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Abstract  15 

Sea-level change is thought to modulate the frequencies of volcanic eruptions on glacial to 16 

interglacial timescales, but the underlying physical process is poorly understood. Here we compare a 17 

~360 kyr long record of effusive and explosive eruptions from the flooded caldera volcano at 18 

Santorini, Greece, with a high resolution sea-level record spanning four glacial-interglacial cycles.  19 

Numerical modelling shows that when the sea level falls by 40 m below the present-day level, the 20 

induced tensile stresses in the roof of the magma chamber of Santorini trigger dyke injections. At -40 21 

m, however, all injected dykes become arrested, and no eruptions occur. As the sea-level continues 22 

to fall to -70 or -80 m, the induced tensile stress spreads throughout the roof so that some dykes 23 

reach the surface to feed eruptions. Similarly, the volcanic activity gradually disappears once the 24 

sea-level rises above -40 m. Synchronising Santorini’s stratigraphy with the sea-level record by using 25 

tephra layers in marine sediment cores shows that 208 out of 211 eruptions occurred during periods 26 

when the sea-level was at -40 m or lower, suggesting a strong absolute sea-level control on the 27 

timing of eruptions on Santorini – a result that probably applies to many other volcanic islands 28 

around the world. 29 

Climate as a Driver of Volcanism 30 

The climate system’s influence on solid-earth processes, including volcanic and tectonic activity1-4 is 31 

receiving increasing attention from researchers. Changes in surface loading by growth and retreat of 32 

ice-sheets have been linked to changes in volcanic activity in formerly glaciated areas on timescales 33 

from 103 - 106 years5-11. Removal of an ice-sheet reduces the overburden pressure and results in 34 

additional decompression melting in the mantle. The associated stress changes in the crust facilitate 35 

dyke propagation to the surface, thereby increasing volcanic activity10. The effects of concomitant 36 

sea-level changes on volcanic activity, however, have not yet been firmly established. Because sea-37 

level change is a worldwide phenomenon and the majority of the earth’s volcanic systems are 38 

located in or next to oceans, this effect is of great global concern. 39 

Previous studies of the effect of sea-level change on subaerial volcanic systems have been based 40 

only on ash layers preserved in marine sediment cores12-14. These studies have identified periods of 41 

greater eruptive activity that appear cyclical on Milankovitch timescales of 41 and 100 kyr 13,14. Most 42 
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volcanic systems, however, are not dominated by large explosive, ash-producing eruptions but by 43 

lava effusion and/or minor explosive activity, neither of which are represented in marine sediment 44 

core records. As a result, no studies have yet been able to compare the full range of eruptive activity 45 

from a single subaerial volcano to a sea-level record. The physical mechanisms that could link 46 

changes in sea-level and volcanic activity also remain elusive, with periods of increased explosive 47 

activity variously attributed to high rates of sea-level change12, absolute sea-level changes through 48 

Milankovitch cycles13-16, or increased melt production in the mantle17.  49 

To correlate sea-level changes with volcanic activity requires a well-dated volcanic system with a 50 

long and detailed proximal and distal record of both explosive and effusive eruptions, extending over 51 

more than one glacial-interglacial sea-level cycle. Santorini volcano, Greece (Supplementary Figure 52 

1), satisfies all of these requirements. It has an unusually long, precisely dated and accessible record 53 

of major explosive (Plinian) eruptions and chronologically well-constrained intervals of lava effusion 54 

and minor explosive (interplinian) eruptions18-20. Santorini also benefits from the exceptional 55 

chronological control afforded by ash layers preserved in nearby marine sediment cores21,22 56 

(Supplementary Figure 1). Crucially for this study, these ash layers have been dated22 with the same 57 

chronology as a recent, global sea-level curve23,24, allowing direct alignment of the volcanic 58 

stratigraphy to the sea-level record and ensuring the most precise synchronisation of the two 59 

records possible. 60 

The eruption time series for Santorini 61 

Figure 1 shows the detailed eruption chronology of Santorini from ~360 ka to the present day. On 62 

the basis of long-term trends in magma composition, the eruption history has traditionally been split 63 

into two cycles18,25.  Each cycle starts with effusive eruptions of low or intermediate silica content and 64 

ends with major silicic eruptions and a caldera collapse. The volcano is now, after the famous Late 65 

