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ARCHES CW VII  -  18.11. – 19.11.21 

Thursday 18th 

10:30 Welcome to ARCHES CW VII Armin, Martina 
10:45 Welcome Alin / Herr Schulze Alin Albu-Schäffer 

/Andreas Schulze 
(HGF) 

11:00 Overview current status/actions of the Deepsea Project: 
- Achievements and Perspectives  

Stefan Sommer, 
(Geomar, AWI) 

11:30 Current status of the Space project 
a) Technical readiness 
b) Organization 

Armin 

11:45 ESA Rover preparations Thomas Krüger 
12:15 KIT Haptisches Interface Sean Kille, Christian 

Braun 
12:30 Current status of the Scout Rover for GEO II Roy Lichtenheldt 
12:45  Simulation and autonomous coordination Matthias Hellerer, 

Sean Kille 
12:45 Lunch break  
14:00 Presentation Deepsea Geomar/ (MOSAIC - Robotic) AWI Christian Katelein 
15:00 ARCHES / ESA Science Team William Carey 
15:15 EMM Etna campaign 2020 Bernard Foing 
15:30 Enhanced Loop closure detection Riccardo 
15:45 Coffee Break  
16:15 Discussion Block I   
17:00 Plenum Discussion and closing Armin, all 

 

Friday 19th 

09:00 Coffee  
09:15 Good Morning 2nd day Armin 
09:30   Technology Transfer  Jakob Schwender  
10:00 Summer School Vikram Unnitham 
10:15 LIBS Susanne Schöder 
10:30 OAISYS Simulation zur e.g. Steinsegmentierung Marcus Müller 
10:45 URSim  Hanna/Yunis 
11:00 Coffee Break  
11:15 LoFar Science and OPs Bernard Foing 
11:30 LoFar Payload developments Emanuel Staud. 
11:45 Wifi Prediction /GIS Maps Emanuel Staud. 
12:00 Introduction Florian Voggeneder / Analogue mission 

photographer 
Florian Voggeneder 

12:15 Discussion Block II  
13:00 Lunch  
14:00 MORABA Infrastructure Stefan Völk 
14:15 Diskussion Block III  
15:00 Coffee Break  
15:30 View and Stream from the LAB at RM (Discussion)  
16:30 Last words, closing Armin 

 

6th Vulcano Summer School 2022 
A natural laboratory for 

   marine, terrestrial - planetary science and 
technology

Vikram Unnithan1, Frank Sohl2*, & 
Laurenz Thomsen1 

.. and many others ..  
1. Jacobs University Bremen (v.unnithan@jacobs-university.de) 

2*. DLR Berlin

Supported by ARCHES

mailto:v.unnithan@jacobs-university.de
https://www.arches-projekt.de/projekt-arches/
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Outline
• Introduction 

• Vulcano Geology 
• Why Vulcano ? 

• Objectives 
• Setup and Organisation 
• Examples of Methods and Techniques adopted 
• Achievements, Conclusions and Future Work
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Wortel & Spakman, 1992 

Evolution of the Mediterranean subduction belts and back-arc basins 

Eocene     50-37 My  

Oligocene 37-23 My  

Miocene     23-5 My  
3 upper 
2 mid 
1 lower 

Present 

50 

50 

37 20 

15-0 
20-0 

50-20 

15 

10-5 

Time before present (My) 

(Giancada, Mazzuoli, Bisson, and Pareschi 2003) 

General Geology and Tectonics
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Local Geology, Sediment Transport 
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GEOLOGICAL MAP
OF THE ISLAND OF VULCANO

(Aeolian archipelago)

V6 Surface of subaerial erosion and angular discordance associated with partial volcano-tectonic collapse vc5 and shifting of active eruptive centres

V4

V3

V5

V2

V1

Surface of subaerial erosion, quiescence and angular discordance associated with volcano-tectonic collapse vc3

Surface of subaerial erosion and quiescence (possibly associated with collapse vc4) marked by angular discordance relationships and a shift of active eruptive centres

va Surface of subaerial erosion and quiescence associated with the latest volcano-tectonic collapse vc6

Surface of subaerial erosion, quiescence and angular discordance associated with volcano-tectonic collapse vc2

Surface of subaerial erosion, quiescence and angular discordance associated with volcano-tectonic collapse vc1

Surface of subaerial erosion and quiescence marked by angular discordance relations that follows a shifting of active eruptive centres
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SERRA
DELLE

FELICICCHIE

LITHOSOMES

Vulcanello
(lower portion)

Quadrara

Monte
Saraceno

Gran Cratere
di La Fossa
(lower portion)

La Fossa di
Vulcano

Vulcanello
(upper
portion)

Il
Faraglione

Gran Cratere 2  Formation (Unità dell'eruzione 1888−90, 7, 17 )

INFORMAL L ITHOSTRATIGRAPHIC UNITS

Pietre Cotte Formation (Unità complessa di Pietre Cotte, Auc., 7 )

Up to 4 m thick pyroclastic succession consisting of thinly to medium bedded ash deposits ranging from massive to asymmetrical laminated (dry-type dilute PDC
eruption units) alternating with thin massive pumiceous lapilli beds with isolated bombs (trachy-riolites, 2) (fallout eruption units).

Up to 2 m thick pyroclastic succession mainly made of dense lapilli-tuffs with intercalated thinly bedded tuffs (fallout eruption units). At the top, dense lapilli and blocks
and scattered bread-crust bombs (Ømax> 1 m) occur.

pc1 member - Thinly bedded planar pyroclastic succession (up to 3 m thick) consisting of varicoloured vesiculated ashes (wet-type dilute PDC eruption units)
alternating with weakly coherent coarse ashes (dry-type dilute PDC eruption units). At the top, a metric, massive layer of pumiceous and subordinate bread-crust
bombs occurs (fallout eruption units - trachy-rhyolites, 2 ).

pc2 member - Tongue-like, up to 20 m thick rhyolite coulee with internal banding, flow foliation and folding and typically blocky and rough surface; it includes
magmatic enclaves of porphyric lava (latites and trachytes, 2 ). Palaeomagnetic data ( 1 ): n/N = 1/12; D = 349.4°; I = 64.1°; k =480; α95 = 1.9°.

