ice core
analyzed by energy-dispersive X-ray analysis and comparative
analyses from other tephra layers and potential source areas.

Column number:

Sample:	 V641	 Allan Ash
Reference:	 This work	 Nishio (1985)
Number of

analyses:	 36	 12
Number of

particles:	 31
Age (in thousands

of years)	 36.5	 ?

5i02	46.32 (1.24)a	 44.23 (2.25)
Ti02	3.78 (0.41)	 3.76 (0.47)
Al203	14.54 (0.79)	 16.29 (1.37)
FeO b	13.03 (1.56)	 10.19 (0.78)
MnO	 0.28 (0.10)	 0.22 (0.6)

MgO	 4.46 (0.67)	 4.06(l.02)
CaO	 8.41 (0.79)	 9.91 (2.37)
Na20	 4.34 (0.69)	 4.29 (0.86)
K20	 1.48 (0.25)	 2.95 (0.50)
P205	1 .66 (0.40)	 1.57 (0.24)

S03	1.33 (1.94)
Cl	 0.38 (0.22)
Minerals	 n.a.	 n.a.

a One standard derivation.
b FeO total Fe as FeO.
c Not analyzed.

Table C. Representative major element analyses (weight percent)
of glass shards in visible tephra layers in the Vostok ice core
analyzed by energy-dispersive X-ray analysis and comparative
analyses from other tephra layers and potential source areas.

Column number

Sample:	 V1510	New Zealand	South America
Reference:	This work	Cole (1982) Futa & Stern (1988)
Number of

analyses:	 19	10	 -
Number of

particles:	 6	-	 -
Age (in thousands

of years)	109.5	-	 -

5i02	66.26 (1.12)a	66.08	66.78
Ti02	0.95 (0.22)	0.5	 0.59
Al 203	15.87 (0.83)	15.27	16.61
FeO b	4.29 (0.93)	4.09	 3.53
MnO	 0.07 (0.08)	0.08	n.a.c

MgO	 1.44 (0.25)	2.04	 2.05
CaO	 3.72 (0.53)	4.29	 4.32
Na20	 3.17(l.28)	3.6	 3.76
K20	 3.55 (0.54)	2.34	 2.2
P205	0.04 (0.07)	0.13	 0.11

S03	0.31 (0.17)	n.a.	 n.a.
CI	 0.37 (0.18)	n.a.	 n.a.
Minerals	 n.a.

a One standard deviation.
b FeO total Fe as FeO.
Not analyzed.

canic rocks from either the antarctic continent or the subantarctic
islands have been identified in the literature with a composi-
tion compatible with these tephra. New Zealand and South
America seem to be likely candidates for the eruptions which
produced these tephra, but further studies are required to
identify the exact source(s) of these tephra.

These preliminary results demonstrate the possibility of us-
ing the chemical composition of tephra particles in ice cores
as a tool for correlation purposes as well as providing infor-
mation on source regions of fallout to the ice sheet. Grain-size
analyses on some of the tephra layers should provide addi-
tional information to help in the interpretation of the source
region and types of eruptions recorded by these layers. Pre-
liminary trace element analyses of two of the Vostok tephra
layers have also been carried out and provide additional in-
formation on the composition of the tephra and may eventually
allow a more precise identification of the sources to be made.

Samples for this study were kindly provided by the Labor-
atoire de Glaciologie et Geophysique de l'Environnment, Gren-
oble, France, by a special agreement made by Claude Lorius
with the Soviet Antarctic Expeditions, represented by Y.S. Ko-
rotkevich. This work was funded by a 6-month fellowship from
the French government (Chateaubriand Fellowship) to Julie
Palais to initiate prelimianry studies of tephra layers in the
Vostok ice core and other antarctic ice core samples and was
carried out at the Laboratoire de Glaciologie et Geophysique
de l'Environment, Grenoble, France, and at the Centre des

Faibles Radioactivites in Gif-sur-Yvette. Julie Palais wishes to
thank all those at both institutions for their hospitality and
their assistance in carrying out this work.
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Lii

Scanning electron micrographs of volcanic glass shards from several of the Vostok ice core tephra layers: A. 369 meters; B. 550 meters;
C. 641 meters; and D. 1,510 meters. (p.m denotes micrometer.)

100	 ANTARCTIC JOURNAL


