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Electron microprobe characterization of ash layers in sediments
from the central Bransfield basin (Antarctic Peninsula): evidence
for at least two volcanic sources
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Abstract: Bransfield Strait, a narrow active rift with three submarine basins, separates the South Shetland
Islands from northern Antarctic Peninsula. Volcanism in Bransfield Strait commenced prior to 0.75 Ma and
continues, with recent subaerial eruptions at Deception, Bridgeman and Penguin islands, submarine
hydrothermal activity and numerous young basaltic seamounts located along the rift axis. Gravity cores were
collected from five locations within the central Bransfield basin. Diatomaceous mud interbedded with
terrigenous detritus and discrete ash layers up to 10 cm thick are the commonest sediment types in all the
cores. The major element compositions of glass shards within the ash layers are, apart from the uppermost
layer, compositionally similar to pyroclastic units preserved on Deception Island, a young (< 0.75 Ma) active
stratovolcano. The uppermost ash layer cannot be closely matched compositionally to any known source in
the Antarctic—Scotia Sea—southern South America region. Its presence indicates that a volcanic centre other
than Deception Island contributed ash to the Bransfield basin. Based on the shallow stratigraphical position
of the compositionally distinctive ash layer, only a few decimetres beneath the seafloor, its source volcano
was probably active in historical times (< few hundred years).
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Introduction

Ash layers in sediments and ice are widespread in the South
Shetland Islands (Matthies et al. 1988, 1990, Yoon et al.
1994, Pallas et al. 2001), northern Antarctic Peninsula
(Bjorck et al. 1991a), South Orkney Islands (Hodgson ef al.
1998) and Scotia Sea (Moreton & Smellie 1998). Deception
Island, the largest and most active volcano in the Antarctic
Peninsula region (e.g. Smellie 2001), has been identified as
the most likely source of these ash layers (Bjorck et al.
1991a, Smellie 1999). Previous tephrochronology studies
highlighted the importance of establishing an accurate mid-
term (decades to centuries) chronology in a region where
dating methods like the *C method may be ambiguous or
impossible to apply (Bjorck ef al. 1991b, Pallas ez al. 2001).
A major use for ash layers is in establishing a consistent
regional chronology. In this study we present major element
compositions of individual glass shards from discrete ash
layers in sediment cores from the central basin in Bransfield
Strait, taken during the ANT XV/2 cruise (1997-98) of RV
Polarstern, in order to:

1) extend the tephrostratigraphy in the northern Antarctic
Peninsula region,

2) investigate the eruptive sources of the volcanic ashes,

3) correlate the ash layers with known pyroclastic units of
the source volcano(es), and
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4) estimate the age of the ash layers.

Geological setting and volcanic activity

Bransfield Strait is a young active rift basin (e.g. Lawver
et al. 1995) situated between the Antarctic Peninsula and the
South Shetland Islands (Fig. 1). It is about 400 km long and
80 km in width between longitudes 62°-54°W, and latitudes
61°-64°S. The South Shetland Islands and northern
Antarctic Peninsula are part of a large Mesozoic to
Cenozoic magmatic arc founded on pre-Mesozoic
continental basement (e.g. Moyes & Hamer 1983). The
opening of Bransfield Strait is probably related to passive
subduction of the former Phoenix plate and roll-back at the
South Shetland trench (Barker 1982, Lawver ef al. 1995).
Bransfield Strait is divided into three bathymetric sub-
basins (western, central and eastern), which are separated
by large volcanic edifices at Deception and Bridgeman
islands (Jeffers e al. 1991). Due to the lack of active arc
volcanism and subduction, Bransfield Strait is regarded here
as a marginal basin formed by intra-continental rifting,
rather than a back-arc basin with seafloor spreading on
oceanic crust (Barker & Austin 1994). The basin is
volcanically and tectonically active with opening rates of
11 mm a! (Dietrich et al. 1998). Several subaerial and
submarine volcanic edifices are situated along and parallel
to the major rifting axis. Quaternary volcanic rocks form
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Deception, Bridgeman and Penguin islands, several of the central Bransfield basin opposite King George Island)
submarine volcanic seamounts and ridges in the central and recognized Bouma sequences in several sediment cores.
basin, and numerous small volcanic centres on Livingston, They were unable to correlate sediment units between cores,
Greenwich and King George islands (Weaver et al. 1979, indicating a predominance of local sediment transport and

