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ABSTRACT 
 

Sun inconstancy has the ability to control global climate, that in turn 

acts as a trigger for volcanic activity. Looking for possible Sun-Earth 

connections we analysed the time distribution of eruptions of volcanoes 

located on the northern hemisphere, from the Caribbean Sea to the East 

Mediterranean Sea, with a particular detail on the most active Italian 

volcanoes. The compared analysis between sunspot and volcanic cycles 

suggested that volcanic eruptions are more frequent during minima of 

Sun activity, with about 3 eruptions out of 4 occurring at relative minima 

of the quasi-11 year Sun cycle. Not so evident are the long term 

(centennial time scale) relationships between Sun and volcanic system 

variability: since the former is controlled by much more complex 

mechanisms the analysis of correlations between eruptions and Sun 
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activity cannot prescind from geodynamical discriminants, which play a 

fundamental role in driving magma migration toward the Earth‘s surface. 

 

 

INTRODUCTION 
 

One of the most evident influences of Sun inconstancy on Earth's natural 

systems and cycles is its ability to control global climate. This happens 

through three main processes (Krivova and Solanki, 2004): (i) variations in 

total irradiance, (ii) changes in stratospheric chemistry due to changes in UV 

irradiance and (iii) changes in cloud cover caused by sun-induced variations in 

cosmic ray flux.  

The combination of these processes has been the main responsible for the 

global warming/cooling cycles of the planet Earth until the XIX century at 

least, when anthropogenic emissions of greenhouse gases started to play a 

relevant role as modulators of the global climatic system. Anthropogenic 

disturbances apart, maxima of solar activity correspond to warm periods and 

vice-versa; the most evident sign of increased solar activity is the increased 

number of sunspots, whose main cycle has a period of quasi-11 years.  

Global climate and/or local weather at minor scale may influence volcanic 

activity, triggering eruptions and/or unrest episodes. Mason et al. (2004) 

analysed global volcanic activity during the last three hundred years, 

highlighting its seasonality at a statistically significant degree. This pattern 

was observed mainly along the Pacific ―Ring of Fire‖ and more locally at 

some other volcanoes. In the author‘s opinion, the pattern of seasonality is 

caused by the annual Earth surface deformation that accompanies the 

movement of surface water mass during the hydrological cycle. Neuberg 

(2000) studied records of seismovolcanic activity from different volcanoes, 

including Stromboli. The comparison of these signals with theoretical body 

tides in the spectral domain revealed strong evidence against a correlation 

between seismovolcanic activity and tidal stress. By contrast, other parameters 

such as air temperature and barometric pressure showed the same diurnal and 

semi-diurnal time patterns of seismicity and may be then considered as 

possible external modulators of volcanic activity. Mc Guire et al. (1997) 

analysed the frequency of explosive activity of Mediterranean volcanoes, 

based on dated tephra layers in deep-sea sediment cores, and its relationship 

with the rate of late Quaternary sea-level changes. They found a nonlinear 

correlation between the two parameters, tentatively explained in terms of 

dynamic responses of the volcanoes to stress changes at various spatial scales. 
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The ultimate mechanism was identified on climate-driven growth and decay of 

large ice sheets, which can influence the eruptive chronologies of distant 

volcanic edifices via changes in global sea level. In particular, the authors 

highlighted a marked low of explosive eruptions from Mt. Etna during a sea-

level stand occurred between 22 and 15 ky B.P. Rampino et al. (1979) found a 

major volcanic eruption frequency coinciding with cooling trends of decadal 

or longer duration. The driving mechanism was identified in variations in 

climate leading to stress changes on the earth's crust, for instance by loading 

and unloading of ice and water masses and by axial and spin-rate changes that 

might augment volcanic potential. 

Similar findings were retrieved by Kutterolf et al. (2013), which detected 

Milankovitch periodicities in ash plume deposits recorded in marine sediments 

along the Pacific Ring of Fire. They identified variability in volcanic activity, 

driven by crustal stress changes associated with ice age mass redistribution, 

supporting the idea of a causal link between climatic variations, continental 

stress field, and volcanism. 

