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Abstract 
 
Deception Island is the most active volcano of the South Shetland Island with more than 20 
eruptive events over the past two centuries. Latest unrest episodes indicate that the volcanic 
system is active and future subaerial or submarine eruptions are possible, being a matter of 
some concern due to the growing population in the region mainly during the Antarctic summer. 
This work shows for the first time a physical and chemical characterisation of Stanley Patch 
volcanic cone to understand its origin and volcanic hazards involved in its formation. 
Petrographic study shows absence of typical submarine textures and morphometric analysis 
indicates a well shape-cone with a maximum height of 80 m and a maximum diameter of 590 m 
with no signs of submarine activity on its formation. Regarding its chemistry, analysed samples 
show similarity with the post-caldera activity of Deception Island. An eruption within Port 
Foster can lead to direct or indirect hazards such as ash fall or tsunamis depending of the 
eruption style and its magnitude. 
The obtained results contribute to the knowledge of volcanic hazard on Deception Island, 
including Port Foster as a potential hazard zone for submarine volcanic activity. This is crucial 
for future volcanic hazard assessment on the island due to the lack of information of the 
submerged part of the island.   
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1. Introduction 

 
There are more than 500 active volcanoes around the world with about 50 eruptions in an 

average year. These eruptions, which can take place in subglacial, subaerial or submarine 

environments, may be of effusive or explosive nature depending on the volatiles or viscosity of 

the magma among others factors.  Volcanic eruptions have caused more than 220,000 victims in 

the last 200 years (Aulinas et al. 2015) mostly related to indirect causes, like famine arising 

from crop failure caused by falling ash or tsunamis (e.g. Krakatoa eruption 1883). With growing 

populations in volcanically vulnerable areas, it is likely that in the future more people will be 

affected by volcanic eruptions. Currently, approximately 500 millions of people are settled in 

volcanic areas because such terrains provide important natural resources, geothermal energy and 

tourism.  

Between all volcanoes located in Antarctica, at least nine (Berlin, Buckle Island, Deception 

Island, Erebus, Hudson Mountains, Melbourne, Penguin Island, Takahe, and The Pleiades) are 

known to be active and have reported historic activity (Geyer et al. 2017). Deception Island is 

the most active volcano in the South Shetland Archipelago area with more than 20 eruptions in 

the last two centuries (Roobol 1980; Pallàs et al. 2001; Smellie et al. 2002).  

Over the past 10 years, scientific activity and tourism in Antarctica have augmented 

considerably, especially at the South Shetland Islands and the Antarctic Peninsula. As a 

consequence, the exposure of population and infrastructures to potential future volcanic hazards 

has also increased. For instance, in Deception Island, the British and Chilean scientific stations 

were destroyed and cover by ash during the 1967, 1969 and 1970 eruptions. Currently, the 

island hosts the Spanish and Argentinean stations, both operative only during the Antarctic 

summer, and over 15,000 tourist visits per year (IAATO, International Association of 

Antarctica Tour Operators, 2018). 

 The main direct volcanic hazards identified on Deception Island are ash fall, pyroclastic density 

currents, lava flows and lahars, while indirect volcanic hazards could involve steam fields, 

fumaroles, heated ground, structural collapses and rock falls, hydrothermal eruptions, volcanic 

gases, earthquakes and tsunamis (Smellie et al. 2002). Past eruptions studies, as well as the 

1992, 1999 (Ibáñez et al. 2003) and 2014-2015 (Almendros et al. 2018) unrest episodes indicate 

that the volcanic island is still very active and that an occurrence of a new event is highly 

probable (Pedrazzi et al. 2018).   

During the last decades, most efforts have been invested on studying the subaerial volcanic 

cones and deposits, excluding the submerged part of the island’s bay. However, submarine 

activity of different nature and explosivity is also to be expected in the future (Pedrazzi et al. 

2018). The final aim of this research work is to improve the current knowledge about the nature 
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and typology of eruptions occurred in Deception Island, in general, and inside Port Foster’s 

Bay, in particular. To better comprehend the potential volcanic activity in the island is crucial to 

improve the volcanic hazard assessment. 

Thus, the purpose of this work is to carry out an accurate physical and chemical characterisation 

of the submarine volcanic cone Stanley Patch located in the southern sector of Deception 

Island’s bay.  The main objectives are to find out the type of eruption that created the volcano 

and the associated volcanic hazards. Results obtained will help to understand submarine activity 

on the island and improve the hazard assessment in Deception Island.  

 

 
2. Geological settings 
 
Stanley Patch submarine volcanic cone (62°58’33.6’’S 60°387’58.8’’W), located in Deception 

Island’s interior bay of Port Foster, was identify as a volcanic edifice for the first time in 1987 

(British Antarctic Survey, 1987). It rises more than 50 m from the sea floor and it has a small 

summit depression about 100 m across (Rey et al. 1995; Rey et al. 1997; Smellie et al. 2002: 

Somoza et al. 2004). Deception Island is the southernmost island in the South Shetland 

Archipelago, located at the southwestern end of the Bransfield Strait, a young marginal basin (< 

1.4 Ma), between the Antarctic Peninsula and the South Shetland Islands (Lawver et al. 1995) 

(Fig. 1). The Bransfield Basin (<60 km wide and 500 km long) separates the South Shetland 

Islands from the Antarctic Peninsula and formed as a consequence of the Phoenix plate 

subduction under the Antarctic plate during the late Mesozoic Cenozoic interval (Dalziel, 1984). 

The basin has a characteristic graben structure, with tilted blocks and rotational faults developed 

under a regime of continental extension (Jeffers & Anderson 1990; Gràcia et al. 1996; Vuan et 

al. 2005), and its opening is related to rollback processes (Barker and Dalziel, 1983; Larter and 

Barker, 1991; Maldonado et al. 1994; Galindo-Zaldívar et al. 2004). 
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Figure 1. Location of Deception Island (red square) and simplified 
geological context modified from Maestro et al. (2007). 