Forgia Vecchia Formation

Piano Grotte dei Rossi Formation (Lower Tufi di Grotta dei Rossi, 3 )

Quadrara Formation (Quadrara blanket, 12)
Massive up to 15 m thick pile made up of mainly welded red scoriaceous bombs and lava spatter (latites to shoshonites, 2 ), with rare cognate lithic lava blocks (2−3
%); columnar jointing occurs in the middle strongly welded portion (fallout and scoria flow eruption units). At the base, a reverse graded, 0.8-m thick, white pumiceous
lapilli and bombs deposit (K-feldspar- and biotite-bearing trachytes), with up to 10% of lava xenoliths, is present.
Palaeomagnetic data ( 15 ): n/N = 7/106; D = 2.4°; I = 52.2°; k = 111; α95 = 1.3°.

Pale-brown to brown-grey massive ash deposit (up to 20 m thick) mostly consisting of glass shards, including diffused millimetre-sized clinopyroxene crystals and
carbonized wood fragments and locally showing internal structures. In the area of Piano di Grotte dei Rossi, they are medium to thickly bedded and show planar to
low-angle laminated layers (dilute PDC eruption units). The bulk-rock analyses provide variable compositions from high-K andesites to high-K dacites, whereas
glass shards range from latites to rhyolites  ( 3 ). Thickness decreases towards the SSE. These deposits are correlated with the widespread Upper Brown Tuffs,
dated at between 24 and 8 ka  ( 16 * ). Palaeomagnetic data ( 15 ): n/N = 11/140; D = 358.1°; I = 52.6°; k = 50; α95 = 6.9°.

Monte Saraceno Formation

ms1 member - Massive pyroclastic deposit, up to 20 m thick, consisting of scoriaceous bombs and lapilli (shoshonites, 2 ) and lava spatter, with upwards increasing
welding degree (fallout eruption units). In proximal outcrops, a basal portion (c.1 m) of reverse graded scoriaceous lapilli occurs. Palaeomagnetic data ( 15 ): n/N =
6/56; D = 7.3°; I = 50.6°; k = 65; α95 = 2.4°.

Grotta dei  Palizzi 1 Formation (Successione dei Tufi varicolori di La Fossa and Forgia Vecchia 1, Auc., 7 )

Punte Nere Formation (Successione di Punte Nere, Auc., 7 )

Up to 21 m thick pyroclastic succession consisting of very thinly bedded, planar, coherent varicoloured ashes with accretionary lapilli (wet-type dilute PDC eruption
units) and, subordinately, grey coarse ash laminae with asymmetrical bedforms (dry-type dilute PDC eruption units). The succession is subdivided in three portions
by localized erosive surfaces. In the basal portion, a horizon of porphyritic scoriaceous bombs (shoshonites, 2 )(fallout eruption units) occurs. In the sector of Forgia
Vecchia, a massive bed (millimetre-sized 4 m thick) mainly consisting of ashes and subordinate heterogeneous (up to 1 m in diameter) blocks of varicoloured
pyroclastics occurs (gp1a member): it is whitish to reddish in colour due to strong hydrothermalization and includes diffused secondary minerals.

pn1 member - Medium bedded, up to 150 m thick pyroclastic succession consisting of thickly planar- and cross-laminated grey-black tuffs (dilute PDC eruption units).
U-shaped, intraformational channels are present. East of the valley of Rio Grande, morphological obstacles allow facies transition to massive ash tuffs. At the top of
the succession, a metric layer of latitic ( 2 ) welded scoriaceous tuff-breccia occurs (fallout eruption units), dated at 5.3 ka (+2.2/-1.1 ka;   19 ). Palaeomagnetic data (
15 ): n/N = 2/29; D = 1.0°; I = 51.4°; k = 81; α95 = 3.0°.

pn3 member - Trachite ( 2 ), metre-thick aa-type lava flows with extended massive portions. The lava flow occurring at the football pitch of Vulcano Porto is dated at
4.6 ± 1.7 ka ( 10 ), that of Punte Nere yields an age of 3.8 ka (+0.9/-0.8 ka;  19 ). Palaeomagnetic data ( 15 ): n/N = 1/12; D = 17.9°; I = 51.0°; k = 164; α95 = 3.4°.
pn2 member - Thick to medium bedded pyroclastic succession (up to 100 m thick) mostly consisting of dense and oxidized lapilli (composition ranging from latites
to trachites, 2 ) and blocks (fallout eruption units) with interlayered planar- to cross-laminated coarse to fine ash deposits with asymmetrical bedforms (dilute PDC
eruption units).

Piano d’Alighieri Formation (Alighieri Formation, 12; Piroclastiti di Alighieri, Auc., 4 )

Thinly bedded, up to 2 m thick succession of lapilli and lava lithics, which are often strongly altered and oxidized. In the basal portion, lens-shaped discontinuous
horizons of grey pumiceous lapilli with rare bombs (latites, 2 )(fallout eruption units) and of reverse graded ash with Quercus Ilex prints occur.

Piano Grotte dei Rossi Formation (Upper Tufi di Grotta dei Rossi, 3 )

Carabinieri Formation

Three north−south-aligned, squat lava domes (rhyolites, 2 ).
Palaeomagnetic data ( 15 ): n/N = 2/24; D = 357.2°; I = 50.8°; k = 67; α95 = 3.6°.

Grotta dei Palizzi 3 Formation (Unità superiore Complessa della Successione di Palizzi, Auc., 7 )
gp3b member  - Tongue-like, up to 8 m thick, massive porphyritic lava flow (trachites, 2 ) with extended massive portions characterized by irregular jointing.
Palaeomagnetic data ( 15 ):  n/N = 1/8; D = 16.4°; I = 44.5°; k = 514; α95 = 2.4°.
gp3a member - Pyroclastic succession, up to 4 m thick, consisting of a thinly bedded, planar- to cross-stratified alternation of weakly coherent and coherent tuffs;
the coherent layers show accretionary lapilli (dilute PDC eruption units).

