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Abstract

Deception Island is an active volcano in Antarctica. It is
also one of the few places in the world where scientific and
tourist vessels can sail directly into the centre of a restless
caldera, and it has had a longer history of human interest,
exploration and occupation than any other region of
Antarctica. It was one of the first parts of Antarctica to be
discovered, and the protection of its fine natural harbour
was used during early 19*^ Century intensive sealing
activities, then for early 20*^ Century whale exploitation. It
was also used as a base for the first aeroplane explorations
and aerial surveys in Antarctica. After 1944, the island
became a site for scientific studies, a role that it still serves
today. Yet, despite the long history of economic and
scientific interest. Deception Island is also one of only two
active volcanoes in the Antarctic region (south of 60 S) at
which eruptions have been observed. It was responsible
for numerous ash layers dispersed across the South
Shetland Islands, Bransfield Strait and Scotia Sea, and
Deception Island ash has even been recorded in an ice core
at the South Pole, c. 3000 km distant. Deception Island ash
layers are an imjxjrtcmt scientific resource that is begmrung
to be used to create a regional tephrostratigraphy. This will
be of immense importance for correlating marine,
lacustrine and ice core data, and for Quaternary climatic
research generally. Prior to the spate of short-lived
eruptions between 1967 and 1970, there were no detailed
investigations of the history of the Deception Island
volcano, its eruptive products, behaviour, hazards and
morphological development, presumably because of the
lack of recent historical eruptive activity at the volcano and

its situation in a sparsely populated remote area. However,
the potential impact on hiunan activities represented by
eruptions has increased significantly in recent years: more
than 10 000 people (mainly tourists) now visit the island in
each short austral summer, and 17 international scientific
stations are situated within a 150 km radius, including two
on the island itself. Since the mid-1980s, numerous
modern investigations have been conducted on the island,
mainly by scientists from Britain, Spain and Argentina. In
this BAS GEOMAP, we have produced, for the first time in
a single somce, 1:25 000-scaIe topographic, geological and
geomorphological maps accompanied by a text describing
the history of investigations, geology, geomorphology,
marine geology and geophysics, and volcamc hazards, and
app)endices containing chronological lists of all known
eruptions, selected exp»editions and historical events,
geodiemical and isotopic analyses, and a gazetteer. With
this unique resource, we are able to describe the eruptive
record of the Deception Island volcano and its history of
erosive modification under a harsh Antarctic maritime
climate, extending over the past few tens of thousands of
years, at least. Although the volcano erupted only during
two short periods in the 20*^ Century, it contains a restless
caldera that is actively deforming. It is therefore likely that
it will erupt again in the future. This report is the best
guide to understanding future eruptions of Deception
Island and predicting their likely physical impact on the
region. It will thus be an important tool in the formulation
of plans for mitigating the effects of those eruptions.
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PREFACE

BAS GEOMAP Sheet 6 is a collaborative venture bet^veen
British and Spanish geoscientists of the British Antarctic
Survey and the Spanish Antarctic Programme.
The two new maps (geological and geomorphological),

presented here as BAS GEOMAP 6-A and 6-B, use as their
base the 1:25 000 topographic map of Deception Island
prepared by Servicdo Geografico del Ejerdto and
Universidad Autonoma de Madrid, published in 1994. The
topographic map is also included in this publication.

Joint compilation of the geological and
geomorphological maps has enabled the production of the
most up-to-date summary that takes into account extensive
databases and a diverse body of opinions.

Thus the geological and geomorphological maps
constitute the most complete overview of the physical and
geological aspects of this important island, the most active
volcano in West Antarctica and one of the most visited
areas in Antarctica.

The maps in the present booklet were printed in Spain,
under the auspices of projects ANT94-0666, ANT98-0225
and REN2001-0654, Universidad Autonoma de Madrid and
thanks to the co-operation of the Centro Geografico del
Ejerdto (the former Servido Geografico del Ejerdto); the
booklet was printed in the UK by the British Antarctic
Survey.
We hope that this publication will be useful for the

sdentists working on Antarctic geology and for the many
visitors to Deception Island, as well as providing an
authoritative earth sdences basis for the future
management and conservation of this important Antarctic
site.

J.L. Smellie, British Antarctic Survey
J. Lopez-Martinez, Universidad Autonoma de Madrid
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Frontispiece. Views of two volcanic centres on Deception Island formed during eruptions on 4 December 1967. The
upper photograph shows several co-eruptive, small coalesced pyroclastic cones of the small compound Surtseyan
centre that formed a new island in Telefon Bay (view looking north-north-west). The lower photograph is a view
looking south-west into the so-caUed land centre, situated about 2.5 km east-north-east of the new island; two
phreatomagmatic vents were simultaneously active in this crater, located beneath the small maar-Iike lake and in
the shallow coastal indentation beyond. Unlike the eruptions in Telefon Bay, eruptions at the land centre seem to
have been particularly violent due to interacHon of the rising magma and groundwater (rather than surface water),
and the two vents excavated and enlarged the pre-existing large tuff cone at that site. Both the new island and the
land centre were ephemeral features. They were modified significantly by eruptions on 13 December 1970. The later
eruptions removed large parts of the NW flanks of the new island, the craters were largely infilled, and the island
itself was joined to the adjacent coast by new land created by 1970 tephra. Elsewhere, a line of vents cut across the
northern margins of the land centre. They constructed several prominent small pyroclastic cones across the steep
slopes in the foreground shown in that photograph; the coastal indentation has also subsequently become infilled
and straightened. Both photographs were probably taken between 4 December 1968 and 10 January 1969
(photographs provided by PE Baker, now held in British Antarctic Survey archives).



1 Introduction
hy J.L. Smellie and J. Lopez-Martinez

BAS GEOMAP 6 describes the geology and geomorphology
of Deception Island, South Shetland Islands. It integrates
the results from scientific programmes carried out
independently by the British Antarctic Survey (BAS) and
the Programa Antartico Espanol. BAS GEOMAP 6 has four
parts: three maps, each at 1:25 000 scale, depicting the
topography, geology and geomorphology, and this
booklet. The maps contain information in their legends
and marginalia, and the booklet summarizes our
knowledge of the geology and geomorphology of
Deception Island. The geological and geomorphological
maps (BAS GEOMAP Sheets 6-A and 6-B, respectively)
have been co-ordinated and common elements (e.g craters,
lava flow outcrops, glaciers and moraines) have the same
symbols on both. Together, the maps and booklet
constitute the most complete available account of the
island, and they will serve as a reference framework for
current and future research studies of this significant
volcano.

Location and geography

Deception Island is located between latitudes 62°53 30 S
and 63°01'20"S, and longitudes 60°29'20" W and 60°45'10" W.
It is situated in Bransfield Strait, about 25 km south of
Livingston Island (South Shetland Islands) and 100 km
north of the Antarctic Peninsula (Fig. 1.1).

Deception Island measures 15 km in maximum
diameter, rising to 539 m at Mount Pond, the highest point,
and 452 m at Mount Kirkwood, both summits being
covered by ice. The island is roughly circular and
horseshoe-shaped. It encloses a large bay (Port Foster),
7-10 km in diameter, which is flooded by the sea. Access
to Port Foster is gained via a shallow silled entrance only
500 m wide, called Neptunes Bellows (Fig. 1.2).

The ice-free area of Deception Island is c. 47 km^ a
figure only exceeded in the South Shetland Islands by
Byers Peninsula, Livingston Island (c. 60 km^ of ice-free
ground). About 57% of Deception Island is covered by
glaciers and partially ice-cored moraines, and areas of
glacial ice covered by pjTOclasts. The glaciers are up to
100 m thick. Although the extent of permanent ice has not
changed greatly since 1956, when full aerial photographic
cover was obtained for the first time, it is estimated that the
glacier surfaces have lowered by at least 40 m since that
time. An almost complete ring of lulls encircles the sunken
interior of Port Foster. The hills form a prominent annular
escarpment fadng Port Foster, and have relatively steep
outer slopes, which fall away to a broad gently undulating
plain on the north-west side (Kendall Terrace). Tuff cones
and craters are conspicuous surrounding Port Foster, and
several contain lakes.

The bathymetry of Port Foster indicates that it is
dominated by a deep flat-floored basin fringed by a

SOUTH 60fW 50°
FALKLAND

ISLANDS

40°

55°S

SCOTIA

SEA

DRAKE

PASSAGE ^
60'

0  250

ea-oo'

,/^mitti Island
Snow

Fig. 1.1. Sketch maps showing the location of Deception Island.
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Fig. 1.2. Oblique aerial view of Deception Island from the south. Note the narrow entrance (Neptunes Bellows) leading to the large inner
bay (Port Foster), and ice-covered ridges at Mount Pond (539 m; right) and Mount Kirkwood (452 m; left).

shallow coastal shelf up to 500 m wide and narrow sandy-
gravelly beaches almost everywhere, except along the
snout of the Mount Pond glacier. It also contains several
small submarine cones and domes. The basin has a flat
floor < 170 m deep and steep bordering slopes; other
basins are substantially smaller and shallower, with
uneven floors and depths mainly < 120 m (Rey and others
1W2; Cooper and others, 1998; Chapter 5 and see BAS
GEOM^ Sheet 6-B, back pocket). By contrast, the outer

u  by and icecliffs 30-70 m high (exceptionally 150 m, at South Point)
and beaches are rare. A spectacular linear ice cliff with a
narrow sandy-graveUy beach forms the eastern coastline,

Maroi^pll^^"^ Head and
Geological setting

Bransfield Strait is situated at the south-western end of the
Scotia arc, a structure linking South America and the
Antarctic Peninsula. It is a late Neogene basin or structural
trough developed in mainly Mesozoic—Cenozoic
continental magmatic arc crust now exposed in the
Antarctic Peninsula and South Shetland Islands. It formed
in an area influenced by movements of the Antarctic,
Pacific and Scotia plates (Galindo-Zaldfvar and others,
1996; Fig.1.3), in association with very slow subduction at
the South Shetland Trench (barter, 1991; Lawver and
others, 1995). It is not a normal back-arc basin as it is not
associated with an active volcanic arc and it is perhaps
better described as a marginal marine basin (Barker and
Austin, 1994; Gonzalez-Casado and others, 2000). The
opening of Bransfield Strait is probably related to some
combination of:

(1) rollback and passive subduction of the former
Phoenix Plate along the South Shetland Trench (e.g.
Lawver and others, 1995), which commenced after
spreading in Drake Passage ceased about 4 m.y. ago
(Barker, 1982), and

(2) strike-slip tectonism (e.g. Lawver and others, 1996;
Gonzalez-Casado and others, 2000).

Numerous multichannel surveys by British, Polish,
Brazilian, Spanish, Italian, German and American scientists
have made it one of the most intensively studied regions of
the Antarctic. There is evidence for crustal thinning, a
neovolcanic zone characterised by an almost continuous
low axial volcanic ridge and several axial and off-axis
seamounts and islands, including Deception Island
(Lawver and others, 1996; Grada and others, 1997).
Together, they resemble a nascent spreading centre, and a
primary locus for extension. Conversely, earthquake and
multichannel seismic evidence for diffuse extension, and
an absence of unequivocal oceanic crust (Keller and others,
1992, 2002), are more compatible with a model of
distributed extension in a continental setting (Barker and
Austin, 1994,1998). North-east to south-west propagation
of the Bransfield Strait rift has also been suggested (Barker
and Austin, 1998) but lacks supporting systematic along-
axis geochemical variations (Keller and others, 2002).

Deception Island itself is a shield volcano with a
submerged basal diameter of c. 30 km (Smellie, 1989,1990).
It is one of a series of volcanic edifices, most of them
submarine, which occur along or dose to the axis of a
spreading ridge trending 59°N between Deception and
Bridgeman islands (Grad and others, 1992; Grada and
others, 1996, 1997). Deception Island is the most active
volcanic centre in West Antarctica (e.g. Gonzalez-Ferran
and Katsui, 1970; Baker and others, 1975; Baker, 1990). Its
activity is recorded not only on the island itself but also in
numerous tephra layers in ice and lake sediments on
neighbouring islands and in marine sediments
(summarized in Smellie, 1999; Pallas and others, 2001). The
island is seismically active, and numerous low magnitude
volcano-tectonic and volcanic tremors have been recorded,
with focal depths generally less than 10 km (e.g. Ortiz and
others, 1992; VUa and others, 1992^; Ibanez and others
I997a,b} Alguacil and others, 1999).
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Fig. 1.3. Sketch map showing the regional plate tectonic setting of the Scotia arc and South
Shetland Islands (after Galindo Zaldfvar and others, 1996).

History of investigations

A complete chronological list of expeditions to Deception
Island is presented in Appendix 1. Only the more
important expeditions and events are described below.

Discovery and first commercial period (sealing): The first
authenticated sighting of Deception Island was of its east
coast, by WUliam Smith and Edward Bransfieid from the
brig Williams, on 29 January 1820, during Smith's fourth
voyage to the South Shetland Islands and in which
Bransfieid observed and charted the mainland of
Antarctica for the first time (Campbell, 2000). Smith's other
voyages took place in February, May and October 1819,
although land was not sighted during the May voyage due
to ice and poor weather. Port Foster, also briefly called
Yankee Harbour and Port Dunbar, was probably first
entered by American sealer Nathaniel Palmer in Hero late
in 1820, although Bertrand (dted in Killingbeck, 1977, p. 11)
suggested that the British sealer Macfarlane may
alternatively have been first. Palmer is also credited with
naming Deception Island. Sealing was the major
occupation in the region during the years from late-1819 to
1824, after which sealing stocks were essentially exhausted
in the South Shetland Islands. Although Deception Island
was never an important source of seals. Port Foster was the
operational base for a relatively large American sealing
fleet from Stonington commanded by Captain Pendleton.
Killingbeck (1977) also recorded that Pendleton observed
the Antarctic mainland from the slopes of Deception
Island, and so instructed Palmer on his sealing and
exploratory voyage in Hero in November 1820. In January
1821, a historic meeting occurred between the Russian
Admiral Bellingshausen and Palmer, probably close to
Deception Island (? near Neptunes Bellows, Kilkngbeck,
1977), but Bellingshausen did not enter Port Foster.
Bellingshausen named the island Yaroslav (Hattersley-
Smith, 1991).

Sealing captain Robert Fildes made the first description
of the island based on observations made in 1820-21 and.

in 1829, published a chart of Port Foster, which was the
first published chart for any part of Antarctica (KiUmgbeck,
1977).

First scientific period: The first truly scientific expedition in
Antarctica was that led by Captain Foster, in Chanticleer, in
January-March 1829. The expedition made its base at
Pendulum Cove, on the north-east side of Port Foster, and
obtained magnetic and gravitational field measurements,
constructed the first topographic map of the island,
described the island (including temperature
measurements), and conducted a hydrographic survey.
The topographic map, made by Lt Kendall, is remarkably
accurate, and its features were used by Roobol (1980) to
describe topographic changes caused by eruptions after
1829. Kendall's descriptions leave little doubt of the
hardships encountered in those early days on the island:
"It was cheerless work. The fogs were so frequent
that, for the first ten days, we saw neither sun nor star; and
it was withal so raw and cold, that I do not recoUect having
suffered more at any time in the arctic regions even at the
lowest range of the thermometer' (Kendall, 1931). Kendall
recorded how the ship's company ate (reluctantly)
upwards of 7000 penguins during their two-month stay.
He also described how the remains of earlier sealing
activities, including wooden casks, metal hoops, smoke-
blackened buildings and several half-buried timbers of a
large ship, were found in a cove on the north-east side of
Port Foster (probably the former cove (now infilled)
situated c. 3 km north-west of Pendulum Cove). On a hill
immediately above the cove, Kendall discovered a shallow
grave with a rotten wooden coffin containing the body of
an "English-looking" sailor remarkable for its excellent
preservation. The final departure of Chanticleer from Port
Foster took seven days owing to high winds and poor
holding of anchors, illustrating the difficulties of sailing
safely through the narrow entrance in poor weather
(Killingbeck, 1977); Neptunes Bellows (or Billows) is
thought to be named after "the gusts that blow in and out
as if they came from a trumpet or funneU [sic]" (Fildes,
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1821, dted by Hattersley-Smith, 1991).
Following the Chanticleer expedition, despite visits by

several exploratory, scientific and commercial expeditions
(Appendix 1), there was little significant advance in
knowledge of Deception Island until the early 20"' Century.
However, two sets of interesting observations are recorded
from that period. During a short visit by Lt. Johnson in
March 1839, on the Sea Gull, immense quantities of steam
were observed rising from a loccdity now called Crater Lake
(Dana, dted in Roobol, 1980). The description leaves little
doubt that it records the aftermath of a recent effusive

eruption from the flanks of Mount Kirkwood, with the
steam generated at the front of a conspicuous lava that
entered Crater Lake at its south-east side (Pallas and
others, 2001). The sealer WH Smiley also observed that, in
February 1842, "the whole south side of Deception Island
appeared as if on fire. He counted thirteen volcanoes in
action" (Wilkes, 1845). This is the first observation of an
eruption observed on Deception Island.

The French Antarctic Expedition of 1908-1910, led by
J-B Charcot in Pourquoi-Pas, produced topographic maps
and soundings, induding marked positions of fumaroles
(Bongrain, 1912, dted by Roobol, 1980). Among the several
minor differences with the map drawn by Kendall, the
most notable feature is a new crater at Kroner Lake, which
must have erupted between 1829 and 1908. Roobol (1973)
suggested a pre-1912 age based on whale bone detritus in
the area dating from 1912, but the map by Charcot dearly
suggests that eruptions at Kroner Lake took place prior to
1908.

Later commercial period (whaling): The whaling period on
Deception Island began in 1905, iu which, by virtue of its
well-known natural harbour, the whale catchers used the
broad beach at Whalers Bay to haul out their catch for
flensing ashore. A cemetery at Whalers Bay was begun in
1908. By 1912-13, there were 12 factory ships and 27
catchers based at Deception Island. The value of the
industry peaked that year and the total catch briefly
exceeded that of the South Georgia whaling stations. It is
also the season in which W Moyes, the British Stipendary
Magistrate, reported 3000 rotting whale carcasses in
Whalers Bay area. At its peak, about 200 people were
occupied on Deception Island in the summer (Yoder, 1929).
After 1924, the revenue from whaling licences and taxes
obtained by the FaUdands Islands Government were made
available for the launching and maintenance of the
Discovery expeditions, which frequently used the island as
a shelter and base for their activities (Kilhngbeck, 1977).
Whaling revenue from Deception Island also amounted to
25% of the entire revenue for the Falkland Islands

throughout the 1914-19 period. A Norwegian shore station
for flensing whales operated from 1912 until the arrival of
pelagic whaling ships resulted in the station closure by the
end of the 1930-31 season. Thus, within a span of 25 years.
Deception Island witnessed the rise and fall of the
Antarctic's greatest commercial industry (KUlingbeck,
1977). As a footnote, Salvesens of Leith were granted, in
addition to a whaling licence, a mineral licence for the
South Shetland Islands and Graham Land. Salvesen

employed D Ferguson to undertake a geological study of
the region in 1913-14, which produced a short report of
Deception Island (Ferguson, 1921).

Aerial expeditions: H WUkins used Deception Island to
launch two aerial exploring surveys in 1928 and 1929, with
the first flight in Antarctica taking place on 16 November
1928 from a small ash runway on the north side of Whalers
Bay. WiMrvs also inaugurated the first seaplane flight from
Port Foster in 1929, although Port Foster was frequently
unsuitable for amphibious air operations. Lincoln
Ellsworth used Deception Island in October 1934 and again
one year later to assemble his plane (the Polar Star), but he
moved to Dundee Island (Weddell Sea) for his successful
flight to the Bay of Whales, which was the first aerial
crossing of Antarctica. Port Foster was used again in 1949
for the assembly of a seaplane to relieve a party of men
marooned at Stonington Island.

In 1955-57, Hunting Aero Surveys Ltd were employed
by the Falkland Islands Dependencies Survey (FIDS, later
British Antarctic Survey) to photograph the South Shetland
Islands and northern Graham Land, provide ground
control and obtain airborne magnetic observations
(Falkland Islands and Dependencies Aerial Survey
Expedition (FIDASE); Gavin-Robinson, 1958; Mott, 1958).
From 1960, FIDS extended the ash runway at Whalers Bay,
and light aircraft were regularly used to resupply sledging
parties in the Antarctic Peninsula, provide sea-ice
information for shipping, and to undertake radio-echo
soundings of the ice sheet, until the runway was partly
destroyed during eruptions in 1967-70. Argentina also
used seaplanes from their station on Deception Island from
1948, and planes flew from Argentina to Deception Island
to drop mail. Finally, Chile operated seaplanes from
Pendulum Cove in 1956. The first commercial tourist flight
in Antarctica took place from near Punta Arenas in 1957,
and overflew Deception Island.

Modern scientific era and third commercial period (tourism):
Apart from visits by the Norwegian Antarctic Expedition
(1927—28), and British Graham Land Expedition (1934-37;
see Holtedahl, 1929; TyrreU, 1945), the next important
event occurred in 1942, when the British Naval vessel.
Queen of Bermuda, destroyed supplies of coal and oil at
Whalers Bay. This wartime naval action began a major
period of British interest on the island, initially called
Operation Tabarin, which resulted in the construction of a
scientific station and its continuous occupation from 1944
until eruptions on the island in 1967. After World War II,
the station was transferred to the FIDS. Argentine and
Chilean stations were also built in December 1947 and
Febmary 1955, respectively. The construction of these
three stations signalled the beginning of an era of
essentially continuous scientific exploration of Deception
Island. Following eruptions in 1967, 1969 and 1970, all
three stations were either destroyed or abandoned,
although the eruptions generated a flurry of international
interest (e.g. Baker and others, 1969,1975). There were few
expeditions to Deception Island during the next 15 years
but, from 1986, Britain, Argentina and Spain recommenced
major scientific investigations, with Britain deploying
occasional field parties and Argentina re-occupying its
station regularly until the late 1990s. Spain constructed a
new station on the island in 1989, from which scientific
investigations have been supported during each
subsequent austral summer. Spanish and Argentine
scientists have monitored the island seismicaUy for two and
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a half months during each summer since January 1987.
The Argentine station was redesignated as a volcanologjcal
observatory. Other countries, notably Poland, Brazil and
Korea, also deployed scientists for short periods during the
1980s and 1990s. Spain published a new detailed
topographic map of the island in 1994 (Servido Geografico
del Ejerdto and Universidad Autdnoma de Madrid, 1994;
see back pocket and also Chapter 2), superseding that
published by Britain in 1960 (Directorate of Overseas
Surveys, 1960).

The first commerdal cruise in Antarctica took place in
January 1966, with the arrival in Deception Island of the
tour ship Lapata. Tourist activities occurred during each
austral summer thereafter, together with visits from private
yachts, and the number of people to visit the island has
increased steadily ever since (Figure 1.4). It is estimated
that more than 10 000 tourists have visited Deception
Island each year since 1999 (www.iaato.org). This
represents the most significant commerdal development in
the region since its discovery in 1819. The site of the
former whaling station, induding FIDASE huts and the
unoccupied British sdentific station, became the first
museum to be created in Antarctica (Munoz, 1996). At
present, the Antarctic Treaty System is considering
designating Deception Island as an Antarctic SpedaUy
Managed Area (ASMA) under the procedures of the
Protocol on Environmental protection and the Committee
for Environmental Protection (CEP) (Downie and SmeUie,
2001).

The topographic map

The thematic maps in this volume were prepared using the
most recent topographic map as a base. The topographic
map (see back pocket and Chapter 2) was published in
1994 by the Servido Geografico del Ejerdto (SGE) with the
co-operation of the Universidad Autonoma de Madrid
(UAM) (Servido Geografico del Ejerdto and Universidad
Autonoma de Madrid, 1994). It is at 1:25 000 scale and has
a contour interval of 10 m. The map was prepared using
GPS observations obtained by SGE and the Real
Observatorio de la Armada (ROA) and field surveys of
geographical and geomorphological features by SGE and
UAM during Spanish Antarctic expeditions in 1991-92 and
1992-93. The map also indudes bathymetric data collected
by the Instituto Hidrografico de la Marina (IHM) and the
Instituto Espanol de Oceanografia (lEO) during Antarctic
expeditions in 1988-89,1989-90 and 1990-91.

The geological map

Geological features were shown on maps and sketches
accompanying early papers (e.g. Holtedahl, 1929; TyrreU,
1945; Olsacher, 1956), but because of their small scale those
figures and maps only gave a limited and partial view of
the geological diversity of Deception Island. The first
detailed island-wide geological survey was conducted by
Hawkes in the 1957-58 season and resulted in published
1:25 000-scale colour geological and topographic maps and
an accompanying report (Hawkes, 1961). The 1967-1970
eruptions and their products were comprehensively
described by Baker and others (1975) in much greater detail
than any other aspects of the island. Reports on the
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Fig. 1.4. Diagram illustrating the rapid rise in the numbers of
tourists visiting Deception Island between 1989 and 2001
(information from www.iaato.org).

eruptions were also published by other geologists but are
much less comprehensive (e.g. Gonz^ez-Ferran and
Katsui, 1970). Revisions of the geology of the island were
published by Birkenmajer (1992, 1995fl), based on three
short visits in 1984-85,1987-88 and 1990-91. Finally, the
entire island was geologically re-examined during three
austral summers (1986-87, 1987-88, 1993-94) by SmeUie
(1988,1989, 2001b). The results of the lithostratigraphical
investigation by Smellie (2001b) are the most
comprehensive and modem to date, and the map and
geological sections in this report are based mainly on that
work.

The BAS GEOMAP Sheet 6-A (see back pocket) is the
most detailed and modem geological map of Deception
Island available. It was compiled at 1:25 000 scale using, as
a base, the topographic map of the island at the same scale
(Servido Geografico del Ejerdto and Universidad
Autonoma de Madrid, 1994; see back pocket). Some details
of the original topographic map were corrected on the
geological and geomorphological maps as a result of more
recent work, and they should be considered the most
accurate maps available.
On the geological map, all the major geological

formations are distinguished, mapped across the entire
island and constrained within a two-fold geological history
divided into pre- and post-caldera periods. Although
superfidal deposits, such as beaches, alluvium and scree,
are distinguished (coUectively), a mapping practice
adopted was to ignore thin veneers of such deposits where
they are < c. 0.5 m thick, and to map the much thicker and
thus volumetrically more important deposits undemeath.
Thus the extensive outcrops of scree mapped by Hawkes
(1961) are depicted in BAS GEOMAP Sheet 6-A mainly as
tephra of the late post-caldera Pendulum Cove Formation,
although most of the latter outcrops have suffered post-
eruptive erosion, mainly by wind-deflation, and are
covered by a stony "armour" (Smellie, 2001b). The
distribution of moraines is also indicated and those
deposits are used as an approximate stratigraphical datum
used to separate the post-caldera formations, although the
moraines are likely to be diachronous. The geological map
also shows a few selected faults (also depicted on the
geomorphological map), which have ground truth,
prindpaUy geological and geomorphological expression
(e.g. aligned cinder cones on Kendall Terrace).
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All of the volcanic products on Deception Island are
subsumed within the Deception Island Volcanic Complex.
It includes two groups (Mount Pond and Port Foster),
which are separated by an important episode of caldera
collapse. Each group contains three formations, and a
small number of members are defined. The exposed pre-
caldera products consist of palagonitized scoria,
hyaloclastite breccia and peperite, representing eruptions
from multiple centres during the shoaling and emergence
of the early volcanic edifice (Fumarole Bay Formation); and
a  subaerial lava-shield succession (Basaltic Shield
Formation). These formations are draped by deposits of
multiple, dense pyroclastic currents (flows and surges;
Outer Coast Tuff Formation; formerly YeUow Tuff
Formation of Marti and Baraldo, 1990). The eruption of the
Outer Coast Tuff Formation was voluminous (possibly
30 km^) and immediately preceded the collapse of the Port
Foster caldera. It is thus regarded as the caldera-forming
eruption.

The morphology of the caldera rim fault, comprising
several essentially linear sections, suggests a combination
of regional and volcanotectonic controls on its origin. Early
studies on the island postulated that the caldera formed by
subsidence along one or more concentric faults
(e.g. Hawkes, 1961; Gonzalez-Ferran and Katsui, 1970;
Baker and others, 1975). However, recent geophysical and
marine seismic investigations have not confirmed a
concentric intra-caldera structure, dominated by ring
faults. In particular, present-day seismic epicentres are
distributed in a prominent SW-NE-orientated zone that
extends right across the island, cross-cutting the caldera
and suggesting a strong regional tectonic influence (Vila
and others, 1992fl; Key and others, 1995; Marti and others,
1996; Gonzalez-Casado and others, 1999; cf. SmeUie, 1989).
The presence of radial faults, postulated by some authors,
has not been proven (e.g. Hawkes, 1961; Birkerunaier,
1992).

All post-caldera activity consisted of small-scale
eruptions (< 0.05 km'; Roobol, 1982), varying from
phreatomagmatic (including a sub-gladal pyroclastic
fissure eruption of likely sub-Plinian type in 1969; Baily
Head and Pendulum Cove formations) to magmatic
(mainly Strombolian/Hawaiian; Stonethrow Ridge
Formation) reflecting a strong local hydrologjcal control
(Baker and others, 1975). Some eruptions in the early post-
caldera period occurred on the outer flanks of the volcano,
but all later eruptions were from multiple centres confined
within the caldera.

The geomorphological map

Geomorphological features of Deception Island were
previously described using figures and sketch maps in
numerous published papers. However, most of the
published illustrations show the entire island at a small
scale (<1:100 000) or are views of selected small areas
(e.g. Gonzalez-Ferran and Katsui, 1970; Igarzabal, 1974,
1977; SmeUie, 1989; Smellie and others, 1997; Birkenmajer,
1992, 1995a,b; Criado and others, 1992; Risso and others,
1992). In addition, the geomorphological features were
mostly depicted on geological maps; they included the
main morphostructural elements, such as craters, lava

flows, fractures and prominent scarps. Submarine
geomorphological features were also depicted only as
small-scale sketches (e.g. Kowalewski and others, 1990; Rey
and others, 1992).

Prior to this volume, a large-scale topographically
correct and geomorphologjcally comprehensive map of the
entire island did not exist. The BAS GEOMAP Sheet 6-B

(back pocket) shows, for the first time, a complete view of
the morphostructural features, glacier extent, and
landforms and deposits related to gladal, perigladal, nival,
fluvial, aeoUan and marine processes. These are
represented on the map using different colours for each
genetic group identified.

Primary volcanic landforms and effects of the present
day gladation are the most conspicuous geomorphological
features. The distribution of craters, fractures with
morphological expression, principal scarps on the island,
and the submerged part of the caldera show a dominant
control by NE-, NW- or NNW-trending structures. Areas of
heated ground and fumarolic activity are also shown and
are more complete than in previous publications
(e.g. Lopez-Martinez and others, 1996). They are confined
mainly to the caldera, particularly around the shores of
Port Foster, but fumarolic activity is also present on the
slopes north and south of Mount Pond and on the western
outer slopes of Stonethrow Ridge.