 

Deception Island consists of a horseshoe-shaped volcanic edifice, which evolution is marked by 

the formation of a tectonic fault-controlled collapse caldera (Martí et al. 2013). According to K-

Ar age estimations, palaeomagnetic studies and conventional mapping the island’s subaerial 

exposed rocks are younger than 0.75 Ma (Valencio et al. 1979; Oliva-Urcia et al. 2015; Smellie, 

1988). The island has a central sea flooded depression (Port Foster), having a maximum below –

sea-level diameter of approximately 13 km. (Smellie, 1988; Barclay et al. 2009). It is the most 

active volcano in the South Shetland Archipelago (Antarctic Peninsula group) with more than 

20 eruptions in the past 200 years (Roobol 1980; Pallàs et al. 2001; Smellie et al. 2002).  
 

 
Figure 2. Main phases of Deception Island modified from Martí et al. (2013). 
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Three main phases can be identified in the construction of the island: pre-, syn- and post-caldera 

(Smellie, 2001; Martí et al. 2013) (Fig.2). The first phase was characterised by the construction 

of the volcanic shield and is represented by the Basaltic Shield Formation (Smellie, 2001; Martí 

et al. 2013). This stage was followed by a caldera collapse event, which deposited the Outer 

Coast Tuff Formation (OCTF) that cover the earlier geological formations to several tens of 

meters depth, forming an almost continuous outcrop along the outer part of the island (Martí et 

al. 2013; Pedrazzi et al. 2018).  The caldera collapse took place between 8,300 and 3,980 years 

approximately (Antoniades et al. 2018; Oliva-Urcia et al. 2015). The post-caldera phase, which 

includes the recent historical eruptions (1829-1970), consists of at least 70 dispersed eruptive 

vents inside the caldera, except one that is found along the structural borders of the caldera itself 

(Smellie, 2002; Martí et al. 2013). Tephra record from Deception Island and surrounding islands 

shows more than 30 eruptions related to the post-caldera activity during the Holocene (Orheim, 

1972). Recent post-caldera activity consist of small volume eruptions (< 0.1 km3) (Smellie, 

2001; Smellie, 2002; Martí et al. 2013) and most of them are classified as VEI 2 or 3 magnitude 

events (Newhall & Self, 1982) depending on the water amount and source (aquifer, ice melting, 

sea) that interact with the rising or erupting magma (Baker et al. 1975; Smellie, 2002; Pedrazzi 

et al. 2014; Pedrazzi et al. 2018). 

 
3. Methodology 
 

Data and rocks samples studied in this work were collected during the 2017-2018 Antarctic 

campaign as part of the POSVOLDEC project, “Understanding post-caldera volcanic processes 

in Deception Island (Antarctica): Implications for assessing future potential volcanic hazards” 

(CTM2016-79617-P). 

 

 

Figure 3. Deception Island DEM 
showing volcanic cones and active bases 
(Argentinian and Spanish) and TOPAS 
line, modified from A. Geyer. 
 

( m ) 
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A total of 20 rocks samples were extracted by a specialist diver from Stanley Patch volcano. 

Seven of the biggest and less weathered samples (Table 1) were analysed chemical and 

petrographically. To carry out chemical analysis, the Electron Microprobe (EMPA) was used 

alongside additional Whole Rock analysis. For the petrographic analysis both the Scanning 

Electron Microscope (SEM) and Optic microscope were used. Thin sections samples were 

analysed using the optic microscope “Axiophot” from the Department of Mineralogy, Petrology 

and Applied Geology from the Universitat de Barcelona to describe the texture and mineralogy 

of each sample, for further textures clarification, thin sections were analysed using the SEM 

model “ESEM Quanta 200 FEI, XTE 325/D8395” at the Scientific and Technological Centre of 

Barcelona University (CCiTUB) (http://www.ccit.ub.edu/EN/home.html). Major and trace 

element compositions were analysed for our samples by X-Ray Fluorescence (XRF) using a 

ThermoARL Advant’XP+ sequential X-ray spectrometer at the GeoAnalytical Lab at 

Washington State University (WSU) (https://environment.wsu.edu/facilities/geoanalytical-lab/). 

Loss on Ignition (LOI) as a proxy for volatile content was measured using standard 

thermogravimetric methods at WSU. Trace elements and Rare Earth Elements (REE) were also 

analysed on the same samples by Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) 

using an Agilent 7700 at WSU. Whole rock powders were dissolved following a fusion-

dissolution method that efficiently decomposes refractory mineral phases and removes the bulk 

of unwanted matrix elements. The procedure consists in a low-dilution fusion with di-Lithium 

tetraborate followed by an open-vial mixed acid digestion (HNO3 + HF + HClO4). Relative 

precision was in general better than 1% (RSD) for major oxides and trace elements, under 5% 

for REE, and under 10% for the remaining trace elements. Graphics made using RStudio 

Version 1.1.463 (https://www.rstudio.com/) (Appendix 1; Appendix 2; Appendix 3). 

 

Sample Name Latitude (∘) Longitude  (∘) 
SUB 1 -62.976 -60.633 
SUB 2 -62.976 -60.633 
SUB 3 -62.976 -60.633 
SUB 4 -62.976 -60.633 
SUB 5 -62.976 -60.633 
SUB 7 -62.976 -60.633 
SUB 8 -62.976 -60.633 

 

                 Table 1. List of the seven rock samples analysed in this study. 

 

The topography and morphology of Stanley Patch volcano was mapped using TOPAS 

(topographic parametric sounder) and bathymetry data collected in the bay aboard the R. V. 