Grotta dei  Palizzi 2 Formation (Unità inferiore Complessa della Successione di Palizzi, Auc., 7 )

Il Faraglione Formation

Vulcanello 2 Formation

Vulcanello 1 Formation

gp2a member - Pyroclastic succession made up of weakly coherent, thinly bedded, planar- to cross-stratified grey tuffs (latites, 2  - dilute PDC eruption units). In
correspondence of morphological obstacles near Caruggi, an increase of thickness (up to 20 m) and the facies transition to massive ash layers can be noted. In the
lower portion of the succession, a reverse graded layer of lapilli, pumiceous bombs and rare obsidian fragments (rhyolites, 2 ) occurs (fallout eruption units). At the
top, a 2 m thick, normally graded bank of lapilli, pumiceous bombs (trachites, 2 ) and isolated bread-crust bombs is present (fallout eruption units). Towards the SE
the unit consists of loose grey ashes.

gp2b member - Rhyolite ( 2 ), garland-shaped aphyric lava flow (up to 20 m thick) with obsidianaceous portions, internal banding, flow foliation and folding; the surface
is typically blocky and rough. Lava is often fumarolized and includes porphiric lava magmatic enclaves. Palaeomagnetic data ( 15 ): n/N = 1/15; D = 15.8°; I = 4.6°; k
= 51; α95 = 5.1°.

Highly fumarolized deposit building the Porto di Levante stack. It consists of medium planar bedded pyroclastics (dilute PDC eruption units) with relicts of dense and
scoriaceous bombs.

vu1b member - Up to 30 m thick succession of compound, tens of centimetre−metre-thick massive lava flows (shoshonites, 2 ) with thin scoriaceous or rubbly surfaces
of pahoehoe type in places. The succession builds the lava plateau of Vulcanello. Palaeomagnetic data ( 15 ): n/N = 7/79; D = 16.0°; I = 52.7°; k = 118; α95 = 1.5°.

vu1a member - Thickly bedded, pyroclastic succession consisting of alternating scoriaceous lapilli beds, scoriaceous blocks and bomb beds with lava spatter (lc-
bearing shoshonites, 2 ; fallout eruption units) and thin beds of laminated yellowish ashes. Scoriae contain quartzitic and quartz-feldspathic xenoliths. The succession
builds a 90 m high scoria cone.

Up to 8 m thick scoriaceous pyroclastic succession, with fumarolized portions, consisting of a thickly bedded alternation of black lapilli beds and scoriae with bombs
deposit (shoshonites, 2                                              ), weakly welded in places; within the distinct layers, a reverse grading trend is visible. The deposit (fallout eruption units) builds a small scoria
cone.

Caruggi Formation

ca1 member - Metric deposit of yellow-reddish ash and lithic blocks, which are rounded and hydrothermalized (Unità della Breccia della Successione di Commenda,
Auc., 7 ). At the base of the La Fossa cone, the deposit is massive and poorly sorted (block and ash flow eruption units), along the slopes and near Monte Luccia
the deposit is well sorted showing bombs and bomb-sags (fallout eruption units) and near Caruggi it shows laminated layers with asymmetrical bedforms (dilute PDC
eruption units). Some white pumiceous ash beds related to the M. Pilato pyroclastics at Lipari (Sciarra dell'Arena Formation, sa,  a ) are intercalated, particularly in
the sector of Forgia Vecchia and Caruggi: the M.Pilato activity is dated at AD 776 +100/-90 ( 13 ).

ca2 member (Unità delle Ceneri Varicolori, 7  ) - Up to 5 m thick pyroclastic succession consisting of very thinly bedded, varicoloured tuffs ( latites, 18 ) with accretionary
lapilli and bomb sags (wet-type dilute PDC eruption units) and few beds of grey coarse ash with asymmetrical laminae (dry-type dilute PDC eruption units).

ms2 member - Aa-type lava flows (shoshonites and high-K basaltic andesites, 2 ), ranging from weakly porphyritic to aphyric, with thin scoriaceous basal portions.
Palaeomagnetic data ( 15 ): n/N = 5/50; D = 359.7°; I = 52.9°; k = 65; α95 = 2.5°.

Lensoid shaped (up to 4 m thick) poorly bedded, tuffaceous-breccia deposit made up of coarse ashes, lapilli and lava blocks (lahar eruption units), mainly derived
from the reworking of pyroclastics of the Grotta dei Palizzi 1 Formation. The deposit is widely prevalent at the foot of the NW flank of the La Fossa cone, in the sector
of Forgia Vecchia, and is discontinuosly present also at Grotta dei Palizzi, along the SE flank of the La Fossa cone.

This is the top portion of the Piano Grotte dei Rossi pyroclastics (dilute PDC eruption units), where Quercus Ilex prints are locally present. Dispersed pumiceous
lapilli are discontinuously present in the outcrops near Piano d'Alighieri. In the area between Piano d’Alighieri and Passo del Piano, a bed (up to 0.2 m thick) of white
coarse ash and minor pumiceous lapilli (rhyolites, 3) with scarce obsidian fragments (fallout eruption units) is intercalated; it is correlated to the Vallone del Gabellotto
Formation at Lipari (vg,  a), dated at 8.7−8.4 ka ( 21 ). These deposits are correlated with the widespread Upper Brown Tuffs (16).

