Possibile introduzione alla geologia e alla storia eruttiva

1) italiano

I vulcani sia sottomarini che emersi del Distretto Vulcanico Eoliano (DVE) si sono formati a partire da ≈1-1.3 Ma in risposta al complesso quadro geodinamico che ha caratterizzato il Tirreno meridionale ed il sud Italia sin dal Plio-Quaternario. I sette strato-vulcani che formano l’arcipelago sono progressivamente sorti dai ~1500-2000 m del fondo del mare in tempi diversi; i prodotti vulcanici subarei più vecchi sono quelli che formano le porzioni più antiche delle isole di Salina e Filicudi, eruttati fra 430 e 400 ka.L’evoluzione geologica dei vulcani dell’arcipelago Eoliano è stata recentemente ricostruita distinguendo diverse epoche eruttive (periodi di attività vulcanica caratterizzati da una posizione definita dei centri eruttivi, da caratteri specifici dello stile eruttivo e/o da caratteri geochimici distintivi dei magmi emessi; sensu Fisher and Schminke, 1984) che sono identificate sulla base di superfici d’inconformità legate at eventi vulcano-tettonici o di prolungate fasi di quiescenza quando i processi erosivi diventano prevalenti sia in ambiente subaereo che sotterraneo. Nell’ambito del vulcanismo Eoliano, hanno recentemente acquisito una notevole importanza le superfici derivanti dalle fluttuazioni del livello del mare e quindi identificabili per la formazione di terrazzi marini a diverse altezze lungo le falesie delle Isole. I terrazzi identificati con maggiore certezza anche cronologicamente, sono quelli legati alle linee di paleo-costa attive durante gli ultimi picchi inter-glaciali (Marine Oxygen-isotope Stages = MIS 5e, 5c and 5a). Malgrado queste “superfici marine” (questo tipo di superfici) non siano state rinvenute sull’isola di Vulcano ma solo su altre Isole, dalle loro età è possibile desumere una griglia cronologica a 3 stadi, da applicare alla storia di tutti i vulcani Eoliani: 1° stadio > 124 ka (prima di MIS 5), 2° stadio fra 124-81 ka (durante MIS 5), 3° stadio < 81 ka (dopo MIS 5). Le età di 124 ed 81 ka identificano quindi due superfici denominate unconformity UI e UII applicabili anche all’Isola di Vulcano, coerentemente con le età radiometriche misurate su un ampio numero di prodotti vulcanici dell’isola le quali collocano l’inizio delle attività – almeno per ciò che riguarda le rocce emerse – tra 125 e 130 ka (l’età più vecchia ottenuta con una datazione U-serie è di 126.7±6.6 ka, Soligo et al., 2000). Al quadro crono-stratigrafico appena descritto, occorre aggiungere che gli studi di tefro-stratigrafia (identificazione di marker beds e loro età) hanno fornito ulteriori indicazioni temporali sia per quanto riguarda Vulcano che il vulcanismo del Distretto Vulcanico Eoliano. In particolare, a Vulcano, i tephra che fungono marker beds sono quelli della sequenza di Monte Guardia (datato fra 22 e 20 ka; Tranne et al., 2002a) e di Gabellotto-Fiume Bianco (datato fra 11.4 e 8.6 ka; Bigazzi e Bonadonna, 1973) entrambi provenienti da Lipari. Infine è stato documentato che una successione piroclastica costituita da strati e banchi grigio-marroni di ceneri – formatasi attraverso il progressivo accumulo di ripetute eruzioni avvenute tra (80 e 6-7 ka e identificata come Brown Tuffs – affiora su molte delle isole dell’arcipelago (e persino sulla penisola di Capo Milazzo) ed ha così acquisito una grande importanza stratigrafica a livello regionale. Almeno una parte di questa successione - quella che è più giovane dell’Ischia tephra datato a 56 ka (- è molto probabilmente legata ad eruzioni avvenute da vent(s) localizzabili a Vulcano, nell’area attualmente occupata dalla Caldera della Fossa (De Astis et al., 1997a; Lucchi et al., 2008). Essa può essere correlata con buona affidabilità da Vulcano, a Lipari e Salina, basandosi sulle variazioni granulometriche e di spessore, e sulle affinità composizionali riscontrate analizzando i vetri. Sull’isola di Vulcano, sequenze temporalmente differenti di questi prodotti costituiscono 2 diverse formazioni (De Astis et al., 2006) chiamate Grotta dei Pisani (Brown Tuffs Intermedi) e Piano di Grotte dei Rossi (Brown Tuffs Superiori), che saranno brevemente discusse nell’ambito della storia di Vulcano (prox paragrafo) data l’importanza che ricoprono. Poiché esiste un ampio numero di pubblicazioni degli ultimi 3 decenni che lo hanno usato, occorre ricordare che lo schema generale delle attività di Vulcano nel tempo e delle relative unità morfo-strutturali principali era il seguente: 1) il Vulcano Primordiale o Meridionale; 2) la Caldera del Piano con i suoi depositi di riempimento; 3) il Complesso della Lentia; 4) la Caldera della Fossa; 5) la Fossa di Vulcano; 6) Vulcanello.