The common conclusion of the above mentioned studies is that volcanic 

processes can be influenced by climatic changes. Since these are controlled by 

solar cycles, theoretically Sun‘s activity might influence volcanic activity via 

the Earth‘s climate. The exploration of this theoretical link entails giant 

problems, due to the extreme complexity of climate and geodynamic systems. 

What we propose in this paper is a basic ―black box‖ approach, aimed to 

highlight preliminary clues of a possible link between solar and volcanic 

activities.  

 

 

METHODS 
 

We considered onset dates of eruptions and unrests of volcanoes from 6 

different areas, located along a West-East transect, extended in latitude 

between 10°N and 40°N: Caribbean Sea, Cape Verde Islands, Azores Islands, 

Canary Islands, Italy and Greece (Figure 1): volcanoes of the South Italian 

volcanic district (Vesuvio, Etna, Stromboli and Vulcano islands) have been 

particularly detailed. The structure of the analyzed volcanic database has been 

determined accounting for: i) limited extension in latitude for avoiding too 

huge differences in the coupled Sun-Earth system; ii) their location in islands 

or in close proximity of sea coast, i.e., in areas strongly influenced by sea level 

changes, invoked by McGuire et al. (1997) as the main climate-driven 

parameter potentially able to trigger volcanic activity; iii) the availability of a 
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reliable and well documented historical record of their eruptions (especially 

Etna, with a little less than 150 eruptions occurred. 

 

 

Figure 1. Location of the studied volcanic areas. 

Onset dates of volcanic eruptions reported in this study derive from the 

Smithsonian Institution Global Volcanic Program on-line catalogue, available 

at the URL http://www.volcano.si.edu/, integrated with the data published by 

Arrighi et al. (2001) for Vesuvio, Capaldi et al. (1978) and Giacomelli and 

Scandone (2007) for Stromboli. 

The sources for the number of sunspots are the graphs published by 

Lanzerotti (2001) and Vaquero (2007), integrated for the most recent period 

(2000-2010) with the data published online by the Australian Space Weather 

Agency at the URL: www.ips.gov.au/Solar/1/6. 

 

 

VOLCANOLOGICAL SETTING OF THE STUDIED AREAS 
 

In order to achieve if the geodynamic context in which a volcanic edifice 

is located has a relevance or not in its possible response to Sun variability, the 

main characteristics of each studied area are briefly outlined hereafter, moving 

from the Caribbean Sea to Greece. 

Volcanism of Caribbean Sea is linked to the Lesser Antilles island arc, 

about 850 km long with a curvature radius of about 450 km. The Lesser 

Antilles arc results from the subduction of the Atlantic beneath the Caribbean 

plate, with relatively slow current convergence rates (2–4 cm/y) as reported by 
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Feuillet et al. (2002), and magma productivity between 3 and 5 km
3
/m.y./km 

(MacDonald et al., 2000). Volcanism along the arc started ~40 m.y. ago 

(Bouysse et al., 1990).  

The volcanic Cape Verde Archipelago is located in the East Central 

Atlantic, 600 to 900 km from the western African coast. Composed of 10 

principal islands and some islets, Cape Verde Rise represents a hotspot swell, 

associated with an underlying mantle plume, by dynamic uplift (Pim et al., 

2008) and characterized by low magma production rates with some 0.026 km
3
 

y
−1

 of magma added to the crust, corresponding to a volume flux of ≈28 m
3
 s

−1
 

, which is only ≈9% of the one calculated for Hawaii (Holm et al., 2008).  

The Canary archipelago comprises seven main volcanic islands and 

several islets that form a chain extending for ~500 km across the eastern 

Atlantic, with its eastern edge only 100 km from the NW African coast. The 

Canary Islands developed in a geodynamic setting characterized by oceanic 

lithosphere formed during the first stage of opening of the Atlantic at 180-150 

Ma and lying close to the passive continental margin of the African plate. 

Magmatic activity in the Canary Islands started during the Cretaceous and 

subaerial volcanism during the Miocene (Carracedo et al., 2002). It is 

generally assumed that the archipelago originated from residual old plume 

material in the upper mantle. On the other hand, the long period of eruptive 

activity in this archipelago (> 20 Ma in some islands), their morphological and 

structural features, seismic signature and geochemical evolution present 

problems for that model (Hoernle and Schmincke, 1993). A comprehensive 

model is proposed by Viñuela (http://www.mantleplumes.org/WebpagePDFs/ 

Canary.pdf), suggesting that magmatic systems are feed by a mantle anomaly, 

but tensional stages generate fractures that work as preferential pathways for 

magma liberation, whereas tectonic compressive phases produce island uplifts. 

