
1.  Introduction
Deception Island originated less than 0.75 Ma ago (Smellie, 1988; Valencio et al., 1979), in the Plio-Pleistocene. 
It is located in the Bransfield Strait, between −62.893 and −63.021° south and between −60.751 and −60.495 
west. This horseshoe-shaped caldera is located between the South Shetland Islands archipelago, at its north 
and the Antarctic Peninsula at its south (Figure 1, top right). It extends east-west and north-south for 12.85 and 
14.41 km, respectively, thus covering an area of about 94.7 km 2 (Figure 1). The altitude of Deception Island 
varies from 160 m below sea level, in Port Foster, to its highest point, Mount Pond, at 539 m above sea level 
(Figure 1, bottom).

The interest in deciphering the magmatic system of Deception island has steadily grown due to the increasing 
numbers of tourists during the summer season and the presence of Argentinian and Spanish research bases. 
Studies conducted in this volcano have extensively covered: geochemistry (Álvarez-Valero et al., 2020; Aparicio 
et al., 1997; Geyer et al., 2019, 2021; Kusakabe et al., 2009; Somoza et al., 2004; Rey et al., 2002, and references 
therein), gravimetry, magnetic, and magnetotelluric (Catalán et al., 2014; Funaki et al., 2014; Pedrera  et al., 2012; 
Smellie et  al.,  2002), satellite (Berrocoso et  al.,  2006,  2008) and seismology (Ben-Zvi et  al.,  2009; Luzón 
et al., 2011; Prudencio et al., 2013, 2015; Vila et al., 1995; Zandomeneghi et al., 2009).

Abstract  Deception Island is one of the most active and best-documented volcanoes in Antarctica. Since its 
last eruption in 1970, several geophysical surveys have targeted reconstructing its magmatic systems. However, 
geophysics fails to reconstruct the pathways magma and fluids follow from depth to erupt at the surface. Here, 
novel data selection strategies and multi-frequency absorption inversions have been framed in a Geographical 
Information System, using all available geological (vents and faults distribution), geochemical and geophysical 
knowledge of the volcano. The result is the detection of these eruptive pathways. The model offers the first 
image of the magma and associated fluids pathways feed the 1967, 1969, and 1970 eruptions. Results suggest 
that future ascending paths might lead to active research bases and zones of planned helicopter rescue. The 
connection between seismic absorption, temperature, and fluid content makes it a promising attribute for 
detecting and monitoring eruptions at active calderas.

Plain Language Summary  Deception Island is the gateway for tourists to Antarctica and a 
laboratory to understand ice-capped volcanoes and their eruptions. While the Island has been the target of many 
geophysical studies, no clear tomographic model shows how deep eruptive pathways of its last eruptions have 
reached the surface in the 1960s and 1970s. This is a recurrent topic in volcano geophysics: dikes and fluid 
migrations develop across structures considered too small to be detected by tomographic techniques. This paper 
demonstrates that seismic absorption has sufficient sensitivity to temperature and fluid content to detect these 
pathways. Once integrated within a Geographical Information System with all the information we have on the 
volcano, the models resolve the feeding systems of these eruptions, from a tectonically deformed deep magma 
chamber to shallow cold dyke intrusions and fluid migrations still feeding the volcano today. The correlation 
between seismic absorption, temperature, and fluid content offers a new tool for detecting and monitoring 
shallow volcanic hazards.
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A particular focus has been on defining the deep volcanic structures through seismic tomographic studies (Vila 
et al., 1992, 1995). A massive improvement in the reconstruction of deep volcanic structures followed the TOMO-
DEC experiment in 2005 (Ibáñez et al., 2017) and the velocity (Ben-Zvi et al., 2009; Zandomeneghi et al., 2009), 
attenuation, and scattering tomography (Del Pezzo et al., 2016; Prudencio et al., 2013, 2015) models obtained 
using its data. The detection potential of these techniques can be increased with novel tomography-driven 
selection strategies (Guardo & De Siena, 2022), particularly relevant when performing waveform-based tech-
niques, as absorption tomography using multiple-scattering sensitivity kernels (Del Pezzo et al., 2016; Sketsiou 
et al., 2020). This technique has demonstrated enhanced detection potential on thermal anomalies, discriminating 
from hot fluid-filled network systems to the deformation effect of small-scale cold dike intrusions (∼0.3 km 
minimum spatial dimension) and caprock formations (De Siena et al., 2017).