Hespérides and provided by the Instituto Español de Oceanografía (IEO). Bathymetric data was 
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obtained with a multibeam echosounder systems; a Kongsberg-Simrad EM-12 (ZEE-2001 to 

ZEE-2003 cruises), operating 81 beams at a 12 kHz frequency, and a Kongsberg-Simrad EM-

120 (ZEE-2007 cruise), operating 191 beams at a 12 kHz frequency. Once the bathymetric data 

was stored in a XYZ file (resolution 15x15 m) the next steps were followed using open-source 

geographic information system (GIS) framework (QGIS, www.qgis.org) and (GRASS GIS, 

https://grass.osgeo.org) (Fig. 4). The first objective was to develop a digital elevation model 

(DEM) using the Inverse Distance Weighting (IDW) interpolation function. The IDW is a type 

of deterministic method for multivariate interpolation with a known scattered set of points, 

where the assigned values to unknown points are calculated using a weighted average of the 

values at the known points and a Spline interpolation. Three different DEMs were developed 

varying the number of points and the power, which consist of controlling the significance of 

surrounding points on the interpolated value (Table 2).  To select the most appropriate DEM, 

the corresponding shaded relief, aspect and slope maps were created using the GRASS r.relief 

and r.slope.aspect tool respectively and performing a visual quality check (Fig. 5). The DEM 

RUN2 (Table 2) was preferred because of the higher smoothness giving by the parameter of 

power 1.0.  

           

 

 

 

 

                         

Table 2. Parameters of each interpolation used. 

 

 

 

 
Figure 4. Simplified scheme followed for Morphometric analysis.  

 

 

File Name Cell size Points Power 

RUN1 3x3 12 2.0 

RUN2 3x3 12 1.0 

Spline interpolation Default 12 2.0 
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Figure 5. Shaded (top) and slope map (bottom) for RUN1 (A), RUN2 (B) and for the spline interpolation. 

Colour scale for the slope maps in degrees. 

 

 

In order to extract slope and aspect information regarding Stanley Patch´s flanks, it is necessary 

to delimit the edifice’s boundaries and flank segments. Cone delineation is a quite subjective 

task and it is usually based on a combination of topographic characteristics (e.g. break-in-slope) 

and geology, and it must be done manually (e.g. Kereszturi et al. 2013). Once the flanks have 

been delimited (Fig. 6) the resulting shapefile is used to apply a mask to the slope and aspect 

raster maps. Once applied the mask, extracted data was exported in an XYZ file in order to 

carry statistical analysis such as mean, median, standard deviation displayed in a histogram 

comparing the percentage of pixels which each range of slope values in degrees using Rstudio 

Version 1.1.463 (https://www.rstudio.com/) (Appendix 4). 
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Figure 6. Mask polygon from the slope map. Colour scale for the maps in degrees. 

 

Cone major (Dmax), minor (Dmin) and crater (Crd) diameter were obtained from the volcano 

with the measure tool from QGIS and comparing with a circumference or an ellipse where 

major axis corresponds to the cone major diameter and minor axis corresponds to the cone 

minor diameter (Fig. 7). The cone height (Hmax) and (Hmin) were obtained from the difference 

between multiple cross sections of the cone analysing the maxim and minimum height and the 

base of the volcano being define by the points of the slope break between the flanks of the 

volcano and the ground.  

 
Figure 7. Volcano scheme of measured parameters. 
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The seismic profiles of the shallow structure of the area were obtained with a hull-mounted 

TOPAS PS 018 high-resolution parametric profiler system. Multibeam data set was processed 

using Caris Hips & Sips V.7.1 software and interpolated to a 75 × 75 m sided regular grid, 

providing virtually continuous coverage of the entire survey area. A seismic profile (line 21) 

was analysed on The Kingdom Suite (8.4 Version) to identify the sediment thickness above the 

Stanley Patch flanks. 
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4. Results 
 
4.1. Petrography 
 

According to rock samples general appearance, two main groups are distinguished. (1) SUB 1 

and SUB 2 samples are massive and dense volcanic fragments (above 15 cm in size) with 15 to 

20% of randomly distributed vesicles with sizes below 1 mm in average. (2) SUB 3 to SUB 8 

samples, are low density scoriaceous fragments (Fig. 8), 2 to 7 cm in size, and with 25 to 35% 

of vesicularity. These fragments are generally black, but some reddish-brown oxidized zones are 

usually recognized.  

 

 
Figure 8 . Stanley Patch rock samples, SUB 3 (A), SUB 4 (B), SUB 5 (C) and SUB 7 (D).  

 

 

Vesicles sizes are usually smaller than 1 mm though some of them reach up to 3-4 mm. 

Independently of their textural characteristics, most of these samples are covered by a very thin 

2 cm 
2 cm 

2 cm 
2 cm 

A B 

C D 
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(less than 0.5 mm thick) yellow to green carbonate crust corresponding to encrusting coralline 

algae. 

 

 
Figure 9. Crystalline groundmass showing less vesicles of samples SUB 1 and SUB 2. 

 

Under the microscope, the studied samples are nearly aphyric with phenocryst and 

microphenocryst contents below 1-2%. These are mainly euhedral plagioclase crystals of 0.5 to 

1.0 mm in size. Minor subhedral clinopyroxene and olivine ranging from 0.3 to 0.5 mm are also 

identified.  All these crystals are immersed in a vesiculated brown to black groundmass with 

vesicle shapes varying from rounded to elongated and irregular.  Less vesiculated samples (SUB 

1 and SUB 2) show crystalline groundmass mainly formed by plagioclase microlites mostly 

oriented following the melt direction flow, and thus, describing a trachytic texture. Interstitial 

crystallites of clinopyroxene and Fe-Ti oxides are identified under the electron microscope (Fig. 