The Azores archipelago is located in the North Atlantic Ocean at about 

1500 km from the European continent and 3900 km from the North America 

east coast. It is formed by nine volcanic islands and a few islets, dispersed 

along a 600 km NW-SE direction axis. The islands rise from the so called 

Azores Plateau, a thick and irregular area of the oceanic crust roughly limited 

by the 2000 meters bathymetric curve (Gente et al., 2003). The islands are 

associated with a region of positive gravity and residual depth anomaly, which 

has been interpreted as the surface expression of a mantle plume in the zone 

where the American, Eurasian and Nubian lithospheric plates meet, forming 

the Azores Triple Junction (Searle, 1980; Luís et al., 1994, McKenzie and 

O‘Nions, 1995). The genesis of the magmas building the Azores has been 

attributed to an enriched mantle source (Yang et al., 2006). However, the 

http://www.sciencedirect.com/science/article/pii/S0012821X08004123#ref_bib69
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geological evolution of the islands appears to have been greatly influenced by 

regional deformation, in particular by sea-floor spreading along the Mid-

Atlantic ridge, and distension/transtension along the diffuse boundary between 

the Nubian and the Eurasian plates (Haase and Beier, 2003). 

The Italian peninsula is one of the most complex geodynamic settings on 

Earth (Doglioni et al., 1999; Wezel, 1985). One expression of this complexity 

is the wide variety of Plio-Quaternary magmatism in Italy, that ranges from 

ultrabasic to acid and from sub-alkaline to ultra-alkaline, covering almost 

entirely the compositional field of igneous rocks occurring worldwide. In the 

present study we considered the most active volcanoes during the last 

centuries: Vesuvio, Etna, Stromboli and Vulcano. 

Vesuvio is a composite volcanic system comprising the Vesuvio cone, the 

main present elevation of the volcanic edifice (1281 m a.s.1.) formed after the 

famous 79 A.D. plinian eruption that destroyed the roman cities of Ercolano 

and Pompei, and the pre-existing Mt. Somma caldera. Vesuvio eruptive 

activity has been characterized by the alternation between quiescent and active 

phases, lasting up to several centuries. During the active phases, both effusive 

and explosive eruptions occurred. In the period 79-1631 A.D. only two major 

explosive eruptions took place, in 472 and 1631 A.D. After the 1631 eruption, 

numerous effusive episodes occurred until the last one in 1944, often 

accompanied by explosive phases with production of tephra deposits 

volumetrically smaller than those of the Middle Age (Arrighi et al., 2001). 

Etna is the largest subaerial active volcano in Europe, with an elliptical 

base of 38x47 km and a maximum elevation of about 3300 m. Throughout its 

eruptive history, started about 200 ky B.P. and accredited for more than 230 

eruptions since historical sources are available, Etna has been characterized by 

a dominant effusive activity, even if pyroclastic deposits are common in the 

Holocene sequence. 

Stromboli is a strato-volcano that rises 3000 m from the floor of the 

southern Tyrrhenian Sea up to a maximum elevation of 924 m a.s.l.. It is 

considered one of the most active volcanoes in the world because of its 

persistent mild explosive activity, known as strombolian activity, that is going 

on almost for the last 2000 years. This normal activity is episodically 

interrupted by lava effusions and more violent explosions, which are referred 

to as major explosions and paroxysms (Barberi et al., 1993). 

Vulcano island is located along a NW-SE–trending strike-slip fault system 

and owes its present behaviour to multiple collapse and cone-growth phases 

that succeeded along its eruptive history (Peccerillo et al., 2006). The most 

recent volcanic cycle began 6 ky B.P. and built up the ―La Fossa‖ cone (about 

http://www.sciencedirect.com/science/article/pii/S0012821X08004123#ref_bib24
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450 m a.s.l.), whose last eruption lasted from 1888 to 1890 A.D. At present, 

Vulcano is characterized by shallow seismicity and intense fumarolic activity. 