Temperature, geochemistry, pore-pressure, and fluid content within fractures affect seismic absorption (Amoroso 
et al., 2017; De Landro et al., 2019; Di Martino et al., 2021; Tisato et al., 2015). This parameter is thus the ideal 
candidate to detect eruptive pathways for fluids and magma at volcanoes. We also lack an interpretation inte-
grating all available geophysical imaging with the extensive interdisciplinary knowledge at Deception Island. By 
embedding absorption maps in a Geographical Information System (GIS) (Guardo & De Siena, 2017), we enable 

Figure 1.  Simplified regional tectonic framework of the South Shetland Island (top). Deception Island satellite image with 
toponyms.
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pattern recognition to benchmark the ability of geophysical imaging to detect 
eruptive pathways, supporting the interpretation of the processes that lead to 
eruptions. This knowledge, while extremely detailed when considering petro-
logical data (Geyer et al., 2019), is at present difficult to connect with the 
broad structure of the feeding systems imaged with geophysics (Prudencio 
et al., 2015; Zandomeneghi et al., 2009). Recent eruptions generated by deep 
magma in the bay have happened at the border of the internal rim (Geyer 
et al., 2019; Smellie, 2002), as predicted by numerical and analog modeling 
(Mantiloni et al., 2021; Rivalta et al., 2019). However, the connections that 
bring magma and fluids to surface eruption remain undetected by geophysi-
cal imaging at this and other volcanoes (Schuler et al., 2015).

2.  Data and Methods
We applied a multidisciplinary approach to a sub-data set of the TOMODEC 
seismic experiment conducted inside the bay and offshore Deception Island 
(Ibáñez et al., 2017; Prudencio et al., 2013). The method combines a detailed 
statistical analysis of the data designed for absorption tomography (Guardo 
& De Siena, 2022) with interpretations performed in a GIS environment. The 
original data set is described and made available by Ibáñez et al. (2017). The 
subset was used by Prudencio et al.  (2013) to separate and map scattering 
attenuation from absorption using Gaussian sensitivity kernels. The selec-
tion process discriminated the best quality traces based on inversion-specific 
parameters (Guardo & De Siena, 2022). We describe differences for frequen-
cies below (6 Hz, Figure 2) and above (15 Hz) the dominant frequency of the 
shots (12 Hz).

The method is a multi-frequency seismic tomography that uses 2D spatial 
coda-sensitivity kernels (Del Pezzo et al., 2016) to analyze the spatial distri-
bution of coda quality factors (Qc) (De Siena et  al.,  2017). The envelopes 
measured from data produced by the active shots are scattered diffusively. 
At a lapse time of 4 s after each shot absorption dominates over scattering, 
making 𝐴𝐴 𝐴𝐴−1

𝑐𝑐  a direct marker of seismic absorption (Calvet & Margerin, 2013; 
Sketsiou et al., 2020). The analytical kernels are valid for the first 15 s from 
the origin-time of the shot (Del Pezzo et al., 2016) and used in the approxi-
mation that all the energy remains within the inversion grid at the lapse times 
considered (De Siena et al., 2017). This assumption is justified given: (a) the 
short transport mean free time of volcano-seismic signals produced by active 
surveys (Wegler, 2003); (b) the extension of the inversion grid (about 20 km 2) 
(De Siena et al., 2017). We perform a zero-order Tikhonov inversion where 
the damping value is a compromise between residuals and solution norm 
(Guardo & De Siena, 2022). The models have been tested in both frequency 
bands for resolution using chequerboard tests (Figures S1 and S2 in Support-
ing Information S1) and testing different damping parameters (Figures S3 
and S4 in Supporting Information S1) for different node spacings.