Bronze Age eruption26,27, in its third cycle. These cycles are recorded in detail by the stratigraphy of 66 

the caldera walls (the islands of Thira and Thirasia, Supplementary Figure 1), where deposits 67 

originating from twelve major explosive (Plinian) eruptions, minor explosive (interplinian) eruptions 68 

and lava eruptions are evident. 69 

A detailed chronology for the volcano18,22,25 reveals long periods of quiescence which are marked by 70 

palaeosols and a notable absence of volcanic deposits (Fig. 1). While studies have explored magma-71 

system controls on the nature of individual eruptions26,28,29 , the factors controlling the start and end 72 

of eruptive and quiescent phases have not been determined. Internal forcing such as increased 73 

magma flux into a magma chamber or external forcing such as the changes in crustal loading during 74 

glacial-interglacial cycles13-16,30 may both play a role, but the relative importance of those roles has 75 

not yet been established. 76 

Geophysical, petrological and geochemical results provide compelling evidence for the existence of a 77 

shallow magma chamber at the depth of about 4 km beneath Santorini's caldera19,25,29,31-35. To 78 

simulate the influence of sea-level loading, we present the results of numerical modelling (Fig. 2; 79 

Supplementary Figure 2) which indicate that stress changes due to changes in sea-level during the 80 

Late Quaternary are sufficient to trigger (during low sea-level) or inhibit (during high sea-level) dyke 81 

injection from the magma chamber. We test our model results by integrating Santorini’s volcanic 82 

stratigraphy with a eustatic sea-level record23,24 (and also rates of sea-level change- Supplementary 83 

Figure 3) spanning four glacial-interglacial cycles. The empirical evidence supports our model, 84 
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suggesting that eustatic sea-level-induced stress changes over the past 360 kyr largely controlled 85 

dyke injections from the shallow chamber and, therefore, the timing of periods of eruptive activity. 86 

Modelling the effect of sea-level changes on dyke injection and eruptions 87 

When global sea-level rises, the load on the crust/lithosphere increases; when the sea-level falls, the 88 

load decreases. The load here is the vertical stress due to the hydrostatic pressure of the sea water.  89 

Hydrostatic pressure p is given by p = ρgz where ρ is the water density, g is the acceleration due to 90 

gravity, and z is the depth below the surface of the water. Using the average sea-water density of 91 

1025 kgm-3 and the acceleration due to gravity of 9.8 ms-2, it follows that for every 10 m that the sea-92 

level rises/falls the hydrostatic pressure or vertical stress changes by about 0.1 MPa, which 93 

translates into changes in crustal stresses36,37 . In the vicinity of a magma chamber, increases in 94 

horizontal compressive stresses tend to inhibit, while increases in horizontal tensile stresses 95 

encourage, dyke injections from the chamber37. Rock tensile strength is almost constant to a crustal 96 

depth of 9 km (mostly 1-6 MPa, with an average of about 3.5 MPa36), so we assume that it does not 97 

vary in our model. If (as at Santorini) the crust hosts a shallow magma chamber the tensile stresses 98 

induced by sea-level fall become magnified (Fig. 2). 99 

To simulate the effect of sea-level changes on the potential for dyke injections and eruptions, we 100 

used the software Comsol Multiphysics (www.comsol.com) to model associated changes in tensile 101 

stress concentration around the shallow magma chamber of the Santorini volcano. To explore how 102 

the tensile stress concentration in the roof of the chamber (controlling dyke propagation) changes 103 

during the fall in sea-level, we decreased the vertical stress in steps of 0.1 MPa, corresponding to 104 