The subaerial drainage network (including seasonal
streams, lakes and seasonal flooded depressions) and
extent of present-day glaciers on the island are depicted on
the geomorphological map in much greater detail than
previously shown on the published topographic
(Servido Geografico del Ejerdto and Universi a
Autonoma de Madrid, 1994). Areas of debris-covered an
debris-free glader ice, and ice-free and ice-cored moraines,
are also distinguished. Evidence of perigladal activity is
common and perigladal processes are fadhtated by the
high porosity of many of the volcanic rocks.
processes related to snow and ice ablation also exerte an
important morphogenetic influence on the islan an
controlled much of the sediment redistribution. Perma rost
is present at low elevations (c. 2.5 m a.s.l.) on the is an an
depths to the active layer vary between 60 and 100 cm
(Lopez-Martinez and others, 1996; Serrano and ot ers,
2002).

The map also shows the morphological features an
distribution of sedimentary deposits within the floo e
caldera. The latter range from proximal gravel to dista
sandy mud. Seismic reflection profiles (sparker, geopulse
and 3.5 kHz subbottom profiler) indicate that the northern
deep basin in the flooded caldera is endosed by steep
bordering slopes displaying evidence for multiple slope
instability and slumping (Rey and others, 1992; Chapter 5).
The caldera also contains several submerged volcanic
cones, mainly in the southern parts of Port Foster. A variety
of features is present on the slopes, including slump scars
and related deposits, prograding sedunent wedges,
furrows and charmels. Above these slopes, there is an inner
coastal shelf up to 500 m wide. The outer coast of the island
is almost entirely ringed by rock and ice cliffs caused by
continuing erosional retreat. This contrasts with processes
acting on the inner coast around Port Foster, which are
dominantly depositional.
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Introduction

Deception Island, a horseshoe-shaped island which is a
breached and drowned volcanic crater, has provided a
natural harbour to shipping since it was discovered by
sealers in 1820. The island was visited frequently by
expeditionary ships during the nineteenth and early part
of the twentieth centuries (Hattersley-Smith, 1991,
p. 182-183) and many of the expeditions surveyed or
prepared hydrographic charts of its coastal waters. Its
location close to the northern end of the Antarctic

Peninsula made it a suitable base for the first airborne

survey of the peninsula in December 1928 (Wilkins, 1929),
and for the Canso flying boats used during the Falkland
Islands and Dependencies Aerial Survey Expedition
(FIDASE) of 1955-57 (Mott, 1986).

Despite its attraction as the safest harbour in the South
Shetland Islands (Fanning, 1833), the island is an active
volcano and its shape has changed several times since the
first charts were prepared in the 1820s.

Historical maps and charts: An early survey of Deception
Island by H. Foster and E.N. Kendall in 1829 recorded the
overall shape of the island on a map at 1:145 920 scale
(Kendall, 1831). Further charts prepared by a succession of
subsequent visitors give contemporary evidence of the
dynamic nature of the island: W.H. Smiley, a sealer,
suggested in 1842 that the shape of the island was
undergoing change and Mossman (1905) noted several
changes in the configuration of the island around
Pendulum Cove. The French Antarctic Expedition,
1908-10, improved on the early surveys and produced a
hydrographic chart in 1912 which featured hUl-shaded
land features and emphasized the rim of mountains
encirding the central harbour (see reproduction of chart in
Wilkins, 1929).

The first' modem' topographic map of Deception Island,
published by the Directorate of Colonial Surveys in 1955,
was drawn from a survey by R.R. Kenney and
N.A. Leppard in 1953-54 and based on a triangulation by
the then Hydrographic Department of the Admiralty,
1948-49. The map, published at a scale of 1:50 000
(Directorate of Colonial Surveys, 1955), distinguished
clearly between areas of rock and those of permanent
snow.

The overall shape of the island shown on the 1955 map
was confirmed a few years later when a new topographic

map at 1:25 000 scale (Directorate of Overseas Surveys,
1960) was constructed from vertical aerial photography
acquired by the FIDASE in December 1956. The new map
used the same astronomical fix and triangulation as the
1:50 000 scale map, with further control from triangulation
acquired by FIDASE. Neither of the British topographic
maps showed any bathymetric detail. The 1960 map
benefitted from the application of hill-shading and it is a
fine example of a relief map. Within a few years, however,
this elegant map became obsolete when Deception Island
was subjected in December 1967 to the first of three
volcanic emptions. The irmer coast of the island, especially
in the north-westem part of Port Foster, in Telefon Bay,
changed radically. A new small island was formed, which
became incorporated into the main island during
subsequent eruptions in 1970 (Baker and others, 1975,
figs 14 and 29). The Argentine Servido de Hidrografia
acquired 1:28 000 scale aerial photography of the whole
island in Januaryl968 and partial cover of it in August 1970,
immediately after the last eruption. Brecher (1975, figs 1-3)
used the 1956, 1968 and 1970 photographs to compile a
series of 1:10 000 scale maps of the volcanically active areas
of Deception Island. The 1994 Spanish map, published at
1:25 000 scale, shows the post-1970 topography of the
entire island.

Compilation of the 1994 topographic map

A modem survey of Deception Island, using GPS receivers,
was undertaken by the Spanish Servido Geografico del
Ejerdto (SGE) and Real Observatorio de la Armada during
1991-92 and 1992-93. The area subjected to the most
change during the 1967 and 1970 emptions was mapped in
detaU on the ground during this period (mainly by SGE
and Universidad Autonoma de Madrid in 1992-93); the
new map (Servido Geografico del Ejerdto and Universidad
Autonoma de Madrid, 1994) was constracted using a
combination of the 1991-93 survey data and earUer, pre
emption aerial photography. The 1994 map also
incorporated bathymetric data for Port Foster, a useful
feature which had not been shown on the earlier
topographic maps. The bathymetric data were coUected by
the Instituto Hidrografico de la Marina and the Instituto
Espanol de Oceanografia between 1988 and 1991. Data
sources used in the preparation of the 1994 map are shown
below and the processes involved are summarized in
Table 2.1.
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Table 2.1. Summary of processes involved during the preparation of the 1994 topographic map of Deception Island

Phase Task

Preliminary study Appraisal of existing maps, aerial photographs and co-ordinates of control pnaints

Field work on Deception Island Recormaissance of terrain and positioning of triangulation flags
GPS observation of ground control points for stereoplotting
Points radiation using EDM
Trigonometric levelling
Preliminary calculation of co-ordinates

Calculation of geodetic stations and Definitive calculation of co-ordinates

groimd control points

Photogrammetric stereo-plotting Triangulation from aerial photographs and stereoplotting, digital files obtained

Creation and review of the map Digitization of data obtained by survey
Addition of topon3uny and marginalia

Finalization Editing film positives and printing

Data sources:

(a) Topographic maps and marine charts of Deception
Island at 1:25 000 scale or smaller (Directorate of
Overseas Surveys, 1960; Hydrographic Office, 1987).

(b) Vertical aerial photographs obtained in December
1956 by the Falkland Islands and Dependencies Aerial
Survey Expedition.

(c) Geodetic survey by Servido Geografico del Ejerdto
and Real Observatorio de la Armada during 1991-92
and 1992-93.

(d) Bathymetric data colleded in 1988-89,1989-90 and
1990-91 by Instituto Hidrografico de la Marina and
Instituto Espanol de Oceanografia.

(e) Maps of topographic features prepared on the ground
by Universidad Autonoma de Madrid in 1992-93.

Equipment:
(a) Geodetic and topographic data were acquired in the

field using GPS Trimble 4000 SLD and 4000 ST
receivers and WUd T-2 theodolite (accurate to
centesimal seconds) and a DI-20 electronic distance
meter (EDM) (accurate to distances of rms =
5 ± 1 mm/km).

(b) Photogrammetric interpretation: Matra Traster T-1
analytical stereoplotter and Wild A-10 analogue
stereoplotter.

(c) Map compilation: Intergraph TD-100 workstation and
Calcom digitizing table.

(d) Map editing and printing: Raster Scdtex Response 250
and Roland Rekor 11 offset printer.

Field work:

Phase 1 - Ground control observations. The network of
geodetic stations and control points used is shown in
Fig. 2.1. The co-ordinates of 22 points were measured
using a theodolite and electronic distance meter (Table 2.2),
and GPS observations were made at all the other points
(Table 2.3). A static 4000 SLD receiver, located at the

'Deception' control p>oint, was used in conjunction with a
roving GPS receiver (ST model); only the LI frequency of
the two available was used. One hundred measurements,

in two sessions of 50, were obtained for each control pwint,
cormecting to a rriinimum of four satellites, with 15°
elevation above the horizon.

The height differences between the ellipsoid and the
geoid were solved by levelling geodetic control pHjints to
mean sea level and averaging the result. Table 2.4 shows
that the difference between altitude measured relative to

mean sea level and the values obtained by GPS is about
13 m.
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Fig. 2.1. Location of geodetic stations and ground control points on
Deception Island.
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Table 2^. Final co-ordinates of the ground control points obtained
by theodolite

Table 2.3. Final co-ordinates of the geodetic stations and ground
control points obtained by GPS

Point X Y Z Point X r Height (mm)

Baiiza 618541.497 3014505.039 105.773 Deception 616668573 3015072.739 15.96

Handera 620707.315 3013031.984 34.446 Fumarole 615793.877 3016629.362 16.66

Muratura 616741.959 3017840.085 124.427 Pendulum 622165599 3019220.725 2050

Crater 617819.245 3020532.617 61.139 Whalers 623426.708 3014566.972 19.70

Arista 619805.798 3021412.711 91.346 1018 621779.062 3018275.990 19548

1001 615812.295 3016421.616 18.184 1019 619019.683 3014173.956 12.990

1002 616124.808 3015732.400 20.811 1020 619051.691 3014120.649 13.427

1003 616602.083 3015117.269 13.582 1021 615281.762 3013625.325 61.913

1004 616653.137 3015094.551 14.664 1022 615493.951 3013404519 75.669

1005 616668.932 3015062.723 16.312

1006 616648.372 3015020.707 17.825

1007 616536.784 3014924.861 18.417

1008 618554.317 3014493.321 105.483

1009 623435.102 3014493.205 14.881

1010 623525.848 3014470.197 14.586 Table 2.4. Height difference (in metres) between the ellipsoid and

1011 623395.988 3014556.829 19.650
geoid

1012 624016.227 3013986.703 13.269
Point Mean sea level GPS Difference

1013 622221.297 3012545.985 20.258

1014 621923.698 3018869.462 107.218 Deception 2.547 15.96 13.413

1015 622176.747 3019199.773 22.433 Fumarole 3.885 16.66 12.775

1016 622189.424 3019233.516 24.336 Pendulum 9.313 22.50 13.187

1017 622156.093 3019228.038 20.667 Whalers 6.989 19.70 12.711

Phase 2 - Field mapping. The area around Telefon Bay, where
the topography had changed significantly after the 1967-70
volcanic eruptions, was the focus of fieldwork in 1992-93.
The co-ordinates collected at a large number of points

were plotted and contours interjxjlated from the elevation
data. Two control jxiints (Muratura and Arista), located in
Phase 1 and observable on the existing aerial photographs,
provided accurate reference points for the work. They
form a network with the points listed in Table 2.5. A
common area was mapped by stereoplotting and by
ground survey methods. Features mapped on the ground
included coastline, crater rims, lake shores, valleys and
theoretical contours; these were plotted and linked to the
stereoplot of the same area.

Table 2.5. Co-ordinates of the control points used for the
positioning of the area mapped by survey

Geodetic

control points
X

Muratura 616741.959 3017840.085 124.427

Arista 619805.798 3021412.711 91.346

81 619338.318 3021866.221 45.528

82 619072.440 3021866.221 45.677

83 618409.774 3021194.459 24.822

84 618064.820 3021155.954 24.748

85 617395.595 3020649.075 27.650

86 616924.648 3020772.129 60.932

87 617652.015 3020252.947 44.727

Accuracy of the topographic map

The methods used and the precision of the topographic
map are appropriate for the time of its preparation and
publication in the early 1990s. The root mean square
accuracies (rms) in the location of the control points are less
than 1.5 cm, as shown in the error ellipses and distribution
of rms residuals (Figs 2.2 and 2.3).

During the preparation of the geomorphological map
(BAS GEOMAP 6B, back pxKket), several elements of the
map were improved, for example, the extent of glaciers
and positions of drainage channels. The representation of
these elements on the geomorphological map is more
accurate than on the topographic map published in 1994.

Place names

Because Deception Island has been visited by many
expeditions from different nations since its discovery, it has
a variety of place names in different languages for several
of its features. When the 1994 topographic map was in
preparation, there was no agreed international convention
for selecting Antarctic place names for use on maps and in
other publications. There was, however, a general interest
in avoiding the introduction of further synonyms to the
map. Thus those features which had no equivalent name
in Spanish were shown in English, rather than translating
them into Spanish. Although the majority of the place
names are in Spanish, the selection shown on the 1994 map
include those of Argentine, British, Chilean, and Spanish
origin. The names of Spanish origin introduced on the
map are officially approved names only (Lopez-Martinez
and HemSndez-Cifuentes, 1997).
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Fig. 2.3. Distribution of standardized residuals in the pxjsitiorung of the geodetic
control points. Horizontal axis, deviation from the central value (see Fig. 2.2),
scale graduations = 1 x; vertical axis, relative number of ot)servations

During the production of the map an international
project, imdertaken by the Scientific Committee on
Antarctic Research's Working Group on Geodesy and
Geographic Information, began to collate all the lists of
formally approved names for Antarctic features. The aim
of the project was to prepare a Composite Gazetteer of
Antarctica (CGA) that could be used to identify which
features had already been named and thus avoid further
duplication of names in the future.

Selecting the names based on their mclusion in the CGA

(Scientific Committee on Antarctic Research, 1998, 2im,
2002), and using the principle of historical precedence, 1ms
given rise to the different set of names shown on the
geological and geomorphological maps of Deception Is
compcU"ed with those used on the 1994 topographic map.
A gazetteer of place names referred to in this publication,
£md all those features within the map area that have been
named officially in current gazetteers by the relev^t
authorities of Argentina, Chile, Poland, Spain and the UK,
is given in App)endix 2.
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Deception Island is a large active Quaternary volcano with
a restless caldera about 10 km in diameter that is flooded

by the sea (Roobol, 1973,1980,1982; Baker and others, 1975;
Cooper and others, 1998). It is also situated close to a
nascent spreading centre yet, atypicaUy for marginal basin
systems, is exposed above sea level. Deception Island thus
represents a rare opportunity for following the progress of
volcanism associated with an active caldera in a rifted

ensialic marginal basin setting (Baker and others, 1975;
Smellie, 20011j). The island is only occupied for about two
months each year and there is no year-round volcano-
monitoring programme, despite hosting visits by several
thousand tourists and scientists during each short austral
summer. Knowledge of the geology and, thus, eruptive
history of the island is our best guide to how the volcano
may erupt in the future.

Age

Chronological age control is very poor on Deception
Island. Moreover, despite a maximum thickness of
1.5-2 km for the entire volcanic succession suggested by
geophysical studies (Grad and others, 1992, fig. 10), at least
80% of the volcano is submerged and is unavailable for
study. The presence of Eocene narmofosils in a single 'clast
in agglomerate' (Birkenmajer and Dudziak, 1991) indicates
a maximum (and highly unlikely) early Tertiary age. The
only other fossils recovered from the island so far comprise
an age-undiagnostic Laternula species (a type of burrowing
clam) collected within volcanic breccias on the north-east
side of Whalers Bay (Smellie, 20011;). All of the subaerial
rock formations have a nonnal polarity, indicating that
they formed witfiin the present chron (i.e. < 750 Ka;
Valencio and others, 1979). Isotopic dating yielded an
imprecise K-Ar whole-rock age of 150 Ka ± 50 Ka (Keller
and others, 1992), likely to be unreliable (too old; see
SmeUie, 20011;), whilst C''* dating of organic remains
associated with Deception-sourced marine and lacustrine
tephras in the region range back to 36 Ka (Matthies and
others, 1990; Bjork and others, 1991; Moreton, 1999).
Numerous eruptions dating back to about 1780 have been
dated by ice-layer stratigraphy, and a few eruptions have
been witnessed (Orheim, 1972fl, 19721;; Roobol, 1973,1980;
Baker and others, 1975; Pallas and others, 2001). Thus, it
can only be asserted confidently that Deception Island is
likely to be < 750 Ka in age, and none of the volcanic units
can be correlated based on chronological age alone.

Stratigraphy

Despite its long history of exploration and scientific studies
(Chapter 1; Appendix 1), few geologists have spent more
than a few weeks studying the island and only four
substantive stratigraphical studies of Deception Island
have been published: Hawkes (1961), Baker and others
(1975), Birkenmajer (1992, 1995fl) and Smellie (20011;).
Hawkes (1961) used a mixture of chronostratigraphical and
lithostratigraphical divisions, whilst Baker and others
(1975) used an informal system of rock names (also Smellie,
1988,1989). Neither Hawkes (1961) nor Baker and others
(1975) defined formations, and the description by Baker
and others was focused principally on a volcanologjcal
study of the products of the 1967-1970 eruptions. Marti
and Baraldo (1990) revised part of Hawkes' stratigraphy,
grouping all the pre-caldera units within two new
formations (Basaltic Shield and YeUow Tuff formations).
Birkenmajer (1992) created a complicated stratigraphy that
was proposed as a lithostratigraphical standard for the
island. However, more detailed mapping does not agree
with many of the correlations described by Birkenmajer
(1992) and it is not recommended. The comprehensive
lithostratigraphy of Smellie (20011;) is the most recently
published and most detailed. It is used as the basis for the
following descriptions.

All of the lithified and unlithified volcanic rocks on
Deception Island are grouped together within the
Deception Island Volcanic Complex. A fundamental division
into pre- and post-caldera groups is based on the
recognition of a single major caldera-forming event, which
was immediately preceded by a large-volume cataclysmic
eruption. Each group is divided into three formations
(Table 3.1).

Port Foster Group

The Port Foster Group includes all the pre-caldera volcanic
formations on the island. Principal exposures include
South Point, near Entrance Point and the spectacular outer
coast cliffs between Punta de la Descubierta and Macaroni
Point. It is also well seen in inner caldera waU sections at
Stonethrow Ridge, Cathedral Crags and south of Collins
Point (Figs 3.1 and 3.2). Other exposures are smaU and
scattered. The group is divided into the Fumarole Bay,
Basaltic Shield and Outer Coast Tuff formations.
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Table 3.1. Lithostratigraphy of Deception Island. Excludes un-named alluvial, beach, scree and moraine deposits. After Smellie (2001fo),
modified

DECEPTION ISLAND VOLCANIC COMPLEX

Mount Fond Group
Post-caldera deposits, the
products of
phreatomagmatic (Baily
Head (early) and
Pendulum Cove (late)

formations) and magmatic
(Stonethrow Ridge
Formation) eruptions

Pendulum Cove Formation

Predominantly tuff cone and maar
deposits; deposits typically grey and
loose or friable; primary landforms
well preserved; centres occur in
geographically well defined clusters
within caldera although teprha
deposits generally blanket the island

Baily Head Formation
Indurated, grey to khaki
hydrovolcanic tephra; primary
landforms not preserved; centres not
restricted to caldera

Stonethrow Ridge Formation
Mainly fissure-erupted, post-caldera
Strombolian scoria and lavas (many
clastogenic); subdivision mainly based
on known or inferred relationship to
moraine deposits

Telefon Bay cones*
Kroner Lake cones

Crimson Hill cones

Cross Hill cones

Vapour Col cones
Crater Lake cones

Collins Point cones

Mount IQrkwood Member

Kendall Terrace Member

Deposits of 1967 and 1970 eruptions
Three eruptive centres; mainly 19th
century

At least two large centres; pre-1829
Multiple centres, pre-1829; includes
White Ash Member

Several large centres, pre-1829
Multiple co-eruptive centres; probably
pre-1829
Two centres; includes dadte lava(s)

Degraded, mainly indurated tuff cone
deposits

Includes products of 1838/9,1842 and
1969 eruptions

At least partly older than Baily Head
Formation

PRINOPAL CALDERA COLLAPSE

Port Foster Group
Pre-caldera deposits,
mainly hydrovolcanic
tephra, typically indurated
and bright yellow; also
lavas and Strombolian

Outer Coast Tuff Formation

Indurated yellow lapilli-tuffs;
particularly conspicuous in outer coast
cliffs

Basaltic Shield Formation

Simple and compound sheet lava
flows; Strombolian scoria

Fumarole Bay Formation
Indurated yellow hydrovolcanic (?)
tephra; minor syn-eruption intrusions

Stratified lapllli tuff member
Scoria member

Lava lobe member

Multiple thick pyroclastic current
deposits

Thin-bedded, surge-like deposits
Massive palagonitized scoria deposits
Mainly massive hyaloclastite brecda
and peperite

^ Note: cone clusters are not stratigraphical units. See text for details.
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J  liail\ I lead f ormaiinn

H ()iilcr ( oast I uli i'ormalion
Hasaltic Shield l-orinatioii

,♦ t iiinarole Ha*. 1 ornuilmn

Fig. 3.1. Panoramic view (a) and geological features (b) of central and southern Stonethrow Ridge, looking
south-west from Wensleydale Beacon. The ridge is one of the most important outcrops on the island,
containing the type sections of three formations and unambiguous field relationships.
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Fig. 3.2. Ptiotograpiuc view (A) and geological features (B) of southern part of the
island, looking south-west along Cathedral Crags to Entrance Point. See Fig. 3.1 for
explanation of ornaments used.

Fumarole Bay Formation: The Fumarole Bay Formation is
divided into (from base to top) lava lobe, scoria and
stratified lapilli tuff members. The lava lobe member is
exposed at southern Stonethrow Ridge, South Point
(inaccessible) and the outer coast near Entrance Point. The
scoria member forms most of Cathedral Crags and also
crops out at southern Stonethrow Ridge, the caldera wall
south of Collins Point and near Entrance Point. The

stratified lapilli tuff member is best seen at Cathedral Crags
and southern Stonethrow Ridge, but outcrops also occur
south of Collins Point and at South Point. A type section
for the Fumarole Bay Formation is defined at the
prominent khaki-yellow crags overlooking Fumarole Bay,
at southern Stonethrow Ridge, where it attains a maximum
thickness exceeding 200 m (Fig. 3.1).

The lava lobe member is mainly composed of hyaloclastite
breccia and lava. Monomict breccia, typically poor in fine
tuff matrix, dominates the member. It is massive, khaki
coloured and formed of porphyritic poorly- to non-
vesicular blocky vitric lapilli and fine-grained blocks up to
1 m in diameter. Faint discontinuous stratification is rarely
present. The breccia contains numerous irregular
amoeboid, lobate and pillow-like masses of grey-brown

porphyritic lava up to 6 m thick and 10-50 m in length that
locally form up to 80% of the basal parts of outcrops. The
poorly vesicular lava has thick glassy margins, is typicaUy
blocky jointed with local jigsaw breccia, and it breaks up
marginaUy into glassy hyaloclastite breccia (Fig. 3.3). Thin
lava "stringers" emanate from a few lobes and pillows
(Smellie, 2001F, fig. 6). At South Point, lava pods and lenses
are intruded by two upward-flaring columnar intrusions
extending a few tens of metres up the cliffs, with
gradational upper terminations. Scarce bombs occur in the
higher parts of the Uthofades.

Massive, monomict fine vitric lapillistone and coarse
vitric lapilli tuff of the scoria member gradationaUy overlie
the lava lobe member. The scoria member is apparently
absent in the sequence at South Point, where the lava lobe
member is conformably overlain by the stratified lapilli tuff
member, although in places an intervening unusual 10 in-
thick unit of very coarse blocky breccia (blocks several
metres in diameter) intervenes. By contrast with the lava
lobe member, the scoria member and succeeding stratified
lapUli tuff member are essentiaUy aphyric. Although
predominantly yellow (due to palagonite-altered lapilli
rims), the scoria member is dark grey locaUy (e.g. below

13
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%

Fig. 3.3. Close view of isolated strongly jointed lava pillows and
hyaloclastite breccia in lava lobe member outcrop 500 m south-
south-west of Entrance Point. Minor current coeval activity is
suggested by the presence of faint stratification in the overlying
finer deposits. The hammer is 55 cm in length.

Fig. 3.4. Folded and faulted megaclast of strahfied lapilli taff
within the southern margin of the scoria member outcrop at e
type locality for the Pumarole Bay Formation. The megac as
shown is about 10 m high.

Neptunes Window and northerly exposures at the type
locality). Fine tuff is absent and the deposits consist maiiily
of fine sideromelane lapilli and coarse tuff with a wide
range of vesicularity (to highly vesicular) and blocky
shapes with planar faces. Many clasts are fragments of
bombs. Traces of cm- to dm-scale stratification are faintly
present in a few places. Finely vesicular bombs (usually
< 30 cm in diameter, but ranging up to 2 m) are conunon
and conspicuous, with flattened cowpat and spindle
shapes, that locally form bomb-dominated beds. Strongly
folded and faulted intraformational megaclasts (up to a few
tens of metres across), composed of thinly stratified lapilli
tuff, are locally conspicuous (Fig. 3.4).
The contact between the scoria member and the

overlying stratified lapilli tuff member is gradational and well
exposed at Cathedral Crags, although it may be locally
erosive in the type section. The member consists of weU-
stratified (mainly alignment bedding (c/. Fisher and
Schmincke, 1984), rarely cross stratified) yellow fine vitric
lapillistone and vitric lapilli tuff in beds up to a few dm
thick and with a high proportion of coarse tuff matrix. The
juvenile sideromelane varies from blocky and sliver-
shaped, to rarely spinose. Vesicularity is extremely
variable, mainly poor to moderate, rarely highly vesicular,
and accretionary and armoured lapilli are locally common.
Bombs are rare. In the Cathedral Crags outcrop, radial
bedding directions suggest the former presence of at least
two co-eruptive centres (Fig. 3.2).

Basaltic Shield Formation: This formation (defined originally
by Mart! and Baraldo (1990), but modified by Smellie
(2001b)) is well exposed in northern Stonethrow Ridge, the
type section (Fig. 3.5), but it also crops out in a tiny bay on
the outer coast to the north-west, and in the caldera wall
west of Cross HUl. It is up to 110 m thick and dominated
by lavas, particularly in basal exposures, but includes

abundant scoria in higher sections. The lavas commo y
show conspicuous platy jointing, and most have grey o
maroon scoriaceous surfaces. The thickest lava (at eas
25 m) is a pahoehoe flow, with buff-coloured, troug
laminated sandy ash in inter-'piUow'spaces towar t ® °P
of the unit. Pyroclastic deposits in the basal ° ^
sequence are thin beds of massive to crudely stratifie ar
brown fine lapillistone with coarse tuff matrix, an f T
laminated tuff, whereas dark ̂ ey and bright red scona
with abundant bombs are dominant higher up.

Outer Coast Tuff Formation: The 'Outer Coast
Hawkes (1961) was subsumed as the lower of two members
within a newly-defined 'Yellow Tuff Formation by ar
and Baraldo (1990). The upper member in the nevv
formation comprised numerous scattered outcrops o
stratified lapilli tuffs, to which SmeUie (2001b) ascri e a
posf-caldera age and origin uruelated to the lower mern er.
With the removal of the upper member from the
Tuff Formation, the original terminology of Hawkes (1 )
was reinstated and formally defined, with formation status,
by Smellie (2001b).

The Outer Coast Tuff Formation is exposed almost
continuously on the western and northern outer coast ®
for a distance of 16 km. Inland exposures are patchy an
confined to the caldera wall, particularly at Vapour Col and
south of Collins Point (Figs 3.2 and 3.6). The formation is
50-70 m thick in most outcrops, but may reach 90 m on the
outer coast west of Fumarole Bay. It has a conspicuous and
characteristic yellow colouration due to pervasive
palagonitization. The formation is formed of vitric lapUli
tuff that is crudely organized into several thick
(individually up to 30 m) multistorey bedsets, which can be
traced laterally several km (Fig. 3.7). The bedsets fade out
lateraUy, probably by amalgamation but the palagonite
alteration masks many features. Coarse columnar jointing
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Fig. 3.5. Northern Stonethrow Ridge, looking west. The section is composed mainly of lavas of the Basaltic Shield Formation, overlain
by a thin wedge of Outer Coast Tuff Formation and capped by Stonethrow Ridge Formation scoria and clastogenic lavas.

B

Fig. 3.6. Photographic view (A) and
geological features (B) of southern Vapour
Col, looking south. Steep tephra b>eds
indicated are part of BaUy Head Formation
tuff cone. See Fig. 3.1 for explanation of
other ornaments used.
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Fig. 3.7. Geological sketch section of the outer coast cliffs south-west of Vapour Col, showing correlation of thick
multistorey bedsets (flow units) in the Outer Coast Tuff Formation.

is developed at two localities (Fig. 3.8; cf. Smellie, 1988,
1989). Each bedset is composed of multiple beds, usually
< 3 m thick, of massive lapilh tuff, rarely with reverse-
graded bases and normal graded tops and usually with
gradational bases, several of which are marked by lenses
richer in coarse juvenile lapiUi and accessory blocks; these
weather as prominent notches. Amalgamation is common.
A second bedding type comprises multiple thin beds,
faintly to prominently wavy-planar stratified in a cm to dm
scale, and showing frequent erosional scour surfaces
(Fig. 3.9).

The juverule lapiUi and ash-sized sideromelane clasts are
blocky to rarely cuspate, commonly showing signs of
abrasion and fine ash armour, and occasionally occurring
as bombs. They have a wide compositional range, mainly
basalt to basaltic andesite, but including a small proportion
of white dacite pumice lacking flattening and welding, and
dense glassy dacite blocks. Some pumice shows magma-
comingling textures. Accessory clasts are common and
include holocrystaUine basaltic and andesite lavas, red and
black tachylitic scoria, yellow lapilli tuff, dolerite and
gabbroid, usually < 50 cm in diameter, but up to 1.5 m
(Fig. 3.10). Coarse sUt to very fine sand-size matrix is
abundant, cemented by zeolite (Marti and Baraldo, 1990) or
minor carbonate.

Mount Pond Group

The Mount Pond Group encompasses all the post-caldera
formations on the island, of which there are three defined:
Baily Head and Pendulum Cove formations, which are
pyroclastic and formed during explosive hydrovolcanic
eruptions, and the Stonethrow Ridge Formation, formed
by a combination of weakly energetic magmatic (dry)
eruptions and effusion. The post-caldera outcrops are the
most widespread on the island and dominate the surface
geology. However, apart from thick accumulations within

the caldera, the post-caldera products form a relatively thin
skin on top of the pre-caldera formations. Differences in
preservation state of the original volcanic structures, and
relationship to glacial moraines on the island suggest that
the BaUy Head Formation is older than the Pendulum
Cove Formation, and the two formations were erupted in
ill-defined 'early' and 'late' post-caldera times, respectively.
Eruptions of the Stonethrow Ridge Formation occurred at
intervals throughout the post-caldera period and
overlapped in timing with both the BaUy Head and
Pendulum Cove formations.