9). SUB 3 to SUB 8 samples present tachylitic groundmass with microlites of plagioclase and 

micrometric crystals of clinopyroxenes, sometimes displaying dendritic morphologies, and 

minor Fe-Ti oxides. SEM images evidence that glass occupies interstitial positions in the 

groundmass (Fig. 10). In some samples (e.g. SUB 4) a gradual transition from glassy 

sideromelane to tachylitic groundmass is observed (Fig. 11). Sideromelane is also present as 

micrometric glass fragments refilling vesicles (Fig. 12). Minor spiky crystals are detected in 

both cases.  

 
Figure 10. SEM image showing interstitial glass groundmass (A). Zoom in of A (B). 
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Figure 11. SEM image showing the transition from glassy (A) to tachylitic (C). 

 

 
Figure 12. Optic microscope image showing sideromelane fragments refilling vesicles (A). SEM images 

showing sideromelane fragments refilling vesicles (B). Zoom in of B (C). 

 

4.2. Geochemistry 

 
4.2.1. Whole Rock 

 
Bulk composition is represented according to the Total Alkali Silica (TAS) diagram of Le Bas 

et al. (1986) on an anhydrous 100% adjusted basis and using Fe2O3/FeO ratio after Middlemost 

(1989). The Stanley Patch analyzed samples are mainly classified as subalkaline basaltic 

trachyandesite and basaltic andesite with SiO2 ranging from 53 to 55 wt.%. Despite their small 

range in composition, negative correlations of MgO, CaO and positive correlations of K2O and 

Na2O with SiO2 are observed (Fig 13; Appendix 5). These trends are also detectable when 

considering trace elements. Most of trace elements (e.g. Ba, Zr, Hf, Nb, Pb, La or Ce) show 

positive correlations with SiO2 except for Sr, Sc and V that decrease with increasing SiO2 

contents (Fig 14; Appendix 5). Other elements, such as Zn, Ni, Cr or Cu show more disperse 

results. REE contents depict straight trends in a chondrite-normalized diagram without 

significant anomalies. In contrast, marked positive anomalies (Cs and Pb) and negative (Nb) 

anomalies occur in the primitive-mantle normalized diagram of Appendix 3. 
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Figure 13. (Top) Representative selection of major elements vs. SiO2 content Harker Diagrams for the 

rock samples considered in this work. SiO2 contents are taken from major elements compositions 

normalized to 100% in anhydrous base with Fe as FeOt. (Bottom) Total Alkali vs. Silica diagram (TAS) 

(Le Bas et al. 1986) for the rock samples considered in this work. Major elements normalized to 100% 

(anhydrous) with Fe distributed between FeO and Fe2O3 following Middlemost (1989). Grey dashed line 

discriminates between the alkaline-subalkaline fields (Irvine et al. 1971). Black to pink-colored shaded 

areas and asterisks correspond to the post-caldera rock samples and associated magma reservoirs 

presented by Geyer et al. (2019). 
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Figure 14. Representative selection of trace and Rare Earth elements vs. SiO2 content Harker Diagrams 

for the rock samples considered in this work. SiO2 contents are taken from major elements compositions 

normalized to 100% in anhydrous base with Fe as FeOt. Black to pink-colored shaded areas and asterisks 

correspond to the post-caldera rock samples and associated magma reservoirs presented by Geyer et al. 

(2019). Legend as in Figure 13. 

 

4.2.2. Glass and mineral geochemistry 

 
Chemical composition of the main mineral phases and glass of the Stanley Patch volcano were 

analysed by Electron Microprobe (EMP) (Fig. 15; Appendix 6). Here, we present the obtained 

results for olivine, pyroxene, plagioclase, Fe-Ti oxides and a significant variety of volcanic 

glasses. It is noteworthy that composition of all the analysed mineral phases are similar to those 

displayed by Geyer et al. (2019) for the post-caldera stage of Deception Island.  

 

4.2.3. Mineral chemistry 

 
Olivine crystals were detected in samples SUB 4, SUB 7 and SUB 8. They are all forsterite with 

forsterite contents varying from Fo49 to Fo72. Such range of variation is mainly displayed by 

olivines microphenocrysts of sample SUB 4. By contrast, phenocrysts and microcrysts of 

samples SUB 7 and 8 are compositionally homogeneous (Fo49-55).  

Microphenocrysts and phenocrysts of pyroxenes were observed in all the studied samples. 

According to their composition, they are all clinopyroxenes and are classified as augites within 

the Morimoto (1989) triangular diagram. They show composition of Wo25-44, En37-52, Fs10-22. The 
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TiO2 content is variable (0.57 to 3.16 wt.%) being that with TiO2 above 3 wt.% and 

corresponding to titanaugite. 

Plagioclases, which are also present in all the studied samples, are mainly classified as 

labradorites and andesines within the Deer et al. (1989) triangular diagram with anorthite 

contents ranging from An62 to An38. However, phenocrysts and microphenocrysts of sample 

SUB 7 show a wide range of compositions, from bytownites to oligoclases and with anorthite 

contents from Fo75 Fo10.  

Finally, the two oxides analyzed in samples SUB 4 and SUB 7 are classified as ilmenite and 

titano-magnetite, respectively. Ilmenite is characterized by FeOt 45 wt.%, TiO2 45 wt.%, Al2O3 

0.21 wt.% and MgO 2.7 wt.%, and titano-magnetite show TiO2 16 wt.%, FeOt 40 wt.%, MgO 

2.7 wt.%, and MnO 0.45 wt.%. 

 

 

  
Figure 15. Ternary diagrams of main mineral phases. Olivine (top left), pyroxene (top right), plagioclase 

(bottom left) and Fe-Ti oxides (bottom right).  

