
Regional and local tectonics Introduction 

Volcano-stratigraphy 

Tectonically induced caldera collapse 

v  Deception Island is: 

² The most active volcano of  the South Shetland Islands-
Antarctic Peninsula group, with more than twenty 
eruptions in the last two centuries.  

 
² A <0.75Ma (Smellie et al., 1984) horseshoe-shaped 

stratovolcano 25 km in submerged basal diameter 
(Barclay et al., 2009) and about 15 km in diameter of  
the emerged zone.  

 
v  A field revision carried out during the 2010-2011 austral 

summer has allowed a re-interpretation of  the formation 
of  this caldera. The stratigraphy of  the deposits cut by 
the caldera episode and the nature of  lithic clasts found 
in the post-caldera pyroclastic deposits have allowed the 
reconstructions of  the eruptive sequence of  the caldera 
forming eruption and the distribution of  intra- and extra-
caldera deposits.  
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Deception Island (South Shetland Islands, Antarctica):  
an example of a tectonically induced collapse caldera 

v  Deception is located on the spreading centre of  the Bransfield Strait, considered to 
be a backarc basin of  the South Shetland Islands volcanic arc formed as a 
consequence of  the Phoenix plate subduction under the Antarctic plate during the 
upper Mesozoic–Cenozoic interval (Barker et al. 2003).  

v  The Bransfield basin shows a characteristic graben structure, with tilted blocks and 
rotational faults developed in a regime of  continental extension (Gracia et al., 1996; 
Vaun et al., 2005). The edge of  the Bransfield basin is defined by a spreading 
centre with which Deception, Penguin and Bridgeman islands and some submerged 
volcanic vents are associated. Deception Island is located near the intersection 
between the tensional axis of  the Bransfield basin and the extension of  the Hero 
Fracture Zone. 
 

v  The structure of  Deception 
Island is defined by a nearly 
or thogonal set of  major 
normal faults oriented ENE-
WSW and NWN-SES that 
originated in response to 
regional tectonics and has 
controlled volcanic activity 
s i nce the onse t o f  t he 
construction of  the island. 
Subordinated minor faults, 
which movement are clearly 
related to that of  the main 
faults, are also present (Rey et 
al., 1995; Martí et al., 1996; 
Maestro et al., 2007) 
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A: Regional tectonic framework of the Scotia Arc and northwestern Antarctic Peninsula regions (modified from Carmona et al., 2009).  
B: Tectonic and geographical location of Deception Island along the spreading axis of the Bransfield Trough (modified from Grad et al., 1992). 
C: Idealized structure of Bransfield Trough. NW–SE-trending accommodation faults appear to have acted as transfer zones between different 
rift segments. Localized strike-slip faulting occurs within the basin. After subduction, the passive sinking of the Phoenix Plate gives rise to 
trench rollback. (modified from Maestro et al., 2007) 

A: Simplified tectonic map of Deception Island indicating major (light blue) and minor tectonic lineaments and 
faults (modified from Martí et al., 1996 and Maestro et al., 2007). 
B: Faults and lineaments in the Bransfield Trough. 

v  Deception Island has been considered either as: 
 

² A classical collapse caldera formed by subsidence 
of  a group of  overlapping volcanoes along a ring 
fault system (Baker et al.1975; Gonzalez Ferran, 
1991; Smellie, 2001, 2002) 

² A volcano-tectonic depression created by the 
passive normal faulting of  blocks previously 
separated by extensional tectonics without the 
formation of  any ring fault system (Martí et al., 
1996). 

v  The morphological features of  Deception Island 
(horseshoe shape, existence of  a depression in the 
centre of  the island, location of  post-caldera vents 
apparently along concentric faults, etc.) support the 
first idea idea. However, its tectonic structure and 
location of  seismicity (Vila et al., 1992; Martí et al., 
1996; Ibañez et al., 2003; Fernandez Ibañez et al., 
2005; Maestro et al., 2007) clearly indicates the 
strong tectonic control on the formation of  the 
caldera and further evolution of  the island. 

v  Revision of  previous studies combined with new field 
work have allowed us to obtain precise model on the 
formation and evolution of  the Deception caldera. 
This caldera formed as response to the explosive 
eruption of  more than 30 km3 of  andesitic magma 
mostly in the form of  pyroclastic flows and surges. 
Caldera collapse occurred in a piecemeal fashion 
along several major normal faults that form the nearly 
orthogonal network originated previously in response 
to regional tectonics and which has controlled pre and 
post-caldera volcanism in the island.  

 
 

v  The youngest pre-caldera volcanism of  Deception 
Island is represented by a thick sequence of  
subaerial pyroclastic deposits including: thick 
massive pyroclast ic f low deposits with 
interbedded air-fall and surge deposits and base 
surge deposits with minor air-fall and thin 
pyroclastic flow deposits. Most of  these deposits 
were related to the explosive activity of  a central 
vent which was destroyed during the formation of  
the caldera.  

v  Post-caldera volcanism is characterized by 
monogenetic volcanism around the caldera 
border. The degree of  explosiveness varies 
depending on whether the erupt ion is 
Strombolian or phreatomagmatic, with a VEI 
ranging from 2 to 4.  The eruptions vary in 
composition from basaltic andesites to dacites 
and have generated a wide variety of  pyroclastic 
deposits and lavas. It is remarkable the large 
amount of  explosive phreatic phases with 
emission of  large ballistic blocks. The large 
amount of  ash found in the ice of  Livingstone 
Island or in marine sediments of  the area show 
the explosive power of  the phreatomagmatic 
phases.  

Sketch of the evolution of Deception Island caldera indicating  the A) pre-caldera stage, B) 
tectonically induced caldera collapse and C) the final shape of the collapse taking into account 
the orientation of the main fault systems that may have controlled the collapse event. 

(Modified from Marti and Baraldo , 1990) 

Example of post-caldera volcanims. Monogenetic cone close to Telephone’s Bay.    

Example of  pre-caldera deposits section at Lake Irizar close to the argentinean base.  

A) Example of a pre-caldera pyroclastic 
deposit at Kendall’s Terraces. B) Detail of a 
pre-caldera pyroclastic deposit at Lake Irizar 
close to the argentinean base.  