Stonethrow Ridge Formation: This formation crops out
exclusively along the summit ridge and outer coast of the
island, except where it has spilled over the mner face of the
caldera walls. A type section is defined at central southern
Stonethrow Ridge, where thin lavas and scoria cascade
over the caldera wall (Fig. 3.1). A distinction is made
between an early Kendall Terrace Member and a later
Mount Kirkwood Member. The two members are

bthologically indistinguishable but are separated by an
intervening glacial period, which deposited numerous grey
and red (often scoria-rich) moraines on the island. The
Mount Kirkwood Member is the best-dated unit on the
island, and includes the products of several well-dated
historical eruptions, in 1839^2 and 1969, which erupted
from fissures through the Mount Kirkwood and Mount
Pond glaciers {cf. Baker and others, 1975; Smellie, 2001b,
2002).

The formation has a maximum thickness of about 100 m

and is formed mainly of red and black coarse scoria,
maroon agglutinate and grey lavas (Fig. 3.11). The lavas
are usually < < 10 m thick but locally reach 45 m, are platy
jointed and mainly clastogenic. Exceptions include a lava
draping the northern caldera wall, which is a chaotic
mixture of pahoehoe toes, lava tubes and block lava. Block
lava with crude concentric pressure ridges (ogives) also
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A. Fig. 3.8. Viewof north-western outer coast cliffs, looking north
east towards Livingston Island (background). Crude columnar
jointing is conspicuous in the cliffs, which are formed of Outer
Coast Tuff Formation pyroclastic current deposits. The cliffs are
about 60 m high.

Fig. 3.9. View of thinly stratified, surge-like unit about 1 m thick
interbedded with thicker massive pyroclastic flow deposits in the
Outer Coast Tuff Formation, north-west outer coast cliffs.

i

Fig. 3.10. Close view of massive pyroclastic flow deposit tjrpical of
most of the Outer Coast Tuff Formation. Note abundance of lithic

clasts and fine matrix. Dacite obsidian and pumice are also present.
Telefon Ridge about 1 km north-west of Cross HUl. Chisel is 20 cm
in length.

flowfed from a dnder cone on the north-west flank of

Mount Kirkwood and entered Crater Lake, where it formed
several small inconspicuous littoral cones up to 20 m wide
and 5 m high. Eruptions were focused in several fissures,
now marked in places by lines of small cinder cones.
Sections through former fissures are exposed, mainly in
places where collapse recession of the caldera walls has
occurred. There, feeder dykes filled by agglomerate and
lava can be traced up into scoria (Fig. 3.12). An unusual
massive deposit, on the outer coast 2.5 km west of Macaroni

Fig. 3.11. Close view of reddened coarse scoria and ragged bombs
flattened by impact. Stonethrow Ridge Formation, on Telefon
Ridge, about 3 km north-north-east of Cross HiU. Lens cap is 6 cm
in diameter.

Point, is formed of heteromict coarse blocks of multi
coloured scoria breccia and lava up to 2 m in diameter, and
megaclasts (6-8 m thick by 10-20 m long) of yellow
stratified lapilli tuff derived from the adjacent Fumarole
Bay Formation outcrop, which it steeply cross-cuts. The
deposit is invaded by numerous pillows, pods and
irregular apophyses of lava, which are chilled and locally
change progressively into breccia around their margins. It
is overlain by undisturbed planar-stratified scoria and a
40 m-thick grey lava with scoria lenses.
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Fig. 3.12. View of interior of Stonetfiiow Ridge Formation feeder
dyke exposed in the caldera wall west of Cross Hill. The dyke cuts
across thinly stratified Outer Coast Tuff Formation. It has
prominent thick chilled margins of crystalline basalt whereas the
interior is filled by indurated agglomerate. Map case is 30 cm in
length.

Fig. 3.13. View of BaUy Head, looking north-east; Livingston and
Greenwich islands are in the background. BaUy Head and Sewing-
Machine Needles (stacks to right) are remnants of an early post-
caldera tuff cone, the type locality for the Baily Head Formation.

Fig. 3.14. Close view of well rounded ash-coated lapiUi in relict tuff
cone outcrop below the caldera wall west of Wensleydale Beacon.
The lens cap is 6 cm in diameter.

Baily Head Formation: This formation encompasses several
geographically isolated and usually small outcrops widely
distributed on the island. It is distinguished from the
lithologicaUy very similar Pendulum Cove Formation by an
absence of preserved primary landforms (cones and
craters), the occurrence of several original eruptive centres
outside of the caldera (Pendulum Cove Formation centres
are exclusively found within the caldera; see below), and
generaUy greater lithification. A type section is defined at
Baily Head, a degraded tuff cone situated on the outer coast
at its easternmost fxiint, which also has the maximum
thickness recorded for the formation (180 m; Fig. 3.13). The
formation is formed of poorly to moderately Uthified grey
to khaki vitric lapillistones and lapilli tuffs in which
armoured lapilli are common (Fig. 3.14). Stratification is
well developed, mainly planar but including large cross
beds, some of which are likely antidune bedforms (Fig. 3.15;
SmeUie, 2001b, fig. 10). Directional bomb-impact structures
are common and, together with radial and cross bedding
orientations, the locations of former vents can usually be
determined. Although co-eruptive un-conformities (of
minor time significance) are uncommon in the formation,
they are spectacularly well exposed in an inner crater wall
outcrop on the south side of Vapour Col (Fig. 3.6). They
consist of numerous gullies, up to 2 m deep and 4 m wide,
with V-shaped or flat bases and steep to overhanging sides,
in places plastered by younger beds (Fig. 3.16 and 3.17).

Fig. 3.15. Likely antidune bedforms in tuff cone deposits, east side
of Vapour Col. Bomb impact structures seen at right. Section
shown is about 5 m high.

The gullies flare upward to become shaUow and saucer-
shaped. Adhesion ripples are also present in an exhumed
gully nearby (SmeUie, 1989). An inner crater-wall slip
plane is exposed on the east side of Vapour Col, but was
misinterpreted by Marti and Baraldo (1990, fig. 5) as an
important stratigraphical unconformity separating pre-
and post-caldera deposits.
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Fig. 3.16. Syn-eruptive unconformities in tuff cone deposits, soutfi
side of Vapour Col. The gullies have narrow V-shaped or flat bases
and flare upward to shallow saucer-shaped upper parts. The
hammer is 55 cm in length.

Pendulum Cove Formation: The Pendulum Cove Formation

has a very wide outcrop. It corresponds largely to the area
mapped by Hawkes (1961) as 'scree' because post-eruptive
erosion of the outcrop, particularly wind-deflation, has
resulted in a superficial stony 'armour' practically
everywhere. A thin tephra cover is present on the outer
flanks of the island whereas numerous substantial tuff

cones occur in a narrow zone 1.5 km-wide around the

shores of Port Foster within the caldera. Several maars are

also included (e.g. Kroner Lake, Crater Lake and several
fadng Telefon Bay), and the formation tentatively contains
a few unsampled submarine cones in Port Foster (British
Antarctic Survey, 1987; Rey and others, 1992). The centres
are relatively well preserved and apparently younger than
glacial moraines on the island. Although only a single
member is defined (White Ash Member), the volcanic cones
are divided into several clusters, defined by a combination
of geographical distribution, similar petrology and/or
comparable degree of dissection (Smellie, 2001b; Fig. 3.18).

The tuff cone outcrops are up to 160 m thick, whereas
maar tephra thicknesses and outcrops away from tuff cone
centres are much less (typically < < 10 m). There are two
principal hthofades. The tuff cones are formed mainly of
poorly to unUthified grey stratified vitric lapUlistones, lapilli
tuffs and ashes. Beds are on a cm to dm scale, continuous
over only a few tens of metres, and comprise alternating
lapilli-rich and lapilli-poor layers and thin lapilli trails, with
indistinct bed surfaces (Smellie, 2001b, fig. 13). Lapilli-
dominated beds are relatively well sorted and grain
supported. A few lapilli tuffs are vesiculated. The juvenile
sideromelane lapilli and ash grains are incipiently to
moderately vesicular (rarely highly vesicular), blocky and
commonly show significant abrasion effects, sometimes
enhanced by fine ash rims (armoured lapilli; cf. Fig. 3.14).
Accessory lapilli are minor (< 1-2%). Bombs and blocks are
common and most lack impact structures. Asymmetrical
dune and antidune bedforms are present but are always
minor. Other tuff cone lithofacies are uncommon and
include:

1) monomict tuff breccia with weakly sintered bomb beds
(within basal parts of some tuff cones; e.g. 1967 "New
Island", CoUins Point), well-sorted scoria; and thin
dacite lavas; and

V*-# - ' W.

Fig. 3.17. Steep syn-eruptive erosional surface draped by thinly
stratified younger tephra layers from same eruption, south side of
Vapour Col. The view is about 50 cm in height.

2) topographically-confined, massive fine vitric lapilli
tuff beds (on the ring plains surroimding tuff cones;
Fig. 3.19).

By contrast, the maar centres are constructed of
stratified lapilli tuffs with abundant accessory clasts
(Fig. 3.20). They are poorly exposed generally but differ
from the lapilli tuffs in the tuff cones in the more crudely
defined planar stratification, thinner deposits, absence of
dune or antidune bedforms, abundant fine to medium ash
matrix and ash beds, and (in particular) a conspicuous
abundance of lithic accessory clasts (10-^%). Rounded
and armoured lapilli are also absent.

Intra-formational unconformities resemble those in the
BaUy Head Formation and are sunilarly uncommon.
Faulting comprises two types: irmer crater-wall slip planes,
and steep cross-cutting fault planes sometimes associated
with slumped strata.
The White Ash Member comprises two beds of

normally-graded, stratified white dacite ash (Fig. 3.21). The
beds are up to 1 m thick each and thin in a south-westerly
direction. Tube-pumice lapilli are abundant in the coarser
basal parts and occur as fine lapilli layers higher up.
Angular blocks of pumice and obsidian, up to 2.5 m in
length and probably related to the White Ash Member
eruption, are strewn on the high south-west flanks of Cross
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Fig. 3.19. Photograph (a) and sketch (b) of temporary outcrop of
distal tuff cone lapUli and ash beds related to the Vapour Col
cluster, about 1 km north-west of Crater Lake, showing alternation
of planar stratified and massive beds. The massive beds (dark grey
in (b)) are topographically confined and tfdn over topographic
highs (to right in view). The hammer is 55 cm in length.
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Fig. 3.18. a) Sketch map showing the geographical distribution of
tuff cone clusters around Port Foster, and unassigned Pendulum
Cove Formation tephra outcrops on the outer coast, b) Diagram of
TiOj versus Si02, illustrating the geochemical coherence of most of
the tuff cone clusters. This, together with field evidence within each
cone cluster, strongly suggests co-eruption of most of the tuff cones
within each group, and magma fed from several separate small
high-level magma chambers distributed probably at shallow depths
around the margins of Port Foster. The Telefon Bay cluster is
unusual in showing a continuous wide range of compositions; all
but one of the tuff cones was formed in 1967 or 1970, but the group
includes a much older tuff cone at the site of the 1967 land centre
which is known to be pre-19''' century in age (Appendix 3). Clusters
at Collins Point and Cross Hill are bimodal and their component
tuff cones may be unrelated in time.

Hill (the presumed eruptive source) and an adjacent crater,
and are associated with platy slabs of a lava similar in
appearance to that exposed within the Cross HiU crater
(Fig. 3.22).

Physical volcanology

Pre-caldera period: Nothing is known about the submarine,
inaccessible part of Deception Island, which represents
about 80% of the history of the volcano. By analogy with
better-exposed subaqueous volcanoes, it is likely to consist
mainly of pillow lava, hyaloclastite breccia and likely mass

flow (slump>ed) deposits, capped by tephra from explosive
hydrovolcanic eruptions during shoaling and subaerial
emergence (e.g. Staudigel and Schmincke, 1984; Schmincke
and Bednarz, 1990; Skilling, 1994; SmeUie, 2000). On
Deception Island, the oldest formation exposed (Fumarole
Bay Formation) probably represents a period of shoaling
and subaerial emergence of the volcano, which has not
been documented before. The coarseness of most of the
deposits (including very large bombs), combined with
quaquaversal bedding orientations (at Cathedral Crags),
suggests that the outcrops are vent-proximal and that
several centres are represented (Cathedral Crags, eastern
Mount Kirkwood ridge, southern Stonethrow Ridge and
probably Goddard Hill). The Fumarole Bay Formation is
dominated basaUy by hyaloclastite breccia associated with
lava pillows with thick glassy margins and jigsaw-fit
breccia, which are all features characteristic of a
subaqueous eruptive environment. Higher deposits are
pyroclastic, dominated initially by coarse vitric scoria with
numerous bombs (scoria member), and then stratified
lapilli tuffs.

A water-rich envirorunent for the scoria member is
suggested by the presence of abundant vitric pyroclasts,
palagonite alteration, wide range of sideromelane
vesicularity and dominant blocky clast shapes, although
many clast shapes were clearly derived by impact-
fragmentation of bombs. In many respects, the scoria
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Fig. 3.21. Qose view of twin beds of planar stratified dacite ash of
the White Ash Memt)er, in the valley between Cross Hill and
Wensleydale Beacon. Each bed shows a prominent division into a
lower unit rich in small pumice lapilli and an upper ash unit. The
hammer (centre of photograph) is 35 cm long.

member is similar to Strombolian tephra (abundant scoria
and bombs, lack of fine ash particles; cf. Baraldo and
RapaUni, 2000), but the unusual combination of
characteristics is hard to reconcile with a fully subaerial
sethng. This conflict was tentatively reconciled by Smellie

Port Foster

Wensleydale
500 m

Beacon

C3 White Ash Member outcrop

^ Aea of pumice and
obsidian blocks ,

Aiuvlum o

Pendulum Cove Formation *
outcrop

Older rocks o

Sopocrts (IKckness
in mml

Fu3 tWckness | T^^ifa meosuing
Rartial trfcknessi locollly

Likeiy source vert

.
•  J

crater rtm

Fig. 3.20. Planar stratified lapilli ashes typical of the maar centres;
unit forms a cap on the northemmost centre on the 1967 former
new island, about 1.5 km north-north-east of Cross Hill. The
deposits are characteristically rich in lithic accessory clasts. The
hammer is 55 cm in length.

Fig. 3.22. Geological sketch map showing isopachs and outcrop of
the White Ash Member (see Figure 3.18 for map location).
Maximum tephra thicknesses suggest two outcrop loties, diverging
to the west-south-west and south-south-west relative to Cross HiU,
the likely location of the source vent. Although separated in
outcrop, the area of abundant dacite pumice and obsidian blocks
is thought to form part of the same eruption.

(2001b), who noted a greater overall resemblance to
deposits formed during subaqueous fire fountaining
{cf. Mueller and White, 1992; McPhie and others, 1993). A
high eruption velocity would cause clastic- (rather than
effusive-) dominated behaviour of the magma, and thus
fountaining (Smith and Batiza, 1989). Although the
physical characteristics of subaqueous fire fountains are
poorly understood, it is possible that the eruption columns
may be encased partly in a protective steam shroud over
the vent (or pterhaps within the uppermost part of the
vent), leading to production of fluidal bombs and scoria
with"normcd" Strombolian characteristics (Kokelaar, 1983;
Kokelaar and Busby, 1992). Smith and Batiza (1989) and
Mueller and White (1992) suggested that efficient mbdng
and heat exchange may occur between magma and water
in subaqueous lava fountains, changing the clast
fragmentation process from magmatic to hydrovolcanic.
Rapid tephra fallout of the dense tephra columns would
lead to transport down the volcano flanks, probably as
gravity flows (Batiza and others, 1984; Smith and Batiza,
1989; Kokelaar and Busby, 1992; White, 2000). If water
depths were shallow, as seems likely, mixmg of stUl-hot
pyroclasts with ambient water may also have caused
additional fragmentation by some combination of contact-
surface or bulk steam explosivity and/or cooling-
contraction granulation (Kokelaar, 1986). It is unclear what
effect steam explosivity may have on transport processes in
a gravity flow, although it may have acted to induce or
enhance any turbulence.
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The density, flow characteristics and flow behaviour of
these postulated gravity flows cannot be tightly constrained
from available evidence. Momentum needed to carry the
material would have been gained from the heights obtained
from the lava fountains themselves (possibly extending a
few hundred metres above the vent) and transport down
steep cone flanks. However, the absence of fine ash matrix
suggests that particle support was predominantly by grain
collisions and dispersive pressures, and transport within
grain flows (and, therefore, on steep slopes) seems likely.
The clast shapes may also have been influenced by gram
jostling and collisions. Absence of clast rounding is
explained by the short transport distances involved, since
the deposits are vent-proximal and likely preserved on the
cone flanks. Run-out would possibly be enhanced by
particle support derived from abundant steam whilst the
flow was hot and in a high-concentration state. Finally,
although a submarine setting is most likely, there is no
intrinsic reason why the water may not be meltwater within
subgladal vault(s), if eruptions took place beneath a
substantial ice cover, although evidence for coeval ice has
not been found.

The gradationally overlying stratified lapilli tuff member
has characteristics of tephra formed during explosive
hydrovolcanic eruptions. Eruption conditions must have
been substantially different to those of the scoria member,
and presence of interbeds with abundant accessory clasts
indicates that, at times, explosions occurred at much deeper
levels (sufficient to rework underlying bedrock). The
change to a well-stratified, fine ash-rich Uthofades probably
indicates a more pulsed and violent explosive style of
eruption, possibly due to a change in the water;magma
ratio as the vent became emergent. However, there is no
dear difference from high-density gravity flows of tephra
formed in some subaqueous eruptions (e.g. Mueller and
White, 1992; Smellie and Hole, 1997; SmeUie, 2001fl),
although the stratification is somewhat better developed
and possibly more similar to subaerial hydrovolcanic
sequences.

The succeeding Basaltic Shield Formation is radically
different from the Fumarole Bay Formation. It represents
a period of eruptions that were fuUy subaerial and
characterised by lava effusion and relatively low energy
Strombohan and Hawaiian pyrodastic eruptions. Together,
they constructed a small lava-dominated shield edifice that
had an original basal diameter of about 6-8 km (based on
extrapolation of mapped outcrops). The location of the
original vent(s) is unknown but they must have been within
Port Foster, possibly east of Wensleydale Beacon. More
than one vent is indicated by the distribution of
volcanidastic Uthofades in the succession; the lower dastic

layers are distal airfall deposits of magmatic eruptions and
sieve deposits of small streams, whereas coarse scoria and
dastogenic lavas dominate upper parts of the sequence.
The latter were formed from Hawaiian and Strombohan

eruptions from a flank vent situated comparatively close to
Stonethrow Ridge.

The widespread distribution of Outer Coast Tuff
Formation outcrops indicates that it was formerly
distributed thickly over the entire island and was draped
unconformably on the Fumarole Bay and Basaltic Shield
formations. A locus for the eruptive vent is impossible to
define but, from crudely outward-radiating bedding dips.

it lay presumably in Port Foster, and multiple vents are not
preduded. The Outer Coast Tuff Formation was
interpreted as airfall tephra by Baker and others (1975) but
that interpretation conflicts with the massive, poorly-sorted
fine ash-rich nature of most of the deposits. They probably
formed mainly from pyroclastic flows, whereas the
subordinate wavy-stratified beds resemble pyrodastic
surge deposits (Smellie, 1988, 1989, 2001b; Marti and
Baraldo, 1990). However, these are end members m a
continuous spectrum of density currents (Druitt, 1998) and
they are probably better described as deposits of pyrodastic
currents that varied in their degree of inflation and
fluidisation. The presence of airfall beds mentioned by
Marti and Baraldo (1990) is unconfirmed, as is the presence
of welded textures and inference of abundant pumice
reported by those authors. The paudty of pumice and
dominance of microvesicular basaltic sideromelane

indicates that the deposits are not ignimbrites (s.s.) but
could possibly be described as scoria flow deposits,
although the proportion of ash matrix may be too high
(cf. Cas and Wright, 1987; Druitt, 1998). The abundant fine
ash matrix and sideromelane characterised by low
vesicularities and blocky shapes suggest that fragmentation
mechanisms were hydrovolcanic. The common occurrence
of armoured lapiUi aJso suggests that the eruption was wet.

Caldera-forming eruption and caldera collapse: Exposures m
Stonethrow Ridge clearly show lapilli tuffs of the Outer
Coast Tuff Formation draping the Basaltic Shield
Formation. Elsewhere (e.g. south of Collins Point,
Cathedral Crags), it overlies Fumarole Bay formation
outcrops, and a similar relationship can reasonably be
inferred by extrapolating patchy exposures at southern
Stonethrow Ridge. Marti and Baraldo (1990) postulated
that emplacement of the Outer Coast Tuff Formation (their
Yellow Tuff Formation, lower member) was followed by
eruptions in several tuff cones. Their interpretation unpUes
that an unspecified period of time elapsed after the main
eruption of their Tower member' and before collapse of the
caldera. Thus, a causal relationship between eruption and
caldera formation was regarded as unlikely. Present-day
seismicity also shows no geographical association with
arcuate fractures and a presumed caldera ring fault, and
the epicentres are aligned in a broad NE—SW-trending
zone that crosses the entire island (VUa and others, 19926).
Circumferential faults and associated vent rings are rare
features of calderas, and the unique presence of two
annular rings of intra-caldera vents at Deception Island
was highlighted by Walker (1984) in his review of caldera
development.

In the model of Marti and Baraldo (1990; see also Marti
and others, 1996), Port Foster is viewed as a depression
created by passive collapse along orthogonal faults
imposed by regional tectonics. Its formation was thought
to be unrelated to an eruption. However, outcrops in the
caldera wall suggest that the Outer Coast Tuff Formation
is the youngest formation present that is cut by the caldera
fault, indicating that it represents products of the final
eruption to have occurred prior to (or possibly during)
formation of the caldera. Conversely, the tuff cone
outcrops included in the upper member of their Yellow
Tuff Formation by Marti and Baraldo (1990) drape the
caldera and are of early post-caldera age (Smellie, 20016).
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It is thus suggested that the association in timing, in
combination with the calculated large erupted volume (see
below), strongly suggest a genetic relationship between the
eruption of the Outer Coast Tuff Formation and formation
of the Deception Island caldera. Several authors have
postulated an important influence of regional tectonics on
faults and fractures on the island (Fig. 3.23), although the
positions of several structures vary between publications
(cf. SmeUie, 1988, 1989; Rey and others, 1995; Marti and
others, 1996). Several sections of the caldera rim fault are
strikingly linear and probably reflect that tectonic influence.
However, it is likely that caldera coUapse following a large-
scale eruption would have exploited any pre-existing faults,
and it is suggested that the caldera is fundamentally
volcano-tectonic and not simply a passive response to
regional tectonics.
As noted above, the caldera-forming eruption was

hydrovolcanic and created a large volume of tephra
emplaced by a variety of pyroclastic density currents. On
the basis of alteration mineralogy, Marti and Baraldo (1990)
postulated that the erupting magma may have interacted
with seawater, resulting in relatively low, non-convecting
columns. This interpretation is consistent with the absence
of a Plinian fall layer at the base of the formation, and with
the abundance of accessory Uthic fragments in the eruption
mixture, which would both load and cool the jet, tending to
favour its collapse (Legros and others, 2000). Because of the
large volume of erupted magma (below), a large amount of
water is also implicated, which is only likely to have been
seawater.

Juvenile clasts in the deposits are extremely variable in
composition and they follow two fractionation trends (see
below). In this, the Outer Coast Tuff Formation is the most
compositionally distinctive eruptive unit on the island. The
presence of two compositional trends suggests that two
discrete magmas interacted, causing convective
destabilisation of the magma chamber feeding Deception
Island eruptions. The interaction may have acted as an
eruption trigger by causing explosive devolatilisation
{cf. SmeUie and others, 1992; Folch and Marti, 1998; and see
below). Simple mass balance calculations, which assume
that the volume of erupted magma corresponds
approximately to the volume of the present caldera, suggest
that the caldera-forming eruption ejected about 30 km^ of
magma (SmeUie, 20011;). If a thickness of about 70 m was
maintained throughout the resulting deposit (as it is on the
island), that would be sufficient to extend the island by at
least 6 km in aU directions beyond its present margins.

Post-caldera period: In early post-caldera times, areaUy
extensive eruptions took place on the outer island slopes
(especially Kendall Terrace and Mount Kirkwood) and
along the caldera rim, forming the Kendall Terrace Member
of the Stonethrow Ridge Formation. Eruptions were
pyroclastic (Hawaiian and Strombolian) and effusive,
constructing numerous small cinder cones and conspicuous
lava delta platforms. The latter are particularly prominent
on the outer coast between Punta Descubierta and South

East Point and presumably overlie thick hyaloclastite
breccia foreset beds {cf. Jones and Nelson, 1970). Although
the style of eruptions and resulting lithologies are closely
similar to those forming the pre-caldera Basaltic Shield
Formation, they did not construct a substantive shield

i 'tflB 1 1

Fig. 3.23. View looking south from Macaroni Point to Baily Head,
showing the remarkably linear coastline backed by ice cliffs.
Although invariably interpreted as a fault-controlled feature, its
origin is enigmatic: the coastline lacks seismic activity and it is
backed by glaciers moving at different speeds, which should
deform and rapidly distort the coastline with time. Moreover, no
major faults cut the two prominent rock headlands at its north and
south terminations.

Structure. By contrast, the unusual heterogeneous
polymict breccia on the north coast, west of Macaroni
Point, was probably formed during collapse and
avalanching of scoria and lava along a fault plane, or
(perhaps more likely) as a gravity slide down a slump scar.
The abundant evidence for chilling and brecdation of
cogenetic lava indicates that the deposit was wet, possibly
by emplacement into seawater (when sea level was higher
than today?).

Also in the early post-caldera period, tuff cone activity
was widespread on the volcano, from numerous centres
distributed both within and outside of the caldera (Baily
Head Formation). The scardty of lithic fragments in the
tephras suggests that the assodated explosivity probably
took place very near the surface or above the vent
{cf. Batiza and others, 1984), when the magma interacted
with abundant water dose to or at the ground surface. The
abundance of armoured lapiUi, tephra adhering to steep
surfaces, and scarce adhesion ripples (Smellie, 1989) are
also consistent with cool wet surges, contaming condensed
water droplets. AU of the mapped outcrops occur dose to
or at present sea level, and it seems likely that the cones
were constructed in shallow seawater. As some of those
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occur around the shores of Port Foster, it is likely that Port
Foster was flooded by the sea soon after caldera collapse.
For the caldera to be flooded implies that large-scale sector
collapse of the pre-caldera edifice, sufficient for seaways to
be created into the island interior, probably occurred during
or soon after the caldera-fonning event. Seismic evidence
for large-scale flank collapse exists south-east of Neptunes
Bellows (Acosta and others, 1992), and the sub-ice
morphology east of Mount Pond is also suggestive of a
major slope collapse (Smellie, 200117). Although the age(s)
of those two collapse events is uncertain, the slope scar east
of Mount Pond is draped by early post-caldera tephras,
indicating an early post-caldera or greater age.

Hydroclastic eruptions, in tuff cones and maars, and
effusive and magmatic pyroclastic activity, from cinder
cones along fissures, extended the volcanic activity to
historical times, as recently as 1970, in the late post-caldera
Pendulum Cove Formation and Mount Kirkwood Member

of the Stonethrow Ridge Formation. The younger age of
those eruptions, compared with early post-caldera activity,
is indicated by the generally much better-preserved
primary landforms associated with the centres, and a
younger age than glacial moraines on the island. By
contrast with the earlier activity, the late post-caldera
hydroclastic centres are aU situated within the caldera,
mainly around the shores of Port Foster, but also including
unsampled submarine pyroclastic cones detected within
Port Foster itself (British Antarctic Survey, 1987; Rey and
others, 1992). The contrast between hydroclastic activity at
lower elevations, and essentially dry magmatic activity at
higher elevations, is a reflection of the local hydrology
(Baker and others, 1975). Furthermore, the differences in
lithofades characteristics between the tuff cones and maars
probably reflect magmatic interaction with shallow
seawater (tuff cones) and groundwater (maars). The maars
also contain only thin deposits, implying that eruptions
were very short-lived compared to the tuff cones.
Uncommon scoria beds and lavas in the tuff cones (e.g. at
Cross Hill and CoUins Point) implies that, at times, the vents
dried out sufficiently to permit drier, magmatic eruptions
and rare effusion.

The characteristics of the dominant deposits suggest
deposition from suspension and by traction sedimentation
from turbulent pyroclastic currents ('surges'). The currents
fluctuated in velocity and particle concentration, with more
rapid suspension fallout forming the thicker layers, and
slower fallout and greater grain segregation yielding
thinner stratification characterised by lapilli trails and
lenses. Relatively cool, wet currents, with condensed water,
is suggested by ash rims to fragments, scarce vesiculated
beds, adhesion ripples and beds smearing steep surfaces.
The common clast rounding is attributed to repeated
entrainment and collision of particles in fluctuating
eruption columns until 'escape' and deposition on the cone
flanks and ring plain. Beds of tuff breccia in tuff cones, with
weakly sintered bomb beds (e.g. basal part of the 1967
island centre), are interpreted as deposits of high-
concentration particle dispersions derived from collapsing,
dense, low-energy eruption columns rich in condensed
water. The topographically confined massive beds found
only on the tuff cone ring plains are deposits of highly-
concentrated pyroclastic flows. An alternation, in some
places, between massive and stratified lapilli tuffs

(e.g. stream bank exposures in the valley between Cross
Hill and Wensleyd^e Beacon; also Fig. 3.19) may be
cogenetic. It suggests rapid particle fallout from
suspension in the 'body' of a high-density turbulent
current to yield the massive beds (a kind of density
underflow). The overlying stratified units would then
represent deposition from a turbulent low-concentration
'tail' dominated by traction sedimentation.

Interpretation of the White Ash Member is uncertain.
The abundant pumice suggests magmatic explosivity, but
the fine stratification, abundant ash and shape of the
isopachs (suggesting two diverging lobes; Fig. 3.22) are
more consistent with p57Toclastic currents and hydroclastic
eruptions. However, the isopachs show no evidence for
confinement by the pre-existing topography, which they
should if deposition occurred from pyroclastic currents.
The eruptive source for the White Ash Member was
probably the Cross HiU crater.

Caldera resurgence: Eruptions and signs of seafloor inflation
within Port Foster are evidence for a restless caldera

(Cooper and others, 1998). Baker and others (1975)
observed that, after the 1969 eruption from fissures
crossing the Mount Pond glacier, bridges of unbroken ice
were preserved across two of the fissures. The observation
suggested that the eruptive fissures were not associated
with caldera fault displacements. Empirically, this unpUes
that magmatic and Uthostatic stresses are finely balanced.
Between 1967 and 1970, excess magmatic pressures were
released in several small-volume eruptions around the
caldera margins. Temporary ground inflation, increased
tremor activity and raised water temperatures were also
recorded during December 1991-January 1992 in the
Vapour Col area and were interpreted as an indication of
resurgent activity (Ortiz Ramis and others, 1992).
However, an eruption did not occur and the area rapidly
returned to normal background activity.