Smellie et al. 1984, Fisk 1990, Keller & Fisk 1992, Smellie depositional processes.
et al. 1995, Gracia et al. 1996). The majority of the
Quaternary volcanic rocks are basalts and rarer andesites,

compositionally similar to other back-arc basin basalts Sampling and analytical methods

(Keller et al. 1991). They are considered to record the During the ANT XV/2 cruise (in 1998) with RV
transition from a subduction-driven to an initial seafloor Polarstern, gravity cores were obtained in two major areas:
spreading regime (Smellie et al. 1984, Smellie 1990, four closely spaced in the King George basin west of Hook
Lawver et al. 1995). Ridge, and one about 10 km west of “Viehoff Seamount”

Deception Island is a young (< 0.75 Ma) stratovolcano (Fig. 1, Table I). Core recovery ranged from 5.7 to 8.7 m.
situated on the north side of Bransfield Strait. It rises about Sediment samples were taken every 5 cm. Following smear
1.5 km above the sea floor and has a submerged basal slide studies and macroscopic identification, samples with a
diameter of 30 km with a central caldera (Fig. 1). The high amount of glass particles were selected for further
geology of the island is divided into pre- and post-caldera study. Because the locations of sediment cores PS47/061,
volcanic episodes, the Port Foster and Mount Pond groups, 062 and 063 are very close (Fig. 1), only PS47/061 and the
respectively (Smellie 2001). Major episodes of explosive uppermost parts of PS47/063 were intensively studied. The
activity occurred particularly during the syn- and post- samples were washed with distilled water to separate out the
caldera evolution of the island. It is seismically active and > 63 pum sediment fraction. More than 300 grains in each
several small-volume eruptions occurred between 1967 and sample were counted for glass shards, crystals and lithics, to
1970 (Baker et al. 1975, Vila et al. 1992, Smellie 2002). identify layers relatively rich in volcanic glass. In general,

Four prominent submarine volcanic edifices are situated background values for glass in King George basin
along a SW-NE orientation in the central Bransfield basin. sediments are about 10% but reach about 40% in core

They are “The Axe”, “Three Sisters”, “Viehoff Seamount” PS47/068 (Fig. 2b). For each ash layer identified, glass
and Hook Ridge (Fig. 1). Between “Viehoff Seamount” and particles were selected, embedded in resin and polished.

Hook Ridge there is a flat-bottomed, approximately 2000 m Major element concentrations were measured on 20 fresh
deep basin with a total sediment thickness of about 450 to glass shards (i.e. without any optically visible signs of
500 m (Guterch et al. 1985, Whiticar & Suess 1990). Yoon alteration, such as e.g. palagonite or Fe-hydroxide rims)
et al. (1994) studied the depositional environment of using a Cameca SX50 electron microprobe (wavelength-
sediments in the so-called King George basin (i.e. that part dispersive spectrometer) at Geomar (Kiel, Germany), a
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Table 1. Major element compositions (wt%) of ash layers

S. FRETZDORFF & J.L. SMELLIE

in central Bransfield basin sediments.

Sediment  No.? A-Lb SiO, TiO, AlO; FeO! MnO MgO CaO Na,O K,0 P,0q Total

depth

PS47/068: 62°34.86'S / 57°25.96'W; 1649m

12cm 12 A 56.25 225 14.26 9.32 0.21 2.94 5.90 4.65 1.10 0.42 97.30
+0.36 +0.20 +0.79 +0.69 +0.04 +0.37 +0.41 +0.24 +0.10 +0.03

45 cm 14 B 52.05 2.80 13.98 11.68 0.22 3.90 8.29 4.88 0.69 0.48 98.97
+0.57 +0.04 +0.23 +0.46 +0.05 +0.27 +0.28 +0.22 +0.05 +0.05

55cm 6 B 52.36 2.83 13.98 11.09 0.19 3.44 8.29 4.49 0.63 0.46 97.76
+0.94 +0.20 +0.90 +0.86 +0.03 +0.59 +0.22 +0.15 +0.04 +0.05