sea-level falls of 10 m. This is the only loading in the model runs. Using the contemporary mean sea-105 

level as the starting point (0 m), the final sea-level in the model is the one associated with the last 106 

glacial maximum at ~22 ka, namely -110 m. The initial (0 m) and final (-110 m) levels cover the entire 107 

range of Quaternary sea-level changes. We model the shallow magma chamber at 4 km depth as a 6 108 

km-wide (horizontal dimension) sill-like flat ellipsoid and initially (at 0 m sea-level, the starting point 109 

in the model) in lithostatic equilibrium with the host rock. These assumptions as to geometry and 110 

lithostatic equilibrium are in line with geophysical observations34,35 and previous magma-chamber 111 

modelling studies28,37. In the model, the crust hosting the chamber is layered (Fig. 2). We use typical 112 

‘seismic’ layers, each 500 m thick and with increasing stiffness (Young’s modulus) with depth, as is 113 

normal in volcanic areas37.  114 

The modelling results (Fig. 2) show how the induced tensile stress gradually spreads from the margin 115 

of the chamber and throughout the entire roof up to the surface as the sea-level falls in steps of 10 116 

m from its initial (0 m) to its lowest (-110m ) level. Dyke injection from a chamber occurs when the 117 

following condition is satisfied: 03 Tpp el   , where lp
 is the lithostatic pressure, ep

is the 118 

magmatic excess pressure in the chamber with reference to 3 , the minimum compressive principal 119 

stress in the roof next to the chamber, and 0T
is the in-situ (field) tensile strength of the roof37. 120 

Initially the chamber is in lithostatic equilibrium with the host rock, so that ep
 is zero and no dykes 121 

are injected. As the sea-level falls, tensile-stress concentration around the chamber reduces 3122 

thereby increasing ep
. When the excess pressure ep

reaches the tensile strength of the roof, 0T
, 123 

the roof ruptures and a dyke is injected. Using the average tensile strength of 3.5 MPa, the excess 124 

pressure ep
must reach that value for a dyke to be injected.  125 

http://www.comsol.com/
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The numerical modelling (Fig. 2; Supplementary Figure 2) shows that the tensile stress in the roof 126 

next to the chamber, hence ep
, reaches the absolute value of 3.5 MPa when the sea-level has fallen 127 

to about -40 m (40 m below the current level). Thus, magma-chamber rupture and dyke injection is 128 

encouraged once the sea-level has fallen by 40 m. At this sea-level, however, the tensile stress is 129 

limited to the vicinity of the chamber; away from the chamber there is no tensile stress 130 

concentration. Consequently, at this stage the injected dykes become arrested close to the magma 131 

chamber and do not reach the surface to supply magma to eruptions37. As the sea-level continues to 132 

fall below -40 m, however, the induced tensile stress gradually spreads throughout the entire roof of 133 

the magma chamber. There is therefore an expected time-lag between the first dykes injected 134 

during a sea-level fall and the first dyke-fed eruptions at the surface (Figs. 2 and 3). Quantifying and 135 

explaining this time-lag is important in order to establish a complete understanding of how 136 

volcanism at Santorini, and subsequently other volcanic islands, reacts to sea level changes.  137 

A time-lag between first sea-level triggered dyke injections and first dyke-138 

fed eruptions  139 

Time-lags between external forcing and volcanic response have been inferred in many previous 140 

studies. For basaltic volcanism in eastern California, the lag between glacial unloading and peak 141 

volcanism is defined as 11.2± 2.3 kyr7. Also, the peak explosive volcanism in the Izu Bonin Arc 142 