Seismic refraction studies of the seafloor within Port
Foster have provided a relatively clear picture of the
shallow structure (< 300 m below sea floor) within the
central part of the caldera (Fig. 3.24 and Chapter 5;
Kowalewski and others, 1990; Rey and others, 1990).
Whilst there are discrepancies in details of the seismic
interpretations (c/. Rey and others, 1990, 1995, 1997), the
surface of the seismically isotropic basal unit (A) of
presumed pre-caldera sequences (probably pyroclastic)
appears to be a tilted and slab-tike feature, dipping gently
down to the south-west and overlain by two major post-
caldera sediment units (B, C). Each of the sediment units,
B and C, is subdivided further into several sub-units

separated by minor unconformities. The lower of these
units (B) forms a large-scale monoclinal antiform that
verges to the north-east, and which may be associated with
a WNW-ESE-striking normal fault. The fault, which may
be slightly arcuate (concave to the north-east), is
interpreted as a fundamental structure involved in the
development of the caldera. Bedding within units B and
C dips to the south-west at angles which dunimsh
progressively upward in the younger beds, onlapping
older sub-units in a north-easterly direction. They also
contain numerous small-displacement normal faults,
mainly orientated NE-S W and NW-SE reflecting a regional
tectonic influence of the Bransfield Strait marginal basin
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Fig. 3.24. Simplified schematic composite section across Port Foster,
showing the structure of the caldera basin sequences (modified
after Kowalewski and others, 1990, and Key and others, 1990).
Seismic unit A, presumed to be pre-caldera lithofacies, is
overstepped by post-caldera stratified unit B, itself deformed by a
prominent monoclinal structure downstepping to the north-east.
The youngest post-caidera stratified unit C is also overstepped on
to unit B. The overstepping relationships suggest repeated
differential post-caldera uplift episodes affecting the north-east side
of the caldera basin, as was postulated by Cooper and others (1998).
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Fig. 3.25. Diagrams illustrating (A) the total range of compositions
in magmas on Deception Island, and (B) compositional ranges
broken down by stratigraphy. Basaltic magma was empted
abundantly during all periods represented, but the late post-
caldera tuff cones of the Pendulum Cove Formation show a shift
to predominantly more evolved compositions compared with the
other stratigraphical groups.

(Mart! and others, 1996). Several of those faults are
associated with hydrothermal mounds that were formed at
different times tliroughout the history of the Port Foster
basin (Rey and others, 1997).

Normal faulting affects the monocline. Moreover, north
eastern parts of older sediment units (B and possibly lower
parts of C) crop out at higher elevations than younger
sediment units to the south-west. Together, these
observations suggest either that subsidence of the basin
along the monocline occurred at greater rates than local
sedunentation, or that subsidence in the south-western part
of the basin was accompanied by uplift in the north-east.
Support for the latter is provided by a study of the evolving
bathymetry of Port Foster. That study identified an area on
the north-eastern side of the basin which has undergone
uplift rates as high as 0.3-0.5 m.a ' over the past 50 years,
and which is coincident with a zone of relatively high heat-
flow underlain by a high-level magma tic intrusion (Cooper
and others, 1998). Thus, the pre-caldera sequence beneath
Port Foster may be regarded as a giant 'slab' which, after
the initial catastrophic coUapse, rotated about an ill-defined
NW-SE-orientated axis, subsiding in the south-west and
rising in the north-east. The presence of planar
unconformities separating sequence C sub-units suggests
that the rotation of the caldera roof was not continual but
occurred in sequential steps in the overall progressive
development of the caldera. The recent rapid uplift of part
of the caldera, associated geographically with a hot
magma tic intrusion, suggests that resurgence of the Ccddera
is currently taking place.

Geochemistry

Although several papers discuss the geochemistry of
Deception Island, most are based on analyses of very few
samples, and often include major oxides only (Courdon,

1914; Barth and Hoknsen, 1939; Tyrrell, 1945; Hawkes,
1961; Gonzalez-Ferran and Katsui, 1970; Baker and others,
1975; Weaver and others, 1979; SmeUie, 1990; KeUer and
others, 1992; Peccerillo and others, 1991; Smellie and
others, 1992; de Rosa and others, 1995). This summary
incorporates the principal results of those published
investigations, but is supplemented by a large unpublished
data set of about 175 analysed samples from Deception
Island compiled by the author; representative analyses
from that data set are given in Appendix 4. However, there
has been no comprehensive study of the geochemistry in
relation to the very detailed stratigraphy that is now
known and fuller examination of the petrolo^ and
magmagenesis on the island awaits a future investigation.

Major and trace elements: In contrast to other Quaternary
volcanoes in Bransfield Strait, which are all basaltic to
basaltic andesitic except for a single small submarine centre
with extrusive rhyoUte (Keller and others, 1992, 2002),
Deception Island contains a wide range of magmatic
compositions extending from basalt to dacite (Fig. 3.25).
Reports of rhyodacdte on the island should probably be
discounted: the rhyodadte sample analysed by Baker and
others (1975) and re-analysed by Weaver and others (1979)
was collected loose on a beach within Port Foster (personal
communication from John Roobol) and it bears a greater
compositional resemblance to pumice erupted at Protector
Shoal, South Sandwich Islands {of. Gass and others, 1963,
Sutherland, 1965; Baker 1978, 1990; Weaver and others,
1979). In particular, it contains a much lower Zr content
than the most evolved dadtes collected in situ on the island
(92-178 ppm and > 600 ppm, respectively). Floating
Protector Shoal pumice was dispersed by marine currents
around Antarctica following its eruption in 1962 (Gass and
others, 1963) and specimens can still be collected from
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Fig. 3.26. Classification of magma tjrpes found on Deception Island,
based on the TAS diagram of LeBas and others (1986). Note the
presence of a smaU silica gap and an absence of rhyoUte
compositions.

many beaches in the South Shetland Islands. On a TAS
(total alkalis-silica) classification diagram, the Deception
Island lavas plot on a continuous trend that crosses the
divide between alkaline and subalkaline suites (Fig. 3.26).
Using the root names for each field (Le Bas and others,
1986), they correspond principally to basalts (mainly
subalkali basalts, rare alkali basalts), basaltic
trachyandesites, trachyandesites and trachytes. Most of
those names have clear alkaline affinities, yet the
Deception compositional series also has close affinities to
tholeiites (below) and most authors have referred to the
lavas as basalts, basaltic andesites, andesites and dadtes
with no genetic connotations, a practice that is followed
here.

Lavas on Deception Island are aphyric to sparsely
porphyritic (small phenocrysts (< 1 mm), typically only a
few per cent by volume), but are rarely highly porphyritic,
with 25-35% phenocrysts in some basalts and basaltic
andesites. Although there are no detailed
mineral-chemical studies, petrographical investigations,
supplemented by electron microprobe analyses of
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Fig. 3.27. Marker diagrams for selected major and trace elements. Note the unusual wide scatter of compositions among
the basalt and basaltic andesite magmas (not caused by phenocrysts in these predominantly phenocryst-poor rocks),
and the presence of a compositionally distinctive magma (open diamond symbols) associated with the eruption of the
Outer Coast Tuff Formation. Symbols as in Fig. 3.26.
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Table 3.2. Summary petrography of Deception Island magmas (based prindpally on McReath (in Baker and others, 1975), Weaver and
others (1979) and unpublished observations of JL Smellie)

Composition Mineralogy Textural features

Basalt

Basaltic andesite/

andesite

Dacite

Phenocrysts of calcic plagioclase, forsteritic olivine, pyroxene
(augite)
Groundmass calcic-intermediate plagioclase, olivine, pyroxene
(augite pigeonite), opaque oxide; rare K-feldspar

Phenocrysts of intermediate plagioclase, pyroxene (augite,
hypersthene), opaque oxide (magnetite, ilmenite,
Ti-magnetite in andesites only); rare fayalitic olivine

Groundmass intermediate plagioclase, augite, opaque oxide

Mainly intergianular or intersertal
Mainly 10-20% phenocrysts, rarely up to 35%

Intergranular, intersertal; mainly pilotaxitic
in the andesites

Usually few % phenocrysts, rarely up to
35% in basaltic andesites

Phenocrysts of sodic plagioclase, pyroxene (augite, hypersthene). Mainly pilotaxitic or hyalopilitic
fayalitic olivine, opaque oxide (ilmenite with Ti-magnetite
lamellae); rare anorthoclase, apatite

Groundmass of sodic plagioclase, K-feldspar, opaque oxide, pyroxene

phenocryst phases, indicate that there are clear variations
in the mineralogy with magmatic host composition. They
are summarized in Table 3.2. Important mineralogical
characteristics include: groundmass olivine, pigeonite and
possible alkali feldspar and biotite in the basalts;
groundmass and rare phenocrystic hypersthene in the
andesites and dadtes, along with phenocrysts of fayalitic
olivine, opaque oxide, anorthodase and rare apatite;
plagiodase and clinopyroxene are present as phenocryst
and groundmass phases throughout the series, but evolve
continuously in composition from Augj to An^
(bytownite-oligodase) and Ca43Mg4^Fe„ to CajsMgjgFe^j
(augite-ferroaugite), respectively (Weaver and others,
1979). There are also compositionaUy related textural
differences: the andesites and dadtes usually show
prominent felsic pilotaxitic or hyalopilitic textures, whereas
intersertal and intergranular textures are characteristic of
the less evolved lavas. The mineralogy is unusual.
Groundmass olivine and alkali feldspar are characteristic of
alkali basalts, and anorthoclase is a typical phase in
trachytes. Conversely, tholeiitic series contain groundmass
pigeonite, and McReath (in Baker and others, 1975)
observed that the progression of ferromagnesian phases
(pigeonite in the basalts, replacement of olivine by
orthopyroxene in the andesites/dadtes, and fayalitic olivine
in the dadtes) is a tholeiitic fractionation series. Similar
mineralogies have been observed in basalts and basaltic
andesites in magmatic series on Isla Tortuga (Gulf of
California) and Santorini (Aegean Sea; Batiza, 1984;
Huijsmans, 1985).

In normative characteristics, almost all the analysed
rocks are saturated or oversaturated, with a low-pressure
differentiation trend from olivine tholeiites towards

Q-normative compositions. However, a small proportion
of basalt analyses are ne-normative (Weaver and others,
1979), and it may be those samples that contain the
groundmass olivine recorded (c/. Macdonald and Katsura,
1964). The high content of total alkalis is prindpally an
effect of unusually high Na^O contents, which are
generally > 4% (Fig. 3.27). However, K2O contents are
relatively low, comparable with many island arc tholeiite
and calc-aUcaUne series, and the series is sub-alkaUne in

KzO-SiO^ characteristics. All of the Deception lavas have
high Na/K ratios and they are matched only by those in

mid-ocean ridge basalts (MORB). The basalts show strong
enrichments in FejOjT, TiOj, MnO, P2O5, V and
Fe203T/(Fe203T-l-Mg0) with fractionation, which are
characteristic of tholeiitic magmas (Fig. 3.27). In general, K,
Rb and Ba are at the lower ends of the ranges observed in
calc-aUccJine suites, overlapping with those in island arc
tholeiites (lAT) and even MORB, whilst TiOj and Y are
higher than in most lAT but are close to those of back-arc
basin (BAB) and ocean-island basalts (c/. Knittel and Oles,
1995). Significant enrichment in Ba and Sr, compared with
most ridge basalts, has been observed by other authors
(e.g. Peccerrillo and others, 1991) and suggests affinities to
plate margin basalts but, in general, most incompatible
elements are enriched in Deception basalts relative to
N-MORB. This is illustrated on an N-MORB-normaUzed
multi-element diagram, in which the spidergrams have the
humped profiles similar to oceanic island tholeiites
(Fig. 3.28). Relative depletionof Nb and Ta (a feature of arc
magmas), whilst present, is not marked. Chondi^-
normalized REE ratios are sUghtly fractionated (LaN/YbN
ratios 2.2-2.9 in the basalts) and resemble those m some
BABB, lAT and ocean island tholeiites (e.g. Saunders and
others, 1979; Knittel and Oles, 1995; Fig. 3.28). Thus, the
Deception Island magmas do not easily
any simple classification of magma types (Smellie, 1 ).
They are probably best regarded as a tholeiitic series with
quasi-alkaline characteristics caused mainly by enhanced
NajO contents.

McReath (in Baker and others, 1975) suggested, on the
basis of a comparatively small sample set, that there may be
two compositionally distinctive magma series on
Deception Island, identified by high-alumina and high-iron
trends, although samples with intermediate compositions
were also present. They also highlighted a significant silica
gap affecting andesites and dadtes (61-66% SiOz)-
the much larger data set now available, a silica gap is still
present although slightly smaller than formerly indicated
(63-66% SiOj; Fig. 3.26). In addition, the distinction mto
two compositional series is blurred by more abundant
samples with intermediate compositions, and the
significance of the original distinction is unclear. Indeed,
an unusually broad scatter of compositions is a feature of
the basaltic and basaltic andesite rocks on Deception
Island.
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Fig. 3.28. N-MORB- and chondrite-normalized multi-element
diagrams for basalts—dadtes from Deception Island (aU
stratigraphical groups; normalising values after Sun and
McDonough, 1989). The patterns resemble those of some BABB,
lAT and ocean island tholeiites; a subduction influence is
suggested by the presence of a small negative Nb—Ta 'anomaly'.

Basalts or basaltic andesites form 80% of the analysed
samples. This reflects the compositional make-up of all the
stratigraphical formations except the late p>ost-caldera
Pendulum Cove Formation, which contains a much higher
proportion of andesites and dadtes (c. 45%; mainly
andesites; Figs 3.25 and 3.26). There is no serial trend to
more evolved compositions with time and it is evident that
basaltic and basedtic andesite magmas were available at all
stages of evolution of the Deception volcano. This is well
illustrated by a sequence of lavas of the Basaltic Shield
Formation at northern Stonethrow Ridge, which shows
cyclical comp>ositional variations. Moving up>-sequence, the
Stonethrow Ridge lavas show at least two basic to evolved
cycles, and a reversal to less evolved lava at the top of the
section may indicate the base of a third cycle (Fig. 3.29).
Even small p3n-oclastic eruptions, such as those which
occurred between 1967 and 1970, show a surprisingly wide
range of compositions (e.g. Baker and others, 1975). To
achieve the wide compositional range in the relatively
small volumes characteristic of Deception Island eruptions
suggests:

1) the existence of multiple small compositionally
stratified magma chambers feeding eruptions, and

2) a larger melt accumulation zone at depth replenishing
the small chambers at much shallower crustal levels.

By contrast, some clusters of tuff cones extending laterally
a few kilometres erupted compositionally very restricted
magma (e.g. the Crater Lake cone cluster; Fig. 3.18). Dadte
was erupted only rarely on the island. It forms lavas at
Ronald Hill, Collins Point and the un-named headland

2 km west of Collins Point, and was extruded from a N-S-

trending dyke within the crater at Cross Hill. White dacite
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Fig. 3.29. Sketch section through the Basaltic Shield Formation at
northem Stonethrow Ridge. Zr and Ba values for analysed
samples are plotted in their correct stratigraphical position. Both
of these (and other) indices show possible cyclical variations up-
section. Note that the section depicted is composite because of
incomplete exposure. It assumes that the lava outcrops are in their
original relative positions and not displaced by caldera-related
faults.

pumice and obsidian also occur within the Outer Coast
Tuff Formation (in caldera wall outcrops west of Cross Hill
and on top of Cathedral Crags), and form the lithologically
distinctive late post-caldera White Ash Member south-west
of Cross Hill. Evidence for magma mingling is present in
many of the dacite pumices.

Harker diagrams for major elements show continuous
variations of increasing KjO and NajO, and decreasing
MgO and CaO. TiO^, FezOjT and MnO initially increase,
to about 53-54% Si02, and decrease steadily thereafter
(Fig. 3.27). P2O5 shows a similar pattern to Fe-Ti-Mn
oxides, but p>eak values occur at higher SiOj contents
(59-60%). Among the trace elements, Rb, Ba, Th, REE, Y,
Zr, Nb, Hf, Ta and probably Cs (Cs data are few) show a
continuous increase, whilst Sr, Cr, Ni, Sc and Co decrease.
V shows a similar pattern of increasing then decreasing
contents mirroring those of Fe-Ti-Mn oxides. Among the
REE, slight negative Eu anomalies are developed in the
silicic andesites and dacites on chondrite-normalized
diagrams (Fig. 3.28). The element variations are consistent
with low-pressure crystal fractionation involving the
observed phenocryst phases (i.e. oUvine-calcic plagioclase-
clinopyroxene (basalts)—plagioclase-clinopyroxene
(intermediate compositions)—sodic plagjoclase-
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Fig. 3.30. Diagrams showing C1 and B abundances plotted against
P. Each of the three elements is incompatible but the wide scatter
of values suggest that substantial modification of the original
magmatic abundances has occurred. The scatter is particularly
broad for C1 (see text for further explanation).

clinopyroxene- Fe olivine-magnetite [-anorthoclase-
orthopyroxene-apatite] (andesites-dacites)).

There is new evidence that the eruption of the Outer
Coast Tuff Formation involved the interaction of two

magma series. This is indicated by XRF analyses of
juvenile bombs and unpublished microprobe analyses of
sideromelane lapUli (analyses of the author), which show
a dear separation into two series based on TiO^, FejOs,
MnO, AI2O3 and P2O5 relationships, and Cr, Ni, V and Ba
variations (Fig. 3.27). The outer Coast Tuff Formation is the
only stratigraphical unit on the island to show this feature,
which indicates mingling of two magmas. There is also
speculative evidence from the volatile element
geochemistry for a major event involving mixing of two
magmas at the end of the pre-caldera period (below).
Numerous publications indude Sr isotope data

(Halpem, 1970; Faure and others, 1971; Baker and others,
1975; Keller and others, 1992; PecceriUo and others, 1991),
but there are few published data for Nd and Pb isotopes
(Keller and others, 1992). Sr ratios range from 0.70318 to
0.70361, and Nd from 0.51291 to 0.51308 (ranges from
SmeUie and l.L. Millar, unpublished data; Appendix 4).
Despite the comparatively wide range for a single volcano,
there are no obvious variations with time. Sr and Pb

isotope ratios of Deception Island are similar to other
volcanoes in Bransfield Strait, but Sr isotope ratios are
significantly higher (Keller and others, 1992, 2002). The
range of Sr and Nd ratios is relatively wide but falls within
the mantle array. There is no evidence for significant
interaction with crust (Keller and others, 1992; Peccerillo
and others, 1991). However, this need not imply that
crustal interaction did not occur. Isotope ratios in South
Shetland Islands volcanic rocks are generaUy similar to
intra-oceanic arcs (lacking crustal assimilation; cf. Smellie
and others, 1984; Birkerunajer and others, 1991), and older
crust beneath Deception Island is likely to be relatively
young and thin (Ashcroft, 1972; Guterch and others, 1991).

Fig. 3.31. Diagrams showing K/F and K/(BxlO) plotted nersus K
Two diverging trend of increasing K/F and K/B ratios with
increasing fractionation (increasing K) are dearly present in both
diagrams. The trends appear to reflect the volcanic strati^aphy,
with the change from one trend to the other occurring in post-
caldera times, possibly related to a major magma mingling event
that may have triggered the paroxysmal eruption that created the
Outer Coast Tuff Formation and led to caldera collapse. See text
for further explanation; symbols as in Fig. 3.26.

Thus, in an absence of isotopically distinctive crustal rocks,
any interaction with Deception Island magmas may be
difficult to detect.

Volatiles: F and B compositioiw in Deception Island
magmas were reported by Smellie and others (1992). C1
was also analysed by those authors concurrently with F
and B but the results of the C1 analyses are unpublished
(Smellie and A. Hofstetter, unpublished data). The results
of the entire data set are discussed here. F-K^O
relationships for the basaltic samples were shown to
overlap with those of basalts from continental and oceanic
tholeiites (including within-plate tholeiites and tholeiites
from back-arc basin spreading centres), and some island
arcs. B abundances (typically 4—16 ppm) are high relative
to MORB and OIB (c. 1 and 2-3 ppm, respectively) but
overlap with those of island arc basic-intermediate lavas
(2.2-46 ppm; Morris and others, 1990) and indicate a
significant subduction influence on Deception Island
magmas (Smellie and others, 1992). Because of
fractionation effects, Q contents vary widely in Deception
Island basalts (80->300 ppm) and it is hard to make
meaningful comparisons with basalts from knovm tectonic
settings. Average C1 abundances in Deception basalts
(c. 150-180 ppm) are possibly more similar to those in
Mount St Helens arc basalts and back-arc basin basalts in
eastern Scotia Sea (115-120 and 120 ppm, respectively),
than to mid-Atlantic Ridge, Mariana Trough (back-arc) and
Mariana (oceanic) arc basalts (60,300 and 1070 ppm; Garcia
and others, 1979; Muenow and others, 1980; Shevenell and
Goff, 1993). C1 abundances in within-plate tholeiites are
very variable (c. 50—1280 ppm in Hawaiian tholeiites,
Garcia and others, 1989) and encompass the range
observed on Deception Island.
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On Deception Island, the F-B volatile contents were
related by Smellie and others (1972) to the volcano-tectonic
evolution of the island. Measured F and B abundances are

lower in the pre-caldera lavas compared with the late post-
caldera tuff cones (Pendulum Cove Formation; see below).
Early post-caldera lavas (Baily Head Formation and
Stonethrow Ridge Formation) were shown to contain
broadly intermediate F-B abundances. F and B contents
both acted incompatibly in Deception magmas, but the
generally greater variations shown by abundances in
sideromelane lapilli obtained from tephras (compared with
lavas) suggest that F and/or B may have been preferentially
adsorbed onto some lapilli during or after eruption,
although the data scatter is not great (Fig. 3.30).
C1 variations show a division into two relatively ill-defined
trends in which lava samples have significantly lower
a contents than occur in bombs and sideromelane lapilli.
That defined by the crystalline lava samples may reflect
more complete C1 degassing and therefore lower
C1 solubility at atmospheric pressures compared to the
glassy bombs and lapilli. Conversely, the higher
C1 contents in bombs and sideromelane lapilli may reflect
interaction with Cl-rich seawater during explosive
hydrovolcanic eruptions, or chemical adsorption onto
particle surfaces, either in an eruption plume or by post-
eruptive wind-blown sea spray (cf. Oskarsson, 1980).
Because of the wide range of unsystematic C1 variations, it
is unlikely that the compositional data set for C1 can be
interpreted unambiguously in terms of magmatic
evolution.

Two diverging trends are shown on diagrams of ratios
involving K, P, F and B (Fig. 3.31). Because K, P, F and B
are all highly incompatible elements in basaltic magmas,
their relative abundances should be unaffected by closed-
system crystal fractionation or variable partial melting of a
homogeneous mantle source composed of the observed
phenocryst phases in Deception lavas. Thus, the observed
variations in the ratios are unlikely to occur in a magma
evolving in a closed system, and they were interpreted as
evidence that the system was open to some or all of those
elements during part or all of its history, and that the pre-

and post-caldera magmas evolved in different ways. Either
an external source has affected abundances of those

elements, or the crustal chamber has undergone periodic
replenishment, perhaps by influxes of small batches of less
evolved magma (open system fractionation of O'Hara,
1977). A possible external source suggested by Smellie and
others (1992) was variable magmatic interaction with
crustal material, possibly slivers of granitic crust beneath
the volcano. F-bearing apatite, amphibole and possibly
phlogopite are likely mineral phases in the upper crust or
possibly mantle responsible for the K-P-F variations
observed. The different pre- and post-caldera trajectories
of K/F and K/B ratios may also reflect:

1) variations in the efficiency of the crustal scavenging
process, which could have been enhanced in post-
caldera times by increased fracturing in the upper
crust following caldera collapse, and/or

2) a major influx and mixing with a batch of magma
with significantly different ratios of those elements.

Thus, SmeUie and others (1992) postulated that,
throughout the history of the volcano, mafic magma in an
upper crustal magma chamber underwent continuous
open system fractionation involving the frequent uiflux
and eruption of smaU batches of fresh magma, and/or the
magma chamber interacted with the enclosing crust. By
those methods, contents of K, P, F and B, and ratios
involving those elements, were changed in the evolving
liquids. It was also speculated that a larger mflux of
compositionaUy different mafic magma, possibly triggered
by the regional extensional tectonics, occurred at the end
of the pre-caldera period. Such an event could explain the
presence of two diverging compositional trends. A major
magmatic influx would cause thermal perturbations,
convection and mixing within the pre-existing, stratified
magma chamber, eventually resulting in a large-volume
eruption by explosive degassing and caldera collapse.
Alternatively, scavenging efficiency in the upper crust may
have been enhanced by increased fracturing following
caldera coUapse.
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4 Geomorphology
by J. Lopez-Martinez and E. Serrano

Introduction

The morphology of Deception Island is clearly influenced
by the fact that the island is a volcano, and it exhibits a
large variety of landforms and deposits derived from the
volcaruc activity. A second important aspect from the
geomorphological point of view is the presence of glaciers
covering approximately 57% of the island surface. The ice
has interacted with the volcanic activity, remodelling
original volcanic landforms, accumulating moraines, and
producing ice retreats and re-advances linked to eruptions
and geothermal activity as well as to climate. Apart from
the two main geomorphological processes - volcanic
activity and glacial action - other processes have also
contributed to the formation and evolution of the

Deception Island relief. They are mainly processes linked
to streams and lakes formed from melting ice and snow,
periglacial activity producing gelifraction, slope processes,
and the presence of permafrost. In addition, coastal and
submarine geomorphological processes provide additional
important evidence of recent changes in the relief of the
island.

The location of Deception Island in Bransfield Strait
presupposes the presence of a cold oceanic climate,
characteristic of maritime Antarctica. In the South Shetland

Islands there is a mean annual temperature of about -3°C,
precipitation ranging from 470 to 700 mm, frequent
summer rain (above 100 mm) and a moderate annual
thermal amplitude (approximately 8-10°C) (Schwerdtfeger,
1970; Serrano and Lopez-Martinez, 2000). Meteorological
records from the Argentine station on Deception Island
between 1948 and 1967 show a mean annual temperature
of -2.9°C and, in the warmer months 1.1°C, absolute
minimum -30°C and maximum usually between 4 and 6°C
with an absolute maximum value of 10°C (Igarzabal, 1974).
The measured mean annual precipitation is 510 mm.

The island is an active volcano with a history of recent
eruptions, the last of them being in 1967, 1969 and 1970.
Together with current geothermal activity, there have been
significant geomorphological changes in the island, some
very recent. The geomorphological map of Deception
Island (BAS GEOMAP 6-B, back pocket) shows the
distribution of the different landforms classified by their
origin.

Structural geomorpholagy

Landforms related to the volcanic activity and to the
geological structure are an essential component of the
Deception Island landscape. A dominant element is the

Fig. 4.1. View of craters and lakes in the area ot Telefon Bay constructed during the 1970 eruption. The
glaciated crest in the background is Stonethrow Ridge.
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Fig. 4.2. Multiple craters south-west of Goddard Hill, formed during the eruption in 1970.

flooded caldera. Port Foster, connected to the open sea
through Neptunes Bellows. The slopes of the outer side of
the caldera rim preserve landforms associated with the pre-
caldera edifice. However, the original morphology is not
completely preserved because of marine erosion on its
outer part, the collapse of its inner flanks and changes
brought about by post-caldera volcanic activity. A series of
more or less concentric scarps in the inner part of Port
Foster are related to caldera collapse.

Apart from the two large-scale landforms (the main
volcanic edifice and the caldera), there are many minor

volcanic landforms, such as tuff cones, tuff rings and cinder
cones. Most of the cones and craters are located in the

inner part of the caldera, where there are at least 60
relatively well-preserved craters and whose original
landforms can be reconstructed and mapped. The areas
with the densest concentrations of craters are around
Telefon Bay (Figs 4.1 and 4.2) and along the northern
slopes of the crest of Mount Kirkwood (Fig. 4.3). In the
Telefon Bay area there are craters that originated during
the 1967 and 1970 eruptions, several of which are very well
preserved. Some of the craters are occupied by lakes.

Fig. 4.3. View of the northern slope of Mount Kirkwood. The debris-strewn lower glacier slopes below Mount
Kirkwood are the locus of a linear chain of small craters formed in 1842. Neptunes Bellows is the narrow
channel visible in the background.
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Fig. 4.4. View of Crater Lake (middle distance). A thin lava flow mantles part of the steep caldera slope in the
foreground, and a more extensive lava flow occupies the prominent high terrace to the right overlooking
Crater Lake. Mount Pond and Neptunes Bellows are visible in the background.

On the outer side of the caldera rim, there are several
volcanic edifices that show linear distributions along
evident fracture lines; this is particularly well shown by
lines of craters aligned on ENE-trending fractures that
extend between Telefon and Stonethrow ridges across to
Macaroni Point, on the north-eastern side of the island.

A series of lava flows are located on the outer and the

inner sides of the main divide. The most extensive and

voluminous flows are located in the south-western part of

Kendall Terrace, with other smaller ones, such as those on

the northern side of Mount Kirkwood (BAS GEOMAPs 6-A
and 6-B, back pocket; Fig. 4.4).
Some discernible scarps of different sizes, present in

several places within the gladers, are considered to
correspond to subgladal stmctural landforms. The most
notable are those, more or less parallel to the main divide
of the island, that are located on both sides of Mount Pond
and Mount Kirkwood.

Fig. 4.5. Abundant steam rising from a heated beach ridge at Pendulum Cove.
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Fig. 4.6. Arcuate crevasses appearing on the surface of a glacier extensively covered by pyroclasts on the
southern side of Telefon Ridge.

During the preparation of the geomorphologjcal map,
the existence of a series of sub-circular depressions in the
surface of some glaciers was noticed on air photographs
and their presence is recorded here for the first time. The
most co^picuous of these are located east of a line from

Goddard Hill (between the main divide
fo A c western side of Mount Pond
A- eters of Pocket). The depressions have
oTeSe and their mar^ are locaUycrevasses in their vicinity trend subparallel

to their margins. We interpret such supraglacial
depressions as the result of recent or even current thermal
activity under the ice.
The existence of thermal anomalies can be observed at

first hand at different places of the island (Fig. 4.5) where
there are fumaroles, heated ground or the presence of
deposits of fumarolic activity. BAS GEOMAPS 6-A & 6-B
extend the previous knowledge of evidence for the
existence of thermal anomalies (Lopez-Martinez and
others, 1996). Most evidence for the existence of thermal

Fig. 4.7. Tephra layers in glacier ice near the coast south-west of Mount Kirkwood.
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Fig. 4.8. Prominent gully cut in volcanic debris-covered glacier ice and associated fluvio-gladal sediment fan
on the beach north of Pendulum Cove.

* *> i V. •
•  - * K ' •

Fig. 4.9. Flat-floored valley on Kendall Terrace. Fig. 4.10. Stratified tephra layers overlying relict ice core at the
southern end of Stonethrow Ridge. The hammer is 33 cm in
length.
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Fig. 4.11. Profile showing the position and thickness of the active layer on a slope near Gabriel de Castilla
station (Spain). Indicated thicknesses are in metres.

activity occurs around the coast of Port Foster. However,
there are also fumaroles north of Mount Pond, north of
Whalers Bay, north-west of Base Decepdon (Argentina)
and on the western slopes of Stonethrow Ridge, west of
Fumarole Bay. The highest recorded temperatures were
measured in Fumarole Bay (approximately 99°C (Lopez-
Martinez and others, 1996; ViUegas and others, 1997) and
108 C (measured in February 1987; J.L. SmeUie, personal
communication)).

