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ABSTRACT. Quaternary deposits in six sediment cores from the Scotia Sea, Antarc­
tica, were examined for the presence of volcanic ash layers. The cores were recovered from 
water depths of 3369-4025 m. Altogether, 23 ash layers were found, 18 of which have been 
investigated by electron-probe microanalysis. Deception Island is identified as the source 
of a ll the ash layers analyzed. The upper ash layer in each core can be correlated across all 
six cores, over a distance of 400 km, on the basis of its unusual bimodal composition, major 
oxide geochem istry and strati graphic position. Two other ash layers can also be correlated 
between several of the cores. 

INTRODUCTION 

The Scotia Sea, Antarctica, is a small deep-water basin 
that extends from Drake Passage in the west to the South 
Sandwich Islands in the east (Fig. 1). It is bounded else-

where by the North and South Scotia ridges. Much of the 
sea Ooor li es at depths of 3000- 4500 m, and the surround­
ing ridges and troughs largely isolate the basin from major 
continental sources of sediment (Pudsey and Howe, in 
press ). Sill and clay sediments and biogenic material dom-
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Fig. 1. Map of the Scotia Sea showing sediment-core locations. The 2000 m bath!ymetric contour is shown by a thin solid line. 
Arrows indicate the direction cif }low cif the Antarctic Circumpolar Current (qf/er 01'si and others, i995). DI, Deception Island; 
PI, Penguin Island; BI, Bridgeman island. 
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inate the sea floor, together with a lesser amount of ice­
rafted debris. 

Most Quaternary sediments within the Scotia Sea lie 
below the carbonate compensation depth as this gradually 
rises south of the Polar Front to a minimum depth of 500 m 
in the vicinity of the South Orkney Islands. Therefore, car­
bonate tests are la rgely absent from the sediments, and the 
oxygen isotope data that have been used to date and corre­
late ma rine sediments elsewhere cannot be used here. 

The position and migration of the Polar Front and the 
maximum extent of spring sea-ice cover are important 
controls on biogenic productivity. They are also important 
climatic indicators whose fluctuations can leave an imprint 
in the sedimentary record. However, palaeoclimatic and 
palaeo-oceanographic reconstructions for this part of the 
Southern Ocean have been significantly constrained by the 
lack of a suitable correlative a nd dating technique. 

Using Ba/AI ratios as a measure of organic palaeo-pro­
ductivity, Pudsey and Howe (in press) identifi ed the base of 
the Holocene (Stage I) in several cores used in this study. 
They also identified the most recent peak abundance of the 
radiolarian Cydadophora davisiana, which Hays and others 
(1976) recognised as indicative of the Last Glacial 
Maximum and dated as 18000 BP through correlation with 
oxygen isotope curves from carbonate-bearing sub-Antarc­
tic cores. The positions of these time planes are shown in 
Figure 2, and represent the only datable surfaces currently 
available for the cores used in this study. 
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Fig. 2. Schematic core logs showing positions of ash layers en­
countered. Depths to the base qf the Holocene and the Last 
Glacial1l1aximum are also shown (after Pudsey and Howe, 
in press). 

This paper is an initial report on the first correlation of 
Quaternary deep-sea sediments from the central Scotia Sea 
using volcanic glass geochemistry. Tephrochronology has 
been applied widely in the Anta rctic region, but marine 
tephra comprises a la rgely neglected source of information 
and none has been described previously from the Scotia Sea 
(Smellie, in press). Our study indicates the potential for 
erecting a tephrochronologic framework for dating and cor­
relating sedimentary sequences used in palaeoclimatic and 
palaeo-oceanographic reconstructions south of the Polar 
Front. 

TEPHROCHRONOLOGY 

Tephrochronology is the correlation and dating of tephra 
isochrons. It is founded on the assumption that tephra from 
individual volcanic eruptions can be identified, distin-
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guished and correla ted using layer thickness, particle size 
and shape, colour, strati graphical relationships, and miner­
al assemblages (Hunt and others, 1995). Another widely 
used technique is the geochemical characterisation of 
tephra. This is most frequently achieved using electron­
probe microanalysis (EPMA) of individual glass shards, 
which, if derived from single eruptions, are homogeneous 
a nd represent the composition of the source magma. 