80 cm 12 Cc 50.80 2.28 14.91 10.25 0.17 4.93 9.62 4.26 0.47 0.38 98.08
+0.52 +0.14 +0.49 +0.68 +0.03 +0.54 +0.39 +0.21 +0.02 +0.05

124 cm 19 D 52.92 2.93 14.03 11.81 0.23 3.85 6.99 4.41 0.77 0.58 98.54
+0.82 +0.16 +0.38 +0.44 +0.04 +0.26 +0.32 +0.23 +0.05 +0.06

160 cm 15 E 51.61 3.00 13.73 12.13 0.24 4.01 7.33 4.40 0.74 0.56 97.76
+0.78 +0.12 +0.35 +0.28 +0.04 +0.33 +0.19 +0.16 +0.07 +0.07

190 cm 12 F 52.99 3.14 13.55 11.98 0.23 3.71 7.07 4.32 0.78 0.59 98.36
+0.80 +0.19 +0.52 +0.54 +0.02 +0.39 +0.38 +0.23 +0.08 +0.09

230 cm 19 G 51.74 2.16 15.13 10.81 0.22 4.71 8.68 4.19 0.38 0.38 98.40
+0.56 +0.10 +0.38 +0.37 +0.03 +0.13 +0.14 +0.11 +0.03 +0.04

248 cm 19 H 53.08 2.03 15.34 10.10 0.22 4.15 7.95 4.38 0.45 0.43 98.12
+0.85 +0.21 +0.47 +0.67 +0.04 +0.53 +0.71 +0.17 +0.07 +0.05

263 cm 10 1 51.37 2.14 15.00 10.64 0.23 4.65 8.47 4.34 0.39 0.40 97.61
+0.66 +0.12 +0.37 +0.50 +0.03 +0.25 +0.29 +0.10 +0.03 +0.04

263 cm 7 1 70.69 0.44 14.77 3.38 0.16 0.31 0.95 5.12 2.27 0.11 98.20
+0.98 +0.09 +0.46 +0.21 +0.03 +0.13 +0.31 +0.19 +0.29 +0.04

280 cm 15 J 52.05 2.29 14.64 11.13 0.23 4.82 8.51 4.17 0.40 0.43 98.67
+0.55 +0.17 +0.41 +0.48 +0.03 +0.38 +0.54 +0.16 +0.05 +0.04

350 cm 19 K 53.65 1.77 15.61 8.85 0.20 5.10 8.65 4.07 0.66 0.39 98.94
+0.63 +0.14 +0.70 +0.48 +0.04 +0.48 +0.53 +0.26 +0.07 +0.04

376 cm 10 L 51.71 2.40 14.77 10.50 0.22 5.03 8.76 431 0.66 0.51 98.87
+0.98 +0.26 +0.55 +0.55 +0.04 +0.52 +0.31 +0.22 +0.06 +0.05

493 cm 7 M 53.22 2.69 14.32 11.36 0.23 3.88 7.35 4.53 0.81 0.51 98.89
+0.58 +0.12 +0.40 +0.68 +0.03 +0.53 +0.14 +0.18 +0.06 +0.04

PS47/061: 62°13.88'S / 57°28.74'W; 1934m

41 cm 9 No. 1 60.91 0.89 16.47 5.81 0.14 3.30 6.50 4.16 1.22 0.24 99.65
+0.66 +0.03 +0.18 +0.15 +0.04 +0.15 +0.19 +0.11 +0.05 +0.03

45 cm 10 No. 1 59.38 0.93 16.10 6.36 0.15 3.08 6.50 4.30 1.21 0.08 98.09
+1.15 +0.06 +0.54 +0.51 +0.03 +0.47 +0.39 +0.15 +0.09 +0.02

242 cm 16 No. 2 55.70 1.82 15.56 9.37 0.18 3.40 7.04 4.04 0.83 0.37 98.30
+0.53 +0.10 +0.46 +0.38 +0.04 +0.21 +0.30 +0.12 +0.04 +0.03

2250 cm 10 No. 2 55.49 1.82 14.82 10.05 0.19 3.40 6.92 3.88 0.83 0.10 97.50
+1.12 +0.11 +0.42 +0.28 +0.03 +0.22 +0.24 +0.16 +0.07 +0.02

