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Abstract: Deception Island (South Shetland Islands, Antarctica, 62.93°S, 60.57°W) is a complex stratovolcano
whose central part has a caldera structure. This volcanic island has been very active during the last century; fumarolic
emissions, thermal springs and hot soils are the present witnesses of Deception volcanic activity. Gravimetric,
magnetic, thermal and fluid geochemistry surveys have been carried out on the ice free part of the island and also
covering the inner bay of Deception (Port Foster). In this work the gravity and magnetic anomaly maps are shown and
correlated with the present volcanic activity. The Bouguer gravity anomaly map indicates a lineal system of faults
without large circular structures which could be associated to the central caldera. The magnetic survey shows a
negative magnetic anomaly, in the NE sector of Port Foster, close to the last eruption’s vents. Both surveys,
gravimetric and magnetic, reveal a significant anomaly area at Fumarole Bay. Other minor local anomalies appear
associated to superficial volcanic structures (vents, dikes and lava flows). Thermal anomalies are mainly extended
from Fumarole Bay to Pendulum Cove, crossing the island in a NE-SW direction. The presence of H,S and H,

collected from fumaroles and thermal springs, indicates a relationship to an underlying magma body.
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Introduction

Deception Island (South Shetland Islands, Antarctica,
62.93°S, 60.57°W) is a complex stratovolcano with an ex-
ternal diameter of about 17 km. This volcanic island has
been very active during its entire evolution and it is possible
to distinguish different episodes of volcanic activity. The
central part of the island has a calderic structure (Baker and
Roobol, 1975; Baker, 1990). Regional geophysical studies,
including gravimetric and acromagnetic surveys, reveal the
two-dimensional crustal structure of this area (Garret, 1990).
A Spanish-Argentinean cooperative project has been de-
veloped to monitor the present activity of the volcano by
application of geological and geophysical methods. Seismic,
magnetic, gravimetric and thermometric surveys have been
carried out during summer antarctic expeditions from 1986
to 1991. The seismic surveys show that the seismic activity
around Deception Island remained stationary with ap-
proximately 1000 seismic events in a month. The distribu-
tion of events clearly emphasized the activity in a main
fracture which crosses the island from W-E, continuing
outward (Vila et al., 1992). The magnetic and gravimetric
terrestrial surveys cover the whole ice free part of the island,
as well as a marine magnetic survey inside Port Foster. Both
surveys had a reference point located with the GPS 2001
benchmark placed near the Argentinean Station. Finally, the
thermometric studies include the measurement of the water
temperature in Port Foster Bay and the control of fumarolic
emissions and thermal springs. Field geology, photographic
interpretation and intense oceanographic works have been
carried out in order to update the geological sketch of

Deception Island, with special focus in tectonic aspects
(Marti and Baraldo, 1991; Rey et al., 1991).

Gravity Survey

The island has been covered with 300 gravity stations
separated mutually by a minimum distance of 500 m (Fig.
1). The observation work has been made during January-
February of 1991, using a Scintrex gravimeter. A total of
382 observations were registered. Taking into account the
repeat stations, a global least square fit was made taking as
unknown the lineal drifts, the previously located jumps and
the incremental gravity values for every station. Otherwise,
a dense regular digitalization of a 1:23150 chart has been
carried out in order to obtain the topographic model. The
Argentinean topographic charts have been used for the part
unmodified by the last eruptions of Deception Island. The
northeastern sector (Pendulum Cove and Telefon Bay),
affected by the 1969-1970 eruptions, was controlled by a
terrain survey in December 1990. Spanish hydrographic
work carried out in Port Foster Bay and surrounding areas
completes the data base.