At the southwestern margin of the Scotia Sea, extension 
and formation ofa marginal basin in Bransfi eld Strait since 
Pliocene times (Weaver and others, 1979; Keller and others, 
1991) has resulted in the growth of several active or recently 
active volcanoes, some of which are thought to have distri­
bu ted tephra within Bransfield Strait and across the South 
Shetland Islands (Matthies a nd others, 1988, 1990; Bj orck 
a nd others, 1991). Given the general eastward drift of the 
prevailing oceanic circulation (Antarctic Circumpolar 
Current) and atmospheric circula tion patterns, tephra de­
rived from volcanoes in Bransfi eld Strait and the South 
Shetl and Islands has the potential to be dispersed across 
the Scotia Sea. 

Previous tephrochronological investigations in the 
northern Antarctic Peninsula region have examined tephra 
in glacial ice, moss banks, limnic sediments and shallow 
ma rine sediments (Orheim, 1972; M atthies and others, 
1988, 1990; Bjorck and others, 1991; Tatur a nd others, 1991; 
Calvet and others, 1997). Except for two ash layers from 
Bransfield Strait and King George Island attributed to 

eruptions from Bridgeman and Penguin Islands (M atthies 
and others, 1988; Tatur and others, 1991), all of the ash layers 
documented were attributed to a Deception Island source. 
However, so far none of the as hes is well characterised, and 
only local correlations have been achieved. In addition, 
there are no published geochemical analyses for any of those 
tephra layers. 

IDENTIFICATION OF TEPHRA LAYERS 

Six sediment cores (GC027, PC029, GC037, PC078, PC079 
and KC081) obtained by the British Antarctic Survey (Pud­
sey a nd Howe, in press) were selected from a 400 km long 
northwest- southeast transect across the Scotia Sea (Fig. 1) 
and were examined for the presence of ash layers. Four 
megascopic and 19 disseminated ash layers were identifi ed 
using magnetic susceptibility measurements and optical mi­
croscopy. Megascopic ash layers in cores GC027, PC029, 
PC079 and KC081 were sampled directly. In addition, the 
cores were subsampled at 4 cm intervals, wet-sieved to re­
move the fine silt and clay fraction « 32 J-lm sieve) and 
examined microscopically. It was found to be difficult to 
obtain viable analyses from shards smaller than 32 J-lm. 
T he number of volcanic glass shards was recorded as a per­
centage of the total sediment in the sieved sample. In this 
way it was possible to identify disseminated ash layers in 
which glass shards account for as little as 4% of the 
>32/tm sediment fraction. Samples from each tephra-rich 
horizon were mounted in epoxy resin, polished flat using 
either I/tm diamond paste or a O.3 /tm aluminium oxide sus­
pension, and carbon coated to prevent sample charging 
during EPMA. There was no attempt to concentrate the te­
phra prior to analysis, because EPMA is a grain-discrete 
analytical method suited to small tephra samples. 
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Table 1. Ana!Jses ifglass shardsfrom Quaternary ash layers in the Scotia Sea selected to show the range ifcompositions encoun-
tered in each layer. Also given are mean compositions for each ash layer 

Core Ash Si02 Ti0 2 Al20 J FeO MIlO AlgO CaO JI'''20 K20 Total 
layer 

PC027 51.57 2.27 14.6\ 10.49 0. 16 4.51 7.90 4.61 0.62 96.74 
PC078 51.97 2.43 15.76 9.60 0.19 4.06 8.23 4.54 0.63 97.41 
PC079 51.69 2.33 15.67 10.31 0.\0 4.32 8.68 4.60 0.51 98.21 
PC029 67.49 0.69 15.31 3.77 0.20 0.60 1.35 4.39 1.98 95.78 
KC081 69.85 0.30 13.25 3.13 0.06 0.05 0.62 5.65 2.59 95.50 
GC037 70.14 0.45 13.80 3.40 0.10 0.16 0.77 4.98 2.28 96.08 
Mean basalt (80) ' 51.41 2.35 15.66 10.29 0.18 4.21 8.57 4.40 0.56 97.63 
Mean rhyolite (45)' 70.70 0.42 14. 11 3.37 0.14 0.22 0.82 5.50 2.26 97.54 