(western Pacific Ocean) apparently lags behind the glacial maximum (sea-level minimum) by 143 

approximately 7 kyr15. Similarly, in Iceland the peak in late glacial and early Holocene volcanism 144 

occurred several thousand years after the deglaciation began5, 10. Some of these time-lags have been 145 

attributed to viscoelastic behaviour of the crust. However, the response of a crustal segment hosting 146 

a magma chamber is normally elastic to a first approximation37-40. Thus, volcanic eruptions usually 147 

occur during unrest (inflation/deflation) periods37 rather than hundreds or thousands of years after 148 

the unrest took place.  Viscoelastic behaviour of the crust17, therefore, cannot be used to explain the 149 

long time-lags commonly observed between large-scale (glacial or sea-level) unloading of the crust 150 

in volcanic areas and subsequent peaks in the numbers of eruptions.  151 

Our model (Figs. 2 and 3) indicates instead that such a long time-lag is a direct consequence of the 152 

evolution of the stress field in the roof of the magma chamber during the gradual change in external 153 

loading (Figs. 2 and 3). When the sea-level falls to -40 m, induced tensile stress concentration 154 

encourages dyke injection and propagation into the lower part of the roof of the chamber (Figs. 2 155 

and 3). However, the stress in the upper part of the roof, closer to the surface, is still unfavourable 156 

to dyke propagation, so that the dykes become arrested (cf. 37, 40). As the sea level continues to fall 157 

further, greater parts of the roof become subject to tensile stress (Figs. 2 and 3) so that the 158 

probability of an injected dyke reaching the surface to erupt increases.  Similarly, when the sea level 159 

rises again, the tensile stresses gradually become suppressed (not shown in Fig. 2) until sea-level 160 

triggered dyke injections stop. There is thus an expected time-lag between the initiation of sea-level 161 

induced local stress fields favourable/unfavourable to dyke injections and the initiation/suppression 162 

of dyke-fed eruptions.  163 

For Santorini, this time-lag can be quantified by using the period of eruptive activity (Fig. 4) 164 

constrained between the Plinian Lower Pumice 2 eruption at 176.7 +/- 0.6 ka20 and the interplinian 165 

M9-2 eruption at 121.8 +/- 2.9 ka22. This eruption period is used not only because of the very precise 166 

dates defining its start and end22, but also because these eruption dates are defined using ash layers 167 
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in marine sediment cores (Supplementary Figure 1) which share the same chronology as the sea-168 

level record22-24, thereby eliminating the chronological uncertainty which would be otherwise be 169 

introduced by aligning two separate chronologies.  170 

Sea-level drops below -40 m (when dyke-injection begins; Figs. 2 and 3) at 189.5 +/- 2.4 ka (Fig. 4) 171 

and rises back through -40 m at 132.5 +/- 2.1 ka24. The time-lag between the sea-level falling below   172 

-40 m and the start of eruptive activity marked by the Lower Pumice 2 eruption at 176.7 +/- 0.6 ka20 173 

is therefore 12.8 +/- 2.5 kyr. Eruptions in Santorini’s volcanic record normally began when the sea-174 

level had fallen by 70-80 m below that of the present day (Fig. 4). Our model results (Figs. 2 and 3) 175 

show that this is the level at which the induced tensile stress had spread through much of the roof of 176 

the shallow chamber, meaning that propagation of injected dykes is encouraged in most of the roof. 177 

The time-lag of 12.8 +/- 2.5 kyr associated with sea-level falling therefore reflects the time it usually 178 

takes for the sea-level to fall from -40 m to –70 m or -80 m (Figs. 3 and 4). At -40 m the injected 179 

dykes become arrested, and no eruptions occur. At -70 or -80 m the sea-level tensile stress is so 180 

widespread in the roof that some dykes reach the surface to feed eruptions (Fig. 3).  181 

Similarly, the time-lag between the sea-level rising above -40 m and the end of eruptive activity 182 

marked by the M9-2 eruption at 121.8 +/- 2.9 ka is 10.7 +/- 3.6 kyr. The rise in sea-level is much 183 

faster (Fig. 4) and thus at a higher strain rate than the fall. In addition, during the rise above -40 m 184 