Volcanism of Greece is linked to the Aegean region, where the African 

plate subducts beneath the Eurasian plate forming the Aegean volcanic arc, 

(Fytikas et al.,1985; Keller, 1982). The Aegean volcanic arc comprises the 

smaller volcanic centers of Sousaki, Aegina, Poros and Methana, and the 

larger accumulations of Milos, Santorini, Nisyros, Yali and Kos. Erupted lavas 

of these volcanoes are late-Miocene to Quaternary in age. Methana, Nisyros 

and Santorini have records of eruptions during historical times (Fytikas et al., 

1985).  

The geodynamic characterization of the volcanic areas delineated by the 

above discussed references is summarized in Table 1. 

 

Table 1. Summary of geodynamic characterization of the studied  

volcanic areas (see main text for references) 

 

Volcanic area Geodynamic context 

Caribbean Sea Subduction 

Cape Verde islands Hot spot (mantle source) 

Canary islands Complex (mantle source modified by regional tectonic) 

Azores islands Complex (mantle plume, seafloor spreading, plate motion) 

Vesuvio Subduction 

Etna Intraplate (mantle source unmodified by subduction 

Stromboli Subduction 

Vulcano Subduction 

Aegean Sea Subduction 

 

 

TIME DISTRIBUTION OF VOLCANIC ACTIVITY  

COMPARED TO SUN CYCLES 
 

In the evaluation of the possible coupling between Sun cycles and 

volcanic activity the approach we followed was the ―black.-box‖ model: we 

simply compared the time patterns of eruptions and sunspot number (hereafter 

referred as Ss), looking for any possible link between these two. In doing this 

we focused a particular attention on volcanic cycles (hereafter referred as 

VCs), i.e., any group of at least three consecutive eruptions whose time 

occurrence rate was clearly higher with respect to adjacent periods, in these  
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Figure 2a. From the right to the left: sunspot number, cumulative number of eruptions 

in the Caribbean Sea, Cape Verde Islands, Canary Islands, Azores Islands and Greece. 

Volcanic cycles for each area (three consecutive eruptions at least) were identified by 

progressively numbered abbreviations. 

 

Figure 2b. From the right to the left: sunspot number, cumulative number of eruptions 

of Vesuvio, Etna, Stromboli and Vulcano Island. Volcanic cycles (three consecutive 

eruptions at least) were identified by progressively numbered abbreviations. 
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including prolonged absence of volcanic activity. For a better evidence of VCs 

we plotted eruptions using a cumulative curve. Data from volcanoes located in 

the same area were grouped together and presented in Figure 2a, with the 

exception of Italy where, due to the highest detail, we considered each volcano 

separately (Figure 2b). 

Based on the two above mentioned figures a total of 17 VCs were 

recognized, 3 in the Caribbean Sea, 2 in Cape Verde Isl., 1 in Canary Isl., 4 in 

Azores Isl. and a total of 5 in Italy: 1 at Vesuvio, 1 at Stromboli and 3 at 

Vulcano Isl.; the Etna record is so continuous that no differentiation in VCs 

can be done. Comparing VCs frequencies with centennial Ss variations, 8 VCs 

out of the total of 17 occurred during periods of reduced solar activity, 7 at 

maxima and the remaining 2 during variable periods. If VCs are grouped for 

each of the 6 volcanic areas, Canary Isl., Azores Isl. and Italy show higher 

frequencies during solar minima (1 out of 1, 3 out of 4 and 3 out of 5, 

respectively), the Caribbean during maxima (2 out of 3), Cape Verde Isl. and 

Greece both during minima and maxima. Accordingly to the above 

considerations, no systematic relationships between volcanic activity and 

centennial Sun cycles can be assessed.  

The next step consisted in subdividing the eruptions for different classes 

of Ss, i.e., associating to each eruption onset date the corresponding Ss 

observed on the Sun. Results are plotted on the bar chart of Figure 3. As 

shown in the figure, the distribution of eruptions upsets that one of Ss, with the 

73% of eruptions occurred when sunspot number was lower than 60, condition 

under which the Sun spent the 76% of its time. The strong similarity of the two 

frequency distributions suggests the absence of any cause-effect relationship 

between the two parameters, since the probability that an eruption occurs 

during low Ss phases is higher just because the Sun spends the most of its time 

under this condition. 