2) Versione inglese - Introduction ?

Submarine and emerged volcanoes of the Aeolian Volcanic District (AVD) formed starting from 1-1.3 Ma in response to the complex geodynamics characterizing the Southern Tyrrhenian region and southern Italy. The seven large strato-volcanoes of the Aeolian archipelago progressively upraised from ~1500-2000 m of the sea floor at different times and the oldest (subaerial) volcanic products were emplaced on Salina and Filicudi between 430 and 400 ka. The geological evolution of each Aeolian volcano occurred during successive eruptive epochs (periods of volcanic activity characterized by specific location of eruptive centres, eruptive style or petrological and geochemical features; sensu Fisher and Schminke, 1984) that are subdivided by main unconformities formed during volcano-tectonic events or major quiescent stages that provide prevalent erosional and reworking processes in subaerial and marine environments. In this regard, several field data suggest that edification and dismantling of the Aeolian volcanoes were strongly conditioned by the interaction between volcanic activity and late Quaternary sea level fluctuations. This interaction caused the formation of staircased marine terraces outcropping along the coastal slopes of the Aeolian Islands and intercalated to their volcanic products (e.g. Keller, 1967, 1980a; Lucchi, 2000; Lucchi et al., 2007 and Ref. therein). The terraces better constrained are those related to marine paleo-shorelines due to the last interglacial sea-level peaks corresponding to marine oxygen-isotope stages (MIS) 5e, 5c and 5a. These paleo-shorelines are visible and correlated in the islands of Lipari, Filicudi, Panarea, Salina and Alicudi, whereas paleo-shorelines of generic pre-MIS 5 age have been identified on Filicudi and Salina islands. Therefore, the wide diffusion of marine terraces attributed to MIS 5 provide a stratigraphic key not only for a single volcanic edifices but also for the correlations on a regional, inter-island scale. The detailed reconstruction of stratigraphic relationships between marine terraced deposits and volcanic rocks allows two main stratigraphic unconformities to be defined and regionally correlated: UI and UII (Tranne et al., 2002b; Lucchi et al., 2003). These unconformities figure a regional stratigraphic framework that makes possible a synthesis of the geological evolution of the Aeolian volcanoes according to three different main stages: 1st stage > 124 ka (before MIS 5), 2nd stage between 124-81 ka (during MIS 5); 3rd stage < 81 ka (after MIS 5). Noteworthy, UI and UII unconformities can be recognized also on islands where marine deposits are not present on the basis of detailed litho-stratigraphy data and radiometric ages of volcanic rocks, as shown for Vulcano (De Astis et al., 2006). Within this stratigraphic framework, long-lived and detailed tephro-stratigraphic studies have provided further constraints useful to set the volcanism of the Aeolian Islands. Inter-island tephras, related to high-explosive eruptions of the Aeolian volcanoes, and distal tephras, resulting from (far) eruptive apparatus external to AVD (e.g. Campanian volcanoes), has been documented on various Islands. For what concerns Vulcano, the Monte Guardia pyroclastics from Lipari (dated between 22 and 20 ka; Tranne et al., 2002a) and the Gabellotto-Fiume Bianco tephra (dated between 11.4 and 8.6 ka; Bigazzi and Bonadonna, 1973) represent the most significant chrono-stratigraphic marker beds. Furthermore, a pyroclastic succession made of ashy brown layers emplaced several times from (80 to 6-7 ka, and forming the so-called Brown Tuffs deposit, crop out all over the Aeolian archipelago (up to Capo Milazzo peninsula) and presently hold a great stratigraphic importance at regional scale. At least part of this succession - that overlying the 56 ka-old Ischia-tephra - seems to be related to vent(s) located in the area of La Fossa Caldera on Vulcano (De Astis et al., 1997a; Lucchi et al., 2008) and can be correlated with good reliability on Vulcano, Lipari and Salina Islands, based on the isopachs and grain-size variations, the affinity of the glass composition. On Vulcano Island, temporally different portions of these products constitute two different formations called Grotta dei Pisani and Piano di Grotte dei Rossi (De Astis et al., 2006), which will be shortly discussed in the next paragraph due to their importance.