PC079 3 54.95 1.74 15.75 8.32 0.11 3.91 7.23 4.85 0.82 97.68 
PC029 3 51.58 1.92 15.09 9.72 0.16 4.56 8.45 4.27 0.44 96.19 
PC079 3 52.04 1.87 16.18 9.26 0.09 4.70 8.79 4.32 0.44 97.69 
Mean (33) ' 3 52.33 1.86 15.67 9.23 0.15 4.56 8.45 4.45 0.51 97.21 

KC081 4 52.62 1.86 15.24 9.81 0.19 5.60 9.04 4.25 0.57 99.1 
PC029 4 54.49 1.58 16.00 8.08 0.25 3.45 9.98 4.23 0.31 98.38 
PC029 4 53.09 1.67 17.00 8.56 0.18 3.33 10.09 4.22 0.51 98.65 
Mean (24)' 4 53.41 1.69 16.03 8.65 1.06 4. 13 9.31 4.33 0.54 98.25 

, Figures in parentheses denote the number of analyses used to calcu late the mean. 

ANALYTICAL INSTRUMENTS AND ANALYTICAL 
CONDITIONS 

Samples were analyzed on a Cambridge Instruments 
Microscan Mk Velectron microprobe with two wavelength 
dispersive spectrometers (WDSs) at the University ofEdin­
burgh, and on a Leica Cambridge S360 Scanning Electron 
M icroscope with a n Oxford Analytical Isis 300 energy dis­
persive spectrometer (EDS) attachment at the British Ant­
arctic Survey. Some samples were analyzed on both 
instruments to ensure comparability of resu lts from both 
centres. 

Individual glas. shards were analyzed under beam con­
ditions adjusted to minimise the effects of alkali mobility 
(Hunt and Hill, 1993, 1994). The WDS used a 1 J.III1 focused 
beam, an accelerating voltage of 20 kVand a beam current 
of 15 nA. The elements were analyzed in pairs with counting 
times of 10 s per pair. For the EDS, a 51lm rastered beam 
was used, with an accelerating voltage of 20 kVand a beam 
current of 3.9 nA. Elemental spectra were collected simulta­
neously over a 20 s live count time. Good agreement was 
found when the same tephra samples and secondary stan­
dards were analyzed by both methods. Analytical error for 
each oxide is estimated to be ± 0.2% of the analytical total 
for the WDS and ± 0.5 % of the analytical total for the EDS, 
based on repeat analyses of a secondary glass standard 
(Lipari Obsidian; Hunt and Hill, 1996), using both methods. 

RESULTS 

Four tephra layers were found in each of cores PC029, 
PC078, PC079 and KC08l. Five were identified in GC037 
and two in GC027 (Fig. 2). Table I shows the mean chemical 
compositions of the correlatable ash layers and analyses of 
individual shards to ill ustrate the range of compositions in 
each layer. Every tephra layer contains a population of 
brown vesicular-to-platy glass shards which have basalt to 

basaltic-andesite compositions with mean silica values of 

50.9- 53.7 %. For all samples the mean Na20 content was sig­
nificantly high for basaltic compositions (4.05- 4.95 % ). The 
uppermost ash layer in every core was also found to contain 
numerous clear, pumiceous glass shards with elongate vesi­
cles. The pumiceous shards are subordinate to basaltic 
shards, but the two glass types are thoroughly mixed, sug-
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Fig. 3. Titanium-oxide-iron-oxide diagrams qfthe uj)permost 
ash layer from each if the six cores (a), and the third and 
fourth ash layers (b). One standard deviation ellipses are 
shown in ( b) to aid visual discrimination if the ash layers. 
Also shown is the known fractionation trend for Deception 
Island lavas (] L. SmeLlie, unpublished data). Total iron 
calculated as FeD. 
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gesting that they were co-erupted. There is no evidence that 
mixing occurred after deposition. EPMA of the clear glass 
revealed a rhyolitic composition with a mean silica content 
of69.4- 71.8 %, indicating a distinctive bimodal composition 
for this tephra (Fig. 3a). 