STRATIGRAPHIC
RANGE OF

VARIABILITY

AGE
(ka=1000 years)

AD 1888−90

AD 1739
( 10 )

21.3 ± 3.4 ka
( 19 )

8.50 ± 0.08 ka
( 5 * )

8.3 ± 1.6 ka
( 4 )

2.1 ± 0.3 ka
(  20 )

4.6 ± 1.7 ka
( 10 )

5.3 ± 2.2/1.1 ka
(  6, 19  )

3.8 ± 0.9/0.8 ka
( 19 )

8.5 ± 3.3 ka
( 19 )

1.5 ± 0.2 ka
( 20 )

1.6 ± 1.0 ka
( 10 )

1.9 ± 0.2 ka
(  20 )

Vulcanello 3 Formation

vu3a member - Punta del Roveto lava flow (latite, 2 ) with jagged flow front and roughly clinker top. Internal massive portions are vesiculated and show porphyric
texture (centimetre-sized feldspar phenocrysts are visible) and sometimes oxidation.

vu3b member - Up to 18 m thick pyroclastic succession consisting of an alternation of thinly bedded vesiculated, varicoloured tuffs and massive scoriaceous lapilli
deposit (shoshonites, 2 ), the latter increasing towards the top (wet- and dry-type dilute PDC eruption units); isolated ballistic bombs are present. Some lapilli beds
contain polygenetic xenoliths. The unit builds the western-most tuff ring of Vulcanello, which is anastomized with the older scoria cones (cf. Vulcanello 1 and 2
formations) . A local erosion unconformity affecting the succession shows plant relics on the top, whose calendar 14C age is 397 ± 97 years ( 12 * ).

 0.397 ± 0.097
ka

( 12  * )

IL PIANO
DI VULCANO

SCOGLIO
DELL’ARPA

RIO
GRANDE

PALEO-VULCANO

CASA
GROTTA

DELL’ABATE

Scoglio
Conigliara

Monte Aria

Timpa del
Corvo

Casa
Petrulla

Il Cardo
 (lower portion)

Pianoconte
Formation ( a )

Very thickly bedded, massive,
reddish-brown ash deposit (dilute
PDC eruption units) mostly
formed by millimetric glass
fragments (from shoshonites to
trachytes). The deposit shows
internal banding and is locally
rich in millimetre-sized, euhedral
clinopyroxene crystals and
carbonized wood fragments.
Laminated ashy layers, with
planar- to inclined-bedding or thin
layers of scoriaceous lapilli (fallout
eruption units) are frequently
intercalated. These deposits are
correlated to the widespread
Lower and Intermediate Brown
Tuffs (Pianoconte Formation, a ),
dated at 70-56 ka and 56-27 ka,
respectively ( 16 * ). In the area of
Quadrara, one or more beds of
scoriaceous lapilli correlated to
La Sommata Formation are
intercalated at different
stratigraphic positions.

La
Sommata

Capo Secco

Serro di
Punta Lunga

(Primordial
Vulcano, 5;

Southvulcano
or Old

Vulcano, 12)

Monte
Luccia

Il Cardo
 (upper portion)

Monte
Rosso

Scoglio Conigliara Formation (Leucite tephrites of Caldera del Piano, 12 )

Monte Aria Formation

Casa Petrulla Formation

Piano di Luccia Formation (Welded-scoriae sheet of Piano Luccia, 12 )

Timpa del Corvo Formation

La Sommata Formation

Scoriaceous pyroclastic deposit consisting of multiple normally graded, coarsely bedded, loose black scoriaceous lapilli (shoshonite
basalts, 2  )(fallout eruption units - scoria cones); the crater facies consists of poorly welded and sorted massive scoriae and
bombs (shoshonitic basalts and shoshonites, 2  ). In the area of Quadrara, one or more layers of scoriaceous lapilli correlated
to La Sommata Formation by petrochemical matching are interbedded at different stratigraphic positions within the Pianoconte
Formation.

ma1 member (Lower Grey Sandtuffs, 12 ) - Pyroclastic succession (up to 100 m thick) consisting of yellowish to dark-grey, thin to medium beds of fine to coarse ash,
with planar- and cross-bedding (dilute PDC eruption units), interlayered with massive, tens of centimetre- to metre-thick beds of well-sorted scoriaceous lapilli
(shoshonites, 2  - fallout eruption units). In places, an aa-type lava flow is intercalated.

ma4 member - Succession up to 20 m thick of massive, porphyritic lavas (shoshonites, 2 ).
Palaeomagnetic data ( 15 ): n/N = 6/63; D = 355.2°; I = 57.7°; k = 27; α95 = 3.5°.
ma3 member - Crude-layered deposit (up to 5 m thick) of loose, yellow-reddish and well-sorted scoriaceous lapilli, with associated loose clinopyroxene crystals (fallout
eruption units).

Symmetric graded, up to 6−7 m thick bank of poorly sorted scoriae, bombs and dense lava spatter (shoshonites, 2 ) with subhorizontal attitude (fallout eruption units).
Palaeomagnetic data ( 15 ): n/N = 2/23; D = 355.9°; I = 53.0°; k = 110; α95 = 2.9°.

Crude-layered, up to 20 m thick deposit of loose scoriaceous lapilli and bombs (shoshonites, 2 ) (fallout eruption units - scoria cone). At the top, a thin massive lava
flow occurs (shoshonite, 2 ).

Succession up to 35 m thick of three sub-aphyric aa-type lava flows (high-K basaltic andesites, 2 ).
Palaeomagnetic data ( 15 ): n/N = 1/12; D = 22.3°; I = 55.0°; k = 221; α95 = 3.5°.

ma2 member - Massive lava flow (shoshonites, 2 ), which is up to 50 m thick along the cliff of the valley of Rio Grande.
Palaeomagnetic data ( 15 ): n/N = 4/38; D = 32.6°; I = 39.2°; k = 38; α95 = 4.4°.

Massive and porphyritic compound lava flows up to 50 m thick, locally lc-bearing and well-vesiculated. Composition ranges between shoshonite basalts and shoshonites
( 2 ). Near the valley of Rio Grande, two up to 5 m thick banks of yellowish-red laminated ash are interlayered (sc1 member - dilute PDC eruption units).
Palaeomagnetic data ( 15 ): n/N = 1/17; D = 8.9°; I = 49.3°; k = 59; α95 = 4.7°.