Using the 1980-normal gravity formula, and taking the
traditional value of 2.67 g/cm? as the mean density, the
corresponding Bouguer anomalies have been determined.
Moreover, a topographic model has been used to obtain,
automatically, values of the terrain corrections. Figure 2
shows the Bouguer gravity anomaly map with the main
fracture line (F*F). A good correspondence between the
gravity features and faults can be shown, being especially
significantthe NE-SW fracture swarm. This NE-SW direction
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Fig. 1. (A) Distribution of gravity measurement points, and (B)
place-names in Deception Island.

is sensibly parallel to the expansion axis of Bransfield rift.
This fracture is evidenced by fumarolic emissions (Valentin
et al., 1991), major seismic activity (Vila et al., 1992) and
geological and photographic works (Marti and Baraldo,
1991).

For modelling the distribution of anomalies the method of
least square prediction (Moritz, 1980; Camachoetal., 1991)
was applied. Using this method some characteristics of the
gravity field can be evaluated (the correlated signal and its
distributed precision, the noise level, the very noisy stations,
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etc.). Firstly, the mean value was removed. An optimum
correlation step of 420 m was determined corresponding to
the minimum of the variance o2, for the resulting noise. The
discrete covariance values were adjusted by usual analytical
function (Mussio, 1984) for covariance distributions:

y(x) = aexp(-bx)Jy (ex)

where J, is the function of Bessel for zero order. The
parameters of the covariance analysis are: Standard devia-
tion o of the data is equal to 3.84 mgal; Adopted correlation
step is equal to 420 m; Standard deviation oy of the signal is
equal to 2.51 mgal; Standard deviation o, of the noise is
equalto2.41 mgal; Variancerelation 62g/0? pisequalto 0.52;
Distance for null covariance is equal to 3483 m.

Asaresultofthe application ofthis method, the long wave
component is presented in Fig. 3. The map shows two
positive anomaly zones, one at the northern part of the island
(Kendall Terrace) and the other to the south (Mount
Kirkwood). The negative values are extended over a band
following the NE-SW direction, crossing Fumarole Bay
through Pendulum Cove. The mass distribution suggested
by the gravity data has not got the characteristics of a
classical caldera-type structure (Y okoyama, 1974) that could
be present in a case like that of Deception Island, where the
caldera dimension are bigger than the volcanic edifice
(Williams and Finn, 1985).

Magnetic Survey

The magnetic survey uses 400 terrestrial stations and the
marine magnetic profiles have 2000 points (Fig. 4). Figure
5 shows the total magnetic intensity map from the original
data. The highest values appear isolated and spatially lim-
ited; then these values have been associated to dikes and
massive lava flows. The minimum area, detected at Port
Foster, presents a lineal character in a NW-SE direction. A
similar procedure to the gravimetric data process has been
applied to magnetic data for obtaining the long wave com-
ponent (Fig. 6). The long wave model shows a zone with
significative low values (-1800 nT) along a wide area
NNW-SSE at the Port Foster northeast sector, where the last
eruptions took placein 1967, 1969 and 1970. This long wave
magnetic field component (4 > 1.8 km) reveals the deep
structure of the island showing a system of lineal structures.
The large minimum magnetic anomaly (at the NE sector)
has been interpreted as being like a low-magnetized body
(Garcia et al., 1991). Field changes up to several ten of nT
per °C (Emeleus, 1977) raised in source are shown to be
possible taking into account the thermal state of the area,
with fumarolic emissions and the proximity of the last
eruption’s vents.

Thermal Anomalies

Fumarolic emissions, thermal springs and hot soils are the
present witnesses of Deception volcanic activity. These
phenomena are mainly extended over the principal fracture
that crosses the island in a NE-SW direction (Fumarole Bay-
Telefon Bay-Pendulum Cove). Other minor emissions are at
Whalers Bay, in the southern part of the island. The tempera-
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Fig. 6. Long wave magnetic component (contour interval 250

Fig. 4. Magnetic Survey: Terrestrial stations and marine profiles. nT).
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Fig. 5. Total magnetic intensity map from original data. Contour interval 500 nT. The minimum values, less than
37000 nT, appear at the NE sector (Telefon Bay-Pendulum Cove) of Port Foster. On the NW caldera sector some
relatively moderate values, of about 38000 nT, appear on the F*F profile.
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