(but not during the fall below -40 m) there exist recently formed feeder-dykes (Fig. 3), some of which 185 

are still hot and perhaps partly molten close to the chamber. This combination of high strain rate 186 

and hot/partly molten dyke rock results in tensile stress concentrations that encourage dyke-fed 187 

eruptions even after the sea-level has risen above -40 m. Feeder-dykes formed under these 188 

conditions may be multiple (repeatedly using essentially the same path), particularly close to the 189 

chamber.  This explains the observed 10.7 +/- 3.6 kyr time lag between the sea-level rising through 190 

the -40 m threshold and the cessation of eruptive activity at the surface (Fig. 4).  As the sea-level 191 

approaches the current level (0 m), however, the tensile stresses become suppressed and dyke-fed 192 

eruptions eventually cease (Fig. 4).   193 

Because the time-lags associated with sea level rising (10.7 +/- 3.6 kyr ) and sea level falling (12.8 +/- 194 

2.5 kyr ) are so similar (within uncertainties roughly between 7 and 15 kyr) we calculate a single, 195 

mean time-lag (the time between the -40m sea level and the start or end of periods of eruptions) for 196 

Santorini of 11.8 +/- 1.9 kyr (Fig. 4). We then test this time-lag across the entire 360 kyr record of 197 

volcanic activity at Santorini in Figure. 4. 198 

Periods of eruptive activity constrained by a sea-level threshold  199 

Our numerical results of sea-level induced stress changes around Santorini’s shallow magma 200 

chamber (Figs. 2 and 3) indicate that eruptive activity will start 11.8 +/- 1.9 kyr after the sea level has 201 

fallen below -40 m (when the sea-level is at -70 m or -80 m) and cease about 11.8 +/- 1.9 kyr after 202 

sea level has risen above -40 m. Figure 4 shows that all but 3 of the 211 deposits (of all eruptive 203 

styles; Plinian, interplinian and lava) counted within the Santorini stratigraphy (between 224 ka and 204 

the present day) were erupted during such periods. Only one minor (interplinian) and two major 205 

(Plinian) explosive eruptions occurred outside of these periods. This pattern also appears to extend 206 

to the older and less well preserved part of Santorini’s volcanic record (older than 224 ka, Fig. 4) 207 

where it is not possible to quantify the exact number of eruptions, or the dating is less precise.  Prior 208 

to 224 ka, all known eruptions occurred during such periods. The lack of evidence for eruptive 209 
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activity outside of these periods indicates that absolute sea-level exerts a fundamental control on 210 

the timing of eruptions at the Santorini volcano, by modulating the tensile stress and therefore dyke 211 

propagation above the magma chamber. 212 

Implications for volcanic hazards  213 

Cycles in eruptive composition and behaviour have long been recognised at Santorini18,25 with the 214 

second explosive cycle culminating in the famous Late Bronze Age, or Minoan, eruption. The volcano 215 

is now considered to be at the start of its third cycle (Figs 1 and 4) and minor, effusive interplinian 216 

eruptions are thought to be the most likely hazard25,31,43. Our new analysis adds considerably to the 217 

understanding of these cycles by revealing that the timing of periods of eruptions is primarily 218 

controlled by changes in sea-level. This in turn indicates that the volcano will shortly enter a period 219 

of long-term repose. Sea-level last rose through -40 m at 11.2 +/- 0.7 ka23,24 and the time-lag 220 

between this sea-level and cessation of minor (effusive) eruptions (lava and interplinian in Fig. 4) is 221 

estimated here to be 11.8 +/- 1.9 kyr. Santorini volcano is therefore currently within the uncertainty 222 

range of this study’s predicted cessation of effusive eruptive activity. It has been dormant since the 223 

1950 eruption of Nea Kameni25,41,42 (Fig. 1) and magma injected into the Santorini magma chamber 224 

in 2011-201234,41-43 failed to cause an eruption, hinting that this period of quiescence may already 225 

have begun. However, the eruptive record (Fig. 4) shows that two major explosive ‘Plinian’ eruptions 226 