 Punta del Rosario Formation

Punta del Mortaro  Formation

Capo Grillo  Formation

Succession of porphyritic aa-type lava flows (high-K basaltic andesites, 2 ), interlayered with metre-thick beds of loose, rarely welded, dense scoriae (fallout eruption
units). Total thickness up to 150 m. Along the coastal cliffs, lava flows and thick banks of loose to poorly welded black scoriae and bombs connected to small parasitic
centres are visible (e.g. at Lo Scogliazzo).
Palaeomagnetic data ( 15 ): n/N = 1/14; D = 21.1°; I = 66.1°; k = 129; α95 = 3.5°.

Succession (up to 400 m thick) of porphyritic aa-type lava flows alternating with banks of loose scoriaceous lapilli and rarely welded scoriae and bombs (fallout eruption
units). Compositions range from basalts to high-K basaltic andesites and shoshonites ( 2 ). At the base and within the succession, yellowish to dark-grey medium to
thick beds of scoriaceous lapilli or ashes, with planar to cross-bedding are present (fallout and dilute PDC eruption units); thickness up to 5 m (cg1 member).
Palaeomagnetic data ( 15 ): n/N = 15/162; D = 7.1°; I = 53.7°; k = 30; α95 = 2.0°.

Succession of light grey, metre-thick and porphyritic aa-type lava flows (shoshonites, 2 ), mainly massive and with total thickness of 100 m. Scoriaceous xenoliths
and mafic portions are present. Locally, lensoid-shaped, coherent and heterogeneous epiclastic deposits are interlayered.
Palaeomagnetic data ( 15 ): n/N = 1/10; D = 8.3°; I = 65.1°; k = 70; α95 = 6.7°.

Monte Molineddo 1  Formation (Upper Grey Sandtuffs, 12 )

Pyroclastic deposit up to 8 m thick made up of grey laminated ashes, with planar- and locally cross-bedding (dry-type dilute
PDC eruption units). Loose, millimetre-sized, euhedral clinopyroxene crystals (Ømax = 1 cm) are abundant. Thin layers of well-
sorted scoriaceous lapilli are intercalated (fallout eruption units).
Palaeomagnetic data ( 15 ): n/N = 1/16; D = 16.8°; I = 47.0°; k = 33; α95 = 7.4°.

Monte Molineddo 2 Formation (Tufi varicolori, 4 ; Varicolored tuffs, 12 )

Passo del Piano Formation

Monte Molineddo 3 Formation (Tufi di Molineddu, 4 )

Monte Luccia Formation

Monte Rosso Formation

Pyroclastic deposit, up to 30 m thick, made up of varicoloured ashes, with thin to medium planar and locally cross- bedding
(dilute PDC eruption units). In the top portion, some massive layers of scoriaceous lapilli with isolated bombs and bomb sags
occur (fallout eruption units). The deposit shows a decrease of thickness and granulometry towards S-SW facies.

Massive, up to 2−3 m thick, olivine- and clinopyroxene-bearing microporphyritic, lobate lava flow with decimetric basal carapace
(basalts, 2 ). Palaeomagnetic data ( 15 ): n/N = 1/18; D = 16.4°; I = 44.5°; k = 514; α95 = 2.4°.

Pyroclastic succession up to 22 m thick made up of a rhythmic alternation of well-sorted, scoriaceous lapilli or scoriae beds
(fallout eruption units), massive beds of ashes and planar- or cross-laminated beds of coarse to fine ashes (dilute PDC eruption
units). At the top, a 6 m thick massive deposit of yellowish scoriae, bombs (shoshonites, 4 ) and lava lithics (10-15%) occurs
(fallout eruption units). Millimetre-sized euhedral clinopyroxene crystals are diffused. The succession shows a general decrease
of thickness and grain size towards the SSW and SSE.
Palaeomagnetic data ( 15 ): n/N = 1/10; D = 5.0°; I = 53.4°; k = 222; α95 = 3.5°.

Pyroclastic deposit, up to 25 m thick, consisting of very welded (at the base) to loose (towards the top) red scoriaceous bombs
(shoshonites, 2  ) and lava spatter (fallout eruption units). Locally, in the basal part, clastogenic lavas occur. In the middle portion
of the deposit, an enriched horizon of tens of centimetre-sized lava xenolithes occurs.
Palaeomagnetic data ( 15 ): n/N = 4/80; D = 25.0°; I = 30.1°; k = 31; α95 = 2.9°.

Scoriaceous deposit, up to 30 m thick, consisting of a basal layer of black to yellow lapilli upward-coarsening to red and poorly
sorted scoriae, bombs (shoshonite basalts, 2 ) and lava spatter (Ømax= 0.5 m) (fallout eruption units - scoria cone).

78.5 ± 4.5 ka
( 10 )

77.8 ± 2.1 ka
( 4 )

99.5 ± 7.0 ka
( 11 )

99.5 ± 4.5 ka
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117.0 ± 2.4 ka
( 19 )
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113.0 ± 2.5 ka
( average, 11 )

126.7 ± 6.6 ka
( 19 )

112.0 ± 3.0 ka
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108.0 ± 2.0 ka
( average, 14 )

101.0 ± 2.0 ka
( average, 14 )

77.0 ± 5.0 ka
( 11 )

48.5 ± 6.5 ka
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( 4 )

52.0 ± 4.0 ka
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La Fossa di
Vulcano

Monte
Lentia

(intermediate
portion)

Cugni di Molinello Formation

Piano Grotte dei Rossi Formation (Upper Tufi di Grotta dei Rossi, 3 )

Punta Roia Formation

Subhorizontal, up to 50 m thick succession of  lava flows: the basal flow is aa-type type, whereas the following are massive (latites, 2 ).
Palaeomagnetic data ( 15 ): n/N = 1/8; D = 354.6°; I = 52.2°; k = 148; α95 = 5.5°.