Given the importance of literature data and papers from the last 3 decades, it’s to remember that the old, general subdivision of the Vulcano morpho-structures and consequently of its volcanological history follows this scheme: 1) the Primordial Vulcano or Southern Vulcano; 2) the Piano Caldera and its in-filling deposits; 3) the Fossa Caldera; 4) the Lentia Complex; 5) the Fossa Cone; 6) Vulcanello (Fig…)

Vulcano eruptive (volcanological) history

Vulcano Island is the southernmost emerged tip of the broad, mostly submarine NNW/SSE-oriented volcanic ridge that forms the AVD central sector, including also Lipari and Salina Islands and some small submarine volcanoes. The Islands alignment lies within a graben-like structure that lowered the crystalline basement down to 3-3.6 km (Barberi et al., 1994) and for Vulcano and Lipari geophysical studies indicate a Moho depth of ∼20-21 km. At least in the last 70 ka, these two Islands show quite complex overlapping and mutual interference in their geological evolution. They erupted a wide spectrum of magma compositions, ranging from mafic to silicic, with CA, HKCA, SHO and KS affinity. Mafic rocks dominate during early evolutionary stages, whereas abundant intermediate to rhyolitic pyroclastics and lavas were emitted just after 30 ka.

Volcanological and magmatological studies aimed to reconstruct the evolution of Vulcano Island allowed several stages of volcanic activity to be identified (Keller, 1980; De Astis et al., 1997). According to the most recent stratigraphic reconstruction by De Astis et al. (2006, and References therein), the eruptive history of Vulcano developed between ∼130 ka BP and 1888-90, during seven successive eruptive epochs, (in the sense reported in the previous paragraph)
The oldest exposed volcanism occurred on Vulcano is visible along its present W coast where some shoshonitic lava flows outcrop, forming a E-dipping small shield volcano called Paleo-Vulcano. This structure represents the 1st eruptive epoch. From ∼120 to 100 ka, the 2nd eruptive epoch develops through the growing of a large stratocone - the Primordial Vulcano - which covered the early structure of the Island through the superimposition of basaltic andesitic to shoshonitic lava flows alternated to minor scoriae and pyroclastics. Around 100 ka, the summit of the stratocone collapsed and the Piano Caldera formed. During the following 3rd eruptive epoch (∼100-94 ka), the Piano morphologic depression was partially in-filled by thick K-rich basaltic lava flows that effused from vents located along the ring-faults bordering the W side of the caldera depression. However, those lava flows were displaced by a new northern-sided volcano-tectonic sector collapse representing the first event connected to the multi-collapse formation of the Fossa Caldera. Then, the volcanism connected with the 4th eruptive epoch resumed from vents located along the SE rim of the Caldera del Piano. In particular, from ∼80 ka, the Mt. Aria and Timpa del Corvo vents were active determining the emplacement of SHO (and minor HKCA basaltic andesitic) pyroclastic products and lava flows that progressively filled the morphologic depression of the Caldera del Piano (toward NNE) and along the southern slopes of Vulcano Primordiale. In the time span from ∼80 to 15 ka, eruptive centres and fissures shifted towards N-NW in alternance with partial collapse and caldera-forming events, finally producing the present multi-phase La Fossa Caldera. Noteworthy, recent studies (Lucchi et al., submitted) have suggested that a wide tuff cone has been active within the area presently occupied by La Fossa Caldera, probably in a position similar to La Fossa cone and with similar features (fifth eruptive epoch). It basically produced explosive eruptions ranging from strombolian to hydromagmatic, sometimes generating pyroclastic density currents able to override the topographic obstacle represented by La Fossa caldera walls and/or to reach the southern part of Lipari, in the more energetic pulses. This determined the emplacement of the thick pyroclastic successions outcropping within the Caldera del Piano morphologic depression. On the basis of still ongoing investigations, we propose that these pyroclastic successions represent the proximal facies of the Lower and Intermediate Brown Tuff deposits with ages older than 22-20 ka BP. Minor volcanic activities from vents located within or bordering the Piano Caldera area, also characterized the fifth eruptive epoch and erupted the most primitive SHO lava flows and scoriae outcropping on Vulcano (La Sommata hill, etc.).