250 cm 4 No. 3 52.42 1.34 15.26 9.20 0.20 5.52 9.71 3.49 0.62 0.09 97.86
+1.41 +0.42 +0.88 +0.85 +0.04 +0.77 +1.02 +0.30 +0.16 +0.02

255cm 10 No. 2 54.75 1.86 14.71 9.87 0.21 3.46 7.30 3.80 0.87 0.11 96.92
+1.34 +0.30 +0.86 +0.77 +0.04 +0.45 +0.92 +0.16 +0.10 +0.02

4185cm 17 No. 4 53.64 2.77 14.97 11.32 0.22 4.08 7.53 4.00 0.71 0.55 99.80
+0.74 +0.23 +0.89 +0.75 +0.02 +0.26 +0.19 +0.10 +0.05 +0.05

515cm 20 53.94 1.97 14.78 11.00 0.21 3.87 7.43 3.94 0.66 0.38 98.17
+0.76 +0.06 +0.26 +0.14 +0.02 +0.09 +0.09 +0.04 +0.03 +0.04

545 cm 17 54.87 1.79 15.71 9.82 0.19 3.83 7.20 3.93 0.89 0.39 98.63
+0.77 +0.09 +0.34 +0.33 +0.03 +0.49 +0.65 +0.17 +0.09 +0.04

PS47/063: 62°15.59'S / 57°28.22'W; 1994m

24 cm 11 No. 1 60.19 0.91 15.93 5.70 0.15 3.26 6.15 4.34 1.32 0.25 98.21
+0.89 +0.05 +0.36 +0.25 +0.02 +0.41 +0.47 +0.14 +0.14 +0.05

219c¢cm 14 No. 2 55.21 1.86 15.51 10.20 0.19 3.68 7.02 3.88 0.83 0.37 98.78
+0.64 +0.13 +0.66 +0.48 +0.03 +0.19 +0.27 +0.06 +0.09 +0.03

PS47/086: 62°16.81'S / 57°35.18'W; 2009m

30 cm 6 No. 1 60.09 0.90 15.25 6.05 0.15 3.16 6.30 4.26 1.24 0.08 97.47
+1.50 +0.04 +0.39 +0.31 +0.03 +0.33 +0.40 +0.14 +0.08 +0.03

2 No. of analysed glass shards with similar composition, ® Capitals indicate individual ash-layers (A.-1.); numbers mark similar ash-layers found in the 3

neighbouring sediment cores, ¢ Reference values are listed in Staudigel ez al. (1999)
Table I continued opposite
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Sediment  No.? AL Sio, TiO, AL O, FeO! MnO MgO CaO Na,0O K,0 P,0, Total

depth

36 cm 10 No. 1 59.34 0.90 15.58 6.23 0.15 3.21 6.45 4.11 1.24 0.20 97.40
+1.48 +0.06 +0.31 +0.27 +0.03 +0.30 +0.44 +0.13 +0.11 +0.03

42 cm 11 No. 1 60.33 0.91 15.32 6.25 0.15 3.18 6.36 4.26 1.23 0.07 98.06
+0.93 +0.07 +0.41 +0.28 +0.03 +0.36 +0.39 +0.15 +0.08 +0.02

379.5 cm 6 No. 2 54.77 1.93 14.80 10.02 0.21 3.62 7.01 3.90 0.79 0.33 97.39
+0.56 +0.33 +0.54 +0.56 +0.03 +0.33 +0.15 +0.23 +0.05 +0.08

394 cm 6 No. 2 54.65 1.98 14.50 10.91 0.21 3.63 7.10 3.78 0.76 0.32 97.82
+0.64 +0.14 +0.51 +0.59 +0.03 +0.17 +0.17 +0.10 +0.09 +0.04

400 cm 7 No. 3 50.40 1.71 14.75 9.71 0.19 5.93 10.30 3.43 0.54 0.30 97.25
+1.10 +0.41 +0.69 +0.78 +0.03 +0.41 +1.05 +0.41 +0.04 +0.04

411 cm 6 No. 3 51.87 1.62 15.00 10.52 0.22 5.39 10.02 3.47 0.59 0.31 99.03
+0.48 +0.05 +0.28 +0.31 +0.02 +0.15 +0.19 +0.06 +0.02 +0.04