We combine our maps with the available geological and geochemical infor-
mation, specifically: with the distribution of vents (Geyer et al., 2019), the 
morphotectonic zonation of Deception Island (Paredes et al., 2006), the main 
tectonic features (Lopes et  al.,  2015), and the spatial distribution of arse-
nic (As) and manganese (Mn) (Somoza et al., 2004) (Figures 2–4). Our aim 
is to detect spatial correspondences among our images and these features. 
We select As and Mn distributions because the higher concentration of such 
elements give information on the location of submarine hydrothermal seeps 
and vents (Somoza et al., 2004). The multi-frequency maps were analyzed 

Figure 2.  (a) Absorption maps at different frequencies and node spacings. 
High absorption: Aa1—Pendulum Cove area; Aa2—Fumarole Bay; Aa3—
Entrance Point. Low absorption: Ba1—Mount Pond; Ba2—Mount Kirkwood. 
The continuous white lines show the primary absorption trends, while dashed 
lines contour and zoom on of their crossing point at 2 km node spacing. 
(b) The absorption maps of Prudencio et al. (2013) and (c) the velocity 
tomography of Zandomeneghi et al. (2009) are reproduced with the same color 
scale for comparison.
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Figure 3.  Comparison between the results and: (a) magnetic anomalies (Catalán et al., 2014); (b) morphotectonic zonation (Paredes et al., 2006); (c) main tectonic 
features obtained by Lopes et al. (2015) and sketched by Rey et al. (2002); (d) spatial distribution of arsenic (As) and manganese (Mn) (Somoza et al., 2004), where the 
lines contour the zones of highest concentration, and fumaroles (Rey et al., 2002).

Figure 4.  Comparison between the results at 1 km spacing and pre-caldera and Neptune Bellow eruptive centers identified 
by Hawkes (1961) (left). The stars show the eruptive centers of the last three eruptions derived from Baker et al. (1975), 
Pedrazzi et al. (2014), Pedrazzi et al. (2018) and Geyer et al. (2019). Gray lines contoured in black and white contour the 
zones of highest hazard identified by Berrocoso et al. (2006) and Bartolini et al. (2014), respectively.
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within a GIS framework allowing the comparison in space with results from previous studies (Guardo & De 
Siena, 2017), with the assumption that higher frequencies image smaller features. High seismic absorption anom-
alies are interpreted as zones of magma emplacement or where geothermal fluids rise to the surface. In contrast, 
low seismic absorption anomalies mark zones impermeable to fluids or characterized by cooled magmatic 
residues.

3.  Results
We resolve several high-absorption anomalies within the bay and across the rim (Figure 2a). At the same frequen-
cies, the absorption maps have a resolution higher than those in Prudencio et al. (2013) (Figure 2b), showing 
stable, resolved features in the center of the island and across the caldera rim (Figures S1 and S2 in Supporting 
Information S1). At 6 Hz, we recognize a similar NNW-SSE high-absorption trend in the two absorption maps 
(Figures 2a and 2b), within the low-velocity anomaly identified by Zandomeneghi et al. (2009) (Figure 2c). The 
highest-absorption anomalies remained undetected in Prudencio et  al.  (2013), with these authors resolving a 
single high-absorption area at 16 Hz at the northern end of the NNW-SSE trend.