Casa Lentia Formation

Monte Lentia Formation

Trachyte ( 2  ) lava flows. At Monte Lentia, an up to 15 m thick aa-type lava flow occurs; it overlaps a massive, 4-m thick, pyroclastic deposit consisting of lava blocks
and bombs (trachytes, 2 )(fallout eruption units). East of Passo del Piano, a squat massive lava body is visible.
Palaeomagnetic data ( 15 ): n/N = 2/23; D = 356.0°; I = 47.6°; k = 66; α95 = 3.8°.

North−south-aligned up to 100 m thick lava domes and coulees (rhyolites, 2 ) which show different facies from massive, with porphyric texture and internal structures
(flow foliation, folding and subhorizontal jointing), to brecciated with dense vitrophyric and partially crystallized and pumiceous blocks. Along the eastern Mt. Lentia
cliff, fan-shaped joints are shown. Palaeomagnetic data ( 15 ): n/N = 4/53; D = 353.9°; I = 49.5°; k = 95; α95 = 2.1°.

Massive and generally well-sorted, black scoriaceous lapilli layer (shoshonites, 2 ) with scattered bombs in the upper portion and light tendency to the reverse grading
(fallout eruption units). Locally, at the very base, a thin bed of laminated grey ashes (dry-type dilute PDC eruption units) occurs with lithological features similar to
the Piano Grotte dei Rossi Formation. Thickness (up to 2.1 m in the area of Piano Grotte dei Rossi) and grain size decrease towards the NE and SW suggest a
possible provenance from the area of La Fossa cone. In the area of Il Piano, this stratigraphic unit subdivides the Lower and Upper Tufi di Grotta dei Rossi ( 2 ; see
Piano Grotte dei Rossi Formation).

Thinly to medim bedded, brown to grey massive deposit of  fine ash, about 2 m thick, interlayered with planar- to cross-bedded laminae of coarse to fine ash (dilute
PDC eruption units). These deposits are correlated with the widespread Upper Brown Tuffs ( 16 ).

14.0 ± 6.0 ka
( 10 )

15.5 ± 1.3 ka
(  average, 11 )

13.0 ± 3.0 ka
( 19 )

13.0 ± 3.0 ka
( 19 )

Main steps of eruptive history are inferred by establishing
a connection between rock-stratigraphic units and
volcanic activity units (sensu Fisher R.V., Schmincke
H.-U., 1984 - Pyroclastic Rocks. Springer):
Unconformity-bounded units g Eruptive Epochs
l ithosomes g eruptive centres
Lithostratigraphic units g Eruption Units
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PORTO DI
LEVANTE

ERUPTIVE EPOCH 8
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Monte
Lentia

(upper portion)

La Fossa di
Vulcano

ERUPTIVE EPOCH 7

ERUPTIVE EPOCH 8
(from 3 ka BP)

 AD 1720 ± 30
( 1 )

>42-40 ka
( 16 )

(AD 1050-
1200,  1 )

(AD 1200,  1 )

Gran Cratere
di La Fossa
(intermediate

portion)

Gran Cratere
di La Fossa
(upper portion)

ERUPTIVE EPOCH 8
(8-5 ka BP)

5.5 ± 1.3 ka
( average, 11 )

2.2 ± 1.3 ka
(  10 )

108.5 ± 3.0 ka
( average, 14 )

(135±3.5 ka,14)

105.5 ± 2.0 ka
( average, 14 )

78.0 ± 2.0 ka
( average, 14 )

15.5 ± 1.0 ka
( average, 14 )

(94±1 ka, 9)
(78±2 ka, 9)

(83±2 ka,9)

(66±2 ka, 9)

(88±1 ka,9)

13.0 ± 1.0 ka
( 9 )

(79±10/11 ka,19)

2.9 ± 0.4 ka
(  20 )

Gran Cratere 1  Formation (Unità piroclastica post-1739, Auc., 7 )

Monte Lentia
(lower portion)

Punta
Bandiera

Spiaggia
Lunga

Cala del Formaggio Formation

cf1 member - Thinly bedded, up to 6 m thick volcaniclastic succession consisting of massive layers of coarse ash with diffused lava clasts, generally altered and
fumarolized (epiclastic deposits), alternated to subordinate massive beds of fine ash interlayered with planar grey laminae of coarse ash (dilute PDC eruption units).

cf2 member - Coulees up to 50 m thick (trachy-rhyolites, 2 ) with flow foliation and folding, in places brecciated with vitrophyric and partially crystallized and pumiceous
blocks. Palaeomagnetic data ( 15 ): n/N = 1/16; D = 2.2°; I = 45.9°; k = 631; α95 = 1.5°.

Spiaggia Lunga Formation (Spiaggia Lunga Saraceno blanket, 12; Spiaggia Lunga scoriae, 8)

Punta Bandiera Formation

Pyroclastic succession, up to 50 m thick. The basal portion consists of a 3 m thick thinly to thickly bedded, planar to wavy stratified ash deposit with bomb sags (dilute
PDC eruption units) and some intercalated scoriaceous lapilli beds (fallout eruption units). The main portion, up to 45-m thick, consists of a massive, red, strongly
welded to coalescent scoriaceous bombs and lava spatter pile (fallout and scoria flow eruption units), in places columnar jointed (shoshonite basalt and shoshonites,
2 ); at the base, a lithic-rich horizon of quartzitic and monzogabbroid ( 2 ) blocks (5-10%) occurs. Near Scoglio di Capo Secco, a second up to 8 m thick bank of loose
to weakly welded red scoriae and bombs is distinguished.
Palaeomagnetic data ( 15 ): n/N = 6/91; D = 1.8°; I = 44.4°; k = 129; α95 = 1.3°.

Bilobate, up to 6-m thick aa-type lava flow (shoshonites, 2 ), with extended massive portions, outpouring from an eccentric dyke (loc. Gelso - Casa Petrulla).
Palaeomagnetic data ( 15 ): n/N = 2/12; D = 4.7°; I = 56.6°; k = 232; α95 = 2.9°.