556 cm 11 No. 4 53.07 2.65 15.04 10.35 0.23 3.41 6.74 4.58 0.75 0.14 96.96
+0.90 +0.14 +0.48 +0.48 +0.04 +0.30 +0.40 +0.19 +0.12 +0.03

621.5 cm 11 56.21 2.38 14.53 9.57 0.22 3.26 5.84 4.38 0.92 0.59 97.90
+0.73 +0.18 +0.59 +0.62 +0.02 +0.35 +0.33 +0.27 +0.12 +0.05

Standards®

JDF-D2 21 +50.62 1.93 13.51 12.07 0.23 6.78 10.72 2.79 0.20 0.32 99.17
+0.70 +0.05 +0.33 +0.13 +0.02 +0.21 +0.14 +0.05 +0.02 +0.05

2 No. of analysed glass shards with similar composition, ® Capitals indicate individual ash-layers (A.-1.); numbers mark similar ash-layers found in the 3

neighbouring sediment cores, © Reference values are listed in Staudigel ez al. (1999)
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Fig. 2a. Simplified sedimentology of the cores from the King
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be identified in two or more cores are indicated and numbered.
b. Percentage of volcanic glass particles in the terrigenous grain
population versus sediment depth, and summary sedimentology

of core PS47/068 (near “Viehoff Seamount”). Discrete ash
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beam current of 10 nA and accelerating voltage of 15 kV.
The beam size was 10 pym wide to minimise Na loss,
although Na loss was a problem in many samples and the
relatively low totals support this analytical error. An
international glass standard (JDF-D2; Table I) was
measured after every 20 analyses to check precision, which
is better than + 0.7%. Ash layers containing at least 70%
geochemically homogeneous glass shards were defined as
distinct ash layers.

Results

Sediment petrography of the cores

Grey to very dark grey partly bioturbated diatomaceous
mud of is the common sediment type in all cores (Fig. 2).
The diatoms are typical for the Antarctic region (Abelmann
& Gersonde 1991) and occur with sponge spicules.
Terrigeneous detritus consists of volcanic glass, clay
minerals, silt to fine sand-size feldspars, amphiboles and
minor quartz. The sediment cores which were obtained west
of Hook Ridge (hereafter collectively called King George
basin cores) contain fine laminated turbiditic sequences of
diatomaceous ooze lacking bioturbation (Fig. 2a), whereas
there are no turbidite beds in core PS47/068 near “Viehoff
Seamount” (Fig. 2b).

Volcanic glass morphology and composition

The average glass particle size is about 100 um and the
fraction consists mostly of light brown blocky fragments
with a low vesicle content. Typical pumice particles and
some elongate fragments of light brown glass also occur in
the ash layers, together with subordinate nearly vesicle-free,
blocky black shards. Some microcrystals, mainly
plagioclase and opaque minerals, are present in the brown
particles and are common in the black fragments.

Despite the high abundances of glass shards (40%)
throughout core PS47/068, at least 13 ash layers with
60-100% glass were identified (Fig. 2b). The shards are
brownish to black in colour. They are all basalts to basaltic
andesites except for ash layer I at 263 cm below sea floor
(cmbsf), which contains colourless and brown glass with
bimodal basalt-rhyolite compositions (Table I, Fig. 3). By
contrast, ash layers in the King George basin cores are more
evolved, mainly basaltic andesites and andesites (Table I,
Fig. 3). Based on the similar geochemical composition of
the volcanic glass particles, four discrete ash layers were
distinguished, each of which occurs in at least two cores
(Fig. 2a). Ash layers No. 1 and 2 were identified in all of the
cores. Ash layer No. 1 (20-50 cmbsf) consists entirely of
colourless, silica-rich andesite glass shards, whereas ash
layer No. 2 consists mainly of brown basaltic andesite glass
particles (80% of the terrigenous fraction). The latter occurs
at 200 cmbsf in cores 061 and 063, and 380 cmbsf in core
086. Ash layer No. 3 (brown basalt-basaltic andesite glass
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Fig. 3. K,O vs SiO, content of individual ash layers identified in
the four sediment cores compared with compositions of
Deception Island lavas (data from Baker et al. 1975, Roobol
1979, Weaver et al. 1979, Tarney et al. 1982, Keller et al. 1991,
Smellie ef al. 1992, Smellie unpublished data), Penguin (Tarney
etal 1982, Keller et al. 1991) and King George islands (Fisk
1990, Saunders & Tarney 1984, Smellie et al. 1984), and Sail
Rock (Keller ez al. 1991). Classification fields are from
Le Maitre (1989) and Peccerillo & Taylor (1976).