The high-absorption anomaly that covers the bay comprises NNW-SSE and NE-SW trends, visible especially at 
2 km grid spacing (Figure 2a, white lines). The highest absorption anomaly within the bay is the crossing point 
between trends in the northern area of Port Foster (Figure 2a, dashed inset), also dominant in the maps of Prudencio 
et al. (2013) (Figure 2b). At 1 km node spacing, this anomaly appears elongated NNW-SSE, cross-cutting the 
eastern portion of the bay (Figure 2a). There are two low-absorption anomalies at both frequencies corresponding 
to ice-capped deformed regions comprised within Mount Pond (Ba1) and near Mount Kirkwood (Ba2). High 
absorption anomalies occur at the border of the caldera rim and are located at Pendulum Cove (Aa1), Fumarole 
Bay (Aa2), and Entrance Point (Aa3). Aa1 is near the Chilean station, destroyed during the eruption of 1969, 
while Aa2 is between the active Argentinean and Spanish research bases. The NNW-SSE high-absorption trend 
developing primarily through the bay also crosses the northern island. At 6 Hz, corresponding to larger heteroge-
neities and greater depths, its absorption maximum coincides with Telefon Bay and Lago Escondido, that is, the 
areas of the 1967 and 1970 eruptions.

4.  Discussion
We discuss the relationship between the well-reconstructed portions of our models (Figure S1 in Supporting 
Information S1), the primary tectonic, hydrothermal, and volcanic structures, and inferred hot fluid/magma path-
ways within a GIS workspace. Based on the presented data and results, we focus on the shallower (less than 2 km 
depth) heat sources, lacking information on deeper structures.

4.1.  Images of Tectonic-Controlled Magma and Fluid Sources

There is extensive geophysical evidence of the effect of the NNW-SSE-striking tectonics on the magmatic and 
hydrothermal activity on the island (Álvarez-Valero et al., 2020; Zandomeneghi et al., 2009). The wider absorp-
tion pattern largely corresponds to the area of uplift inside the basin (Cooper et  al.,  1998). It has the same 
orientation as the high-temperature anomaly within the bay, evidenced by Berrocoso et al. (2018). Submarine 
cones, craters and mounds aligned along a NNW-SSE axis have been highlighted since the early 1990s by seis-
mic refraction studies (Martí et al., 1996; Rey et al., 1995). Most of the mounds are located within a radius of 
3 km from the anomaly Aa2 or Aa3. The mounds close to the coastline, in front of Whalers Bay, are located at 
about 1 km of the Aa3 anomaly and are interpreted as the consequence of hydrothermal processes supporting the 
underwater volcanic structures. The Aa3 anomaly overlaps a possible, although uncertain, shallow intrusion or 
pyroclastic agglomerate overlayed by a submarine cone, as evidenced by seismic lines (Kowalewski et al., 1990; 
Martí et al., 1996). Besides the seismic refraction studies, geodetic anomalies show reactivation of the volcanic 
system following the seismic crises of the 90s Berrocoso et al. (2006) interpret this reactivation as caused by a 
magmatic intrusion at around 500 m b.s.l., located in the area of Fumarole Bay, coinciding with the Aa2 anomaly. 
Berrocoso et al. (2008) prove that NW-SE extensional and a NE-SW compressional patterns affected the island 
from 1991 to 2000 using the geodetic network. These patterns match the two high-absorption trends inside the 
bay (Figure 2a).
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The NNW-SSE anomaly in the inner bay was detected in the past as a broad low-velocity (e.g., Figure 2c) and 
attenuation (Figure 2b, 6 Hz) feature encompassing the entire bay (Luzón et al., 2011; Prudencio et al., 2015; Vila 
et al., 1995; Zandomeneghi et al., 2009). Our study shows higher resolution on these structures, whose absorption 
signature is likely caused by hot hydrothermal fluids stored within the first 2 km of the crust (Geyer et al., 2019; 
Luzón et al., 2011). The spatial correlations support the inference that the highest-absorption anomaly in the 
northern bay represents the top of a high-temperature reservoir, appearing as the primary source for the recent 
eruptions of the volcano.