 

4.2.4. Glasses 

 
Glass compositions range from basalts to trachyandesites with SiO2 contents varying from 51 to 

63 wt.% (Fig. 13). It is striking the wide compositional variability of glasses from samples SUB 

Forsterite 

Fayalite Tephroite 
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5 and SUB 7 (SiO2 ranging from 51 to 59 wt.% in each sample) and in minor degree sample 

SUB 8 (SiO2 from 56 to 62 wt.%). By contrast, glasses from samples SUB 3 and SUB 4 are 

more homogeneous in composition.  

In the variation diagrams of major oxides versus SiO2 of figure 13 and Appendix 5, glasses 

show a negative correlation of MgO and CaO with SiO2, as well a minor positive correlation for 

K2O and Na2O.  So long, whole rock and microprobe samples of glass show a similar trend as 

the one displayed by post-caldera samples from Geyer et al. (2019). 

 

4.3. Morphometry 
 
Stanley Patch volcano presents a maximum diameter (Dmax) of 590 m and a minimum 

diameter (Dmin) of 560 m, with a maximum height (Hmax) of 80 m and a minimum (Hmin) of 

60 m. Its crater presents a diameter of 100 m (Fig. 16). This results in a (Hmax/Dmax) ratio of 

0.135. 

 
 

 

 

 

 

  

 

 

 

Figure 16. Shaded map of Stanley Patch and Cross sections from DEM. 
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The slope of Stanley Patch’s flanks range from 3.9° to 31.1°. According to the polar diagram, 

the cone is close to symmetric with no clear signs of post-eruptive processes such as erosion or 

dissections of the flanks, landslides or sediment creep (Fig. 17). As indicated in the density 

diagram and the statistical analysis, most frequent slope values are contained in the 12.5-17.5° 

interval (Fig. 17).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. (Left) Polar (colour scale in degrees) and (right) density diagrams for external flanks. Red and 

blue lines from the density diagram indicate Mean and Median values respectively. 

 

 

5. Discussion 
 
5.1. Stanley Patch in the context of Deception Island’s magmatic evolution 
 
Bulk rock geochemistry of the Stanley Patch volcano fits within the post-caldera magmatic 

trend described by Geyer et al. (2019) (Fig. 13). Magmas erupted after the caldera collapse 

outline a well-defined evolutionary trend, showing the widest range on Deception Island (e.g. 

SiO2 from 49 to 69 wt.%.). The more evolved compositions (trachydacites) mainly belong to the 

volcanic centres located at the northern sector of DI, while the more basic magmas (basalts) 

corresponds to outcrops from the southern sector. Mineral and glass chemistry also supports the 

post-caldera origin of Stanley Patch magmas (Fig. 13). For example, Ni contents in olivine are 

below 500 ppm, which is similar to post-caldera olivine Ni contents. Magnesium number [Mg#; 

100 x MgO/ (MgO + FeOt) mol %] in the analysed augites varies from 65 to 77% which is in 

the range of the post-caldera clinopyroxenes.   
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Geyer et al. (2019) revealed the existence of a complex plumbing system beneath Deception 

Island, composed of several shallow magma chambers (R2 to R6, ≤ 10 km depth) fed by 

magmas raised directly from the mantle, or from a magma accumulation zone located at the 

crust-mantle boundary (R1, 15-20 km). According to these authors, during the post-caldera 

stage, erupted magma can be either directly supplied by the reservoir located at the crust-mantle 

boundary R1 or by magma batches located at distinct depths (R2’ at 10-11 km depth and R3 to 

R6 < 10 km depth).  In the case of the Stanley Patch magmas, it is not possible to precisely 

determine their origin with the available data. Nevertheless, whole-rock composition in Figures 

13, 14 and Appendix 5 evidence that those magmas are compatible to magma reservoirs located 

at depths greater than 10 km. More future work on isotopes and estimations of pressure-

temperature (P-T) with chemical data as x-ray fluorescence (XRF) and electron microprobe 

(EMP) would be necessary to be able to determine the depth of origin of Stanley Patch 

magma’s.  

 
 
5.2. Stanley Patch a submerged, but not submarine, volcanic cone 
 
According to the results obtained in this study, neither the petrographic textures described for 

the different collected samples nor the morphology of the volcanic edifice match with those 

produced in submarine environments. The absence of quenching textures and glassy rims 

formed in submarine eruptions (e.g. Conte et al. 2014; Jafri and Charan, 1991) and the cone 

shape similar to terrestrial scoria cones (e.g. Wood 1980) make suspect that the formation of 

Stanley Patch was not in a submarine environment but may correspond to a scoria cone formed 

in the subaerial part of the island which now is flooded (Fig. 18).  Indeed, considering the 

shallow water levels at the top of the volcano (<30 m), Stanley Patch’s eruptive activity should 

have had an important explosive behaviour derived from magma-water interaction (Pedrazzi et 

al. 2018) resulting into a tuff ring or maar morphology (e.g. Heiken, 1971; Lorenz, 1973; Wood, 

1974, Wood, 1980 b). Tuff rings and maars are characterized by much more explosive eruptions 

with interaction of water, with a much wider cone, less height and lower slope angles on their 

flanks compare to scoria cones (Aulinas et al. 2015; Wood, 1980 b). 

The morphometric study could be improved in the future with a better resolution data from the 

bathymetric analysis in order for having a better accuracy to define the morphometric 

parameters. The high frequency of values around 12.5-17.5 degrees (Fig. 16) might due to a not-

well delimited polygon (Fig. 6) because of low resolution data. Also, high frequency values 

between 20 to 30 degrees (Fig.  16) show similarities with young scoria cones, which its slope 

values are around 30 degrees (Wood 1980 a, b; Riedel et al. 2003). In addition, the 

characterisation of the internal flank and crater must be considered to complete the 
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morphometric study, because having more accurate data of slope angles provide us important 

information that is significant for estimate the relative age of volcanic cones (e.g. Wood 1980 a, 

b). A higher bathymetric resolution can be helpful for identifying post eruptive processes like 

erosion or dissections of the flanks, landslides or sediment creep that are important in shaping 

the volcanic landforms after ceasing the volcanic activity (Hooper and Sheridan, 1998) and 

having more detailed information that can be useful for future hazards works. 