(Cape Therma 3 and Lower Pumice 1; Fig. 1) occurred outside periods subjected to sea levels of 227 

below -40 m (with a 11.8 +/- 1.9 kyr time-lag) and therefore that such large eruptions may remain a 228 

present-day threat. Nonetheless, the timing of 208 out of 211 eruptions recorded in the highly 229 

detailed volcanic stratigraphy at Santorini can be explained by the mechanism of dyke injection and 230 

propagation resulting from the tensile stresses induced by low sea levels.Around 57% of the world’s 231 

sub-aerial volcanoes are islands or on coasts12, and therefore potentially affected by sea-level 232 

induced stress changes. The precise effects of sea-level changes on any particular volcanic system 233 

will depend on the geometry and depth of the source magma chamber and the mechanical 234 

properties of the crustal segment hosting the chamber. Comparative studies of other systems are 235 

vital to provide a general framework for making individual volcanic hazard assessments14. Such 236 

assessments are, understandably, often set within the context of past eruptive behaviour and 237 

timing. This study, however, implies that the unusually stable sea level of the Holocene and likely 238 

sea-level rise in the future (due to anthropogenic climate change) may render simple extrapolation 239 

of past eruption patterns, timings and styles into the future inaccurate. Instead, the eruptive history 240 

of any volcanic systems where sea-level variations may induce local stress-field changes should be 241 

examined within the context of a sea-level record to better infer their likely future eruptive 242 

behaviour.  243 

The precise and detailed chronology of the Santorini volcano has allowed us, for the first time, to 244 

establish a clear relationship between sea-level change and the timing of the eruptions of an active, 245 

subaerial volcano. Our results should encourage all island volcanic systems around the world to be 246 

examined within the context of sea-level induced stress changes around active magma chambers. 247 
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Main Text Diagrams 358 

 359 

Figure 1. Stratigraphy and eruption 360 

chronology of Santorini from ~360 ka to the 361 

present, showing the twelve major explosive 362 

(Plinian) eruptions of Santorini (blue boxes) 363 

and divided into two explosive cycles. 364 

Episodes of caldera formation are marked by 365 

“C”. Interplinian intervals (M1 to M13) are 366 

characterized by minor explosive eruptions, 367 

cinder cones/tuff rings (MV = Megalo Vuono 368 

cinder cone; KV = Kokkino Vuono cinder 369 

cone; CC = Cape Columbos tuff ring), lava 370 

sequences (lava flows, shields and domes), 371 

and major repose periods marked by 372 

palaeosols or weathering horizons. Deposits 373 

from minor explosive eruptions, including the 374 

widespread Cape Tripiti Pumice (CTP) within 375 

the Therasia dome complex, and palaeosols 376 

which mark major periods of repose also 377 

occur within the major lava sequences. Dates 378 

citations: 125; 246; 322; 446; 548. 379 

 380 

 381 

 382 

 383 

  384 
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 385 

Figure 2. Numerical model of the increase in tensile stress around Santorini’s shallow magma 386 

chamber (white elliptical hole) induced by sea-level fall in 10 m increments. Vertical scale indicates 387 

km below the surface. Red and yellow/orange areas indicate locations where tensile stress is likely 388 

to encourage dyke injection. Models with sea-level at -40 m (below the present level) or lower yield 389 

tensile stresses of > 3.5 MPa (the average crustal tensile strength), encouraging rupture of the 390 

magma-chamber roof and dyke injections. Initially (i.e. at -40 m), the induced tensile stress are 391 

limited to the margins of the chamber (host rock close to the chamber), so that the dykes would 392 

propagate only for a short distance and then become arrested. As the sea-level continues to fall the 393 

induced tensile stress spreads throughout the roof. When the sea-level has reached -70 m to -80 m, 394 

induced tensile stress occurs in much of the roof, whereby the first feeder-dykes in the sea-level 395 

cycle are generated (cf. Fig. 3). As the sea-level falls further towards the minimum of around -110 m, 396 

the entire roof of the magma chamber becomes subject to induced tensile stress, encouraging many 397 
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dyke-fed eruptions. Model geometry: the magma chamber centre is at 4 km depth below surface 398 