The second ash layer encountered in each core shows a 
considerable range of compositions both within and 
between samples, and it generally has low shard concentra­
tions. The small numbers of shards may be an effect of win­
nowing or ice rafting and it may not be a primary tephra 
deposit. The third ash layer in cores PC029, PC078 and 
PC079 showed a good compositional correlation, with mean 
compositions ofSi02: 51.71- 53.42%; Ti02: 1.58- 1.89%; and 
Na20: 4.05-4.50%. A fourth ash layer is only correlatable 
between cores PC029 and KC081, and has mean composi­
tions of Si02: 52.6- 53.7%; Ti02: 1.64-1.73%; and Na20: 
4.28- 4.30%. Although the third and fourth ash layers are 
compositionally similar, they are distinguishable in their 
FeO- Ti02 relationships (Fig. 3b). 

DISCUSSION 

The high sodium contents of the dominant basaltic glass 
shards in all the cores correlate well with published geo­
chemical data for Deception Island tephra and lavas 
(Weaver and others, 1979; Smellie, 1990; unpublished data 
of J. L. Smellie). Elevated Na20 is a unique characteristic 
of Deception Island magmas, and distinguishes this source 
from all other volcanoes in the region (Smellie, 1990). Addi­
tional characteristics of Deception Island tephra that distin­
guish them from other potential Bransfield Strait sources 
are high Ti02 and low K 20 (Weaver and others, 1979; 

Keller and others, 1991). The composition of the rhyolite 
and basaltic components of the upper ash layer fall exactly 
on the fractionation trend of Deception Island magmas 
(Fig. 3a), although extending to slightly more evolved com­
positions than have been recorded on the island (probably a 
function of comparing probe analyses of glass with whole­
rock XRF analyses of glass with crystals). Deception Island, 
situated almost 800 km upwind of the nearest core exam­
ined here, is therefore identified unambiguously as the 
source of all the glass populations analyzed. 

The complete mixing of two compositionally distinct 
glass populations in the upper tephra layer, and their 
ubiquitous co-occurrence, suggests either that they are the 
product of a single bimodal eruption or two closely spaced 
eruptions, or that mixing is an effect of bioturbation. We 
favour the first explanation, as Deception Island is known 
to contain commingled lavas and has erupted tephra with 
multiple glass compositions (Matthies and others, 1988; un­
published information of]. L. Smellie) and some eruptions 
were probably triggered by influx of fresh basic magma into 
evolved magma chambers (Smellie and others, 1992). Figure 
3a shows the compositional correspondence between the 
basaltic and the rhyolitic shards from the upper ash layer 
in all six cores. The layer is very distinctive and easily recog­
nised, providing a correlatable datum extending over 
800 km from the source volcano. 

Figure 3b shows the compositional groupings of the 
third tephra layers identified in cores PC029, PC078 and 
PC079, and the fourth ash layers in PC029 and KC081. 
Despite some data scatter, the two shard populations are 
statistically separable, and good correlations are generally 
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achieved. In Figure 3, it is noticeable that several shard 
compositions plot far from the mean for their respective 
ash layers. However, their compositions are coincident with 
the fractionation trend for Deception Island magmas and 
we suggest that they may represent shards reworked from 
pre-existing tephra stripped from the island during erup­
tions. 

The upper bimodal ash layer is the only clearly Holo­
cene tephra identified in the Scotia Sea cores. It is unlikely 
to be equivalent to any of the dated Holocene tephra des­
cribed from Bransfield Strait and King George Island by 
Matthies and others (1990), none of which are bimodal. 

CONCLUSIONS 

I. Distal tephra deposits are common in Quaternary sed i­
ments in gravity and piston cores obtained from the 
Scotia Sea. 

2. They have distinctive sodium-rich compositions and 
Deception Island can be unambiguously identified as 
the source volcano. 

3. Of the four tephra layers found in cores PC029, PC078, 
PC079 and KC081, and five in GC037, three have proved 
to be correlatable on the basis of major oxide geochemis­
try. 

4. The uppermost ash layer is bimodal (basalt- rhyolite). It 
is unique in the dataset and can be correlated over a dis­
tance of 400 km between cores. It is also the only clearly 
Holocene distal teF~ra layer identified so far in the 
Scotia Sea and is therefore an important stratigraphic 
marker horizon for future palaeoclimatic and palaeo­

oceanographic studies. 
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