 
 

 
 
 
5.3. Towards an improvement of the volcanic hazard assessment on Deception Island 
 
Deception Island is the most active volcano in the South Shetlands Islands. While, the constant 

research related to volcanic processes is mainly focused in the subaerial part of the island, the 

submarine zone has left unstudied in terms of volcanic hazards assessment (Roobol 1992; 

Smellie , 2002; Bartolini et al. 2014).  

 With growing population in Antarctic summers and the two active scientific bases it is 

fundamental to include Port Foster as a potential hazard zone considering historical eruption 

studies and possible submarine activity. In this work we present for the first time the physical 

and chemical characterisation of the Stanley Patch volcano with in-situ collected samples. The 

proximity of Stanley Patch and the other small cone (Fig. 3) has not being included in past 

hazard studies, were an eruption in this area can trigger direct or indirect hazards (Smellie et al. 

2002), such as ash fall, fumaroles or tsunamis that could affect evacuations routes provided by 

the Spanish military staff (Bartolini et al. 2014). Depending of the eruption style, which might 

be submarine or phreatomagmatic (Pedrazzi et al. 2018) and the magnitude, the consequences 

can be more harmful. For example, a highly explosive eruption with a high probability of ash 

dispersal and fallout can cause important regional impacts on scientific research station, 

touristic vessels, summer field camps and global aviation (Geyer et al. 2017). 

Figure 18. Deception Island DEM showing 

possible area that was not cover by water 

before the flooding event of the collapse 

caldera. Modified from A. Geyer. 

 

( m ) 
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If a similar eruption occur, but underwater, probably it will be much more explosive due to 

seawater interaction increasing, in this way, the related hazards. An event like this in a volcanic 

crisis could complicate the evacuation by vessel due to a tsunami cause by the eruption 

(Bartolini et al. 2014). Stanley Patch is not the only cone located within Port Foster, other cones 

have been identified before (Rey et al. 1995), where the smaller cone near Stanley Patch (Fig. 3) 

should be also considering for future studies due to the similarities observed in the digital 

elevation model with Stanley Patch cone, together with a more exhaustive study in Port Foster 

focused in understanding the submarine activity. 

A way to make a first order estimate of the cone’s age is to use the thickness of the sediments 

mantling the cone and the information regarding the sedimentation rate inside Port Foster.  

Topographic analysis and interpretation indicate us that the sediment layer above the flanks of 

Stanley Patch has an estimated with two possible values of thickness, 3.83 m and 8.85 m (red 

and yellow respectively) approximately (Fig. 19), after comparing these result with values of 

sediment rates (5 mm/yr) of Port Foster from Gray et al. (2003), which correspond to the past 30 

years. A possible extrapolation can be made assuming this sediment rate apply for the past 

thousands of years, leaving a possible age of formation ranging from 776 to 1770 years of the 

Stanley Patch volcano. 
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Figure 19. (Top) Seismic profile of Stanley Patch (vertical scale in seconds). (Bottom) Zoom in showing 

different thickness of volcanic sediment accumulated.  
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6. Conclusion   
 
This work presents for the first time the physical and chemical characterisation of Stanley Patch 

volcanic cone with in-situ collected samples with implications for volcanic hazards assessments, 

including Deception Island bay as a potential hazard. This zone could host submarine activity 

leading to direct or indirect hazards such as ash fall or tsunamis depending of the eruption style 

(submarine or phreatomagmatic) and magnitude, having direct impact on growing population 

mainly during Antarctic summer. 

Stanley Patch it’s a scoria cone with a well preserved conic shape with no post-eruptive 

processes are identified that could change his shape. It was formed approximately between 776 

and 1770 years ago, being part of the post-caldera activity of Deception Island. Chemical 

analyses indicate a post-caldera origin with similar compositions displayed on the outcrops from 

the southern sector. According to whole rock analysis, Stanley Patch magmas are compatible 

with reservoirs located at depths > 10 km.  

Absent of submarine textures together with the well-preserved cone-shape indicates that the 

origin of Stanley Patch it’s subaerial followed by flooding of the collapse caldera leaving 

Stanley Patch submerged. This can be verified with an isotopic study, which can indicate 

subaerial activity. A similar eruption like Stanley Patch one caused under water could be of 

higher magnitude due to seawater interaction causing difficulties in evacuation routes in a future 

volcanic crisis. 

 A more detailed study in necessary with a better accuracy data to provide more exact and 

detailed results for a fully characterisation of Stanley Patch and to realise future studies in 

similar cones located within Port Foster for a better understanding of the possible volcanic 

activity in this area to complement subaerial studies.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 23 

7. References 
 
Almendros, J., Carmona, E., Jiménez, V., Díaz-Moreno, A. Lorenzo, F., 2018. Volcano-

Tectonic Activity at Deception Island Volcano Following a Seismic Swarm in the 
Bransfield Rift (2014–2015). Geophysical Research Letters 45, 4788-4798. 

Aulinas, M. Gisbert, G. Ortuño, M., 2015. La Terra, un planeta inquiet. Com funcionen els 
volcans I els terretrèmols, con ens afecten I què podem fer per conviure-hi. Publicacions i 
Edicions de la Universitat de Barcelona, 279 pp. 

Antoniades, D. Giralt, S. Geyer, A. Álvarez-Valero, A. Pla-Rabes, S. Granados, I. Liu, E. Toro, 
M. Smellie, J. L. Oliva, M., 2018. The timing and widespread effects of the largest 
Holocene volcanic eruption in Antarctica, Scientific Reports, 8(1), 17279. 