(consistent with geophysical evidence34,35,41,42, the chamber width (horizontal dimension) is 6 km, 399 

and the chamber thickness (vertical dimension) is 1 km. The lateral edges of the model (out of 400 

shown view) are at 50 km either side of the centre of the chamber to avoid edge effects. There are 5 401 

layers above the magma chamber, each 500 m thick, whose Young’s moduli are as follows: First 402 

(surface) layer 5 GPa, second layer 10 GPa, third layer 15 GPa, fourth layer 20 GPa, and fifth layer 30 403 

GPa. The layer/unit hosting the magma chamber has a Young’s modulus of 40 GPa. The abrupt 404 

increase in Young’s modulus between the fifth layer and the layer hosting the chamber is the reason 405 

for the notable tensile-stress concentration under the contact between these layers (the stress 406 

concentrates in the stiff layer/unit hosting the chamber). Full parameters are disclosed in the 407 

Methods section. 408 

 409 

410 
Figure 3. Schematic illustration of the spreading of the sea-level induced tensile stress in the roof of 411 

the magma chamber of the Santorini volcano and its effect on the propagation of injected dykes. 412 

The limits of the zones (marked by thick black semi-circular/semi-elliptical curves) within which 413 

induced tensile stresses favour dyke propagation for a given sea-level are indicated.  The indicated 414 

sea-levels below the present one are -40 m, -50 m, -60 m, -70 m, and -80 m.  Schematic propagation 415 

paths of five dykes (red straight lines), numbered 1 to 5, are shown. When the sea-level has fallen to 416 

-40 m, induced tensile stress is limited to a semi-elliptical zone close to the chamber (the outer 417 

boundary of the zone is the -40 m curve) and all injected dykes (represented by dyke 1) become 418 

arrested. When the sea-level falls further, tensile stress spreads through the roof of the chamber, 419 

but at levels -50 m and -60 m the outer boundaries of the high-tensile stress zones are still well 420 

below the surface, so that injected dykes (represented by dykes 2 and 3) become arrested. However, 421 
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when the sea-level falls to -70 m and, particularly, -80 m, induced tensile stresses reach to the 422 

surface of the volcano, and dyke-fed eruptions (represented by dykes 4 and 5) begin. 423 

 424 

Figure 4. Santorini’s eruptive stratigraphy (lower panels) aligned to the Pmax absolute sea-level (blue 425 

curve with grey 95% confidence interval)23,24. Where both the chronology and the number of 426 

eruptions are well constrained, the eruption time series (lower half of diagram) is represented by 427 

kernel density estimates (grey/back) with the number of events of each type shown (total n=211). 428 

Where the number of events is either difficult to determine or the dating is very imprecise, eruptive 429 

events have been represented in grey boxes or circles (most likely date) with whiskers for the error 430 

(if known). The height of the boxes does not imply the number of events. These events are labelled 431 

to allow simple reference to the existing literature; CT1= Cape Therma 1, CA=Cape Alai Lavas, M2= 432 

interplinian deposits44,45. PCR=Post Cape Riva lavas and HA= Historical Activity. An estimation (~11.8 433 

+/- 1.9 kyr) of the time-lag between sea-level passing through -40 m and the beginning of dyke-fed 434 

eruptions (at the sea-level of -70 m to -80 m) has been defined using the difference between the 435 

start and end of the period of eruptive activity between the Lower Pumice 2 eruption at 176.70 +/- 436 
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0.59 ka and the M9-2 eruption at 121.83 +/- 2.90 ka, and the times at which sea-level passes through 437 

-40 m (see text for full explanation). This estimate is then tested over the rest of the time series 438 

(vertical beige boxes). Also shown are the time periods of the eruptive ‘cycles’ which are traditionally 439 

used to describe the cycles in composition and style of Santorini’s eruptions. 440 


