Morphometric analysis of the post-caldera monogenetic volcanoes at Deception Island, Antarctica: implications for landform recognition and volcanic hazard assessment c S l c
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Easting (m, UTM 20S-WGS_1984)
- Deception Island (DI), South Shetland Archipelago, Antarctica, is an excellent natural laboratory to study monogenetic vol- I i s . .- 616000 ' 624000 - Antarctic campaigns: RECALDEC in 2010-2011, PEVOLDEC in 2012-2013 and POSVOL- - At DI, more than 100 volcanic structures (including volcanic cones and/or craters) were observed.
canism as the post-caldera features are recent and well preserved. ~ PLATE Mgl o> wacaron| DEC in 2017-2018;
(Mp) - This study suggests that most of the monogenetic volcanoes, formed after the caldera collapse on Deception Island,
- Post-caldera volcanism includes over 30 eruptions during the Holocene, although a considerably higher number of erup- - The source data used for the spatial localization, morphology and morphometric analysis of show low geomorphic profiles (Hco/Wco values from 0.01 to 0.16) and associated median slope angles that are typica-
tions has been reported (e.g. Orheim, 1971). ' North Scotia Rid 5|8 DI cones are: lly lower than 25°, except for a few cones.
R 2[§ ALY 8%, ) i. the modified geological map of Marti et al. (2013);
- Recent eruptions in 1967, 1969 and 1970 (Baker et al., 1975; Smellie, 2002; Pedrazzi et al., 2014, 2018) have shown that ' SCOTIA § , O E.’;. lii. the geomorphological map of the island at 1:25.000 (Lopez-Martinez et al., 2002); - These characteristics, as well as the physical properties of the exposed outcrops (poorly vesiculated bombs and lapilli
: .y : : : - : . N, : Mount o . . : . : : iy s : : : : :
volcanic activity on DI can become a concern for tourists, scientists and military personnel working on or near the island and PLATE g Kk Pond |8 lii. the Digital Elevation Model (DEM), accuracy in a 2m x 2m raster. scoria deposits, high lithic content, and palagonitisation of glass in the matrix), are mostly consistent with a hydrovolca-
it is not possible to rule out the possibility of a future eruption. South Shetland - il &) nic origin.
Aluk Ridge lrepeh South Scotia g o k. < 1 - The morphometric parameters used in this study are (Wood, 1980a, b):
Ridge g_g Kroner LakegkP 997 | 7 ¢ ;‘Z;% I. crater maximum (Cmax) and minimum (Cmin) diameter; - Overlapping craters and cone have been developed almost throughout the island being mostly in areas of greater to-
5|3 - W('é i crater width (Ccrater); pography.
N B tsBE);euows iii crater depth (Dcr);
% . O o g iv. cone maximum (Wmax) and minimum (Wmin) diameter; - The histograms of slope angles of the volcanic structures at DI are complex since they present a multimodal and
N Figg WA S Post-1825 g Destoved v. cone width ratio (Wco); skewed distribution.
AN—J%UQ ol WEDDELL Ao S \ ! +$;§:9361967*1969.1970 " 4 ¥ brisnpase vi. cone height (Hcomax and Hcomin);
B ‘ PLATE = -. . OCTE Basaltic vii. mean cone height (Hco). - In the same way, polar diagrams show variabilities among the different volcanic landforms.
Ijice -moraine -m DFormation-E’g:ﬁEﬁqﬂ_
Simplified regional tectonic map and location of the South Shetland ~ S-Snow Island, L-Livingston Island, G- Green- Simplified geological map of Deception Island (after Sme- - DEM-based slope angle calculations were performed to obtain: - The morphometric analysis helped to discriminate between tuff cones and tuff rings. However, there is a gradual conti-
Islands Archipelago (modified from Ibariez et al., 2003). HFZ-Hero wich Island, R-Robert Island, N-Nelson Island, llie et al., 2002; Marti et al., 2013). I. cone slope parameters: Smax, Smin, Smean, Smedian; nuum of geometries in-between those end-member landforms.
Fracture Zone, SFZ-Shetland Fracture Zone. KG-King George Island. ii. crater slope parameters: Scrmax, Scrmin, Scrmean, Scrmedian.
a) Pre-caldera stage b) ~ Caldera collapse stage ' - The described geometries and morphologies are interpreted to be rather formed during the eruptive processes with a
- The morphometric analysis was performed through the Quantum GIS, version Bonn secondary imprint from erosional activity.