Conversely, the clue of a possible link between VCs and Sun cycles is 

more evident if intra- quasi-11 year cycle variations of Ss are considered. Due 

to the huge variability of the quasi-11 year cycles, whose range between 

minima and maxima varies between 0 and 200 ca, the absolute sunspot 

number could be not indicative. As illustrated in the sketch at the upper left 

corner of Figure 4, the same absolute value of Ss may correspond to the upper 

or the lower half of two different cycles, characterized by different Ss ranges. 
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Figure 3. From the top to the bottom, numbers of eruptions and sun observations 

grouped for rising classes of sunspot number (values are expressed in %). 

Thus, each quasi-11 year cycle was subdivided in two halves, using the 

median peak amplitude as a divide between the low and high part of the cycle; 

eruptions were then classified on the basis of their position within the peak. As 

evidenced in Figure 4, the highest frequencies of eruptions are observed during 

relative minima of quasi-11 year Sun cycles in all the considered areas. Canary 

Isl. showed the wider differences, with 90.9 % of the eruptions occurred 

during lower half peaks against 9.1 % during the higher ones, whereas 

Stromboli has the lowest differences, with 55.2% and 44.8 respectively. In 

total, 71.9% of the eruptions took place during quasi-11 year cycle minima and 

only 28.1% during maxima. 
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Figure 4. Pie charts showing the classification of eruptions according to their position 

on the corresponding quasi-11 year solar cycle (upper or lower halves of the cycle, as 

illustrated in the sketch in the upper left corner). 
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This finding could suggest that Earth‘s climate variability, driven by Sun‘s 

cycle, could affect at a certain extent volcanic activity. Most of the published 

papers on the relationship between climate and volcanic eruptions (Mason et 

al., 2004; Mc Guire et al., 1997; Rampino et al., 1979) point to a common 

opinion: global climate and related sea level changes act as modulators of the 

stress field acting on the Earth‘s crust, triggering volcanic eruptions by the 

variation of confining pressures, promoting the ascent of fresh magma batches 

and destabilizing already weakened volcanoes. However, the response of 

volcanoes to Sun cycles is not unambiguous. Sun activity is only an external 

force able to lower the eruptive energetic threshold of a volcano while it is 

following its own evolution, in its turn driven by lithospheric parameters like 

plate motion rate and rheology, regional seismic activity and so on. These 

latter are fully independent of the Sun's state, so eruptions can occur also in 

absence of Sun anomalies. 

In other words, volcanoes are characterized by different energetic 

thresholds whose overcoming can lead to unrests and eruptions. If the 

threshold is low, they can be significantly influenced by solar activity: a 

volcano that is following its own evolution, completely independent of the 

Sun, will overcome the unrest threshold and erupt in close time relation with 

Ss cycles. Conversely, if the threshold is high, Sun activity will affect it only 

at a very little extent and a volcano will erupt at a certain time that is 

completely independent of Sun state. Last, if a volcano is pulsating at a very 

low background activity, far from the threshold, an impulsive energetic trigger 

like a strong earthquake could suddenly enhance its energetic state close to the 

eruptive threshold, whose overcoming can now occur via the combination of 

Sun and volcanic activity oscillations. 

 

 

CONCLUSION 
 

Volcanic systems are controlled by complex mechanisms and the analysis 

of correlations between eruptions and Sun activity cannot prescind from 

geodynamical discriminants, which play a fundamental role in driving magma 

migration toward the Earth‘s surface. Despite the complications induced by 

geodynamic factors, the compared analysis between Ss cycles and frequency 

of eruptions suggests that volcanic eruptions are more frequent during minima 

of Sun‘s quasi-11 year cycle, when about 3 eruptions out of 4 occurred in the 

studied area. This finding can be interpreted as a preliminary clue that Earth‘s 

climate variability, driven by Sun‘s cycle, could act as a possible trigger for 
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volcanic activity. However, since this effect is a mere external forcing of the 

eruptive energetic threshold of a volcano, a direct link between eruptions and 

Sun‘s cycles must be excluded. Sun‘s activity cannot awaken a dormant 

volcano, but it could trigger the onset of an eruption in a volcano that is 

independently undergoing pre-eruptive conditions. 
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