shards) was only identified in cores PS47/061 (at
250 cmbsf) and 086 (400 cmbsf). Its presence is suspected
in core PS47/063, but it has probably been masked by
extensive local bioturbation. Ash layer No. 4 also consists
mainly of brown glass shards (70% of the terrigenous
fraction) but with slightly more siliceous basaltic andesite
compositions; it occurs at 415 and 560 cmbsf, in cores
PS47/061 and 086, respectively (Fig. 2a).

Surprisingly, no ash layers from the “Viehoff Seamount”
core can be correlated compositionally with any at the King
George basin sites.

Major element analyses of glass shards from the
homogeneous ash layers are presented in Table I. The
majority of the ash layers range from basalt to low-silica
andesite and are medium-K tholeiites (Fig. 3). Glass
fragments from ash layer I in core PS47/068 (near “Viehoff
Seamount”) have bimodal basalt and rhyolite compositions
(Table I).

Discussion
Source of the ash layers

Apart from ash layer No. 1 (King George basin), all others
plot within the geochemical field for Deception Island
magmas and a Deception Island source seems likely
(Fig. 3). However, Na,O contents in several samples extend
to significantly lower values and slightly higher SiO, and
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4.5 layer A (near Viehoff Seamount) and 1967-70 tephra on
40 Deception Island, and c. ash layer No. 1 (King George basin)
King George Island Deception Island and andesites from Leskov Island and Freezland Rock (South
35 Sandwich Islands) and Sail Rock. Analyses used in these
E 30 comparisons are given in Table II. In each case, analyses of the
o marine ash layers from this study were divided by representative
25 L ..
x analyses from the sources indicated. A perfect compositional
20 match would yield a horizontal line with a value of 1. In a, the
1. effect of analytical Na-loss is obvious. When the analysis is
Penguin Island recalculated to correct for Na-loss (upper data set, between
L =2t = parentheses), the compositional similarity to ashes from
05 A= i Sail Rock 183942 and pre-1829 eruptions on Deception Island is
s i remarkable.
45 50 70 78

K,O contents than are typical for Deception Island (Fig. 3,

Fig. 4a. MgO, Ca0, and K,O/TiO, ratios versus SiO, contents of o
Table I). Bulk-sample compositions are known to be less

individual ash layers identified in the four sediment cores. For

comparison, major element concentrations in volcanic rocks siliceous than their corresponding glass shard fraction,
from Deception, Penguin and King George islands, Sail Rock depending on the nature and amounts of crystals, and
and ice tephra layers on Livingston Island (TPH1-TPH3, Pallas alteration processes (e.g. Keller et al. 1978). Although
et al. 2001) are also shown. For data sources see Fig. 3. comparisons were made with bulk-sample XRF analyses of
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Table I1. Major element analyses (wt%) of lavas from Bransfield Strait and South Sandwich Islands, used in this paper for comparative purposes.

Sample  Location Si0, TiO, ALO, FeO" MnO MgO CaO Na,0 K,O P,0; Total
B.799.5  Deception Island (1839-42)! 55.75 1.86  15.83 8.83 0.17 333 676 537 087 033 99.10
B.797.1a  Deception Island (pre-1829, Crater Lake area)! ~ 55.59 1.99  16.02 9.25 0.17 3.44 7.09 5.23 0.77 0.32  99.87
B.782.2  Deception Island (1967, less evolved)' 56.17  2.04 1584 9.06 0.17 323 6.61 547 084 035 99.78
B.768.2  Deception Island (1967, evolved)' 61.13 136 16.02  6.88  0.17 1.91 444 638 1.19 047 99.95
B.767.1  Deception Island (1970)! 59.59 1.60 16.07 7.44 0.17 234 513 6.02 1.07 044 99.87
SR1 Sail Rock? 59.00 1.02 17.60 630 0.12 320 7.00 430 080 0.22 99.56
SSF.1-3  Freezland Rock? 5985  0.70 16.68  7.11 0.13 2.61 6.67  3.81 1.08  0.16 98.80
SSL.4-2  Leskov Island? 57.76  0.76 1774  6.51 0.14 386 798 320 0.83 0.13 98091