Baker, P. E., McReath, I. Harvey, M. R. Roobol, M. J. Davies, T. G., 1975. The geology of the 
south Shetland islands: Volcanic evolution of Deception island. British Antarctic Survey 
Scientific Reports 78, 81 pp.  

Barclay, A. H.  Wilcock, W. S. D.  Ibáñez J. M., 2009. Bathymetric constraints on the tectonic 
and volcanic evolution of Deception Island Volcano, South Shetland Islands. Antarctic 
Sciences 21(2): 153–167. 

Barker, P. F. Dalziel, I. W. D., 1983. Progress in geodynamics in the Scotia Arc Region. In: 
Cabre, R. (ed) Geodynamics of the Eastern Pacific Region, Caribean and Scotia Arcs. 
American Geophysical Union, Geodynamics Series 9, 137-170. 

Bartolini, S. Geyer, A. Martí, J. Pedrazzi, D. Aguirre-Díaz, G. 2014. Volcanic hazards on 
Deception Island (South Shetland Islands, Antarctica), Journal of Volcanology and 
Geothermal Research 285, 150-168. 

British Antarctic Survey. 1987. Report for 1986/1987. Swindon, Natural Environment Research 
Council, p. 88. 

Conte, A. M. E. Martorelli, M. Calarco, A. Sposato, C. Perinelli, M. Coltelli, and F. L. Chiocci., 
2014. The 1891 submarine eruption offshore Pantelleria Island (Sicily Channel, Italy): 
Identification of the vent and characterization of products and eruptive style, Geochem. 
Geophys. Geosyst.15, 2555–2574. 

Dalziel, I. W. D., 1984. Tectonic evolution of a forearc terrane, southern Scotia Ridge, 
Antarctica. Geological Society of America, Southern Scotia Ridge.  

Deer, W. Howie, R. Zussman, J., 1962. Rock Forming Minerals. Volume 4. Longman Group 
Ltd. EDS. 371pp. 

Galindo-Zaldívar, J. Gamboa, L. Maldonado, A. Nakao, S. Bochu, Y., 2004. Tectonic 
development of the Bransfield Basin and its prolongation to the South Scotia Ridge, 
northen Antarctic Peninsula. Marine Geology 206, 267-282.   

Geyer, A. Marti, A. Giralt, S. Folch, A., 2017. Potential ash impact from Antarctic volcanoes: 
Insights from Deception Island’s most recent eruption. Scientific Reports 7, 16534.  

Geyer, A. Álvarez-Valero, A. Gisbert, G. Aulinas, M. Hernandez-Barreña, D. Lobo, A. Martí, 
J., 2019. Deciphering the evolution of Deception Island’s magmatic system. Scientific 
Reports 9, 373. 

Gràcia, E. Canals, M. Lí Farràn, M. José Prieto, M. Sorribas, J. Team, G., 1996. 
Morphostructure and evolution of the central and Eastern Bransfield basins (NW Antarctic 
Peninsula). Marine Geophysical Research 18(2):429–448. 

Grey, S. Strurz, A. Bruns, M. Marzan, R. Doughery, D. Law, H. Brackett, J. Marcou, M., 2003. 
Composition and distribution of sediments and benthic foraminifera in a submerged caldera 
after 30 years of volcanic quiescence. Deep-Sea Research II, 50, 1727-1751.  

Heiken, G. H., 1971. Tuff rings: examples from the Fort Rock-Christmas Lake Valley Basin, 



 24 

south central Oregon. Journal of Geophysics Research 76: 5615. 
Ibáñez, J. M. Almendros, J. Carmona, E. Martínez-Arévalo, C. Abril, M., 2003. The recent 

seismo-volcanic activity at Deception Island volcano. Deep Sea Research Part II: Topical 
Studies in Oceanography 50, 1611–1629. 

Irvine, T. N.  Baragar, W. R. A., 1971. A guide to the chemical classification of the common volcanic 
rocks. Canadian Journal of Earth Sciences 8, 523-548. 

Jafri, S. H. Charan, S. N., 1991. Quench textures in pillow basalt from the Andaman-Nicobar 
Islands, Bay of Bengel, India. Earth Planet Sciences 101, 1, 99-107. 

Jeffers, J. Anderson, J., 1990. Sequence stratigraphy of the Bransfield Basin, Antarctica: 
implications for tectonic history and hydrocarbonpotential. In: St. John B (ed) Antarctica 
as an exploration frontier: hydrocarbon potential, geology and hazards Am Ass Petrol 
Geol Stud Geol 31:13–29 

Larter, R. D. Barker, P. F., 1991. Effects of ridge crest-trench interaction on Antarctic-Phoenix 
spreading forces on a young subduction plate. Journal of Geophysical Research 96, 19586-
19607. 

Lawver, L. A. Keller, R. A. Fisk, M. R. Strelin, J. A., 1995 Bransfield Strait, Antarctic 
Peninsula active extension behind a dead arc. In: Taylor B (ed) Backarc basins: tectonics 
and magmatism. Springer US, Boston, MA, pp 315–342. 

Le Bas, M. J. Le Maitre, R. W. Streckeisen, A. Zanettin, B., 1986. A Chemical Classification of 
Volcanic Rocks Based on the Total Alkali- Silica Diagram. Journal of Petrology 27, 745–
750. 

Lorenz, V., 1973. On the formation of maars. Bulletin of Volcanology 37, 183-204. 
Maestro, A. Somoza, L. Rey, J. Martinez-Frias, J. Lopez-Martinez, J., 2007. Active tectonics, 

fault patterns, and stress field of Deception Island: a response to oblique convergence 
between the Pacific and Antarctic plates. Journal of South American Earth Sciences, 23. 
256-268. 