The NNW-SSE high-absorption trend coincides with a 2-km-conductor of similar orientation crossing the bay 
(Pedrera et al., 2012). These low-resistivity bodies are interpreted as a combination of partially molten material 
and hot fluids from the results of this and other potential-field surveys (Catalán et al., 2014; Funaki et al., 2014). 
The NNW-SSE-striking highest-absorption anomaly in the eastern part of the bay shows a strong spatial corre-
lation with the minimum magnetic anomaly found by Catalán et al. (2014) and Funaki et al. (2014) (Figure 3a, 
while lines). The magnetic maxima are instead parallel to and located NE of the Ba1 low-absorption feature 
(Figure 3a, black oval) and interpreted by Catalán et al. (2014) and Funaki et al. (2014) as a cooled magmatic 
body. This interpretation and the ice cap covering the anomaly support the relation between low absorption and 
low-temperature bodies.

Faults and fractures have a proven high-absorption effect on seismic recordings if fluids permeate the systems, 
and generally drive wide absorption patterns (De Siena et  al.,  2017; Di Martino et  al.,  2021; Napolitano 
et al., 2020). The morpho-tectonic zoning projected on the cartographic traces carried out by Paredes et al. (2006) 
highlights the most superficial elements across the island. This study recognizes three zones (Figure  3b): 
the three high-absorption anomalies (Aa1-Aa3) fall within or are at the border of areas marked by the gray, 
mixed-deformation zone (Figure 3b), an expression of deep processes and high fumarole activity. Deep processes 
cause less deformation than the opening of fractures and vents at the surface, marked by the white zone. The 
correlation with the zones of mixed deformation shows how high absorption features express a deep connection 
path, primarily related to previous eruptions (see next section). The white zones mark instead the low-absorption 
expression of previous dike intrusions and fractures (Figure 3b, Ba1-Ba2).

Structural features appear to be the primary controller of the NE-SW and NNW-SSE high-absorption trends 
across the bay (De Rosa et al., 1995; Maestro et al., 2007) (Figure 2a). Lopes et al. (2015) generated a tectonic 
map highlighting a Riedel deformation model. At 1 km node spacing, the widest high-absorption anomaly within 
the bay has an orientation between NS and NNW-SSE, coinciding with the Hero Fracture Zone, almost orthog-
onal to the extensive dynamics of the Strait of Bransfield. The NE-SW anomaly coincides with submarine faults 
of similar strike, whose downthrow focuses on the central part of the anomaly (Figure 3c). The anomalies at 
2-km node spacing show a sigmoidal shape at both frequencies, but particularly at 15 Hz, stretching in a direc-
tion roughly parallel to the regional distension (Figure 3c, orange line). This sigmoidal shape is interpreted as 
the signature of how the caldera subsided (Lopes et al., 2015). At 6 Hz (thus at greater depths (∼1 km)) the 
NNE-SSW high-absorption axis is parallel to Riedel's R fractures in the system proposed by Lopes et al. (2015). 
The spatial correlation between high absorption and tectonic features thus suggests that the high-absorption 
anomalies detect the shallower product of deeper tectonically-controlled reservoirs within the bay.

The preferential NW-SE and NNE-SSW high-absorption orientations also coincide with the spatial variations of 
specific hydrothermal outputs, whose location is controlled by tectonics (Álvarez-Valero et al., 2020; De Rosa 
et al., 1995) (Figure 3d). There is extensive evidence of the dependence of seismic attenuation and absorption on 
thermal variations at the mantle, crustal, and volcano scales (Abers et al., 2006; Cammarano & Romanowicz, 2008; 
De Lorenzo et al., 2001), with high thermal potential the most likely explanation for absorption increases at loca-
tions Aa1-Aa3. On the other hand, geochemical variations caused by different fluid compositions and saturation 
levels can equally change attenuation in space (Amoroso et al., 2017; De Landro et al., 2019), especially within an 
active hydrothermal system (Di Martino et al., 2021). The NE-SW and NNE-SSW high-absorption trends corre-
spond to the measured variations in Mn and As, respectively (Rey et al., 2002; Somoza et al., 2004) (Figure 3d). 
At 15 Hz (shallower depths) the orientation of the high-absorption anomaly coincides with the axis of maximum 
concentration of Mn. This signature is related to the interaction between the sediments and fluids emitted from 
the submarine volcanic vents, which also develop NE-SW (Martí et al., 1996; Somoza et al., 2004). At 6 Hz, the 
NNW-SSE high-absorption signature aligns to the maximum distribution of As (Figure 3d). High As values are 
associated with water-rock interactions more than magma (Somoza et al., 2004), providing further evidence that 
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magma storage is likely deeper than our investigation volume, and absorption anomalies are primarily controlled 
by tectonics.