Sources: ! Unpublished data of J.L. Smellie, 2 Keller et al. 1991, ° Pearce er al. 1995

Deception magmas, the disparities are unlikely to be due to
the presence of phenocrysts in the Deception rocks. Basalts
and basaltic andesites on the island are essentially aphyric,
usually containing only a few microphenocrysts.
Phenocrysts only become conspicuous in some andesites
and dacites (unpublished information of JLS). The
compositional differences may be a function of
unsystematic Na-loss during microprobe analyses but in
other respects the samples are similar to Deception Island
magmas. We suggest that Deception Island is the most
probable source, a conclusion also reached by others for
submarine ash layers in Bransfield Strait (Matthies et al.
1988). Deception Island has been the major source of
Quaternary ash layers throughout the northern Antarctic
Peninsula—Scotia Sea region (Bjork ef al. 1991a, Hodgson
et al. 1998, Moreton & Smellie 1998, Pallas et al. 2001,
Smellie 2001). The predominance of basaltic compositions
in ash layers near “Viehoff Seamount” is consistent with
their more proximal position only 125 km north-east of
Deception Island, whereas more evolved (and more highly
explosive?) eruptions may have dispersed the ashes found
in the King George basin sites, almost 200 km from
Deception Island. Both basalt and basaltic andesite ashes
are however common in the Scotia Sea (unpublished
information of S. Moreton, British Antarctic Survey).

Pallas et al. (2001) studied ash layers in the coastal ice
caps of Livingston Island. Three groups were identified
based on bulk sample compositions (TPH1, TPH2, TPH3).
TPH2 correlates well with volcanic material from several
pre-1829 co-eruptive centres at Crater Lake on Deception
Island. Our ash layer No. 2, from the King George basin, is
compositionally very similar to TPH2 and also to Deception
Island ash erupted from 1839-42 vents near Crater Lake
(Figs 4 & Sa; Table 1I). Moreover, when the analysis of ash
layer No. 2 is normalized to the Na,O content of the in situ
Deception rocks, the compositional comparison is
astonishingly good. However, like Pallas et al. (2001), we
favour the pre-1829 centres as a source - they are prominent
pyroclastic tuff cones and maar types, whereas the 1839-42
centres are much smaller cones formed during low energy
Strombolian or Hawaiian eruptions and are unlikely to have
dispersed ash far from the island (cf. Smellie 2001).

The uppermost ash layer (A) in core PS47/068 is
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compositionally similar to TPH1 of Pallas et al. (2001),
which those authors correlated with a 1970 Deception
Island eruption. We find a slightly better correspondence for
ash layer A with less evolved volcanic ash from the 1970
eruptions, but either comparison is weaker than for ash layer
No. 2 and the pre 1829 centres, and we are not confident of
the match for ash layer A (Fig. 5b). None of our other ash
layers can be correlated quite so closely with specific
analysed samples from Deception Island, either because the
corresponding units on Deception Island were not analysed,
or those units have been eroded or are covered by younger
volcanic material. A similar problem of compositional
matching with analogous units on Deception Island was
noted by Pallas e al. (2001) for their ash layer TPH3.

Moreton & Smellie (1998) identified a visually prominent
and widespread bimodal ash layer in sediment cores from
the Scotia Sea which compositionally resembles ash layer I
in sediment core PS47/068. However, the Scotia Sea ash has
been dated at about 10 ka in age (unpublished information
of S. Moreton) whereas ash layer I in Bransfield Basin is
likely to be much younger (hundreds of years? - see below).
Deception Island has repeatedly erupted magmas with
similar compositions at different times in its history
(unpublished information of JLS) and correlations based
solely on major oxide compositions should be treated with
caution. Therefore, it is currently impossible to validate our
compositional correlations with specific Deception Island
tephras, although they are consistent with our assertion of a
Deception Island source for the ash layers generally. The
occurrence of a likely second, younger bimodal ash layer
derived from Deception Island also indicates that bimodal
eruptions have occurred on the island on more than one
occasion, even though only one ash unit preserved on the
island is known to be bimodal (the pre-caldera Outer Coast
Tuff Formation; Smellie 2001).