Southern view of Deception Island caldera. Picture taken from Mount Pond. Credits Dario Pedrazzi (2013). - Dl is located at the south-western end of the Bransfield Strait. (https://www.qgis.org/en/site/) and R-Studio software (https://www.rstudio.com/).

- This study shows that the geomorphological approach developed for “dry” scoria cones and DEM-based methodolo-
gies can be applied to “wet” hydrovolcanic volcanoes, such as tuff rings and tuff cones.
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- DI consists of a horseshoe-shaped volcanic edifice (< 0.75 Ma; Valencio et al., 1979; Smellie,

N 'Eastinjﬁ, um‘zos-weswaj\ N IF
1988). o

- Volcanic hazard assessment requires information to be obtained from the geomorphology of volcanic edifices and deposits
characteristics, such as volumes, crater shapes, grain size distributions, and edifice geometries.

Sconemin

- At DI, most of the craters were well preserved, allowing morphometric parameters to be obtained while the same type
of analysis was only possible for some cones due the frequent overlapping and erosion.

- Three main phases lead to the formation of DI: pre-, syn- and post-caldera (Smellie et al., 2002;

- The objective of this work is to identify the eruptive processes and evolution of post-caldera monogenetic volcanic edifices
at DI by morphometric analysis, supported by field observations from three field campaigns in 2011, 2013 and 2018.

C) Post-caldera stage

Mal'tl' et al., 2013) Various formations

Geology

[ ] < - Hydrovolcanic activity forming tuff rings/maars and tuff cones, is considered the major cause of volcanic hazards at DI.
M . . . . . . . - Historical post-caldera volcanism (1829 — 1970) on Dl is characterised by monogenetic small- st cepest s
- Morphometric analysis of monogenetic volcanoes formed from magma-water interactions is often lacking, compared to | hasalt » < 0.1 kmd) of VE| 2 or 3 tUd t ] 2 S | | | _
scoria cones, hence this study aims to contribute by analysing the morphology of young tuff rings and tuff cones from DI. volume basaltic eruptions (< 0.1 km’) o O © Maghitude events. & - Hazard implications of the eruption styles have shifted from the early Surtsey-type to phreatomagmatic due to spatial
= £ changes in the availability of the external water within an actively evolving collapse caldera basin. This aspect of the

Pre-caldera deposits

- Recent explosive eruptions were driven by magma-water interaction, as the last eruptive episo-

- Since, DI post-caldera volcanism is mainly <4,000 years old (Antoniades et al., 2018), it provides an opportunity to incorpo- ok evolution of DI needs to be investigated in the future.

rate geomorphological observations to comprehend better the potential evolution of a future eruption for a broader unders-
tanding of volcanic hazards.

des that took place between 1967 and 1970 (Baker et al., 1975; Roobol, 1982; Smellie, 2001; Pe- RN . D)
drazzi et al., 2014; 2018).

Simplified sketch illustrating the formation of the Deception Morphometric parameters of DI’s craters and cones.
Island caldera (after Marti et al., 2013).
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- Tuff cones are located in general in the western and northern side
of DI: Mount Kirkwood, Fumarole and Telefon Bay;

/
/

/Legend - Typically, they are made of clast-supported deposits, sometimes
= emE 1 Krr\l N yellow to brown coloured and characterised by lithic-rich tephra and
B 9g1 - Inferred crater rim A (in some cases laminated) thinly to thickly bedded lapilli and ash

' @® Cone —_— . . . o
e & peraa S beds with bombs. The deposits are occasionally palagonitised:;
29.4 N\
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S8 g Avandones - Tuff rings were mainly identified in the eastern part of DI: Mount

Pond;

68.7
= Abandoned
Bl 78.5 o British base

Bl 88.3 MK-1 Studied cones

Easting (m, UTM 20S-WGS_1984)

- The deposits mainly consist of thinly to thickly bedded (in some

Slope map of Deception Island with the location of the post-caldera explosive vents (red-well-preserved and blue-inferred dots). cases palagonitised) lapilli and ash deposits with dunes and cross-

CR-Costa Recta, FB-Foster Bay, GH-Goddard Hill, KT-Kendall Terrace, MK-Mount Kirkwood, MP-Mount Pond, MPO-Macaroni
Point, NB-Neptune Bellows, PC-Pendulum Cove, PF-Port Foster, TB-Telefon Bay, WB-Whalers Bay.
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