Fumarolic centers are the most superficial expression of a deeper hydrothermal system. Gaseous components 
such as helium and carbon dioxide in fumaroles come from the underlying magma and are released to the 
surface through faults, and fractures (Kusakabe et al., 2009). The fumaroles distribute consistently in regions 
of high absorption (Rey et al., 2002) (Figure 3d, stars). Similar correlations between attenuation contrasts and 
sub-vertical rise of fluids have been demonstrated comparing attenuation models and spring locations across the 
Pollino fault network (Sketsiou et al., 2021). Absorption is a direct marker of fluids with high-concentration of 
gas, which is a proven trigger of high attenuation at the laboratory (Tisato et al., 2015) and volcanic scales (De 
Siena et al., 2017). The source of these fluids is the complex network of individual shallow magma storage zones 
with variable volumes, compositions and sizes, and placed at depths approximately between 10 and 2 km b.s.l. 
(Geyer et al., 2019). The detected high-absorption anomalies represent areas where fluids at high temperatures 
uprise, migrating preferentially through faults and fractures located at the border of the primary high-absorption 
volumes (hot-fluids reservoirs).

4.2.  Geophysical Image of Eruptive Paths Controlling Fluid Migrations

The highest-absorption anomalies correspond to ancient eruptive cones and areas currently affected by volcanic 
emissions (Smellie et al., 2002). Hawkes (1961) provide maps and sketches of geological formations focusing 
on the areas that erupted before 1967, like the volcanism of the pre-caldera group, that is, the Port Foster Group, 
within which the volcanism of Telefon Bay is placed (Figure 4, large white circles). The Aa1-Aa3 anomalies and 
the crossing point between NE-SW and NNW-SSE high-absorption trends leading to the site of the 1967/1970 
eruption (Telefon Bay - see the zoom in Figure 2a) are all less than 2 km distant from the proposed center of these 
ancient eruptions. Hawkes (1961) also describes the second volcanic event of the island and its eruptive centers 
(falling within the Neptune Bellow Group and following the Port Foster Group); these centers coincide with the 
Mount Pond Group in the Stonethrow Ridge Formation (Smellie, 2001). Among the four highlighted centers 
(Figure 4, black circles), Vapor Col and Entrance Point coincide with the Aa2 and Aa3 anomalies. In addition, 
the Ba2 anomaly is located near Mount Kirkwood, where the authors place two additional volcanic cones hidden 
under the ice cap. The cone located in the South East Point zone could not be linked to absorption features, but 
this zone remains unresolved in our models (Figure S1 in Supporting Information S1).

The high-absorption anomalies are often co-located with the centers of the 1967, 1969 and 1970 eruptions 
(Figure 4, stars). In particular, the area related to the 1967 and 1970 eruptions coincides with the northern termi-
nation of the anomaly oriented NNW-SSE, while the northern vent of the 1969 eruptive fissure corresponds 
to Aa1 in the Pendulum Cove area. These geographical correspondences show high-absorption anomalies that 
can represent: (a) the magmatic residues of past eruptions; (b) newly-formed shallow magma storage zones; (c) 
or, more likely, high-temperature fluids rising through the pathways formed during the previous eruptions. The 
NNW-SSE elongated low-attenuation strip Ba1 located south of the high attenuation zone Aa1 follows the trace 
of a cooled dike responsible for the 1969 eruption, opening several vents across its path. We infer that Aa1, which 
is located at the northern tip of the eruptive fractures where the eruption originated, represents the shallowest 
feature of the volcanic conduit, still hot today. The high-absorption areas in our maps generally correspond to 
areas of higher thermal potential (Paredes et al., 2006). Low-absorption anomalies appear instead as the seismo-
logical signature of cooled erupted material due to the local cold weather conditions. Similar processes could 
affect materials under the ice-capped Mt. Kirkwood, corresponding to the second low-absorption anomaly (Ba2), 
which corresponds to the 1842 eruption vents at Mt. Kirkwood (De Rosa et al., 1995).