Glacial geomorphology

Glader ice occupies about 57% of the surface of Deception
Island, even in areas where, because of extensive cover by
pyrodastic debris, the presence of a glader can only be
detected by means of flux signs on the surface (Fig. 4.6), or
by the contrast in morphology with respect to adjacent
areas without ice. Areas where the debris cover is

relatively important indude the gladers between
Pendulum Cove and Telefon Bay, and the glader
extending to Port Foster west of Mount Pond. Thus debris
accumulation on the glader surfaces is variable and two
types of gladal surfaces, namely debris-free or with
debris/pyrodastic cover, are differentiated on the
geomorphological map. Tephra and lapiUi layers are
evident in some ice profiles (Fig. 4.7; cf. Orheim, 1972a,b).

The general stability of the ice fronts and ice cover on
the island has been influenced not only by climatic
fluctuations but also by the effects of volcaiuc eruptions.
Evidence of gladal retreat due to recent volcanic eruptions,
e.g. east of Telefon Bay and the northern slopes of Mount

Kirkwood, is demonstrated where the gladers have not
recovered to their pre-eruption extent. This may be a
function of their not having yet reached equilibrium or
because the ice supply area has been modified. In
addition, fluvio-gladal sediment fans are relatively
common in the island (Fig. 4.8)), and there are also lahar
deposits, e.g. in Whalers Bay, where a jokulhlaup severely
damaged the British station in 1969.
Many moraines on the island show recession ridges and

several are ice-cored. The locations of these deposits are
shown on the geomorphological map. Because of the
modifying effects of the volcanic activity and problems
assodated with the preservation of andent moraines it has
not yet been possible to reconstruct the history of ice
fluctuations.

Periglacial and fluvial geomorphology

Deception Island experiences a cryonival morphoclimate,
with a relatively high availability of water in summer and
frequent freeze-thaw cydes. Such features favour
perigladal processes and the presence of an active layer,
which is usually saturated in summer.

In the South Shetland Islands there is a high diversity of
perigladal landforms: 26 types of perigladal landforms
linked to geUfluction, gravitational and active layer
processes have been recognized (Serrano & Lopez-
Martinez, 1998, 2000). On Deception Island, perigladal
landforms and deposits consist mainly of debris slopes and
fans, even slopes, soUfluction lobes and flat-floored valleys
(Fig. 4.9). Patterned ground and other perigladal
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Fig. 4.12. Trench profile through permafrost and active layers at a site near Gabriel de Castilla station (Spain).

landforms, very common on other islands of the
archipelago, are not usually present due to the even grain
size ot the clasts, permeability ot the surface and the
mobility ot the clasts on the slopes.
On Deception Island, ice is extensively covered by

pyroclastic debris; the ice may occur locally as ice masses
but elsewhere it is within the permafrost (Fig. 4.10). In
places, where glaciers are completely covered by
pyroclasts, structures within the pyroclastic cover serve to
demonstrate flow and hence the presence ot ice at depth
(Fig. 4.6). Permafrost has been identified at 10 cm or greater
depths (Corte and Somoza, 1954; Lopez-Martinez and
others, 1996; Serrano and Lopez-Martinez, 1998; Serrano
and others, 2002). Studies ot the active layer, carried out on
an even slope inclined at 5-10° in the vicinity ot Base
Gabriel de Castilla (Spain), have provided information
about the structure ot the active layer. The vertical
thickness ot the active layer was measured at between 60
and 90 cm thick along a profile, by probing with steel rods
(Fig. 4.11, Lopez-Martinez and others, 1996). Additional
observations in the same area, using vertical electrical
sounding and a 3 m-deep trench, included groundwater
temperatures of 0.6°C in springs linked to the permafrost,

definition ot the structure ot the active layer and part of the
permafrost, and measured temperature
active layer (Fig. 4.12, Serrano and others, ^ <ju-pams

Surface drainage takes place via a network of steea s
constrained by the volcanic morphology of the island. e
drainage pattL is generaUy radially outward de the
calderl and towards Port Foster withm
drainage system is also affected by the ease of ^
transport ot the pyroclastic ground cover. I" ™ ® ^
streams have cut deep ravines in ̂ lopes covered by loosepyroclasts(e.g.north-westotPendulumCove;F^48and
4.13). However, in other areas, espeaally w
gradients are less steep (e.g. KendaU Terrace)
floored valleys have formed (Fig. 4 ). edifices
network is locally diverted around ̂ ^e volcamc edbut,elsewhere,streamshavecutthroughconesand^
(e.g. south-west ot Gabriel de Cashlla station (Spam),
Pig. 4.4). , 1

Maximum ice melting occurs in January, w en t ere «
a strong correlation between stream discharge ra e an ^
temperature. The increased discharges also enable greater
numbers ot larger particles to he transported as hedload
(Inhar, 1992) and a high total sediment flux mto Port Foster.
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Fig. 4.13. Prominent stream channels cut in unconsolidated tephra between Pendulum Cove and Telefon Bay.

However, Cooper and others (1998) have deduced
shallowing rates as high as 0.3-0.5 m a"' for Port Foster.
These are much higher than might be expected for normal
sedimentation within a caldera of its size and they
concluded that volcano-tectonic resurgence may have
played a major role in the shallowing activity.

Coastal and submarine landforms

There is a notable morphological contrast between the
steep outer coast of the island and the generally low

beaches around Port Foster. The outer perimeter consists
mainly of vertical rock cliffs about 20-40 m high; these are
remarkably uniform in height along the northern and
western coasts (e.g. in front of Kendall Terrace; Fig. 4.14)
and in the southern area (e.g. Cathedral Crags). The cliffs
show signs of landward retreat caused by sea erosion, with
numerous islets, stacks and rocks awash present (see
geomorphologjcal map, back pocket).

Fractures have an influence on the coastal shape, as can
be observed at Macaroni Point and the two headlands
located immediately to the west, where there is a saw-tooth

%■

Fig. 4.14. Cliff and stack on the outer coast of Kendall Terrace.
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Fig. 4.15. View of the Costa Recta, looking south toward Bally Head, showing the spectacularly linear shape
and the beach at the foot of extensively debris covered glacier ice on the right side. A small sediment fan fed
by glacier meltwater is present exiting onto the beach in the low foreground.

arrangement of headlands following the lines of fractures.
A remarkable feature of the outer coast of Deception

Island is the presence of a linear coast on the eastern side
of the island, named Costa Recta (Fig. 4.15). It is about 7 km
long and marked by an ice cUff up to 30—40 m high resting
directly on a beach. The existence of this feature has been
ascribed a structural (fault-related) origin by most authors.
However, there is no evidence for the existence of such a

fracture in the outcrops located at the two ends of Costa
Recta: at Macaroni Point and BaUy Head, respectively. In
our opinion, the influence of ice supply and marine erosion
of the glacier front must also be considered. The glacier
covering the eastern slopes of Mount Pond (539 m), the
highest point of the island, is the largest glacier on the
island and its boundary with the sea is located between
two rocky bluffs at Macaroni Point and BaUy Head. It is
more Ukely that the linear form of Costa Recta results from
a combination of protection of the glacier by the two
erosion-resistant headlands and wave erosion at the glacier
front.

Raised beaches have not been found on Deception

Island, although these are a conunon feature of other
islands in the South Shetland Islands archipelago. Their
absence is probably the result of active geomorphologjcal
modification of the island related to volcanic activity, and
the ease with which the volcanic clasts are remobiRzed.
Because of the enhanced erosion and transport of
unconsoUdated volcanic detritus, and the increased
availability of water in summer, there is a considerable
movement of debris through the drainage network,
resulting in a high sediment supply into Port Foster.

The morphology of the marine shelf surrounding the
volcano is poorly known. However, the submarine
morphology indicates a much larger volcano than is
apparent from the map, with a basal diameter of at least
30 km (Smellie 1990). On the north and west sides, the
edifice has been eroded to form an extensive shallow
submarine platform 3-5 km wide and depths < 100 m
(probably storm wave base). The topography, sedunents
and geological structure of the sea floor within Port Foster
are much better known and are described in Chapter 5 (see
also Rey and others, 1992; BAS GEOMAP 6-B, back pocket).
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5 Submarine morphology and seismic
stratigraphy of Port Foster

by J. Rey, A. Maestro, L. Somoza and J.L. Smellie
' v.V

Since the early 1980s there have been numerous
geophysical investigations of Port Foster, Deception Island
(e.g. Kowalewski and others, 1990; Rey and others, 1990,
1992,1994,1995,1996; Grad and others, 1992; Somoza and

others, 1994). In this chapter, we focus principally on the
results of several mainly Spanish geophysical
investigations since 1986. Port Foster was examined by
continuous seismic reflection profiling (using Sparker,
Geopulse and 3.5 kHz sub-bottom Profiler) and rock
dredge hauls during Antarctic cruises Exantarte 87-88,
88-89, 89-90 and 90-91 (Fig. 5.1). Track-line positions were
fixed by GPS, with sub-metre resolution. The bathymetry
and submarine morphology of Port Foster were
determined during several B/O Hesperides cruises, mainly
by multibeam echo sounder and parametric narrow-beam
sub-bottom profile echo sounder TOPAS (Topographic
Parametric Sound).

Tectonic setting

Deception Island is the only active volcano known in the
Antarctic Peninsula region, with eruptions in 1967, 1969
and 1970. The island is situated at the confluence of two

major tectonic structures: the south-western end of
Bransfield trough (a marine deep in Bransfield Strait with
nascent spreading centre caused by NW-SE extension) and
a postulated southerly extrapolation of the Hero Fracture
Zone (a former transform fault; Fig. 5.2). Bransfield trough
is also crosscut by NW-SE-trending fractures that divide
the structure into segments (Grad and others, 1992). The
relatively high seismidty and historical eruptive activity on
Deception Island probably reflect a continuous release of
seismic energy through a regionally extensive NE-SW-
trending fracture system associated with the Bransfield
Strait rift system (Marti and others, 1990).

Shan.

wiacaroni Point

-

South-East

Point

63°00

_ Subbottom Profiler,
Geopulse

,  Sediment sampling
location

Lavebrua Island — Sparker profile

Fig. 5.1. Map showing the positions of seismic
track lines (sub-bottom Profiler 3.5 kHz,
Geopulse 300 J and Sparker 4 500 J) and
sediment sampling grid in Port Foster.
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Fig. 5.2. Sketch map showing a simplified regional tectonic
framework for Deception Island (after Key and others, 1995). 1,
ocean spreading centre; 2, sulxluction zone (dashed where
inactive); 3, oceanic fracture zone; 4, volcano; 5, plate motion
vector (cm/yr; Minster and Jordan, 1978); Dl, Deception Island.

Traditionally, the flooded caldera of Deception Island
(Port Foster) is thought to be a consequence of a volcano-
tectonic catastrophic collapse of the volcanic edifice along
arcuate and radial faults (Holtedahl, 1929; Olsacher, 1956;
Hawkes, 1961; Casertano, 1963; Baker and others, 1975;

Birkenmajer, 1992; Smellie, 2001h). However, seismic and
other geophysical studies have demonstrated NE-SW
linear trends seemingly at odds with a simple volcano-
tectonic model of caldera subsidence, in which arcuate

patterns should be expected (Ortiz and others, 1992). Since
the discovery that the influence of regional fracture
systems can also be recognized on the island (Smellie,
1988), an alternative model for caldera formation has arisen
involving passive collapse of the volcano superstructure
along intersecting orthogonal fault systems induced solely
by regional tectonics (Mart! and others, 1996). Both models
depend on differing interpretations of the geological
history of the island; Marti and others (1996) denied the
existence of a major caldera-forming eruptive event,
whereas Smellie (20016) ascribed such an origin to the
Outer Coast Tuff Formation, a thick, island-wide

stratigraphical unit formed entirely of pyroclastic current
deposits (see Chapter 3).

The fracture systems and distribution of historical
eruptions on Deception Island, and recent evidence for
fault-related hydrothermal activity in the sedimentary
sequences in Port Foster, can probably be related to
regional tectonic effects associated with the situation of the
volcano at the intersection between the Brans field Strait rift

and the transcurrent Hero Fault Zone (Fig. 5.3). The central
part of Bransfield Strait corresponds to a zone of
transtension, melt migration and crustal separation with
clearly identified extensional faults (Ashcroft, 1972; Baker
and McReath, 1971; Grad and others, 1992; Barker and
Austin, 1998). Conversely, a zone of transpression with
compressional structures exists outboard of the island, on
the continental shelf of Livingston Island. Both sets of
structures can be reconciled within a model of right-lateral
strike-slip movement caused by south-easterly translation

^ ̂  I Decepuon Island

\

Deception
Island

Tensional
Fracture

0 Submarine volcanic cone

Fig. 5.3. Cartoons illustrating a geodynamic model used to explain
recent seismic activity in western Bransfield Strait and fracturing
on Deception Island. The 'Livingston transform fault' is a splayed
offshoot of the Hero Fracture Zone (Fig. 5.2; after Rey and others,
1996).

of the Aluk plate in Drake Passage relative to a stationary
Antarctic plate (e.g. Pelayo and Wiens, 1989; Gonzalez-
Casado and others, 2000). Deception Island is situated
within an extensional zone related to the transcurrent

movement (right-lateral simple shear). The direction of
maximum extension is approximately NNW-SSE,
orthogonal to the direction of transcurrent movement.
Within this conceptual framework, the distribution of the
recent eruptive centres on the island, and hydrothermal
centres within Port Foster, can be related to a system of
NNW-SSE splay faults that are also hypothesised to cross
Livingston Island. Although their positions on Livingston
Island are unknown, fractures consistent with the
hypothesis have been identified on seismic sections on the
shelf area to the south of that island (Fig. 5.4), and
secondary tensional structures may also have been
responsible for guiding the emplacement of submarine
cones and intrusive domes within south-eastern Port
Foster (see below).

Fracture systems

Several submarine fracture systems have been identified
seismically within Port Foster, although none shows on the
present featureless basin floor (Fig. 5.5; Rey and others,
1990). Both these and lineaments postulated from satellite
imagery on the island itself (e.g. Marti and others, 1996)
form an important orthogonal system with NNW-SSE
(160-170N) and NE-SW (045N-060N) trends similar to
regional tectonic structures (Ortiz and others, 1990; Rey
and others, 1995; Fig. 5.5). These structures are probably
responsible for the linear shapes of parts of the outer coast
of the island (most obvious between Baily Head and
Macaroni Point; see Fig. 3.23) and, probably, for several of
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Fig. 5.4. Seismic profiles (Sparker 4 500 J) obtained on the shallow
shelf platform north and east of Deception Island, and their
schematic interpretation within a conceptual dextral strike-slip
zone between Deception and Livingston islands (cf. Fig. 5.3; after
Rey and others, 1996).

the linear crater chains on the island. Several strong
negative magnetic anomalies identified also have NNW-
trending orientations and have been related to fractures
with those orientations (Ortiz and others, 1992). Finally, a
subordinate system of fractures strikes 115-120N in the
southern part of the island, around Mount Kirkwood, and
was probably responsible for fixing the location of the
linear crater chains that erupted there in 1839-1842 (Rey
and others, 1995).

Mapping of submarine fault systems from a dense
network of seismic profiles (Rey and others, 1990) has
verified the existence of a major zone of faults trending
060N across the interior of the bay. Those faults are
associated with several graben-like structures. Whilst not
extending to the sea floor, they are associated with the
deepest parts of Port Foster. Persistent, long-lived
fumarolic activity at Pendulum Cove, Fumarole Bay and
possibly shoreward of the 1967 land centre appear to be
related to this north-easterly-trending system of fractures
(Ortiz and others, 1987). The 160-170N-trending fracture
system is poorly defined on the marine seismic profiles,

Fig. 5.5. Sketch map showing systems of fractures, volcanic cones
and tumarolic areas on Deception Island and in Port Foster
(modified after Rey and others, 1997). Most of the subaerial
fractures indicated are interred from morphological evidence and
presence of lines of craters.

and has only been identified in the south-easterly sub-
basin in Port Foster. Two of the submarine pyroclastic
cones in Port Foster (including Stanley Patch) and an
elongate, high-level dome-like intrusion between Stanley
Patch and Neptunes Bellows have a 150N aligrunent and
may also be structurally controlled.

Submarine morphology of Port Foster

Port Foster has formed in a flooded central caldera

depression. It is an elongate lagoon 6 x 10 km in diameter
connected to the open sea through a narrow passageway
named Neptunes Bellows. It is also a magnificent natural
harbour that was used extensively during the early
whaling period (see Chapter 1), particularly at Whalers
Bay.

Port Foster contains at least two sub-basins (Rey and
others, 1992; Cooper and others, 1998): a large and deep
northerly sub-basin, and a much shallower southerly sub-
basin that extends into Whalers Bay. The northern (largest)
sub-basin is almost flat-bottomed, approximately circular
and crater-like, with steep rough flanks. It is surrounded by
a continuous shelf that is about 500 m wide and extends to

60 m depth, at which point it plunges to about 120 m with
gradients of 11 to 22.5%, then gently deepens to 166 m
centrally. The eastern and western slopes of the northern
sub-basin are steeper and higher than elsewhere. The most
extensive shallow flanking shelf of the northern sub-basin
is beneath Fumarole Bay, which slopes gently to a break of
slope at about 120 m. The flat bottom of the basin is broken
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Fig. 5.7. Side-scan sonar record (100 kHz) showing undulating sea
floor caused by active slides and other gravitational instabilities.
A, gravity slides and slumps scars formed by creep processes;
B, turbidite charmel. The location of the section is shown in
Fig. 5.1.

Fig. 5.6. Examples of two sub-bottom Profiler 3.5 kHz seismic
profiles obtained within Port Foster, showing undulating slope
(A)- and slope lx)ttom (B)- topographies caused by active
gravitational slides and slumps. The locations of the seismic
sections are indicated in Fig. 5.1 (after Rey and others, 1992).

only by a single small pyrodastic cone or dome at its
southern margin; a second small cone structure is also
present on the south side of the broad Fumarole Bay shelf
(Fig. 5.5). By contrast, the floor of the southern sub-basin
has an uneven bottom morphology, with a depth generally
< 110 m. It extends from Stanley Patch (a submarine
pyrodastic cone) to Whalers Bay.

Submarine morphological features in Fort Foster can be
grouped genetically, as follows (modified mainly after Rey
and others, 1992; see BAS GEOMAP Sheet 6-B, back
pocket).

Features associated with tectonic instability; The asynunetrical
geometry of Port Foster is probably due to neotedonic
processes. Seismic studies have identified an ENE-verging
monodinal structxu-e with a major NNW-SSE-trendingaxis
located on the south-west side, which has lowered the
caldera floor on its north-east side (Rey and others, 1990;
Cooper and others, 1998; see Fig. 3.24). Thus, Port Foster
can be considered as a half graben with an active western
margin where the slope is rougher and slump scars and
undulating bottom topography are common and formed
because of slop>e instability. The north-western slopes are
steeper and higher and show fewer features due to slope
instability (Figs 5.6 and 5.7). Characteristic submarine
morphologies indude the following:

a) Undulations on the sea floor are confined to the
marginal slope areas (Figs 5.6 and 5.7). The features
appear to line up parallel to the main fracture
directions and their abundance suggests that they
have probably formed repeatedly because of tectonic
instability.

b) Slump scars probably formed by gravitational sliding
are mainly located on the south-western slopes of the

Fig. 5.8. Sub-bottom Profiler 3.5 kHz seismic profile obtained
within Port Foster, showing slump scars (arrowed) formed by slow
creep movement, probably aided by hydro thermal softening of the
underlying volcaniclastic layers. The location of the section is
shown in Fig. 5.1.

basin, 2.5 and 3 km south-east and north-west of
Stanley Patch (Rey and others, 2000; Fig. 5.8). The
slump scar lengths vary between 4 and 300 m,
although they can extend up to 500 m parallel to the
coast (Figs 5.6 and 5.7). They have a low relief
(2-10 m) and were probably formed during multiple
slumping phases. It is possible to define three sub
types of slump-related structures formed by mass
movement: (1) gravity slides (slumps) that reached
the base of slope (Fig. 5.6), (2) slump scars formed by
slow creep movements (Figs 5.7 and 5.8), and
(3) rotational slides that show a slump-scar back-wall
similar to subaerial analogues (Fig. 5.9).

c) Depositional lobes are sedimentary deposits
generated by turbiditic progradational processes
(Fig. 5.6). They occur on the basin floor and are
rooted at the topographical break where the basin
slopes give way to the flat basin floor.

Features associated with volcanisrn: Each of the submarine
volcanic cones is characterized by relatively steep slopes
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Fig. 5.9. Sub-bottom Profiler 3.5 kHz profile obtained within Port
Foster, showing rotational slides with slump-scar back-walls
similar to analogous subaerial structures. The location of the
section is shown in Fig. 5.1.

and a dome-like or cone morphology. In vertical section,
the structures extend continuously to at least 50 m depth
below sea floor, and they cut across and deform the deeper
sedimentary sequences (Fig. 5.10). They are situated mainly
in the southern part of Port Foster and together they have
an arcuate NNW-SSE alignment. The largest cone (Stanley
Patch) rises more than 50 m from the sea floor and it has a
small summit depression about 100 m across (likely crater;
Figs 5.1 land 5.12).

Features associated with changes in eustasy:

a) Progradation wedges are particularly prominent on
the eastern and south-western sides of the basin

margin, usually at depths of about 120 m. They are
sedimentary units and seismic imaging shows the
broad outcrops to have an internal prograding
sigmoid geometry strongly resembling tiU deltas
(Fig. 5.13; cf. Alley and others, 1989). The till deltas on
Deception Island are related to episodes of glacier
growth and stagnation during low sea level stages
(e.g. King and Fader, 1986).

b) Linear runnels, grooves and channels have U-shaped
sections and are incised into the basin slopes,
particularly the lower slopes on the eastern side of the
basin (Fig. 5.12). They are typically orientated roughly
perpendicular to the coastline and they resemble
glacial marks made by moving ice (Belderson and
others, 1972). They are associated with the
progradation wedges, and are frequently located in
the topset areas of till deltas.

SE

Volcanic cone

Vents Mounds

Fig. 5.10. Composite seismic reflection profile (Sparker) (A) and its
interpretation (B) obtained across Port Foster, showdng the seismo-
acoustic depositional units described in the text (A, B and C) and
associated volcanic and hydrothermal structures (after Rey and
others, 1995). Inset shows the location of the profile (see Fig. 5.1).

Features associated with deep-water hydrodynamic processes:
These are current-generated structures, including sand
waves (ripples) and small sandbars, that occur along
chaimel margins close to Neptunes Bellows.

Sediment distribution in Port Foster

Using dredge samples and sidescan sonar imagery of the
basin floor, the distribution of sediment types within Port
Foster has been mapped by Rey and others (1990,1992; see
BAS GEOMAP Sheet 6-B, back pocket). Sediment mean
grain size variations are related to the proximity of the
coastline and water depth. Proximal sediments (water
depths < 50-70 m) consist of volcaniclastic (mainly
pyroclastic?) gravels and morainic deposits, whereas
deeper-water regions are dominated by sands and muds.
The sediment grains were probably formed by a variety of
processes: pyroclastic, glacial, {jeri^adal, nival, aeolian and
marine (Rey and others, 1990,1992). The pattern of water
circulation in Port Foster is not well-known, but there are
signs that bottom currents locally influenced the
distribution of sand and mud and sediment bedforms in
shallow-water areas. For example, at Neptune Bellows
current velocities associated with tides are enhanced

because of confinement by the narrow channel, and ripple
marks are developed along the charmel margins (Rey and
others, 1990).
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Fig. 5.11. Multibeam sea-floor relief image of Stanley Patch, first
identified as a volcanic edifice in 1987 (British Antarctic Survey,
1987); see Fig. 5.1 for location.

Sediment thicknesses reach at least 80 m on the western
side of Port Foster. If they are << 10 000 years in age
(SmeUie, 2001b; and see Chapter 7), a high sediment
accumulation rate is implied (c. 1 cm a"'). The high rates can
be explained by the enclosed nature of the sedimentary
basin, a provenance dominated by easily eroded
unconsoUdated pyroclastic material, enhanced sediment
transport during armual spring thaw periods and episodes
of glacier melting associated with eruptions, and glacial
activity.

Seismo-acoustic stratigraphy of Port Foster

Seismic reflection profiles obtained in Port Foster show
several well-defined seismo-acoustic sequences, high-level
magmatic intrusions, stratigraphically confined
hydrothermal mounds and fault offsets. The positions of
the magmatic intrusions are apparently related to
extensional fractures that affect the sedimentary deposits.
Three seismo-acoustic sedimentary units are identified,
each separated by tectonicaUy enhanced unconformities.
Each unconformity is interpreted in terms of deformation
events that disturbed the geometry of the sedimentary
materials (Fig. 5.10).

The basal unit (A) is acoustically transparent and is
correlated with the precaldera lithofades mapp)ed on the
island, including the extensive and thick Outer Coast Tuff
Formation (syn-caldera; Smellie, 2001b). The intermediate
unit (B) consists of several sub-units (B1-B5), each
separated by unconformities and apparently formed
synchronously with severed significant volcanic and
tectonic events (see Chapter 3). The sub-units contain three
types of distinctive structures: mounds, cones and
irregular, sub-vertical, acoustically diffuse structures
(Fig. 5.10). The mound-Uke structures are situated at the
bases of unconformities between sub-units B3 and B5; they
are intercalated with the adjacent successions of evenly
stratified sediments. The cones crop out on the present

%
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Fig. 5.14. Contoured maps showing variations of Fe and As abundances (in ppm) in dredge samples from
Port Foster; the dredge sites are shown in Fig. 5.1. Note that the fiighest contents in Mn also coincide with
the positions and NW-SE alignment of submarine volcanic cones and domes shown in Fig. 5.10; the
highest contents in As reflect a NE-SW alignment comparable with the fracture system thought to be
responsible for many of the long-lived fumaroles and hot springs on the island (after Rey and others,
1997).

(Cl, C2) separated by an unconformity and is composed of
evenly stratified horizontal sediments, and a chaotic
acoustic facdes that is interpreted as slumped sedimentary
deposits. Unit C is affected by numerous normal and
reverse faults.

Although Rey and others (1997) correlated the three
seismo-acoustic sedimentary units with the
lithostratigraphy proposed by Birkenmajer (1992), many
problems are associated with the details of that
stratigraphy (see Smellie, 2001b). Thus, it is safer to simply
ascribe a general post-caldera age to the Port Foster
sequences rather than pursue specific lithostratigraphical
correlations.

Hydrothermal processes and geochemical variations

Hydrothermal activity, such as fumaroles and hot springs,
is apparendy associated mainly with a system of NE-SW
fractures in several areas (e.g. Fumarole Bay, Pendulum
Cove, former Telefon Bay and possibly Whalers Bay; Ortiz
and others, 1987, 1992; Ramos and others, 1989). Those
authors proposed that hydrothermal fluids are produced
by venting of shallow aquifers heated convectively (to
c. 200°C) by gases released from an underlying magma
chamber.

On the basis of geochemical studies of dredge samples
obtained in Port Foster, a recent mineralization system has
been described, which shows significant geographical
variations in element distribution patterns (Rey and others,
1995,1997). Although the contents of these elements in the
sediment samples analysed are apparently high (e.g. FejOj:
10.75%, Mn: 1361 ppm), the abundances are within the
range shown by unaltered Deception Island magmas
(Appendix 4). Flowever, there are distinct NNW-SSE and
NE-SW asymmetrical element-specific distribution
patterns of enrichment 'anomalies', which may reflect a
structural control on the positions of the fluid emissions:

1) Fe, Mn, Na and K abundances progressively decrease
from Neptunes Bellows north-west into Port Foster
(essentially coincident with the positions of several
submarine cones and domes; Fig. 5.5), and

2) abundances of As, Ad, Ca, Mg and K are greatest in a
well defined SW-NE-trending zone above the
northern sub-basin (Fig. 5.14).

Rey and others (1997) suggested that the formation of the
two zones of contrasting element enrichments may be time
controlled, but there is currently no way of dating reliably
the mineralization of Port Foster sediments.
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Deception Island is an active volcano. Explosive eruptions
were witnessed in 1842,1967 and 1969, and the products of
many more are documented (Chapter 3 and Appendix 3).
Most visitors notice that the low-lying coastal area
surrounding Port Foster contains many pyroclastic cones
with conspicuous craters, representing former eruptive
centres. Because they are little eroded, the cones are very
young and probably erupted in historical times
(i.e. < c. 1 000 years old). Eruptions are likely to occur
again in the same area, and those eruptions represent one
of the volcanic hazards represented by Deception Island
that are discussed in this chapter.
A distinction exists between volcanic hazard and

volcanic risk:

a) Hazard is a specified volcanic phenomenon that has a
probability of occurring within a given period of time.

b) Risk is the possibility of a loss occairring caused by that
hazard, e.g. loss of life or property.

Volcanic risk can also be defined by

Risk = hazard x value x vulnerability

where hazard is the probability of occurrence, value is a
selected attribute such as human lives or monetary value
of an area or property, and vulnerability is defined as the
proportion (%) of that value likely to be lost in the event of
volcanic activity. The purpose of this chapter is to describe
the nature and geographical distribution of volcanic
hazards on Deception Island (see inset map on
BAS GEOMAP 6-A (back pocket)).

Apart from an early paper by Roobol (1982), the hazards
posed by Deception Island are largely unassessed, despite
its continued use during each austral summer, as a site for
scientihc research and as a popular tourist destination.
Hazard maps and assessments are fundamental for the
preparation of emergency plans designed to mitigate the
impact of a volcanic eruption and save lives.

Past eruptive behaviour of the volcano

The past history of a volcano is often the best guide to how
it wUl erupt in the future, particularly if observed eruptions
and the human history associated with the volcano are
hixuted. The eruptive history of Deception Island can be
described in four major phases.

Phase 1: The earliest phase, comprising subaqueous
eruptions, constructed at least 807o of the volcanic edifice

and was responsible for its overall form as a volcanic shield
with gentle surface gradients. Because it is entirely
submerged, it has not been examined. By comparison with
uplifted and exposed oceanic volcanoes elsewhere, it is
inferred to be formed of pillow lava and hyaloclastite
breccia, which would have formed non-explosively mainly
during subaqueous effusion (Smellie, 2001b).

Phase 2: The shoaling and early subaerial emergence of the
volcano is represented by rocks of the Fumarole Bay and
Basaltic Shield formations, respectively. Those were
formed by lava fountaining from several, possibly co-
eruptive centres in shallow water, and a small subaerial
edifice constructed during low-energy explosive eruptions
and lava effusion.

Phase 3: The sudden connection of magma between two
magma chambers beneath Deception Island probab y
triggered the caldera-forming eruption on Deception
Island. That eruption is the only large-scale event known
to have affected the volcano, and the eruption
characteristics (dynamics, dominant Uthofaaes, ete) are
significantly different from other eruptions on the island.
Seawater probably flooded the vent, resultmg m a
relatively low, dense eruption column, whose coUapse
formed multiple pyroclastic density currente
pyroclastic flows). The products of that eruption (Outer
Coast Tuff Formation) draped the entire island with a
minimum thickness of 70-80 m, and the present margins o
the island may have been enlarged by 6 or 7 km m aU
directions. CoUapse of the Port Foster caldera oc^rred at
the end of the eruption. Seismo-acoustic studies have also
identified large slumped sections of the submerged outer
flanks of the island (and east side of Mount Pond?), w^ch
may have formed during or immediately foUowmg caldera
coUapse.