Uniquely in the data set, ash layer No. 1 (King George
basin) consistently plots well off Deception Island
magmatic trends for most elements (i.e. lower Na,O, TiO,,
Fe,O, and P,O,, higher CaO, MgO, K,O; Figs 3 & 4). The
differences cannot simply be ascribed to problematical Na-
loss, and Deception Island is therefore an unlikely source.
There is also no compositional similarity with other
subaerial centres in Bransfield Strait (Bridgeman Island,
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Penguin Island), and seamounts in Bransfield Strait are
probably an unlikely source for explosive eruptions because
of their depth (mainly > 1000 m). Despite a substantial
similarity to lavas from the South Shetland Islands
(especially King George Island), volcanic activity in the
South Shetland Islands ceased at about 20 Ma apart from
small widely scattered Quaternary tuff cones (Pankhurst &
Smellie 1983, Smellie et al. 1995). The Quaternary tuff
cone centres are the most primitive basalts in the South
Shetland volcanic arc (Smellie et al. 1984). They are
compositionally dissimilar to ash layer No. 1 and no
correlation is possible. With its low K,O and comparatively
high Na,O contents, ash layer No. 1 cannot be derived from
any of the large alkaline centres in Marie Byrd Land
(LeMasurier 1990), nor from the relatively potassic
calc—alkaline centres of southern South America (Naranjo
& Stern 1998). There is a broad similarity to some andesites
in the active volcanoes in the South Sandwich Islands
(Leskov Island, Freezland Rock; Pearce et al. 1995,
Fig. 5c). However, the compositional match is relatively
weak, because the South Sandwich Islands are situated
2000 km east-north-east of Bransfield Strait, in a direction
contrary to current prevailing winds, and the ash layer is
also relatively coarse grained for such a distant source
(c. 0.5-3 mm). A better, but still relatively weak chemical
match can be found with rocks from Sail Rock, a poorly
known volcano 20 km south-west of Deception Island and
preserved only as a tiny sea stack (Keller ef al. 1991;
Fig. 5c). The Sail Rock volcano was discovered only in
March 1987 (British Antarctic Survey 1987, p. 88). Based
on current knowledge there are no other subaerial sources
known in the Bransfield Strait-northern Antarctic
Peninsula—Scotia Arc region.

However, hydrothermal activity has recently been found
on Hook Ridge (Bohrmann ef al. 1999, Dahlmann et al.
2001, Klinkhammer et al. 2001; Fig. 1). The volcanic
edifice reaches a water depth of 1050 m and samples were
taken directly from the crater which consisted of hot
sediment (42-49°C) underlain by a thick ash layer
(Klinkhammer et al. 2001). Although only very shallow
submarine eruptions are known to produce ash deposits
(e.g. Heiken ef al. 1983) we have to consider that the source
of ash layer No. 1 could also be Hook Ridge. There are no
published analyses of ashes from Hook Ridge.

The age of ash layer No. 1 is likely to be very young. It
occurs at a depth of only 60 cmbsf, in a setting where
sedimentation rates are likely to be as high as 0.26—1 cm a*!
(Han 1988, Brault & Simoneit 1990). This suggests a
minimum age for ash layer No. 1 of approximately
60-230 a, implying that the source volcano erupted in
historical times.
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Conclusions

Multiple ash layers were recovered in piston cores from
Bransfield basin. They probably represent products of
explosive eruptions on Deception Island, the most active
subaerial volcano in the Antarctic Peninsula region. Most of
the ash layers are basalts or basaltic andesites, but andesite
and rhyolite compositions are also present. One layer (I in
PS47/068) is compositionally bimodal (basalt-rhyolite), is
much younger than another Deception-sourced bimodal ash
layer found in Scotia Sea, and has no known counterpart on
Deception volcano. These observations suggest that
bimodal eruptions have occurred more than once on the
island. A compositionally distinctive andesite ash layer
(No. 1) is also identified which was not sourced in the
Deception volcano. Its composition cannot be matched with
any known volcano in Antarctica, southern South America
and South Sandwich Islands. Whatever the source of ash
layer No. | is, the position of the layer only a few
decimetres below the seafloor suggests that the source
volcano was recently active (< few hundred years).
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