Maldonado, A. Aldaya, F. Balanyá, J. C. Galindo-Zaldívar, J. Jabaloy, A. Later, R. D. 
Rodríguez-Fernández, J. Roussanov, M. Sanz de Galdeano, C., 1994. Cenozoic continental 
margin growth patterns in the northen Antarctic Peninsula. Terra Antarctica 1, 311-314. 

Martí, J. Geyer, A. Aguirre-Diaz, G., 2013. Origin and evolution of the Deception Island 
caldera (South Shetland Islands, Antarctica). Bulletin of Volcanology 75, 1–18. 

Middlemost, E. A. K., 1989. Iron oxidation ratios, norms and the classification of volcanic 
rocks. Chemical Geology. V 77. P. 19-26. 

Morimoto, N., 1989. Nomenclature of pyroxenes. The Canadian Mineralogist. V 27. P. 143-
156. 

Newhall & Self, 1982 Newhall CG, Self S (1982) The volcanic explosivity index (VEI) an 
estimate of explosive magnitude for historical volcanism. J Geophys Res: Oceans 
87(C2):1231–1238. 

Oliva-Urcia, B. Gil-Peña, I. Maestro, A. López-Martinez, J. Galindo-Zaldivar, J. Soto, R. Gil-
Imaz, A. Rey, J. Pueyo, O. 2015. Paleomagnetism from Deception Island (South Shetlands 
archipelago, Antarctica), new insights into the interpretation of the volcanic evolution 
using a geomagnetic model. Int J Earth Sci (Geol Rundsch), 1-18. 

Orheim, O., 1972. A 200-year record of glacier mass balance at Deception Island, southwest 
Atlantic Ocean, and it’s bearing on models of global climate change. Institute of Polar 
Studies, Ohio State University. 118 pp. 

Pallàs, R. Smellie, J.L. Casas, J.M. Calvet, J., 2001. Using tephrochronology to date temperate 
ice: correlation between ice tephras on Livingston Island and eruptive units on Deception 
Island volcano (South Shetland Islands, Antarctica). The Holocene 11 (2), 149–160. 



 25 

Pedrazzi, D. Aguirre-Díaz, G. Bartolini, S. Martí, J. Geyer, A., 2014. The 1970 eruption on 
Deception Island (Antarctica): eruptive dynamics and implications for volcanic hazards. 
Journal of the Geological Society 171, 765–778. 

Pedrazzi, D. Németh, K. Geyer, A. Álvarez-Valero, A. Aguirre-Díaz, G. Bartolini, S., 2018. 
Historic hydrovolcanism at Deception Island (Antarctica): implications for eruption 
hazards. Bulletin of Volcanology 80, 11. 

Rey, J. Somoza, L. Martinez-Frías, J., 1995. Tectonic, volcanic and hydrothermal event 
sequence on Deception Island (Antarctica). Geo-Marine. Letters. 15, 1-8. 

Rey, J. Somoza, L. Martinez-Frías, J. Benito, R. Martín-Alfageme, S., 1997. Deception Island 
(Antarctica): a new target for exploration of Fe-Mn mineralization?. Geochemistry and 
Mineralogy of Terrestrial and Marine Deposits, Geological Society Special Publication. 
119. 239-251. 

Riedel, C. Ernst, G. G. J. Riley, M., 2003. Controls on the growth and geometry of pyroclastic 
constructs. Journal of Volcanology and Geothermal Research 127 (1-2): 121-152. 

Roobol, M. J. 1980. A model for the eruptive mechanism of Deception Island from 1820 to 
1970. British Antarctic Survey Bulletin 49, 137–156. 

Roobol, M. J. 1982. The volcanic hazard at Deception Island, South Shetland Islands. British 
Antarctic Survey Bulletin, 51, 237-245. 

Smellie, J. L., 1988. Recent observations on the volcanic history of Deception Island, South 
Shetland Islands. British Antarctic Survey Bulletin 81, 83–85. 

Smellie, J. L., 2001. Lithostratigraphy and volcanic evolution of deception island, South 
Shetland Islands. Antarctic Science 13, 188–209. 

Smellie, J. L. López-Martínez, J. Headland, R. K. Hernández-Cifuentes, F. Maestro, A. Millar, 
I. L. Rey, J. Serrano, E. Somoza, L. Thomson, J. W., 2002. Geology and geomorphology of 
Deception Island. BAS GEOMAP Series, Sheets 6-A and 6-B, 1:25 000,78pp. With 
accompanying maps, British Antarctic Survey, Cambridge. 

Somoza, L. Martínez-Frías, J. Smellie, J. L. Rey, J. Maestro, A., 2004. Evidence for 
hydrothermal venting and sediment volcanism discharged after recent short-lived volcanic 
eruptions at Deception Island, Bransfield Strait, Antarctica. Marine Geology, 203. 119-140. 

Valencio, A. Mendía, E.  Vilas, J., 1979. Palaeomagnetism and K-Ar age of Mesozoic and 
Cenozoic igneous rocks from Antarctica. Earth and Planetary Science Letters 45, 61–68. 

Vuan, A. Robertson, S. D. Wiens, D. A. Panza, G. F., 2005. Crustal and upper mantle S-wave 
velocity structure beneath the Bransfield Strait (West Antarctica) from regional surface 
wave tomography. Tectonophysics 397(3):241–259. 

Wood, C. A., 1974. Reconnaissance geophysics and geology of the Pinacate Craters, Sonora, 
Mexico. Bulletin of Volcanology 38, 149-172. 

Wood, C. A., 1980a. Morphometric analysis of cinder cone degradation. Journal of 
Volcanology and Geothermal Research 8(2-4): 137-160. 

Wood, C. A., 1980b. Morphometric evolution of cinder cones. Journal of Volcanology and 
Geothermal Research 7(3-4): 387-413. 

 
 
 
 

 

 



 26 

8. Appendix 
 

 