Phase 4- In early post-caldera time, eruptions occurred
from centres widely scattered across the island, along
fissures imposed on the island by regional tectomcs. AU
later post-caldera eruptions, includmg aU those m histoncal
times were confined to centres in a 1.5 km-wide annular
zone within the caldera. AU of the post-caldera eruphons
were of smaU volume (e.g. < 0.05 km for each of the
eruptions in 1967 to 1970). Eruptions were of two types.
At low elevations around the shores of Port Foster, they
were highly explosive and hydrovolcanic, because of the
impact of seawater and groundwater on the erupting
magma. In addition to tephra faU, fast-moving pyroclastic
currents (mainly surges, rarely pyroclastic flows) are
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Fig. 6.1. Sketch maps showing the distribution and average thicknesses (in cm) of ash faUs during
eruptions on Deception Island in 1967,1%9 and 1970 (after Baker and others, 1975). Small open circles
in each diagram indicate the location of the erupting centres.

characteristic of these eruptions. At higher elevations,
principally around the crest of the caldera rim, eruptions
were much less explosive and commonly involved lava
effusion. However, eruptions from centres situated
beneath glaciers at any elevation released substantial
volumes of meltwater, often highly charged with debris
(lahars or volcanic mudflows).

Future eruptive behaviour of the volcano

Examination of the historical record (Appendix 3) shows
that the eruptive pattern appears to be one of several
eruptions closely spaced in time followed by several
decades of dormancy (Roobol, 1982). However, even the
most detailed record, that of tephra layers in the Mount
Pond glacier, may record only half the eruptions that
occurred on the island during the period represented
(Orheim, 19721;). Conversely, eruptions during the 20""
Century (Appendix 3), suggest that the frequency inferred
from ice tephra has probably slowed slightly from that in
the late 18"' and 19'" Centuries (i.e. from one eruptive
period every 17 years to one every 33 years). If this style of
historical eruptions is continued, any new eruptions wiU
probably be of small volume and from centres within the

caldera. Both lava effusion and explosive eruptions are
likely. Fallout of tephra will probably only affect those
parts of the island down-wind of the centres, as occurred
during the 1967-1970 eruptions (Fig. 6.1). However, the
presence of Deception Island tephras dispersed > 800 km
(in the Scotia Sea; Moreton and SmeUie, 1998)) suggests
that some post-caldera eruptions may have been much
more violent than experienced in recent centuries.
The discovery of significant present-day inflation of the

sea floor in part of Port Foster suggests the possibility that
the caldera may be resurging, raising the possibility of
another caldera collapse and associated large-scale
eruption (Cooper and others, 1998). Seismo-acoustic
studies of Port Foster also suggest that there has been step
like deformation of the caldera floor in the past related to
resurgence, although there is no known link to coincident
eruptions (Chapter 3). The eruptive style and probability
of occurrence of eruptions related to a further caldera
collapse are hard to assess. The first (and only known)
caldera-forming eruption was apparently triggered by the
interaction of two magmas, and the probability of a similar
event recurring is probably very low. In addition,
explosivity during an eruption within Port Foster wiU
probably be reduced by hydraulic pressure and water
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flooding the vent, until the vent is built to very shallow
levels. Finally, so long as small eruptions take place
around the caldera margins, it seems likely that pressures
in the magma chamber will be relieved and prevent a
climactic caldera collapse eruption.

Types of volcanic hazards identified

Note: the volcanic activity described below is that which is most
likely to pose a significant hazard to persons and vessels on and
around Deception Island. It is not a catalogue of all xx)lcanic
phenomena that may occur. A summary hazard map is included
as an inset in BAS GEOMAP 6-A accompanying this booklet.

Ash fall: During an explosive eruption, the magma is torn
apart by the expansion of dissolved gases. Particles of the
magma are thrown into the air as ash, pumice and lapiUi,
where they freeze and fall to the ground. Larger particles
follow ballistic trajectories close to the vent (normally
within a few hundred metres), but finer particles (mainly
ash, smaller lapfiU and pumice) are entrained in the
eruption column above the vent. The column (or plume)
typically reaches elevations of several km very rapidly, and
may exceed 10 km. It is driven mainly by expanding
heated air and it drifts downwind. Because prevailing
winds on Deception Island are mainly from the west
(> 50% of winds; Hydrographic Department, 1974), the
eastern side of the island is at greatest risk from the effects
of ash fall. However, in the three best-documented
eruptions, between 1967 and 1970, very little of the island
escaped at least some ash fall (Fig. 6.1; Baker and others,
1975). In documented eruptions of Deception Island, the
columns probably rose < 10 km, unlike much higher
columns at other volcanoes. The ash and other particles
fall out of the cooling drifting cloud, with larger particles
and thickest deposits closest to the vent. Such fall deposits
can extend many tens to hundreds of kilometres. For
example, ash from the 1970 eruption fell on King George
Island, > 150 km away (Baker and others, 1975), and
numerous layers of Deception Island ash are preserved in
marine sediments in the Scotia Sea, > 800 km distant
(Moreton and SmeUie, 1998). Close to the erupting vent, a
thick accumulation of ash can be very hot and heavy,
causing severe damage to wooden buildings. For example,
the abandoned Chilean station at Pendulum Cove was
buried and burned down as a result of falling ash from the
1969 fissure eruption, the closest vents being situated
400—500 m away. Otherwise, ash fall and ballistic
projectiles endanger people by impact, burial, causing
ingestion of fine particles in air and water, and carrying
noxious gases, acids and salts.

Pyroclastic currents: These are amongst the most hazardous
of volcanic events. They vary widely but share many
characteristics. All are gravity-driven, rapidly moving,
ground-hugging or inflated mixtures of hot rock fragments
and gases. Two main types are often distinguished,/lozas
and surges. Pyroclastic flows have a relatively high
concentration of solids, whereas pyroclastic surges have
lower solid concentrations. Laterally-directed blasts (as
occurred in the 1980 Mount St Helens eruption) are a third
possible category of pyroclastic current, formed where
depressurisation of a magma chamber is precipitated

catastrophically by a mountain landslide, but it is probably
an unlikely occurrence on Deception Island. A continuiun
probably exists between these three types of pyroclastic
currents. Pyroclastic currents are often very hot
(300->800°C) and move at high speeds (10 to several
hundred metres per second). Pyroclastic flows consist of a
dense basal flow that hugs the ground, together with a
preceding or overriding turbulent ash-cloud surge.
Convection of ash particles from the moving current can
also distribute fcdbng ash. Investigations on the island
indicate that pyroclastic flows occurred but have been
uncommon during most of the history of the volcano; they
were abundant only during the caldera-forming eruption
(Outer Coast Tuff Formation). Conversely, pyroclastic
surges are the most characteristic feature of many
Deception Island eruptions. Surges typically travel faster
than pyroclastic flows. Unlike pyroclastic flows, which will
be restricted by topography and flow in valleys, the more-
expanded hot gas and ash mixtures in surges can flow
across topography. On Deception Island, mapped surge
deposits only extend about 1.5 km from known vents.
They can travel much farther, but on Deception Island are
unlikely to form a serious threat > 2 km from vents, in most
cases. Although some surges may be hot, simfiar to
pvroclastic flows, most of those on Deception Island were
probably relatively cold and contained water and/or steam
at temperatures mainly below the boiling pomt of water.
Any eruptions within or at low elevations around the
margins of Port Foster are likely to be charactensed by
abundant pyroclastic surges. It should be noted that
pyroclastic currents can travel across water. Death is likely
for people caught up in a pyroclastic current.

Lava flows, lava domes and lava fountains: Erupting magma
that has lost most of its gases forms lava flows, domes
In^or lava fountains. Eruptions of this type on DecepfionMandprobablyoccurredatloweffusionrates,and the lava
tended to produce many smaU flows that piled up nearheh ventsLd did not extend long distances. Conversely

1  ,>r,inHnns of lava created lava flows that
''S J rLuZnd west coasts and parts of KendaU
?emce. Lava fountaining is common throughout the
riErthe2afeSe7?w^^

SiaUy form from relatively viscous magma, and theu
2dden coUapse can generate hot rock-falls or even smaU
n^Sastic flows and/or surges. The major hazard fromrarflowsisdamageordestructionbyburymg,crushmgor
bu^g everything in their paths. They are confined m
vauTs and can be easUy outrun. Lavas can also cause
Sods by melting snow and ice, but the mteracbon is
umally not explosive. Where lavas enter lakes or the sea
Sey commonly form low platforms taown as lava-fed
HpUas (e g Punta de la Descubierta, headland south of
Strance Sint, South East Point). Lava-fed deltas are very
Smmon in oceanic volcanoes and are being constructed
currently in an eruption on Hawaii. Apart from a tendency
for large slabs (hundreds of metres in extent) of the upper
surface of a platform to collapse into the sea, and for small
explosions between hot lava and seawater, they are
generally not very dangerous.
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Structural collapse and rock falls: Volcanoes are susceptible
to large-scale structural collapse due to steep volcanic
slopes containing weak materials, and presence of faults.
Slope failures, induding rock falls, slides, avalanches and
sector collapse, can be triggered suddenly and move very
rapidly. They can cause secondary hazards such as
tsunamis and even unleash eruptions (cf. Mount St Helens,
1980). On a smaller scale, rock falls in strategically
important places can cause major problems. For example,
the collapse of Cathedral Crags could easily block
Neptunes Bellows and prevent ship egress to/from Port
Foster.

Hydrothermal eruptions: Because Deception Island is an
island, with lakes and a large area covered by gladers,
water is important. It is heated by magma at depth, and
returns to the surface in steamfields, fumaroles and hot

pools (see below). The process is illustrated in the pattern
of seismic activity, which shows peak activity in days
following heavy snowfall or rain (Almendros and others,
1997; Villegas and others, 1997). However, in
hydrothermal systems, the hot water can flash to steam,
perhaps triggered by earthquakes fracturing the volcano,
and cause small but powerful explosions. Damage from
hydrothermal eruptions is unlikely to extend more than a
few hundred metres from the vent. Such explosions may
occur without warning, but they are probably rare on
Deception Island.

Volcanic gases: Volcanic eruptions are driven by expanding
gases, mainly water and carbon dioxide, but induding
poisonous minor gases such as sulphur dioxide, hydrogen
sulphide, chlorine and fluorine. These gases are also
emitted from fractures in the ground between eruptions.
They can also be very hot. For example, gases with
measured temperatures exceeding 250°C were recorded in
fumaroles 10 months after the 1967 eruptions (Orheim,
1970). They are usually only present in toxic amounts very
dose to vents, particularly the heavy gases (e.g. carbon
dioxide and hydrogen sulphide) in poorly ventilated
craters. Deception Island is a windy place and its craters
are comparatively shallow and well ventilated. Noxious
volcanic gases are therefore Ukely to be a minor hazard.

Steamfields, fumaroles, heated ground: Deception Island
contains several areas of heated ground, etc, which are a
conspicuous and normal surface expression of heat escape
on the island. AH but one are confined to the caldera, and
they are long lived (Baker and others, 1975; Roobol, 1980).
They are mainly situated around the shores of Port Foster,
but examples occur on the summit of a hiU 500 m north
west of the Argentine station, at the north end of the
Mount Pond ridge, and on the outer slopes west of
Stonethrow Ridge. Temperatures of most are < 40-60°C,
but a beach pool at Pendulum Cove commonly reaches
70°C and fumaroles at Fumarole Bay are generally
100-107°C. Temperatures fluctuate daily, typically in
response to tides. Sudden subsidence of the sea floor
beneath Whalers Bay in 1920-21 also caused the sea to boil
and blistered the paint on ships' hulls (Hydrographic
Department, 1974; Appendix 1). In addition to the possible
presence of noxious gases and hydrothermal explosions.

people may be scalded by unprotected exposure to steam
or very hot water (e.g. Pendulum Cove).

Lahars and floods: A lahar is a moving mixture of volcanic
debris and water. It may be hot (few hundred °C) or cold.
Lahars on Deception Island are likely to be cold. The
physical properties of lahars are controlled by grain size
and water content, but they typically have relatively high
yield strength, bulk density and apparent viscosity. With
variable sediment bulking, flow transformations between
lahars and watery floods occur. Flow velocities vary
greatly according to chaimel dimensions, volume and grain
size distribution; published examples vary from 1.3 to
40 m/sec, with mean values of about 20-30 m/sec (Blong,
1984). Lahars moving at high velocities can surmount
topographical barriers. They are generated in several
ways, including expulsion of sediment from crater lakes,
and avalanching of water-saturated debris during slope
failure or bursting of dams. Pyroclastic currents can
transform into (hot) lahars by incorporation of meltwater
from snow and ice. Because of their high bulk density and
velocity, lahars destroy and/or bury structures in their
path, as happened to the British scientific station at
Whalers Bay in the 1969 eruption on Deception Island
(Baker and others, 1975). Lahars have sharply defined
topographical limits (i.e. valley confined) and people can
usually climb quickly to safety away from areas threatened
by lahars. They are a characteristic feature of meltwater
floods associated with subgladal eruptions and are likely
to have affected Deception Island frequently in the past
(SmeUie, 2002). For example, the prominent deep and
broad flat-bottomed valley situated about 0.5 km west of
Crater Lake is carved through thick ash deposits. The
valley contains a misfit stream (i.e. a stream too small to
have eroded the surrounding valley), which is sourced in
the steep backing caldera cliff. It is likely that the valley
was eroded mainly during a flood of meltwater released by
an eruption beneath the Mount Kirkwood glacier.

Earthquakes: Volcanic earthquakes on Deception Island are
generated by explosions, movement of lava, heated water
and gases at depth and associated crack formation, and
large-scale mass movements (e.g. Correig and others, 1997).
Tectonic forces may also affect Deception Island and are
caused by plate movements associated with deep
consumption of Pacific Ocean floor at the South Shetland
trench and plate separation in Bransfield Strait. It can
often be difficult to distinguish between the different
earthquake mechanisms. Volcanic earthquakes are
typically small and shallow, seldom exceeding magnitude 5
on the Richter scale. During January 1992, unusually high
seismicity on Deception Island included several
magratude-3 events. These are the largest recorded so far
and can be detected by persons in favourable locations on
the island without the use of instruments. Conversely,
tectonic earthquakes or large mass movements can exceed
magnitude 7. Damage caused by earthquakes is typically
restricted to proximal areas, as a result of ground shaking
and cracking. The earthquakes can also trigger mass
movements that may lead to avalanches, rock falls and
lahars. Many eruptions are preceded by increased
seismicity (i.e. number, magnitude and duration of
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Fig. 6.2. View looking north to Wensleydale Beacon (A) and sketch
(B) showing distribution of abundant driftwood on raised beach
area facing Fumarole Bay. The driftwood was probably driven
ashore by tsunami surges during the 1969 eruption. Photograph
taken by the author in February, 1994.

earthquEtkes) and it is a useful, if crude, indication of
impending eruption (e.g. 1969 eruption on Deception
Island; Baker and otliers, 1975; Smellie, 2002).

Tsunamis and standing waves: Tsunamis are unusually high
sea waves or wave trciins that are generated by the sudden
displacement of water caused by fault displacements of the
sea floor, large mass movements of the land, or some
submarine eruptions. They travel at high speeds through
deep water and increase in height when approaching
shores. Tsunami triggered by eruptions and slope failures
have occurred at Deception Island in the past (Fig. 6.2),
with consequences for ships both outside the island and in
Port Foster. Because Port Foster is virtually landlocked,
volcanic explosions and sea floor movements within the
basin can set up oscillatory standing waves. Waves
oscillating at least 1.5 m were recorded during the 1967
eruption and made small boat operations hazardous (Baker
and others, 1975); this is especiaUy true in the narrow
shallow channel at Neptunes Bellows.

Suggested alert scheme for eruptions on Deception Island

No alert scheme has been published for Deception Island
although, in view of the comparatively high levels of
human activity on the island (by Antarctic standards, at
least), one is clearly needed. For an alert scheme to be put
in place, a seismic network should be placed immediately

around the volcano and monitored throughout the year by
trained scientists. On Deception Island, this is currently not
the case. However, Spanish seismologists monitor seismo
graphs on the island for about two months annually
(generally between late December and late February). As
that period also corresponds to the major period of tourist
activity on the island, it is probably acceptable as a
minimum level of volcano monitoring, and it is certainly
much better than no monitoring at all. The simple scheme
presented in Table 6.1 is adapted from that used by the
Alaska Volcano Observatory (U S Geological Survey;
httpyAvww.avo.alaska.edu/avo4/updates/color_code.html).
It is well suited to Deception Island and is recommended.
Captains of vessels proposing to enter Deception Island, or
pUots of aircraft flying near to the island should pay
attention to any bulletins on the current state of activity of
the volcano that are issued from either the senior

seismologist at the Spanish station on the island, or by an
appropriate spokesperson representing a recognised
scientific authority operating in the Antarctic (e.g. British
Antarctic Survey, Spanish Antarctic Programme or
National Science Foimdation (USA)).

Escape strategy in case of a volcanic eruption on
Deception Island

In view of the wide range of volcanic hazards identified
above, and with the increasing numbers of tourists now
visiting Deception Island, it is important to identify escape
routes on the island in case of a sudden volcanic eruption.
The following escape strategy could form the basis for a
more comprehensive strategy for the island. This section is
based on the premise that emotions wiU be similar to those
documented in 1967-1970. i.e. with a limited geographical

impact on the island (code orange alert state: Table 6.11.

Nevertheless, a sudden collapse of the caldera could result
in a much more serious emption, with potentially
devastating effects on anyone on the island at the time and
a low probability of escape. However, the likelihood of
caldera collapse is very low and such an event would
probably be preceded by significant precursory activity,
particularly widespread ground inflation and associated
earthquakes, during several days or weeks prior to the
emption.

1  Iimer coast areas are likely to be hazardous because of
ash faU, possible pyrodastic surges (within c. 2 km of
an emption centre), tsunami and irregular rapid tidal
oscillations. Tidal effects are likely to be pronounced
by water ramping onto beaches, and they may
prevent the use of iimer coast beaches for boat uplift.
People may therefore have to be uplifted from the
outer coast.

2  If ships are present within Port Foster when an
emption occurs, they should depart the island
immediately, ideaUy after uplifting aU people ashore.
Masters of vessels should observe extreme caution
whilst departing Neptunes Bellows because of tidal
rips and surges, which are eiflianced at the narrow
shallow entrance channel. They should also avoid
routes that skirt dose under Cathedral Crags, because
of the possibility of rock falls from the unstable cliffs.
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Table 6.1. Alert scheme for eruptions on Deception Island (modified after system used by USGS Alaska Volcano Observatory)

Colour code Alert state Description Action

GREEN No eruption is anticipated Volcano is quiet, in dormant state. Normal None required. Normal activities
seismicity and fumarolic activity occurring, unrestricted
This is the normal alert state for Deception
Island

YELLOW An eruption is possible in the next few
weeks and may occur with little or no
additional warning

Volcano is restless; an eruption may occur.
Increased levels of small earthquakes
detected locally and/or increased volcanic
gas emissions.
An example of a code yellow alert state
occurred in January 1992, when the area
around the Argentine station experienced
ground inflation of 20 cm, increased
ground and seawater temperatures and a
much increased incidence and magnitude
of shallow earthquakes caused by magma
movement (unpublished report by Ortiz,
Garcia and Risso, 1992)

Normal activities may occur on
the island but no vessels to leave

persons ashore unattended.
Vessels to remain near shore

parties at all times

ORANGE Explosive eruption occurring or is
possible within a few days and may
occur with little or no warning.
Ash plume(s) not expected to reach
10 000 m above sea level

Volcano in eruption or eruption may occur
at any time.
Increased numbers and/or magnitudes of
local earthquakes.
Extrusion of lava flows (non-explosive
eruption) may be occurring.
The Deception Island eruptions of 1839,
1842 and 1967 to 1970 correspond to a code
orange alert state. Those eruptions were
comparatively small, ash plumes probably
only reached a few km in elevation and
evacuations took place successfully; no lives
were lost

All persons to depart the island
immediately.
No vessels to enter Port Foster. All

aircraft to give the island a wide
safety margin. Vessels and/or
aircraft may usefully remain
within a few mUes of the island

(well away from any volcanic
plumes) to observe and record the
eruption, taking all necessary
precautions. These restrictions to
remain in force until advised that

the island has returned to a code

green alert

RED Major explosive eruption is in progress
or expected within 24 hours. Large ash
plume(s) expected to exceed 10 000 m
above sea level

Significant eruption is occurring or major
explosive activity expected at any time.
Strong earthquake activity detected even at
distant monitoring stations.
The only eruption of Deception Island that
definitely corresponded to a code red alert
is the caldera collapse eruption (date
unknown). However, numerous eruptions
have distributed volcanic ash more than

800 km away, in the Scotia Sea, and were
probably sufficiently violent to have had
plume(s) exceeding 10 000 m and to be
accorded a code red status

AH persons to depart from the
island immediately, although
code red eruptions likely to
destroy all life on much or all of
the island very quickly.
No vessels or aircraft to come

closer than 50 km from the island

(or further if conditions dictate).
These restrictions to remain in

force until advised that the island

has returned to a code green alert

3.

4.

AU rescuing vessels and helicopters should avoid
passing through or under the eruption clouds because
of the damaging effects of gritty ash particles on
machinery.
Escape routes to the outer coast of the island are
shown in Fig. 6.3. All escape routes from the inner
bay to the outer coast are strenuous, both climbing up
on to the caldera rim and (in most cases) descending
again on the outside. The caldera wall is steep
(impassable diff in places) and draped in highly
mobile scree. It is impossible to use ground vehicles
(e.g. ATVs) to transport people out of the caldera.
Although exit routes are passable for ATVs at two

places, much skill and local knowledge of the routes
are required and the routes are impassable to ATVs
carrying a passenger.

5. All routes to the outer coast will take hours to

complete, ranging from about two hours for the
easiest route (Whalers Bay to BaUy Head) to three or
four hours (or more) if the unnamed bay on the north
coast or at Macaroni Point are the only options. These
are minima and based on times likely to be taken by
young relatively fit persons. The routes are physically
arduous as most surfaces are yielding (mainly
composed of coarse ash and lapUli). Exhaustion is
likely and should be anticipated, even in fit persons.
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I  r

60°42' 60°38' 60°34

62°54'

62''56'

iFGrt Foster!

Mt Pond ico cap

Helicopter operations and boat uplifts
possible from beacbes around Poit
Foster, depending on eruption

circumstances 62°58

63°00'S

H Helicopter landing area '

B Boat uplift area Caldera topographica

Hon Islsnd during s volcanic
Fig. 6.3. Sketch map showing suggested escape ^though helicopter uplifts can
crisis corresponding to no more than a code orange a e s areas are indicated on
probably be effected, with variable difficulty, almost exhausting for most persons,
fhe dia^am by hatching. Note that all routes are phys.caUy exha

Descending to beaches on the outer coast is also
generally difficult because of steep slopes. Apart from
routes shown from Goddard HUl to Macaroni Point
and the unnamed bay on the north coast (Fig. 6.3),
there are no recommended safe routes over snow and
ice. Because of important difficulties peculiar to
glaciers (e.g. crevasses, whiteout, slippery surfaces),
other glacier travel should be avoided unless with
trained guides using suitable equipment (e.g. ice axes,
ropes, harnesses). Such equipment is unlikely to be
readily available in an emergency.

6. Helicopter up^^s
stdv^stejly into deeper «
even on calm ^ submerged offshorebardelaDescubierta)ateona conditions are

hazardous to sm^ _„,,sible to uplift people by

53



7 Geological and geomorphological
evolution: summary , , ,,

hy J.L. Smellie and J. Lopez-Martinez

Geological evolution

The early history of Deception Island is essentially
unknown. About 80% of the island is below sea level and

therefore inaccessible but it has a low-profile and, by
analogy with better-exposed volcanoes, it is likely to be
formed largely of pUlow lava and coeval hyalodastite
breccia. The oldest deposits preserved on the island belong
to the Fumarole Bay Formation. They show evidence for
possibly subaqueous explosive activity as the volcano
approached sea level and, possibly, during emergence.
Eruptions were initially magmatic, broadly resembling
pyxoclastic deposits formed in subaerial Hawaiian or
Strombolian eruptions. However, there is abundant
evidence for a subaqueous environment in the basal unit
(lava lobe member), and several unusual clast
characteristics of the overlying scoria member can be
interpreted as evidence for subaqueous fire-fountaining
activity. The gradual upward transition into the stratified
lapilli tuff member, interpreted as a tuff cone capping
sequence, is compatible with shoaling and likely
emergence of the vents. The coarse grain size of the
dominant scoria member deposits, and presence of very
large bombs, indicate that the deposits are proximal to the
original eruptive centres and that multiple centres were
involved. At one locality (Cathedral Crags), at least two
vents were co-eruptive, but the isolated nature of the other
outcrops makes it impossible to ascertain contemporaneity
of Fumarole Bay Formation eruptions across the island. It
is likely that, during the shoaling and emergence phase.
Deception Island consisted of several small coalesced
centres broadly similar in concept (but not in outcrops) to
the polygenetic pre-caldera edifice envisaged by Hawkes
(1961), rather than the single tall stratocone postulated by
other workers (e.g. Baker and others 1975; Birkenmajer,
1992; Marti and Baraldo, 1990).

If the interpretation of the Fumarole Bay Formation is
correct, it indicates that sea level was relatively high during
the shoaling and emergent stage of the volcano, and had
an elevation > 100-150 m above present datum (Fig. 7.1).
Alternatively, eruptions may have taken place within a
water-filled subgladal vault, but there is no clear evidence
for the presence or extent of any glacial cover during that
period. By contrast, the succeeding Basaltic Shield
Formation consisted of essentially dry effusive and weakly
pyroclastic activity that was entirely subaerial. It
constructed a small basaltic shield volcano with an original
basal diameter inferred to be about 8 km. Although
outcrops of the Basaltic Shield Formation crop out at sea

level (north-west outer coast), it is uncertain whether the
lava at that locality was subaerial. The lowest subaerial
deposits occur at c. 70 m above sea level m the caldera wall
in northern Stonethrow Ridge, indicating that sea level
dropped significantly after the activity forming the
Fumarole Bay Formation. The small shield volcano (which
was not exclusively basaltic) experienced eruptions from at
least two centres, with a more distant centre (within
present-day Port Foster) responsible for the lower
sequence, and a proximal centre (probably a small flank
vent relative to the earlier centre) forming the upper
sequence. Had the centres m the Fumarole Bay Formation
continued in their activity, it is likely that they would have
evolved into overlapping subaerial effusive shields similar
to that forming the Basaltic Shield Formation.

Tephra of the succeeding Outer Coast Tuff Formation
(OTF) is draped unconformably over both the Fumarole
Bay and Basaltic Shield formations and there is some
evidence in Stonethrow Ridge that it thins over
topographic highs. The OTF is the most geographically
widespread formation, and outcrops suggest that it
formerly draped the entire island to a minimum depth of
70 m. The formation contains no lavas and it is entirely
formed of tephra deposited from a variety of pyrodastic
currents, mainly dense pyrodastic flows. There was
significant involvement of water with the eruption and the
eruption columns were probably low, dense and collapsed
frequently, resulting in multiple pyrodastic currents and
their deposits. Evidence for at least two compositionally
different magma series involved in the eruption suggests
that influx of fresh magma to a stratified magma chamber
may have been responsible for destabilising that chamber
and possibly aded as a trigger for the OTF eruption. The
eruption was followed by collapse of the Deception Island
caldera. Although the mass of the eruption is unknown
because of extensive erosion of the deposits, a tniriimum
volume of about 30 km^ is inferred from the size of the
caldera. Such a volume would have been capable of
extending the coastline of the island by 6 or 7 km in all
directions, at least (calculated assuming (unreahsticaUy)
that a thickness of 70 m is maintained). Because evidence
for water interaction during the eruption is present
throughout the OTF, it implies that a large volume of water
was involved, which presumably could only be seawater.
This suggestion is supported by a study of the alteration
mineralogy (Marti and Baraldo, 1990). Such an
interpretation suggests that the OTF vent(s) were below
sea level at the time, and it is even conceivable that the
eruption columns were largely subaqueous. The tops of

54



7 GEOLOGICAL AND GEOMORPHOLOGICAL EVOLUTION

300

E
2
-a

200

o,

o

•o -2

100 -.

Present sea level-

F unwol e_B^JF mn
>100-150 m

Puter_Co^t_Tuff Fmn
>200 m

(Mainly pyroclastic flows)

(Mainly subaqueous,
fire fountaining)

|Ba^aldc_Shiejd2^im
< 70 m

(Subaerial lava shield)

AH post-caldera activity
0 m

(Tuff cones, maars, lava-fed
deltas, strombolian cones)

(older) Time (younger)

Fig. 7.1. Schematic diagram showing changes in sea level at different times during the lifetime of Deception Island. Elevations are relative
to present datum and are minima, calculated from inferred elevations of vents associated with each of the stratigraphical units (see text).
The changes are likely to have been caused by a combination of eustasy, volcano tectonism and regional tectoiucs, the relative influence
of which is unquantified at present.

the highest outcrops in the caldera wall occur today at
about 200 m elevation. As the deposits were formed from
pyroclastic gravity flows, that gives a minimum elevation
for the erupting vent, which in turn suggests that relative
sea level had risen at least 130 m since eruption of the
preceding Basaltic Shield Formation.
The nature of the caldera coUapse (e.g. whether

piecemeal, trapdoor or chaotic) has not been examined in
detail. However, there is substantial evidence that regional
tectonics have exerted a significant influence on the island,
in the distribution of linear fractures, faults and eruptive
fissures (SmeUie 1989; Key and others, 1992, 1995; Mart!
and others, 1996). Together with the distribution of
present-day seismic activity, which shows no caldera-
related armular distribution of epicentres (VUa and others,
1992), these observations have led to the hypothesis that
the caldera may be simply a topographical feature caused
by coUapse of the volcano summit due to instability within
an extensional tectonic regime - i.e. a passive response
unrelated to a caldera-forming eruption (e.g. Marti and
others, 1996). However, a link to volcano tectonics and a
large caldera-forming eruption also seems plausible based
on studies by SmeUie (2000), and it is Likely that an
interplay between regional and volcano-induced stresses
has acted on the island. Seismic studies within the caldera
suggest that the caldera is resurgent and the underlying
surface of pre-caldera rocks has undergone repeated
vertical movements (c/. Fig. 3.24; Cooper and others, 1998).
Moreover, the presence of at least three morphological
sub-basins within Port Foster (Cooper and others, 1998)

suggests the possibility of unsystematic multiple collapse
episodes or nested sub-calderas.

Early pyrodastic activity within the caldera formed tuff
cones, indicating that eruptions were hydromagmatic and
that the caldera was flooded with seawater soon after
collapse For the caldera to become flooded indicates that
the encircling caldera wall must have been breached to
permit the sea to flood in. There is seismic evidence for
coUapse deposits (sUdes, slumps) on the submerged south
eastern outer flanks of the island (Acosta and others, 1992),
and early post-caldera sector collapse probably created the
large horseshoe-shaped scar east of Mount Pond, now
covered by the Mount Pond glaaer. In addition, there are
prominent topographical lows m the endrctag caldera
ridee which may correspond to breached sections (e.g. at
Vapour Col and between Goddard HiU and Mount Pond).
ThL are now partly occupied by post-caldera tuff cones.
The presence of tuff cone reUcts (BaUy Head Formation) at
those localities indicates a very early post-caldera age for
the formation of the breached sections.