The ability of coda waves to detect shallow, unconsolidated, and cooled systems has been proven when targeting 
debris avalanches, like the one at Mount St. Helens volcano in 1980 (De Siena et al., 2016; Gabrielli et al., 2020), 
and shallow dike intrusions (De Siena et al., 2017). The assessment of the Ba1 and Ba2 anomalies as rapidly-cooled 
erupted materials (Figure 4, white-contoured gray lines, right) is supported by their spatial correspondence with 
historical vents. The vent distribution allowed Bartolini et al.  (2014) to define the spatial arrangement of the 
highest susceptibility values (probability of vent opening) in the hazard map of Deception Island. The hotter 
zones coincide with the high-absorption anomaly Aa2 in the Fumarole Bay area (Figure 4, black-contoured gray 
circle) where the hydrothermal emissions and sub-surface hot zones occur. This implies that the hazard maps or, 
more in general, hazard evaluations should include the results of attenuation studies in addition to volcanological, 
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geochemical, and other geophysical data (Berrocoso et al., 2006). At Deception, hazard maps are essential to 
establish escape routes for scientists and tourists in the case of an impending eruption. The connection we infer 
between temperature and seismic absorption could be a central ingredient for a better hazard assessment of the 
island. In particular, we focus attention on Aa2 and the Aa3 anomaly located at the island entrance. Both anoma-
lies coincide with areas suggested for landing and takeoff of rescue helicopters (Smellie et al., 2002). Our analysis 
identifies these anomalies as potential reservoirs from which hazardous materials could rise to the surface.

5.  Conclusions
Due to its high sensitivity to thermal anomalies, absorption imaging detects recent (hot) and older (cold) magma 
feeding systems and paths for fluids at Deception Island. Two over three resolved high-absorption anomalies 
coincide with areas where magma ascended in the past, feeding hot gas-bearing fluids to fumarolic fields after 
seismic crises. Several eruptive centers appear connected to the persistent high-absorption NNW-SSE trending 
anomaly cross-cutting the bay and parallel to the current extension of the Bransfield Strait. The point of highest 
absorption in the NE bay connects with two smaller high-absorption anomalies located near Pendulum Cove and 
Fumarole Bay. One of these anomalies matches the eruptive center of the 1969 eruption. There is instead consist-
ent evidence that low-absorption zones mark the most hazardous, shallow paths followed by floods and fissures 
within ice from the first eruptive centers.

Our results represent the most detailed seismic image of the shallower feeding system of Deception Island and 
demonstrate that absorption tomography provides direct images of the regions with higher thermal gradients 
and increased gas concentration in fluids. This apparent link makes seismic absorption a high-resolution tool for 
imaging and monitoring how magma and fluids upraise or are stored at very shallow depths. We focus on the 
potential hazard associated with the high-absorption anomalies near the active research bases and, especially, 
Entrance Point. This area shows no recent volcanic activity or hydrothermal output and coincides with established 
escape routes during volcanic unrest.

Data Availability Statement
The data sets used for the Qc analysis are those obtained from the Qc data cleaning process (Guardo & De 
Siena,  2022) and they are stored at: https://doi.org/10.5281/zenodo.6561124. The final absorption model is 
obtained using a fork of the MuRAT2D code, whose final release is available at: https://zenodo.org/badge/latest-
doi/493744216. Additionally, at the same link it is possible to download the ArcPy codes for the import and map 
creation.
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