The sixth eruptive epoch occurred between 28 and 20 ka from vents located along the ring faults bordering the caldera collpases along the entire W side of the Vulcano Island. Trachirhyolitic lava domes (28-26 ka) in the present sector of Lentia complex and the SHO Spiaggia Lunga (24 ka) and Quadrara (21 ka) fall deposits are emplaced. 

Finally, the seventh eruptive epoch (from 20 ka to Present) caused the emplacement of the most recent volcanic products on Vulcano. They are represented by trachitic and rhyolitic lava domes in the sector of Lentia (15-8 ka) and by the scoriae and lava flows from the Monte Saraceno vent (∼8-8.3 ka). Anyway, volcanic activity focuses within the morphologic depression of the Caldera della Fossa. Firstly, the Piano Grotte dei Rossi Tuffs (20-5 ka; De Astis et al., 1997; De Astis et al., 2006b) were produced during several but similar explosive eruptions from vents located within La Fossa Caldera. On the basis of stratigraphical matching, and similar lithological, textural and petrochemical features, we suggest that they represent the proximal facies of the Upper Brown Tuffs. 

Over tha last 6 ka, La Fossa Cone (391 m asl) was built in the middle of the homonimous Caldera through recurrent explosive (and subordinately effusive) activities determining the emplacement of superposed pyroclastic deposits and a few viscous lava flows. 

Attività dettagliate della Fossa…

The last 2 ka of La Fossa activity were associated to the Vulcanello emersion through prolonged effusive activities forming a shoshonitic lava shield and explosive eruptions occurred through 3 different coalescent cones overlying the lava.

Nowadays, active volcanism on the Island consists of extended degassing from fumaroles, hot springs and shallow seismicity. Gas output characterizes both some submarine areas (Porto di Levante) and especially the northern sectors of La Fossa Cone crater. Historical volcanic activity for Vulcano are repeatedly reported or inferred in the last two millenniums, with recurrent activities developed along the XVIII-XIX sec and the last eruption occurred in the 1888-90 biennium (De Astis et al, 2006). The ongoing quiescent stage of La Fossa crater still contains significant hazards Part of the N rim of the present crater is highly unstable due to erosional undercutting and weakening of the rock by persisting activity of the hydrothermal since the 1888-90 eruption, indeed. Actually, the area of greatest instability is above the parasitic La Forgia Vecchia craters on the N flank of La Fossa cone. 

In addition, a collapse of the N crater rim or a landslide along the flank could probably generate a small debris avalanche able to reach and cover portions of the Vulcano Porto village. Another hazardous effect of the collapse could be the uncapping of the hydrothermal system lying immediately below, with consequent steam blasts genesis and falling of variable-sized rock material. Noteworthy, La Fossa Cone fumaroles have often shown variations of their chemico-physical features, with a clear increase of the heat/gas magmatic component in the total gas flux, associated to shallow seismicity and small ground deformation. These periods of unrest - called “crises” - occurred in 1913-1923, 1993, 2004-2005, and for example Tmax arrived to 615°, 690° and 450°C, respectively, whereas the usual T is ~300° (Sicardi, 1941; Granieri et al., 2006; Gambino and Guglielmino, 2008 and Ref. therein). As experienced consequence, we can say that “crises” does not necessarily imply an escalation toward eruptive conditions, but the gas outflows recording these temporal changes in T, F/Cl, 3He/4He; CO2 flux, probably reflect changes in the relationships (ratios) between essolution of the primary gases from the shallower magma reservoir (located below La Fossa cone) and percolation of fluids throughout La Fossa hydrothermal system. Therefore, La Fossa Cone system (and its monitoring) seems to be highly conditioned by the interplay among: the shallow magmatic reservoir, the geothermal reservoirs and the volcanic edifice setting (fracturing, permeability, seal-sealing processes, etc.).