The post-caldera volcanic activity consists of numerous
<;mall volume eruptions from centres scattered across the
,und both wilto and outside of the caldera. Roobol
I982)'estimated that the 1»7 1969 and 1970 onrpbom
lach elected only < 0.05 km' of pyrt^shc products. The
eruptive behaviour is related to the local hydrology, with
ma^atic eruptions from smaU fissure-related scona cones
along the topographical rim of the caldera and on the outer
slopes of the island, and tuff cones and maars situated at
lower elevations (Baker and others, 1975). There has been
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a marked focusing of the post-caldera activity to within the
caldera in historical times, at least (Pendulum Cove
Formation and Stonethrow Ridge Formation (Mount
Kirkwood Member)). Magmatic activity has also created
several prominent lava platforms, mamly around the
south-east and south-west outer coast. These are probably
the subaerial carapaces of lava deltas, corresponding to
'topset beds' in sedimentary deltas, whose lavas were
sourced in vents situated on the backing caldera ridge. The
lava platforms probably overlie thick deposits of cogenetic
hyedoclastite breccia disposed in steep-dipping foreset
beds. Effusive activity was particularly important on the
outer slopes of Mount Kirkwood, extending aU the way
between Punta de la Descubierta and Entrance Point, a

distance of more than 8 km.

Unusual slump deposits in a Stonethrow Ridge
Formation outcrop on the north outer coast (2 km west of
Macaroni Point) show evidence of wet emplacement,
which may indicate that sea level was a few tens of metres
higher than present during their formation. By contrast, all
other post-caldera activity can be related to a sea level
essentially indistinguishable from present datum. Eustatic
sea level has varied continuously throughout the
Phanerozoic (Haq and others, 1987) and to expect that the
several post-caldera outcrops were erupted at significantly
different times, when sea levels fortuitously happened to
be at coincident elevations, seems to stretch credibility.
Rather, it seems likely that these post-caldera outcrops are
very young (< < 10 000 years?). It is also notable that the
range in sea level elevations interpreted for both pre- and
post-caldera outcrops (> 200 m; Fig. 7.1) is probably
outside of the range of variations that can easily be ascribed
to fluctuating eustatic sea levels (probably < 100 m; Haq
and others, 1987). Therefore, the changes in relative sea
level inferred for Deception Island probably also include
volcano-tectonic and/or regional tectonic effects, which are
unquantified at present.

Basalt magma has been available repeatedly throughout
the history of the volcano, but more evolved compositions
are commoner in the younger deposits (Pendulum Cove
Formation and Mount Kirkwood Member of the
Stonethrow Ridge Formation). There is a wide
compositional range in many individual eruptions,
suggesting that the eruptions were sourced in
compositionally well-stratified magma chambers. The
repeated eruption of basaltic magmas, together with small-
volume eruptions showing a wide range of compositions,
suggest that a large melt accumulation zone, broadly
basaltic in composition through repeated replenishment,
may exist at depth and is feeding several relatively small
shallow magma chambers. The latter are the source of
most or aU of the post-caldera eruptions.

Geomorphological evolution

As an active volcano with a complex geological history and
a Quaternary age (< 0.7 Ma; Valencio and others, 1979;
Keller and others, 1992), Deception Island has changed its
morphology progressively with time. It is often not easy to
reconstruct the succession of original primary landforms
and their locations due to the lack of unambiguous field
evidence. According to Smellie (1988,1989), the submarine
(inaccessible) part of the present edifice represents about

80% of the volume of the volcano. There is no direct
morphological evidence of the shape of the older volcano
during its submarine period, but deductions can be made
for the later-submarine to early subaerial phase by
interpreting the stratigraphical succession preserved on the
island today. Most authors have interpreted the early
edifice as a single large stratocone (e.g. Holtedahl, 1929;
Mart! and Baraldo, 1990; Birkenmajer, 1992). However, the
most recent study (Smellie, 20011;) suggested that the pre-
caldera outcrops consist of the products of several
relatively small, overlapping and probably co-eruptive
centres superimposed on the larger submarine construct,
not dissimilar in concept to the early polygenetic edifice
envisaged by Hawkes (1961).
The period of predominantiy submarine activity was
followed by a large-volume catastrophic eruption
characterised by the generation of multiple pyroclastic
flows. Deposits of the eruption draped the edifice and may
have extended it laterally by several km compared with the
coastline of the island today. The prominent shallow
(< 100 m) submarine platform, that is particularly well-
developed north and west of the island, was probably cut
across products of that eruption. That climactic event was
followed by caldera collapse (Holtedahl, 1929), along
fractures that may already have been induced on the island
by regional tectonics related to its location in an actively
extending young marginal basin (SmeUie, 1988,1989; Mart!
and Baraldo, 1990; Rey and others, 1992,1995; Marti and
others, 1996). The shallow submarine basin of Port Foster
probably formed very soon after caldera collapse, by
marine inundation via gaps in the caldera ring created by
local sector collapse. Subsequently, all known post-caldera
eruptions have been small in volume and ranged from lava
effusion (sometimes feeding conspicuous lava-fed deltas
where the lavas reached the coast) to multiple small cones
of StromboUan, Surtseyan and maar-types (Chapter 3).

Evidence exists of numerous eruptions during the 19""
and 20' centuries. They are preserved mainly as tephra
layers within the island's ice caps (Orheim, \972a,b). The
first eruption observed, in 1842, affected the "whole south
side" of the volcano (Wilkes, 1845). It produced a Une of
small cinder cones on the northern slopes of Mount
Kirkwood (identified by Hawkes, 1961, and dated
(lichenometric method) by Birkenmajer, 1991). By contrast,
the sources of several close-spaced eruptions between 1906
and 1912 (Appendix 3), represented as tephras in ice, are
unknown despite their very young age coinciding with the
period of summer occupation by the whaling industry. In
general, the sources of vents on the island responsible for
the numerous tephra layers in ice are unknown.
The best known geomorphological changes on any part

of Deception Island are those due to the eruptions of 1967,
1969 and 1970. Those eruptions were entirely explosive and
formed several tuff cones, maars and lahars, with
consequent major topographical changes at Telefon Bay,
western slopes of Mount Pond, Pendulum Cove and
Whalers Bay (well documented by Baker and others, 1975).
Important changes occurred in the Telefon Bay area due to
the eruption that began in December 1967. The activity was
concentrated in three craters, resulting in the construction
of a small island, and a larger crater about 2 km to the east.
The same area experienced further geomorphological
modification during a new eruption in 1970, forming a
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second series of craters at the foot of the caldera wall facing
Telefon Bay, between Cross Hill and Goddard Hill. New
land measuring 1700 m by 400 m large strip was created
between the small island formed in 1967 and the former

Telefon Bay coastline, but some of that new land was
partially removed to form several small flooded maars.
Another seven conspicuous craters were formed close to
Goddard Hill in 1970, variably 50 to 300 m in rim diameter
and up to 150 m deep. Mudflows associated with the 1970
volcanic activity in the Goddard HiU area modified the
shape of the large crater created previously in the 1967
eruption. The numerous notable changes in morphology
caused by the 1967 and 1970 eruptions are obvious when
older maps of the island (e.g. Hawkes, 1961) are compared
with those made subsequent to 1970 (e.g. Servicio
Geografico del Ejercito and Universidad Autonoma de
Madrid, 1994; see back pocket).

In contrast to those which occurred in 1967 and 1970,

eruptions in February 1969 were from multiple small
cinder cones in a series of en echelon fissures that crossed
the Mount Pond ice cap (Baker and others, 1975; SmeUie,
2002). Widespread meltwater floods affected most of the
area between Whalers Bay and Pendulum Cove, and a
combination of lahars and pyroclastic faU deposits
generated by the eruption caused the destruction of British
and Chilean stations at those localities. As well as the
tephra and lahar deposits that accumulated on land, the
enhanced water runoff caused by glacier melting
signihcantly increased the supply of sediment to Port
Foster.

7 GEOLOGICAL AND GEOMORPHOLOGICAL EVOLUTION

Although Deception Island is seismicaUy active (e.g. Vila
and others, 1992^,17) and is currently only dormant (as
shown by the presence of several steam-emitting
fumaroles; Ortiz and others, 1987; Lopez-Martinez and
others, 1996), there have been no major geomorphologjcal
changes on the island since the last eruption in 1970.
However, a comparison of historical bathymetric records
for Port Foster up to 1993 suggested that uplift rates on the
basin floor are locally unusually high (0.3-0.5 m a '). Such
rates exceed the sedimentation rates expected in calderas
of a similar size and suggest that volcano-tectomc
resurgence or tectono-magmatic activity is currently taking
place (Cooper and others, 1998).

Fractures exert a strong influence on the large-sc^e
morphology of several parts of the island, and on the
locations of craters. This is particularly well seen m the
shape of rock cliffs west of Macarom Pomt, as Imear
sections of the caldera rim, and as aligned chains of craters
on Kendall Terrace and flanks of Mount Knkwood. There
is also continuing morphological evolution of fte island
due to present-day ice erosion,
processes mnoff of meteoric water and the erosive achoofwinda;dsea.Themobmtyoftheunconsohda^ed,^^^^^^^
vesicular and light pyroclasts is very high and severa™a"fo™edSa,e,sandp.rBofPortF»Je^
being infilled. Together with summer ice ablaho^ these
nrocfsses ensure that a relatively high proporhon of
redSent T transported into Port Foster and the
surrounding Bransfield Strait.
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Appendix 1 Selected chronology of expeditions
and historical events at Deception Island

by R.K. Headland

[Abridged and updated extracts from HEADLAND, R.K. 2001. Antarctic Chronology. Unpublished revision of Chronological
List of Antarctic Expeditions and Related Historical Events. Cambridge University Press, 1989]

1820-21 British sealing voyage (from Valparaiso)
Andrew McFarlane Dragon

Reported to have landed on the mainland coast of Antarctica,
south of Deception Island (possibly the first such landing - but see
also John Davis, 1820-22). [Neptunes Bellows, the entrance to
Deception Island was known to sealers as 'Dragon's Mouth' which
may be derived from this ship.]

1820-21 United States sealing voyage (from Stonington)
Benjamin Pendleton Frederick
(senior commander)
James P. Sheffield Hersilia
Nathaniel Brown Palmer Hero

Thomas Dunbar Free Gift
Ephraim Williams Express
Josiah C. Chester Essex

Palmer, aboard the shallop Hero, entered Deception Island and
searched for new sealing grounds; reported land on 16 November
1820 which was later named 'Palmer's Land' [Davis Coast of the
Antarctic Peninsula]; he probably examined what is now known
as Palmer Archipelago.

1820-22 United States sealing voyage
John Davis Huron

Davis landed on the mainland coast of Antarctica, 7 February 1821
and wrote '1 think this Southern Land to be a Continent' (possibly
the first such landing - but see also Andrew McFarlane, 1820-21).
Davis entered Deception Island and described 'Dragon's Mouth'
[Neptunes Bellows], 30 December 1821.

1828-31 British naval expedition
Henry Foster HMS Chanticleer

Foster made pendulum and magnetic observations on Deception
Island, which was charted; maximum and minimum thermometers

left at Port Foster (collected by William Horton Smyley 1841-42,
q.v.), sealers' graves reported.

1838-42 United States Exploring Expedition
Charles WUkes Vincennes

(senior commander)
Sailed with six vessels, seven scientists and two artists to conduct

an extremely broad scientific programme. Reported Bridgeman
Island volcanicaUy active; visited Deception Island.

1841-42 United States sealing voyage (from Newport)
William Horton Smyley Ohio

Recovered the minimum thermometer left on Deception Island by
Henry Foster (1828-29, q.v., it recorded -5°F [-20.3''C]) and reported
much volcanic activity on the island.

1901—03 Swedish South Polar Expedition
Nils Otto Gustaf Nordenskjold

Carl Anton Larsen Antarctic

Tried to enter Deception Island but blocked by ice.

1906-07 Norwegianand Chilean whaling enterprise (from Punta
Arenas)

Adolf Amandus Andresen Gohemador Bories

?  Cornelia Jacoba (transport
vessel) with whale-
catchers

Almirante Valenzuela and

Almirante Urihe

Sociedad BaUenera de Magallanes used Whalers Bay, Deception
Island for the first time as a site for a floating whaling factory.
Andresen was accompanied by his wife and famUy. The company
used the bay for the next 10 years, under a Falkland Islands and
Dependencies Government licence from 1907. Whalers Bay
became the principal anchorage for the floating factories operating
in the region.

1907-08 South Shetland Islands: Four whaling companies (from
Newfoundland, Norway and Chile [started 1906-07]) deployed
floating factories at Deception Island during this summer, aU with
Falkland Islands and Dependencies Government hcences. The
numbers of floating factories operating at the island increased
rapidly, reaching a maximum of 13 (and a shore station) in
1914-15; the last left in 1931.

1907-08 Newfovmdland whaling enterprise (from St John's)
Nokard Davidsen Sabraon with whale-catcheis

Puma and Lynx
Newfoundland Whaling Company deployed a floating whaling
factory at Deception Island. Davidsen fell overboard from Lynx
and drowned, 22 January 1908, his grave is the first in the whalers'
cemetery on Deception Island.

1908 Norwegian whaling voyage
Roland Nilsen Telefon

This collier, bound for Deception Island, struck Telefon Rocks, off
King George Island, 26 December, and was abandoned; Adolf
Amandus Andresen salvaged and moved Telefon to Telefon Bay,
Deception Island; after winter, repairs were made and the vessel
reached Punta Arenas.

1908-10 French Antarctic Expedition
Jean-Baptiste Etienne August Charcot
Ernest ChoUet Pourquoi Pas 7

Expedition bunkered at Deception Island.

1909-11 South Shetland Islands: Albert Newing appointed
representative for the islands by the Falkland Islands
Dependencies Government, based on board floating factory
Sabraon, at Deception Island. A government representative was
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present on Deception Island during every summer until 26 April
1931 when whaling ceased at the islands.

1912 Falkland Islands Dependencies: Port Foster declared
'Port of Entry' from 1 October by the Falkland Islands
Dependencies Government, for whaling seasons only.

1912-13 Norwegian whaling enterprise: Aktieselskabet Hektor
established shore factory at Deception Island under British lease
granted for 21 years from 1 October 1911. Pigs, sheep, equines and
cattle introduced. Factory worked every summer until abandoned
in 1931.

1913 Norwegian whaling voyage
R. Dahn Pisagua

This floating factory was wrecked near Deception Island. This was
reported to the Governor in Stanley by the Falkland Islands
Dependencies Magistrate by wireless, 25 January 1913, the first
radio transmission from the Dependencies.

1915—17 Deception Island: James Innes Wilson, Falkland Islands
Dependencies administrator on the island, made geological
collections.

1920-21 Deception Island: The shore in the vicinity of the
whaling station suddenly subsided in this season, imperilling the
safety of the floating factory Roald Amundsen; water in the harbour
boiled and removed paint from the huUs of vessels moored there.

1924 Norwegian whaling voyage: Four men from Norwegian
whale-catcher Bransfield drowned off Livingston Island, buried at
Deception Island.

1924-25 Deception Island: A violent volcanic subsidence occurred
in the harbour, 4 January 1925.

1927-28 Norwegian whaling voyage: Geological observations of
Deception Island made by O Holtedahl.

1928-29 Wilkins-Hearst Antarctic Expedition (Britain and United
States)

Sir George Hubert Wilkins (1st expedition)
Marinius Hansen Hektoria

Pioneer air reconnaissance of east coast of Graham Land from
Deception Island to about 71.33°S, November to January. Aircraft
left at Deception Island for 1929-30 expedition.

1928—30 British expedition
Sir George Hubert Wilkins (2"'' expedition)
Richard Laurence Vere Shannon RRS William Scoresby

Continuation of previous summePs aims. An Austin 7 motor car
used for transport on Deception Island.

1928-31 Deception Island: In January 1930 a severe earthquake
occurred and the floor of Whalers Bay dropped 4.6 m. A census
was conducted of the island on 26 April 1931. 1930-31 was the last
whaling season at Deception Island and at its conclusion the
administrative post was closed until 1944 (Operation Tabarin).

1931-32 Whaling industry: Deception Island whaling station
closed, April 1931.

1933-35 Ellsworth expedition (United States)
Lincoln Ellsworth (2"'* expedition)
Baard Holth Wyatt Earp

Private expedition, planning to fly across Antarctica from the
Antarctic Peninsula, frustrated by continuous bad weather. Called
at Deception Island.

1934 British naval voyage
John Augustine Levers Burghead Bay

Charted seaward coasts of Deception Island.

1941 British naval operation
Geoffrey A. B. Hawkins HMS Queen of Bermuda

Destroyed oil fuel installations and coal stocks on Deception Island
to deny their use to German raiders.

1942 Argentine naval voyage
Alberto J. Oddera T de Mayo

Visited Deception Island, January to Febmaiy and on 8 Febmaiy
took formal possession for Argentina of the sector between
longitudes 25°W and 68°34W [68°57'W], south of 60°S; copper
cylinders with corresponding notes were left at the site (the
Argentine Government officially notified the United Kingdom
Government of this action on 15 February 1943). Conducted
hydrographic survey with the aid of an aircraft; made geological
observations.

HMS Carnarvon Castle
1943 British naval operation

Edward WoUaston Kitson
In lanuarv obUterated the Argentine marks of sovereignty left on
Deception Island by I'de Mayo in 1942 and hoisted the British flag,
leaving a record of the ship's visit (the cylinder and contents were
return^ to Argentina by the British Ambassador in Buenos Aires).

1° deMayo

>r at Deception Island (and elsewhere), claiming
ovemment the sector between longitudes 25°W
I'W) south of 60°S, removed British emblems

1943 Argentine naval voyage
SUvano Harriague

SeArgento^ Government the sector Detween longimaes zd- w
and 68 5rW^°34'W), south of 60°S, removed British emblems
and painted the Argentine flag.

1943_44 British naval expedition ('Operation Taba™')
t^s William Slessor Mart (in overall command)
William Robert Flett (Deception
Keith , Dgptjst Marchesi HMS William Scoresby
Victor/Uo^w^^ estabUshed at Deception Island

Permanen Argentine emblems removed. Scientific

^  mmes initiated included geology, biology and survey. [Thisprogramm expeditions by the Royal Navy,

Sand iSnIs r^P-^Sf
Antarctic Survey (from 1961-62)]

■d 1940s ushered in the modem era of essentially continuousNote: The mia . Deception Island; for reasons of space, only
exploration and cjstorical and scientific (geological) events are
"''cZShtrTfor a'dditional details, refer to Headland (2001).

,  A Islands Dependencies Survey (Britain):1946-47 Falldan (destroyed by fire, September 1946)
Deception Islanu
rebuUt.

expedition: New station ('Decepcidn', also1947-A8 ^'^^"^Hshed on Deception Island, 25 January 1948;
•r de Mayo') esta photographic surveys made.hydrographic anu

expedition: Research voyage; landed on
1947-48 Norwegian exp
Deception Island.

Hue naval voyage: Aerial photographic survey1948 Argen^eDeception Island.
.  „utine expedition: Refuge huts buUt at Telefon Bav1948^9 Arg Cove ('Pendulo'), Deception Island.

('Thome') and i en
v^ikland Islands Dependencies Survey (Britain):

iZiJlty hydrographic unit re-sumeyed DecepHon Island

iqcn-si Aigentine expedition: Five vessels; partial topographic
and air survey of Deception Island, and instalment of an
ionosonde.

of
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1950-51 Falkland Islands Dependencies Survey (Britain):
Routine ionospheric observations began on Deception Island,
August 1951.

1952 Argentine flight: 2 Catalina aircraft flew from Rio
Grande, Tierra del Fuego, to Deception Island, 7 February,
returning to Buenos Aires 10 February, and again outbound on 2
March, returning 6 March.

1952-53 Argentine expedition: Refuge hut (Teniente Lasala')
built on the landing ground near Whalers Bay; dismantled by
Falkland Islands Dependencies civil authorities, February 1953.

1952-53 Chilean expedition: Refuge hut built on the landing
ground near Whalers Bay; dismantled by Falkland Islands
Dependencies civil authorities, February 1953.

1952-53 Falkland Islands Dependencies Survey (Britain); One
man died and was buried on Deception Island, 17 November 1953.

1953 First criminal law case in the Antarctic: Heard before

the Falkland Islands Dependencies Magistrate on Deception
Island, South Shetland Islands, 14 April; it concerned protection of
wildlife. [Civil and criminal cases had been tried in Antarctic
regions previously (the first at South Georgia, 24 October 1910, by
a Falkland Islands Dependencies Magistrate) but this was the
earliest case in the region subsequently covered by the Antarctic
Treaty.]

1952-54 Falkland Islands Dependencies Survey (Britain):
Deception Island surveyed by summer parties. One man died on
the island.

1954-55 Chilean expedition: Station ('Presidente Pedro Aguirre
Cerda') established at Pendulum Cove, 18 February 1955.

1955-56 Chilean expedition: Refuge ('Cabo Gutierrez Varas') built
near Pendulum Cove.

1955-56 Falkland Islands and Dependencies Aerial Survey
Expedition [1]: Hunting Aerosurveys Ltd, under contract from the
British Colonial Office, initiated a programme of vertical air
photography of the South Shetland Islands and northern Antarctic
Peninsula with Canso flying boats based on Deception Island;
heUcopters used to assist ground control parties. First private
company involved in Antarctic mapping.

1956 British whaling voyage: Christian Salvesen and
Company whale-catcher Southern Hunter wrecked while entering
at Neptunes Bellows, 21 December.

1956-57 Falkland Islands and Dependencies Aerial Survey
Expedition [II]: Hunting Aerosurveys Ltd, under contract to the
British Colonial Office, continued air photography and survey
programme started in 1955—56, again based on Deception Island
using Canso aircraft.

1956-1957 Argentine Air Force: A Martin Mariner amphibious
aircraft flew non-stop from Buenos and landed on Deception
Island, 19 January.

1957-58 Falkland Islands Dependencies Survey (Britain):
Geological study of Deception Island.

1957-58 Chilean expedition: Skidway for amphibious aircraft
built on Deception Island.

1960-61 Chilean expedition: Oceanographic investigations made
in Port Foster.

1961-62 Falkland Islands Dependencies Survey/British Antarctic
Survey: An aircraft hangar was constructed on Deception Island.

1964-65 Argentine expedition: Sea ice survey flights made from
Deception Island, January and August 1965.

1964-65 Chilean expedition: Geological investigations of
Deception Island made.

1967 Deception Island: Increasing seismic activity culminating
in a volcanic eruption on the island, 4 December, caused rapid
evacuation of Argentine, British and Chilean stations, December.
[Further eruptions occurred in February 1969 and August 1970.]

1967-68 Argentine expedition: Deception Island station closed
temporarily after volcanic eruption but reopened for winter; Bahia
Aguirre assisted in evacuation of personnel.

1967-68 British Antarctic Survey: Deception Island station
evacuated after major volcanic eruptions, 4 and 7 December 1967;
personnel taken aboard the Chilean vessel Piloto Pardo by
helicopter; two volcanic vents and a new island were later
examined.

1967-68 Chilean expedition: Piloto Pardo assisted in evacuation of
Deception Island after volcanic eruptions, 4 and 7 December 1967;
the Chilean station was destroyed. Chilean Air Force aircraft
inspected Deception Island during and after the eruption.

1968-69 British Antarctic Survey: Deception Island station
reopened, volcanological and hydrographic surveys of the island
made and the landing ground re-established, January 1969; seismic
activity intensified and the station was evacuated (again by Piloto
Pardo [Chile]) as further eruptions occurred in February, which
damaged several buildings. A reconnaissance was made of the
eruption in March.

1968-69 British naval voyage
Peter William Buchanan HMS Endurance

Investigated Deception Island after volcaruc eruption.

1968-69 Chilean expedition: Helicopters again assisted
evacuation of British station on Deception Island following
another volcanic eruption, 21 February 1969.

1969 Deception Island erupted severely, February. Argentine,
British and Chilean stations evacuated; see also 1967 and 1970.]

1969—70 Argentine expedition: Volcanological studies made of
Deception Island, station remained dosed owing to another
volcaruc eruption.

1969-70 British naval voyage:
Peter William Buchanan HMS Endurance

Continued volcanological investigation of Deception Island.

1970 Deception Island erupted severely, 13 August. [The
Argentine, British and Chilean stations on the island had been
evacuated following an eruption in February 1969; see also 1967.]

1970-71 Argentine expedition: Volcanological studies of
Deception Island continued.

1970-71 British Antarctic Survey: Further volcanological studies
made of Deception Island; great changes found after the 1970
eruption.

1971-72 Argentine expedition: Volcanological investigation of
Deception Island continued.

1971-72 Chilean expedition: Volcanological examination made
of Deception Island.

1972-73 British Antarctic Survey: Inspection of volcanicity made
at Deception Island.
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1973-74 British naval voyage
Christopher John Isacke HMS Endurance

Magnetometer measurements taken on Deception Island.

1988-89 Spanish Expedition: Geophysical studies in Port Foster.

1983-84 Argentine expedition: Removed, without consent, the
unoccupied British Antarctic Survey scientific building from
Deception Island.

1988-90 Spanish expedition: Summerstation (Gabriel de Castilla)
built on Deception Island for seismological observations.

1984-85 Polish Expedition: Geological and geophysical studies
on Deception Island.

1986-87 British Antarctic Survey: Volcanological investigation
of Deception Island.

1987-88 British Antarctic Survey: Volcanological investigation
of Deception Island.

1986-88 Polish Expedition: Geological and geophysical studies
on Deception Island.

Note. Since 1990, scientific expeditions from several countries have
visited Deception Island, and annual summer-only occupation and
scientific investigations, including geological activities, have continued at
the Spanish and Argentine stations, together with rrmrine geophysical
cruises to Port Foster. A complete record of scientific visits and activities
of the post-1990 years does not yet exist and the chronology in this
appendix is therefore curtailed at 1990. The Argentine station has largely
been closed to geological observations since the late 1990s, whereas the
Spanish station continues to make seismological observations. The period
also included the first over-wintering since 1967, by yacht Freydis
(Germany; captain: Erich Wilts) in 1991; the Freydis was partly crushed
by ice, and the complement wintered in the Argentine summer station
until rescued by the Argentine navy.

1986-89 Spanish Expedition: Geophysical studies in Port Poster.
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Appendix 2 Gazetteer

by J.W. Thomson
t MOio-Jr

The gazetteer below includes all place names referred to in the text and on the maps in the back pocket of this volume,
and also all features within the map area of Deception Island that have been named by the relevant authorities of
Argentirm, Chile, Poland, Spain and the UK The place names of Deception Island listed in Appendix 2 are as published
in the Composite Gazetteer of Antarctica (Scientific Committee on Antarctic Research, 1998, 2000, 2002;
www.pnra.il/SCAR_GAZE); entries in the SCAR gazetteer were derived from the current national gazetteers and have
been approved by the relevant naming authorities. Definitions and co-ordinates of aU names other than those on
Deception Island have been taken from Hattersley-Smith and Roberts (1993) and Alberts (1995).

Airstrip Crater (POL)
Andressen, Pimta (CHL)
Antarctic Peninsula

Antarctic, The

62°58'S 60°34'W

62°56'S 6(r36'W

Mainland p>eninsula north of a line
joining Capie Adams and a point at
73°24'S 72°00'W, on English Coast
The continent of Antarctica together
with off-lying and oceanic islands, ice
shelves, sea ice and ocean.