25.8 ± 2.5 ka
( 19 )

Punta di Mastro Minico Formation

mm1 member - Pyroclastic 6 m thick deposit consisting of coarse ash, red scoriaceous lapilli and diffused bombs and often elongated lava spatter (30%) (fallout
eruption units). Juvenile clasts range in composition from latites (90%) to trachytes (10%)( 2 ).

mm2 member - Succession up to 8 m thick of massive lava flows with discontinuous columnar jointing (latites, 2 ).
Palaeomagnetic data ( 15 ): n/N = 2/29; D = 9.2°; I = 64.4°; k = 324; α95 = 1.5°. 27.9 ± 6.6 ka

( 19 )

Punta del Monaco Formation

pm1 member - Pyroclastic succession up to 18 m thick consisting of a rythmic alternation of thinly to medium bedded, planar- and cross-laminated coarse and fine
ash layers (dry-type dilute PDC eruption units) and fine varicoloured, vesiculated ash layers with bomb sags (wet-type dilute PDC eruption units) and thin layers of
scoriaceous lapilli and lava clasts (fallout eruption units).

pm2 member - Coulees up to 70 m thick (trachy-rhyolites, 2 ) with flow foliation and folding, in places brecciated with dense vitrophyric and partially crystallized and
pumiceous blocks. Palaeomagnetic data ( 15 ): n/N = 1/16; D = 4.0°; I = 52.7°; k =  93; α95 = 3.8°. 26.5 ± 2.0 ka

( average, 14 )

22.0 ± 4.0 ka
( 19 )

24.0 ± 5.0 ka
( 19 )

(15±2 ka, 9)

M. Guardia Formation

Whitish layer of rhyolite pumiceous lapilli, coarse ash and obsidian fragments (fallout eruption units) correlated to the M. Guardia Formation, ranging in age between
27 and 24 ka ( 16 * ). It occurs mainly near Gelso, at Casa Amendola and Casa Buongiorno, and subordinately southwards of Monte Luccia.

27-24 ka
( 16  * )
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active crater rim
during each evolutionary stage

crater area

scoria cone

eruptive fissure

lava dome

main lava flow

inactive volcano-tectonic collapse
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during each evolutionary stage
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HAZARD MAP FOR SURGE-TYPE, DILUTE PYROCLASTIC DENSITY CURRENTS (PALIZZI SUCCESSION)
THAT ARE THE MOST PROBABLE ERUPTIVE EVENTS WITH THE HIGHEST IMPACT

SKETCH STRATIGRAPHY OF RECENT ERUPTED PRODUCTS OF LA FOSSA DI VULCANO
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VOLCANIC HAZARD ASSESSMENT AT LA FOSSA DI  VULCANO
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STRUCTURAL FEATURES
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OTHER SYMBOLS

urbanized area

monitored fumarole

thermal spring

fossiliferous site (leaves and plants)

ancient rim of tectonic collapse or slide

RECENT SEDIMENTS

slope detrital cone

present sea-shore deposit

landslide

colluvial deposit

slide scar

external tephra layer

trace of the geological cross-section

chronology of crater rims at La Fossa di Vulcano

chronology of scoria cones at Vulcanello

sector collapse rim (inferred)

SYMBOLS

PALEOSECULAR VARIATION (PSV) CURVES
AT VULCANO

The symbols quote mean paleomagnetic directions of
formations and members (see legend): horizontal bar in
black = ΔD or ΔI 95% confidence interval; vertical bar in
blue = age uncertainty related to isotopic age of the units;
vertical bar in red = stratigraphic interval of uncertainty of
the units.
Vertical axes (in green) correspond to the geocentric axial
dipole (GAD) direction at Vulcano, D=0°, I=57.8°.
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Volcanoes. Geological Society, London, Memoirs, 37. © The Geological Society of London 2013

flank of Vulcano at about 460–590 mbsl (EAD10) and from the western
flank offshore Capo Secco, from ~250 to 370 mbsl (EAD27). Basaltic
trachyandesites were dredged from VO3 at about 250–467 mbsl
(EAD8) and from the south-western submarine flank of Vulcano at
about 115–200 mbsl (EAD28). The dredges located offshore the Lentia
Complex at about 200–290 mbsl are rhyolites (EAD 7). The considered
samples belong to the high-K calc-alkaline and the shoshonitic series
(Fig. 8b)

Themain petrographic feature of the potassic trachybasalts (EAD10a,
10b and 27) is the high Porphyritic Index (P.I.=44–53, see Table 3), with
abundant zoned clinopyroxene andplagioclase phenocrysts, subordinate
olivine and opaques set in a glassy matrix including feldspar microlites.
Only the sample EAD10b is characterized by a cryptocrystalline ground-
mass. Basaltic trachyandesites (EAD8 and EAD28) are porphyric to
glomeroporphyric (P.I.=34–43) with abundant phenocrysts of plagio-
clase and zoned clinopyroxene in a brown glassy matrix with intersertal
texture. The relatively MgO-rich basaltic trachyandesite EAD8 also
shows olivine phenocrysts whereas the lava EAD28 is olivine-free and
contains, instead, brown amphibole. The rhyolites (samples EAD 7a
and EAD 7c) are moderately porphyritic (P.I.=6–18): their phenocryst
assemblage consists of zoned and locally altered clinopyroxene, plagio-
clase and minor opaques. The alignment of feldspar microlites in the
glassy groundmass produces a fluidal texture.

6. Discussion

The bathy-morphological and seismo-stratigraphic setting of Vulcano,
coupled with seafloor sampling, allow to enlarge the knowledge of this
volcanic edifice to its wider submarine portion, representing about the
85% of volcano surface.

Despite the relative young age of Vulcano volcano, erosive-
depositional features cover about 4/5 of its submarine flanks (Fig. 9) in-
dicating the relevance of reworking processes in the evolution of the vol-
canic edifice. This is similar to what observed in other insular volcanoes,
where the accumulation of debris around the cones greatly contributes
to the offshore growth of the edifice leading to the emplacement of
massive insular volcaniclastic aprons (Menard, 1956; McPhie, 1995;
Schmincke and Sumita, 1998) with a volume of re-sedimented material
that may overwhelm the volume of primary volcanic products (Carey,
2000; Chadwick et al., 2005; Casalbore et al., 2010).