Atrevida, Punta de la (ESP) 63°00'S 60°40'W
Baily Head (GBR; also Rancho, punta) 62°58'S 60°30'W
Baja, pimta (ARC; also Penfbid Point and Penfold, I^mta)

eS-OO'S 63°33'W

Balcarce, punta (ARG; also Fildes Point and Fildes, Punta)
63°00'S 60°34'W

Baliza (ESP) 62°58'S 60°39'W
Balleneros, caleta (ARG; also Balleneros, Caleta and Whalers
Bay) 62°59'S 60°34'W

Balleneros, Caleta (CHL; also Balleneros, caleta and Whalers
Bay) 62°59'S 60°34'W

Barros, Punta (CHL) 62°56 'S 60°36 'W

Beazley, monte (ARG; also Stonethrow Ridge)
62°58'S 60°44'W

Bransfield Strait Separates South Shetland Islands
from Graham Land

Bridgeman Island 62°03'S 56°45'W
Buen Tiempo, Ensenada (CHL) 62°57'S 60°36'W
Byers Peninsula 62°38'S 61°04'W
Bynon, monte (ARG; also Goddard Hill) 62°55'S 60°35'W
Campbell, monte (ARG; also Pond, Monte and Pond, Moimt)

62''57'S 60°33'W

Cathedral Crags (GBR) 63°00'S 60°34'W
Caupolican, Punta (CHL; also Entrada, punta and Entrance

Point) 63°01'S 60°33'W
Chacao, Punta (CHL) 62°56'S 6(r41 'W
Chaco, islote (ARG; also Lautaro, Islote and LSvebrua Island)

63°02'S 60°35'W

Chilota Laguna (CHL) 62°58'S 60°42'W
Ciego, Valle (ESP) 62°55'S 60°42'W
Collins Point (GBR; also Collins, I\mta andFontana, punta)

63°00'S 60°35'W

Collins, Punta (CHL; also Collins Point and Fontana, punta)
62°59'S 60°35'W

Crater Lake (GBR; also Jade Crater Lake) 62°59'S 60''40'W
Crimson Hill (GBR; also Varela, Morro) 62°57'S 60°36'W
Cross HiU (GBR) 62°56'S 60°42'W
David, Monte (CHL; also Goyena, monte and Kirdwood,
Mount) 63^00'S 6(P37'W

Decepcion, isla (ARG) 62°59'S 60°43'W
Decepdon, Isla (CHL) 62°58'S 60°39'W

Deception Island(GBR)
Descubierta, Punta de la (ESP)
Drake Passage

Dundee Island

Eastem Claw (POL)
Emerald Lake (POL)

62°57'S 60°38'W

62''59'S 60°43'W

Separates Cape Horn from South
Shetlands Islands

63°29'S 55°58'W

62°54'S 6(r33'W

62°59'S 60°42'W

Entrada, prvmta (ARG; also Caupolican, Punta and Entrance
Point) 63°01'S 60°33'W

Entrance Point (GBR; also Caupolican, Punta and Entrada,
punta) 63°00'S 60°33'W

Falkland Islands 51°45'S 59°37'W

Falsa Punta Rancho, punta (ARG) 63°01 'S 60°34'W
Fildes Point (GBR; also Balcarce, punta and Fildes, Punta)

63°00'S 60°34'W

Fildes, Punta (CHL; also Balcarce, punta and Fildes Point)
63°(X)'S 60°34'W

Fontana, punta (ARG; also Collins Point and Collins, IHmta)
63°00'S 60°35'W

Foster, puerto (ARG) 62°58'S 60°39'W
Foster, Puerto (CHL) 62°58'S 6(r42'W
Foster, Port (GBR) 62°57'S 6(r39'W
Fuelles de Neptuno, pasaje (ARG; also Neptimes Bellows and

Fuelles de Neptuno) 63°00'S 60°34'W
Fuelles de Neptuno (CHL; also Fueles de Neptuno, pasaje and

Neptunes Bellows) 63°00'S 60°34'W
Fumarolas (ESP) 62°57'S 6(r43'W
Fumarole Bay (GBR; also Iquique, Surgidero and Primero de

Mayo,bahia) 62°58'S 60°42'W
Gabriel de CastUla, Refugio (ESP) 62°58'S 60°40'W
Goddard Hill (GBR; also Bynon, monte) 62°55'S 60°35'W
Gonzalez Harbour ( POL) 62°55'S 60°41 'W
Goyena, monte (ARG; also David, Monte and Kirkwood,
Mount)

Graham Lmd

Green Crag (POL)
Gutierrez, Morro (CHL)

Hawkes Glacier (POL)

High Window (POL)
Holtedahl Hill (POL)

63°00'S 60°39'W

That part of the Antarctic Peninsula
north of a line joining Cape Jeremy
and Cape Agassiz

62°59'S 60°33'W

62°56'S 60°34'W

62°56'S 60°31'W

62°59'S 60°33'W

62°59'S 60°32'W

Iquique, Surgidero (CHL, also Fumarole Bay and Primero de
Mayo, bahia) 62°58'S 60°44'W

Irizar Crater (POL) 62°58'S 60°42'W
Irizar Lagoon (POL) 62°58'S 60°42'W
Jade Crater Lake (POL; also Crater Lake) 62°59'S 60°40'W
Kendall Crater (POL) 62°58'S 60°35'W
KendaU Point (POL) 62°55'S 60°44'W
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Kendall Terrace (GBR) 62°54'S 60°42'W
King George Island 62°05'S SS'IS'W
Kirkwood, Mount (GBR; also David, Monte and Goyena,
monte) 63°00'S 60°39'W

Kroner Lake (GBR; also Pennilea, Laguna and Verde, laguna)
62°59'S 60°35'W

Lautaro, Islote (CHL; also Chaco, islote and Livebrua Island)
63°03'S 60°35'W

Lava Point ( POL) 62°59'S 60°37'W
LSvebrua Island (GBR; also Chaco, islote and Lautaro, Islote)

63°01'S 60°35'W

Livingston Island 62°36'S 60°30 W
Macaroni Point (GBR) 62°54'S 60°32 W
Mohai, Rocas (CHL; also Sewing-Machine Needles)

62°58'S 60°28'W

Murature, punta (ARC; also Wensley, Punta) 62°58'S 60°43 W
Neptunes Bellows (GBR; also FueUes de Neptuno and FueUes
de Neptuno, pasaje) 63°00 S 60°34 W

Neptunes Window (GBR; also Ventana de Neptuno, caleta)
62°59'S 6(r33'W

New Rock (GBR; also Nueva, roca and Nueva, Roca)
63°01'S 60°44'W

North Point (POL) 62°53'S 60°38'W
Nueva, roca(ARG, also New Rock and Nueva, Roca)

63°01'S 60°44'W

Nueva, Roca (CHL; also New Rock and Nueva, roca)
BB-Ol'S 60°45'W

Obsidianas, CoUado de las (ESP) 62°56'S 60°42'W
Oscar Lakes (POL) 62°55'S 60°40'W
Pendulo (ESP) 62°56'S 60°35'W
Pendulo, caleta (ARG; also Pendulo, Caleta and Pendulum
Cove) 62°56'S 60°36'W

Pendulo, Caleta (CHL; also Pendulo, caleta and Pendulum
Cove) 62''56'S 60°35'W

Pendulum Cove (GBR; also Pendulo, caleta and Pendulo,
Caleta) 62°56'S 60°36'W

Penfold Point (GBR; also Baja, punta and Penfold, Punta)
62°59'S 60°35'W

Penfold, Punta (CHL; also Baja, pimta and Penfold Point)
62°59'S 60°33'W

Pennilea, Laguna (CHL; also Kroner Lake and Verge, laguna)
62°58'S 60°33'W

Perchuc Cone (POL) 62°57'S 60°33'W
Petes Pillar (GBR) 63°00'S 60°33'W
Pinguinera, rada (ARG) 63°00'S 60°43'W
Pond, Monte (CHL; also Campbell, monte and Pond, Mount)

62°56'S 60°32'W

Pond, Mount (GBR; also CampbeU, monte and Pond, Monte)
62''57'S 60°33'W

Primero de Mayo, bahia (ARG; also Fumarole Bay and Iqmque,
Surgidero) 62°58'S 60''42'W

Protector Shoal 55°55'S 28°05|W
Rancho, punta (ARG; also Bally Head) 62''58'S 60°30'W
Ravn Rock (GBR) 63°(X)'S 60°34'W
Ravn, roca (ARG) 63°00'S 60°34'W
Ravn, Roca (CHL) 62°59'S 60°32'W
Recta, Costa ( ESP) 62°55'S 60°30'W
Red Crag (POL) 62°59'S 60°32'W
Red Srnu- (POL) 62°56'S 60°35'W
ReUct Lake (GBR) 62°57'S 60°36 W
Ronald Hill (GBR) 62°58'S 60°34 W
Sail Rock (GBR; also Vela, roca and Vela, Roca)

63°02'S 60°57'W

Scotia Sea Boimded by South Georgia, South
Sandwich Islands, South Orkney
Islands and long. 55°00'S

Sewing-Machine Needles (GBR; also Mohai, Rocas)
62°58'S 60°30'W

South East Point (GBR; also Sudeste, pimta and Sur Este, Punta)
62°59'S 6(r31'W

South Georgia 54°20'S 36°40 W
South Point (GBR; also Sur, Punta) 63°02'S 60°37'W
South Sandwich Islands Group extending from 5618'S

27°34'W to 59°27'S 27°15'W

South Shetland Islands Between 61°00'S and 63°20'S,
54°00'Wand62°45'W

South-west Point (POL) 63°01 'S 6(r40'W
Stacy, banco (ARG; also Stanley Patch) 62°59'S 60°38'W
Sta^comb Cove (GBR) 6r56'S 6(r4rw
Stanley Patch (GBR; also Stacy, banco) 6r59'S 60°38 W
Stonethrow Ridge (GBR; also Beadey, 60°44'W

Stonington Island
Sudeste, punta (ARG; also South East Pomt

Sur, Punta (CHL; also South Point) 63°01'S ̂ 7'W
Sur Este, Punta (CHL; also South East Point

Telefon, bahia (ARG; also Telefon, Bahia and

Telefon, Bahia (CHL; also Telefon, bahia and

Telefon Bay (GBR; also Telefon, bahia and
62°56'S 60°43'W
62°56'S 6(r43'W
62°59'S 60°44'W
62°58'S 6(r44'W

Telefon Pass (POL)
Telefon Ridge (GBR)
Vapour Col (GBR)
Vapour Point (POL) (.o'Vt'S 60°34'W
Varela, Morro (CHL; see a^Vela, roca (ARG; also Sail Rock an / 63°02'S 60°57'W

Vela, Roca (CHL; also Sail Rock and Vela, ^ ̂ 3^,^

Ventana de Neptuno, caleta (ARG; also ̂ ®P'^y3g,g

Verde, laguna (ARG; also Kroner Lake and

Wensley, Monte (CHL; also Wensleydale Be
Wensleydale,«toa) ^2°57'S 60°40'W

Wensley, Punto (CHL^ r^
Wensleydale Beacon (GBR, 62°57'S 60°42'W

Wensleydale, elm J wensleydale Beacon and
Wensleydale, colma (ARG, also 62°57'S 6(r42'W

Wensley, Monte) 62°56'S 60°42'W
Wensleydale Valley ( ^^ Antarctica lying
West Antarctica the Pacific Ocean side of the

Transantarctic Mountains
62°57'S 60°45'W

West Point (POL) 62°54'S 60°35'W

SwgS^^o Balleneros, caleta and balleneros.Whalers Bay (GBR, aiso 62°59'S 60°34'W
Caleta) 78°30'S 164°20'W

Whales, Bay of 62°55'S 60°41'W
Yelcho Hill (POL)

references

Co d edition Arlington, National Science Foundation, 834 pp.
ALBERTS, F.G., compiler. 1995. the British Antarctk Territory. Second edition. London, HerHArrERSLEY-SMITH,G. and ROBERTS, A., compilers. 1993. Gaietteer 0} tne d

Majesty's Stationery Office, 45 pp.
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Appendix 3 Chronology of eruptions of
Deception Island

by J.L. Smellie

Table A3.1. Chronological list of historical eruptions on Deception Island with known or inferred vent locations

Dates of eruption (A.D.) Vent location Dating criteria References

1970 (c. 13 August) Telefon Bay, between Cross HiU
and Goddard HUl

Contemjxirary eruption
with field evidence

Gonzalez-Ferran and others, 1971

Baker and others, 1975

1969 (21 February) Fissure extending from north of
Pendulum Cove, across Mt Pond
ice cap to near Whalers Bay

Eruption observed; field evidence Baker and others, 1975

1967 (4-7 December) Telefon Bay (new island);
west of Goddard Hill (land centre)

Eruption observed; field evidence Valenzuela and others, 1968

Baker and others, 1975

Between 1931 and 1955 West upper slopes of Mount Pond
ice cap

Scoria tephra on Mount Pond
ice cap

Roobol1973

Pallas and others, 2001

Between 1830 and 1927;
probably pre-1912

Uncertain but Mt Pond fissure likely.
Winter eruption? (no contemporary
record from summer whaling station
personnel; station established 1912)

Grey scoria lapiUi strewn on
"Airstrip" and Kroner Lake craters
(mapped by Holtedahl (1929) and
Hawkes (1961) as lava')

This paper

Between 1830 and 1908 North of Whalers Bay (Kroner Lake,
airstrip crater)

Topographical changes Roobol 1973,1980

Pallas and others, 2001

1842 Fissure north-east of Mt Kirkwood Eruption observed; field
evidence

Smiley in Wilkes, 1845
Hawkes, 1961

1838-39 Fissure north-west of Mt Kirkwood Steam observed at lava front,

southern margin of Crater Lake;
lichenometric dating

Whittle in Wilkes, 1845

Roobol, 1980

Birkenmajer, 1991
Pallas and others, 2001

Between 1800 and 1828 Pendulum Cove (Crimson Hill
crater)

Topographical evidence Map by Kendall, 1829
Roobol 1973,1980

Pallas and others, 2001

Between 1790 and 1800 "Sealers harbour" (south-west of
Goddard HiU; same site as 1967

land centre eruption)

Topographical evidence Map by Kendall, 1829 (in
Roobol, 1973)

Roobol 1973,1980

Pallas and others, 2001

Likely 18"' century? Crater Lake and associated craters Crater morphology and field
evidence

Pallas and others, 2001
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APPENDIX 3

Table A3.2. Chronological list of eruptions of Deception Island
from dated marine, lacustrine and moss bank tephra layers. AH
ages as years before present (B.P.)

TEPHRA SOURCE

Year(A.D.)

lakes and

moss banks

marine

sediments

250

450

750

1050

1350

1850

2100

2250

2500

2650-2750

3500

4100?

4700

5000?

3900-3100

4000-4500

5200

8700

10670

21660

26400

35400

L- 1950

1900

- 1850

- 1800

-1969

-1967

^1912
/A909
/^1908
— 1907
^1906

1875

.-1856

-1855
-1854

1840

,1828

-1826

-1824
-1819
-1818

-1789

-1787

1783

O

Ages derived by:
a) ice layer counting or
b) C" dating of associated organic material.
Data sources: Moreton, 1999, and summary by SmeUie, 1999.
Note: marine tephra ages in italics are disputed.

thatocOTffed e^jg a nine-year overlap between the two
years (A.U.l. the ages of the lowest layers
section. . increased by about six years. In addition to
should 7 and Delmas (1998) have dated a single
this record. Arts ^ James Ross Island
Deception Island asn lay
as 1641 ± 3 A.D.]
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Appendix 4 Geochemical and isotopic analyses of
selected rocks from Deception Island

hy J.L. Smellie and I.L. Millar h c

Table A4.1 Chemical analyses of selected lavas and bombs from the pre-caldera Port Foster Group, Deception Island Volcanic
Complex

Formation Fumamie Bay Basaltic Shield

Sample B.753.13 B.76038 B.786.6 B.793.9 B.8673 B.7513A B.751.6B B.791.2 B.7913 B.791.7 B.791.10

Uthology bomb bomb bomb bomb bomb lava lava lava bomb lava agglutinate

SiOj 52.11 50.92 5156 53.12 51.62 51.95 52.72 53.46 53.75 5257 54.67

TiO, 23 1.92 2.23 2.42 2.4 152 2.05 2.3 2.34 234 2.05

AI.O3 15.66 16.17 15.85 15.67 15.73 16.84 1556 15.17 14.98 15.42 16

Fe,03T 11J26 10.28 11.13 1155 12.13 9.46 10.83 11.84 11.91 11.9 10.33

MnO 0.18 0.17 0.18 0.18 0.19 0.16 0.18 0.19 03 0.19 0.18

MgO 4.65 558 4.83 3.86 439 6.07 4.97 3.88 3.64 4.49 353

CaO 8.49 954 9.03 7.22 8.62 9.82 8.81 753 7.16 83 7.03

Na^O 4.3 4.31 4.4 5.09 4.63 3.92 4.63 4.96 5 4.72 5.12

KjO 0.62 0.47 059 057 0.45 0.35 05 0.62 0.69 054 0.74

PzOj 0.35 0.26 0.35 0.38 03 03 0.28 057 0.39 0.33 053

LCI 0 0.38 0.09 -0.03 -0.11 -0.16 -052 -0.1 -0.14 -039 0.06

TOTAL 99.92 100.01 100.24 100.04 100.34 100.13 100.02 10033 99.92 100.31 100.04

Cr 17 66 45 14 24 131 18 0 0 9 0

Ni 22 28 28 20 12 46 26 15 11 18 12

Cu 48 67 52 49 37 53 60 101 103 91 41

Zn 94 82 94 94 96 69 78 98 103 94 90

Ga 23 18 20 21 20 15 23 25 21 21 20

Rb 8 4 5 9 7 7 8 7 7 6 12

Sr 391 346 365 334 321 350 331 390 375 400 375

Y 40 33 39 41 43 30 41 39 42 37 40

Zr 207 176 197 232 198 143 200 204 217 184 242

Mb 10 8 9 8 7 6 8 9 9 8 10

Ba 123 69 107 107 54 88 99 109 124 95 127

La 2 0 0 5 3 0 2 4 2 2 6

Ce 31 31 33 36 33 14 29 32 29 34 16

Nd 32 29 20 29 29 13 16 24 20 30 15

Pb 10 9 11 9 11 8 7 11 10 9 13

Th 1 1 1 4 2 2 1 6 5 6 5

V 373 285 349 329 324 219 278 386 376 388 268

Oxides in Wt %, trace elements in ppm. Fe^OjT = total iron as Fe^Oj. LCI = loss on ignition.
Major and trace elements determin^ by XRF at the University of Keele, England, using methods described Ijy Floyd (1986).
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Table A4.1 (conL)

Formation

Sample

lithology

Outer Coast Tuff

B.751.2 B.751.3

bomb bomb

B.789.9

bomb

B.789.11

bomb

B.793.3

bomb

B.822.7

bomb

B.8233

bomb

B.8373

bomb

B.839.1

pumice

B.848.6

pumice

B.858.4

bomb

B.8593

bomb

B.863.1

bomb

B.868.1

bomb

SiOj 51.69 51.75 56.05 53.93 56.17 54.41 56.68 48.76 66.07 66.12 5335 49.98 54.67 55.16

T1O2 1.73 231 1.46 1.26 1.46 1.47 1.37 0.7 032 032 1.71 1.72 1.48 1.43

A1.O3 17.04 15.27 16.42 18.32 16.82 17.42 16.82 2137 13.94 1432 1638 18.17 17.08 16.92

FePjT 9.7 12.39 8.21 7.41 8.44 8.65 7.89 6.09 436 432 938 9.65 8.66 8.42

MnO 0.16 0.19 0.16 0.13 0.16 0.15 0.15 0.09 0.16 0.16 0.16 0.16 0.15 0.16

MgO 5.74 4.21 4.06 5.09 4.04 4.41 3.62 8.19 034 035 436 634 434 4.03

CaO 9.65 8.07 6.99 9.19 732 833 7.15 1Z43 1.17 134 8.09 10.01 835 735

NajO 4.1 4.92 5.12 4.18 4.97 4.7 536 237 7.08 7.12 4.47 3.83 4.86 436

K3O 0.44 031 0.88 0.61 0.78 0.61 0.86 032 233 Z15 035 0.47 038 0.72

P2O5 0.25 0.35 0.25 0.2 0.25 0.21 032 0.08 0.06 0.07 032 035 032 032

LCI -0.05 -0.33 0.72 -0.15 -0.17 -035 -0.02 0.02 4.16 3.71 0.74 4)3 -032 0.12

TOTAL 100.46 99.86 100.33 100.18 100.45 100.31 100.01 10033 100 10039 100 10037 100.08 99.87

Cr

Ni

Cu

Zn

Ga

Kb

Sr

Y

Zr

Nb

Ba

LaXRF

CeXRF

NdXRF

Pb

Th

V

101

32

56

75

20

6

429

33

158

7

88

6

2

8

9

2

254

0

11

34

95

19

8

325

44

217

9

72

3

30

20

9

5

343

13

20

51

81

20

13

330

40

260

9

112

8

60

47

6

1

186

99

48

47

65

19

7

374

30

184

7

87

3

30

30

5

0

165

15

23

53

81

19

10

343

36

240

9

102

14

32

20

6

0

202

37

26

57

78

18

11

391

35

197

7

78

8

29

18

14

1

207

19

15

47

83

20

13

343

41

260

8

118

13

41

27

11

0

177

279

127

61

45

14

5

444

14

74

2

19

2

17

19

12

0

114

4

2

3

113

24

32

53

82

685

18

219

33

105

50

15

1

2

3

1

2

112

23

30

68

79

647

17

243

27

85

48

15

1

10

32

20

58

84

19

8

372

36

193

7

76

8

36

23

10

0

247

109

39

46

72

17

7

422

30

158

9

48

3

33

25

12

1

226

28

22

57

80

20

9

383

39

213

7

79

5

25

21

13

0

209

26

19

55

81

19

12

369

39

225

7

97

14

29

31

12

0

203

Oxides in Wt %, trace elements in ppm. FejOjT = total iron as Fe^O,. LCI - loss on i^tion. . -j . Flovd (1986).
Major and trace elements determined by XRF at the University of Keele, Engjand, using me s
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APPENDIX 4

Table A4.2. Chemical analyses of selected lavas and bombs from the post-caldera Moimt Pond Group, Deception Island Volcanic
Complex

Formation Stonethrow Ridge Fmn Baity Head

Sub-unit Mount Kirhoood Member Kendall Terrace Member

Sample B.775.4B B.797.1 B.797.4 B.799.9 B.753.4 B.753.6 B.753.9 B.791.14 B.773.1 B.773.2 B.783.2 B.79Z1 B.793.6 B.855.2 B3433

Utholon bomb bomb bomb lava bomb lava

agglu
tinate bomb lava lava bomb bomb bomb bomb bomb

SiOj 55.13 5539 58.69 54.85 50.17 54.9 5339 5034 5Z82 5533 5437 5383 52 53.33 50.77

TiO^ 2.06 1.99 1.69 Z04 1.61 1.95 236 1.65 1.99 333 317 1.82 1.62 1.6 332

AlA 15.91 16.02 15.97 15.93 17.73 16.18 16.06 1734 16.47 15.43 15.92 1636 1639 17.19 15.31

Fe^O^T 10.73 1038 834 10.61 9.42 10.04 10.97 9.41 1038 10.9 10.75 10 9.41 9.31 11.74

MnO 0.18 0.17 0.17 0.18 0.15 0.18 0.19 0.15 0.17 0.17 0.18 0.17 0.16 0.15 0.19

MgO 336 3.44 2.48 3.61 6.47 334 3.82 6.3 4.48 3.33 3.83 4.95 4.64 4.46 4.41

CaO 7 7.09 539 737 1036 7.06 7.44 10.12 8.63 6.85 7.43 8.83 833 8.81 8.19

NajO 5.17 533 5.86 533 3.73 53 5.19 3.92 4.73 534 5.02 4.44 4.41 437 4.81

KjO 0.77 0.77 1.05 0.78 0.44 0.79 0.69 0.46 0.6 0.84 0.71 034 034 03 0.64

PA 031 032 0.43 0.3 035 0.34 0.36 037 0.32 0.43 037 038 0.3 034 035

LOI -0.48 -0.41 -0.19 -0.33 -0.33 -0.46 -0.37 -032 -0.39 -0.39 -03 -0.11 133 0.08 1

TOTAL 100.34 100.48 100.09 100.46 99.89 99.71 100 99.93 100.4 100.46 100.46 100.31 99.73 10034 99.73

Cr 1 0 0 5 112 0 1 111 0 0 2 47 17 32 14

Ni 9 9 6 10 32 8 9 31 9 10 13 19 23 21 13

Cu 79 62 20 65 45 36 24 43 30 65 83 53 64 49 40

Zn 91 88 92 86 72 87 92 74 81 92 88 79 74 79 98

Ga 20 19 20 19 18 19 20 19 20 22 19 15 17 19 20

Kb 10 9 14 10 4 10 9 7 5 11 8 6 5 7 10

Sr 346 350 318 338 458 358 370 468 389 367 374 367 388 414 360

Y 39 40 48 38 27 41 41 28 35 41 37 33 30 33 42

Zr 237 243 318 232 138 246 217 147 191 241 206 172 167 167 194

Nb 11 9 12 10 9 11 10 8 8 10 10 9 7 6 8

Ba 135 141 184 128 73 135 113 69 116 141 122 91 83 74 72

LaXRF 7 6 7 7 0 13 4 0 0 10 6 2 5 3 9

CeXRF 17 42 37 32 27 35 35 21 13 40 31 18 30 29 27

NdXRF 17 29 29 17 21 27 31 16 17 24 24 26 26 21 20

Pb 12 12 11 8 10 9 9 10 12 11 9 10 7 11 11

Th 2 1 2 1 0 4 2 6 0 1 0 2 2 1 0

V 318 276 137 311 235 265 302 243 276 320 325 268 248 247 306

Formation Pendulum Cove [data diznded into geographical clusters of cones; no relative ages implied]
Sub-unit Telefon Bay cluster Cross Hill cluster

Sample B.767.1 B.770.2 B.856.1 B.856.4 B.768.2B B.782.2 B.8563 B.766.1 B.780.13 B.764.1

bomb bomb bomb bomb bomb bomb bomb bomb bomb bomb

B.763.2

bomb

B.763.4

bomb

SiOj 5939 58.75 57.85 57.7 61.13 56.17 5755 55.98 5318 53 54.8 54.31

TiOj 1.6 1.76 1.89 1.92 1.36 2.04 1.91 1.86 1.83 33 1.99 1.95

AlA 16.07 16.01 16.13 16.09 16.02 15.84 16.08 15.83 1651 15 16.04 15.97

FeAT 837 8.73 9.06 8.67 7.65 10.07 9.1 9.72 10.11 12 1036 10.1

MnO 0.17 0.17 0.17 0.16 0.17 0.17 0.17 0.17 0.16 03 0.17 0.17

MgP 334 347 367 368 1.91 333 2.74 3.25 53 4.1 3.91 3.98

CaO 5.13 5.44 5.73 5.68 4.44 6.61 5.78 6.6 9.35 7.8 7.64 7.71

NajO 6.02 5.98 5.86 5.66 6.38 5.47 5.75 5.46 4.49 5.1 4.9 4.81

KjO 1.07 1.02 0.97 0.93 1.19 0.84 0.94 0.91 0.48 0.6 0.74 0.73

P2O5 0.44 0.42 0.36 0.37 0.47 0.35 0.36 0.33 038 0.4 0.35 0.34

LOI -0.32 -0.36 -038 -0.35 -031 -0.38 -0.38 -0.4 -0.41 0 -0.31 0.14

TOTAL 100.36 100.39 100.42 9952 1005 100.4 99.99 99.69 100.19 100 100.49 1003

Cr 0 0 1 2 0 0 5 0 48 3 34 28

Nl 7 6 4 4 5 8 3 11 25 13 18 18

Cu 21 22 24 26 17 50 29 55 53 44 81 82

Zn 94 96 95 93 93 93 97 91 82 93 89 90

Ga 20 19 20 22 20 21 21 20 20 20 16 20

Kb 14 13 16 15 15 10 15 11 3 7 8 8

Sr 312 319 332 332 291 335 332 317 361 336 366 365

Y 51 49 49 49 54 42 48 42 33 42 39 39

Zr 324 308 287 290 356 259 286 266 170 212 219 215

Nb 11 11 10 9 12 11 10 10 8 9 9 9

Ba 174 174 144 154 206 146 161 146 97 106 128 124

LaXRF 12 6 6 17 8 6 16 10 4 4 6 11

CeXRF 48 50 43 52 54 32 52 44 6 19 45 27

NdXRF 16 32 38 34 26 16 31 26 7 10 29 23

Pb 12 9 13 12 10 12 13 12 12 14 15 10

Th 4 1 0 0 1 0 0 2 1 1 2 1

V 119 136 168 166 83 250 163 262 268 319 313 295
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Table A4.2 (cont.)

Formation Pendulum Cove

Sub-unit Vapour Col cluster Crater lake cluster CoUijJS Point cluster Kroner lake cluster

Sample B.785.2 B.789.17 B.7993 B.7993 B.799.10 B.800.7 B.801.1 B.795.8 B.795.10 B.795.12 B.8093 B.8413,

Litholo^^ bomb bomb bomb bomb bomb bomb bomb bomb bomb bomb bomb bomb

SiO^ 5238 5233 53.75 55.75 5623 56.13 55.82 61.61 53 53.71 57.9 5729

TiOj 1.79 1.8 2.48 1.86 1.93 1.93 1.91 127 2 254 1.83 1.91

AIP3 16.67 16.48 15.39 15.83 15.95 15.75 15.66 15.49 16 1528 15.77 15.99

Fep^T 9.9 9.96 1128 9.81 9.% 9.91 9.95 7.77 11 11.6 9.19 9.46

MnO 0.16 0.16 0.19 0.17 0.17 0.17 0.17 0.18 02 0.19 0.17 0.17

MgO 5.05 4.88 354 3.33 3.3 322 325 1.71 45 3.68 2.65 253

CaO 9.26 9.08 7.18 6.76 6.66 65 6.43 4.13 85 757 554 5.97

Na20 4.41 4.49 55 5.37 5.37 552 556 657 4.8 5.18 5.78 5.45

K,0 03 053 0.68 0.87 0.87 0.93 0.94 155 0.6 0.67 1.03 0.92

03.7 027 0.45 0.33 0.34 0.33 0.33 0.41 0.3 0.41 058 054

LOl -0.46 -0.43 -0.47 -0.48 -0.46 -056 -0.3 -025 0 -0.18 -0.4 -054

TOTAL 100.15 99.75 99.95 99.61 100.32 100.02 9951 100.05 100 10026 9955 99.99

Cr 57 35 0 0 0 0 0

Ni 24 24 6 11 12 11 10

Cu 55 62 30 58 55 55 59

Zn 78 75 99 90 90 94 92

Ga 19 18 19 21 21 21 19

Rb 5 6 7 10 11 12 12

Sr 372 379 355 331 331 329 330

Y 31 33 43 41 42 43 43

Zr 169 173 226 262 266 276 275

Nb 9 9 9 10 10 10 11

Ba 94 97 118 146 157 143 147

LaXRF 0 5 2 8 3 14 2

CeXRF 16 13 31 34 30 41 48

NdXRF 20 9 23 29 20 20 32

Pb 9 10 11 9 12 11 11

Th 0 0 1 0 1 1 0

V 264 255 283 270 278 273 278

0 16 0 0

4 13 8 8

30 44 33 44

99 88 96 95

20 21 22 20

18 7 7 14

274 373 335 310

57 36 43 46

398 200 226 308

14 8 10 11

202 114 118 169

16 3 4 9

66 29 13 46

37 34 11 24

11 13 10 10

2 0 0 1

66 279 310 196

4

6

54

95

20

16

327

46

285

10

150

11

52

33

13

0

217

Oxides in Wt %, trace elements in ppm. FejOjT — total iron as FejOj. LOl loss on ignition. . w Floyd (1986).
Major and trace elements determined by XRF at the University of Keele, England, usmg methods descn ny
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APPENDIX 4

Table A43. Isotopic analyses of selected rocks from Deception Island

Formation Sample '^Nd/'"Nd

Fumarole Bay B.754.10 0.703606 0.512912

Fmnarole Bay B.760.38 0.703299 0.513013

Fumarole Bay B.793.19 0.703478 0.512%5

Basaltic Shield B.751.50 0.703358 0.512987

Basaltic Shield B.751.10 0.703243 0.512945

Outer Coast Tuff B.760.32 0.703416 0312985

Baily Head B.752.90 0.703401 0.513089

Baily Head B.753.20 0.703177 0.512938

Baily Head B.783.20 0.703450 0.512996

Pendulum Cove B.785.20 0.703307 0.512974

Pendulum Cove B.757.22 0.703455 0313080

Stonethrow Ridge B.775.4b 0.703381 0.513016

Stonethrow Ridge B.799.80 0.703324 0.512955

Stonethrow Ridge B.799.90 0.703366 0312975

Stonethrow Ridge B.806.60 0.703292 0.512984

Sr and Nd isotope analyses were carried out at the NERC Isotope Geosciences
laboratories, in London and latteriy at Keyworth, using techniques summarised in
Pankhurst and others (1993) and Pankhurst and Rapela (1995). ratios are
nonnali2:ed to ®Sr/®®Sr = 0.1194, and '*^Nd/**Nd ratios are normalized to ̂ *^d/*^Nd
= 0.7219. Long-term reprodudbility of Sr and Nd isotope ratios in standard solutions
is 15-20 ppm (1 ), but on rock standards this rises to 30-40 ppm. Sr results are
normalized to a value of 0.710250 for NBS987.
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Appendix 5 Acronyms and abbreviations

AD anno Domini

a.s.l. Above sea level

ASMA Antarctic Sp>ecially Managed Area
ATV All-terrain vehicle

BAB Back-arc basin

BABB Back-circ basin basalt

BAS British Antarctic Survey
BP Before Present

CEP Corrunittee for Environmental Protection

CGA CompKjsite Gazetteer of Antarctica
EDM Electronic distance meter

FIDS Falkland Islands Dependencies Survey
FIDASE Falkland Islands and Dependencies Aerial Survey Expedition
GPS Global positioning system
LAT Island arch tholeiites

lEO Instituto Espanol de Oceanografia
IHM Instituto Hidrografico de la Marina
Ka Thousand years
MORB Mid-ocean ridge basalt
OIB Ocean island basalt
OTP Outer Coast Tuff Formation
REE Rare earth element

rms Root mean square value
ROA Real Observatorio de la Armada
SCAR Scientific Committee on Antarctic Research
SGE Servido Geografico del Ejerdto
TAS Total alkalis-silica

TOPAS Topographic PcU'ametric Soimd
UAM Universidad Autonoma de Madrid
USA United States of America
WGS World Geodetic System
XRF X-ray fluorescence
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