In order to compare the different submarine sectors of Vulcano,
graphs of median and inter-quartile range of cumulative surface gra-
dients were constructed according to the approach of Mitchell et al.
(2002) (Fig. 10). These graphs summarize the average steepness
and its variability, allowing us to analyze their distribution with
depth in different sectors of the edifice (i.e. within the areas num-
bered 1 to 5 in Fig. 10). Apart from shallow-water areas (above
120 mbsl), where insular shelves and submerged depositional ter-
races are associated to low gradients (see Section 6.1), two main pat-
terns of slope gradients have been observed, showing larger
variability of slope gradients, i.e. sectors 1, 2, upper part of sector 3
and, to a lesser degree, sector 5, or narrower variability, i.e. lower
part of sector 3 and sector 4. These patterns have been related to
flanks dominated by constructional and erosive-depositional features,
respectively (see subsections 6.2 and 6.3).

6.1. Shallow-water areas affected by Late-Pleistocene sea-level fluctuations

The occurrence of low-gradient insular shelves and submerged
depositional terraces controls the slope distribution in the shallow-

Fig. 9. Interpretative map of the main features of the submarine portions of Vulcano; the simplified geology of the island is from De Astis et al., 2006a.
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Objectives

• Bring together researchers, engineers, science 
managers, graduate and postgraduate students 

• Build networks, broaden horizons, encourage 
communication, build bridges, provide opportunities 
to learn new techniques, use new tools 

• Aspects of Planetary Sciences, Remote Sensing, 
Geology, Geophysics, Oceanography, and Robotics 

From the depth of the oceans to the planets and stars
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How was this achieved in 
the past?
• Summer Camps ~ 2 weeks, early June in Vulcano, 

2015 - 2019 
• Introduction to tools and methods: Field activities in 

oceanography, robotics, geophysics and remote 
sensing 

• Individual or group training, lectures in methods 
• Introduction to field data collection, data processing, 

analysis and interpretation 
• GIS and data management strategies

7
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Overview of 
tools / methods

8

• Magnetic (gradiometer & marine magnetometer) 
• Drones (Photogrammetry, Spectrometry) 
• Geodetic Surveying Kinematic GPS 
• Seismics (Passive, active refraction) 
• Gravity 
• Acoustics (echosounder, sidescan sonar) 
• Ground Probing Radar 
• CTD, ADCP 
• Sampling (Water, Sediment) 
• Underwater ROV 

• Rover (Marine, Terrestrial) 
• CO2, Ph sensor 
• LISTT 
• Drop camera (Cement Casing) 
• Telescope (Astronomy) 
• Infra Red Camera 
• Research Vessel

Equipment Transport 2017
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(Past) Achievements 
• 5 field campaigns / Summer Schools; expertise, experience, data 
• > 150 participants; building people networks 
• Positive and Constructive feedback used to further fine tune the 

summer school. 
• Extensive Database of data gathered 
• Successfully provided insights from Oceans to Planets and 

methods from Oceanography, Geophysics, Geology to Planetary 
Sciences 

• Addon: 2 x BSc thesis, GeoBremen 2017, LPSC, presentations, 
manuscripts in preparation

9
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What NEXT ?
• Vulcano SUMMER 

School 2022 
• Limited Funding support 

from ARCHES !! 
• Lots of new, exciting 

topics, instruments and 
people (BSc, MSc, PhD, 
post docs, (more) senior 
researchers, academics /  
engineers / technicians 

10
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Why Vulcano ?
• Excellent Moon and Mars Analogue 

sites, (dry, little vegetation, boulder 
and grain size distribution) 

• Varied magmatic and other 
geomorphic terrains, active 
volcanism (Etna, Stromboli, 
fumeroles), seismic activity 

• Ocean (deep) environments, CO2 
vents 

• Logistics (easy access, short travel 
times to field sites, good weather / 
nice food)  

• Participation Research Project + 
FUNDING !

11

Fumeraloes

Vents Volcanoclastics

Robotics 

Analog sites
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What can you hope to 
learn / gain ..

• (Field) Experience, contacts and networking  
• Broad spectrum of field techniques (marine and terrestrial 

methods) 
• Research methodology - collection of data, analysis and 

interpretation of data 
• Specialisation Themes / Topics:  

• Oceanography, Geophysics, Remote Sensing, GIS, 
and Geology 

• Planetary Analogues and bits of Astronomy

12
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2019 Excursion Themes & Instructors 
• LIPS (Susanne + Kristin) 
• Astrobiology + Raman (Mikhail + JP) 
• Spectroscopy UV + VIS (Kathrin) 
• IPS + IR + pyrometer + Asgard (Patrick + Christian + DFKI) 
• Geoelectrics (Freiberg Group) 
• Marine Robotics (Szygmon, Francesco) 
• Oceanography (Laurenz) 
• Astronomy (telescope with Frank; after dinner program) 
• Drone and other geophysics (Vikram, Frank et al) 

.. and others that might develop
13



Vulcano 2022 - prep meetings - 1

Idealised daily plan

• 08:00 - meeting in the reception; daily plan, overview, 
any chances 

• 09:00 - 12:00 - Field-work 1 
• 13:00 - 14:00 - Lecture - I will setup a lecture schedule - 
• 14:00 - 18:00 - Field-work 2 
• 18:00 - 22:00 - Dinner, data processing, instrument 

preparation, discussion of possible plans for the next day 
• 22:00 - 24:00 - Star gazing with Frank

14
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Excursion Dates
• Departure: Sunday 12th June  
• Return: Thursday 24th June 

15

DISCLAIMER: These dates MAY change due 
to reasons beyond our control e.g. travel, 

COVID etc

Two introductory meetings - early April and mid May 
- With details on: 

- travel, organisation and planning 
- excursion background  
- geological introduction Vulcano 
- project topics
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“Thank	You	for	the	unforgettable	experience	in	Vulcano!”	


