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Abstract: Rigorous assessment of volcanic hazards relies on setting contemporary monitoring ob- 9 
servations within an accurate, longer-term geological context. Revealing that geological context re- 10 
quires detailed fieldwork, mapping and laboratory analysis of the erupted materials. However, 11 
many of the world’s most dangerous volcanic systems are located on or near coasts (e.g. the 12 
Phlegraean Fields and Vesuvius in Italy), islands (e.g. the volcanic archipelagos of the Pacific, south- 13 
east Asia, and Eastern Caribbean), or underwater (e.g. the recently erupting Hunga Tonga–Hunga 14 
Ha'apai volcano) meaning that much of their erupted material is deposited on the sea bed. The only 15 
way to sample this material directly is with seafloor sediment cores. This perspectives paper out- 16 
lines how marine sediment cores are a vital yet underused resource for assessing volcanic hazards 17 
by: 1. outlining the spatio-temporal scope of the marine volcanic record and its main deposit types, 18 
2. providing existing examples where marine sediments have contributed to volcanic hazard assess- 19 
ments; 3. highlighting the Sunda Arc, Indonesia as a location where marine sediment cores are yet 20 
to contribute to hazard assessment and 4. proposing that marine sediment cores can contribute to 21 
our understanding of very large eruptions which have a global impact. Overall, this perspectives 22 
paper aims to promote the utility of marine sediment cores in future volcanic hazard assessments 23 
while also providing some basic information to assist researchers who are considering integrating 24 
marine sediment cores into their volcanological research 25 
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1. Marine Sediment Cores and Volcanic Hazard Assessment 28 

1.1. Volcanic Hazard Assessment 29 
Assessment of volcanic hazard requires the integration of data from active monitor- 30 

ing systems such as gas emissions, geodetic height and seismic data (short term hazard 31 
assessment), with an understanding of the long-term behaviour of a volcanic system (Fig. 32 
1). This understanding comes both from historical accounts (when available) and field 33 
and laboratory studies of the erupted products. Historical accounts, while often detailed, 34 
only cover the last few hundred to thousand years at best and many dormant volcanoes 35 
have not erupted at all in that timeframe (Pyle and Barclay, 20201). Fieldwork on terrestrial 36 
outcrops of eruptive products can extend the record of eruptions back hundreds of thou- 37 
sands of years, but these are often fragmentary, eroded or covered in dense vegetation 38 
(equatorial regions) or ice (glaciated regions).  39 

For island and coastal volcanoes these issues are augmented by much of the erupted 40 
material from explosive eruptions being deposited in the sea. However marine sediment 41 
cores act as archives for these eruptive products, offering an opportunity to reveal a very 42 
long history of volcanic activity (perhaps 100,000s years or more) (e.g. Coussens et al., 43 
2016). The volcanogenic deposits and their host sediment can be analysed in the 44 
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laboratory to inform on the magma chemistry, eruption size (Cashman and Rust, 2020) 45 
and date (Table 1), and therefore provide insights of a volcanoes range of eruption styles, 46 
magnitudes and eruptive frequency. They can also offer the chance to assess the past ac- 47 
tivity of a volcano with respect to major changes in the structure or morphology of the 48 
volcanic edifice, such as those associated with caldera or sector collapse (e.g. Cassidy et 49 
al. 2014, Coussens et al., 2016) or external environmental changes such as sea-level change 50 
(e.g. Kutterolf et al., 2019, Satow et al. 2021). 51 

 52 
Figure 1.1 Schematic representation of the sources of information contributing to a volcanic haz- 53 
ard assessment for an island or coastal volcano, with the details of the types of information which 54 
can be provided by marine sediment cores. 55 

1.2. The Spatial and Temporal Scope of Volcanic Deposits in the Marine Sediment Record 56 
Ocean sediment cores present records of explosive activity from coastal and island 57 

volcanoes on timescales of 100s to 100,000s of years. The limit on the timescale is deter- 58 
mined only by the length of the sediment core. Perhaps the best compilation of ash depos- 59 
its in marine sediments is Mahony et al. (2020). The authors compiled and described a 60 
global database of 34,696 known visible ash layers in ocean sediment cores. The oldest 61 
deposits are 150 million years old but the majority of deposits are Quaternary or Pleisto- 62 
cene (66%). It should be noted that while this impressive database is the best compilation 63 
of the spatial and temporal distribution of marine ash layers available it only includes 64 
cores taken by the large international drilling projects: Deep Sea Drilling Project, Ocean 65 
Drilling Program and International Ocean Discovery Program. There have been many 66 
more, smaller-scale sediment core projects using shallower coring systems and smaller, 67 
national science research vessels, in addition to industry-funded programmes. The use of 68 
smaller drilling platforms and more varied coring methods can provide access to waters 69 
which are too shallow for large vessels and deep drilling techniques. If added to fig. 1.2, 70 
these cores would improve the sampling density closer to the volcanic coasts and islands, 71 
although their temporal extent is generally much shorter than that covered by the coring 72 
projects in Fig. 1.2, and they are unlikely to capture evidence of eruptive events prior to 73 
the Quaternary.  74 
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 75 
Figure 1.2 (reproduced from Mahony et al. 2020). Distribution of ocean sediment cores from 76 
DSDP, ODP and IODP cruises as reflected in the VOLCORE database, coloured to indicate the 77 
number of tephra layers found at each site. Coastal areas where cores record many ash deposits 78 
(e.g Japan, Caribbean) reflect highly active volcanic systems in these areas. More remote cores 79 
with many tephra layers indicate locations close to volcanic islands or simply very long cores. 80 
The VOLCORE database (Mahony et al. 2020) can be found at https://doi.org/10.1594/PAN- 81 
GAEA.934363 82 

Whilst marine cores can preserve ash fall deposits better than subaerial deposits, they 83 
are not comprehensive in their spatial coverage. The expense and difficulty of recovering 84 
cores means that the distribution of core sites might be limited to low numbers or even a 85 
single core in one location, especially when deep drilling (>100 metres) is the main objec- 86 
tive (e.g. IODP). This limited spatial core distribution may under-record eruptions for any 87 
particular volcano if the prevailing wind direction, or ocean currents have changed sig- 88 
nificantly through time. Furthermore, the offshore distance of many core sites from nearby 89 
volcanic sources means that preservation of macroscopic tephra deposits tends to be lim- 90 
ited to large magnitude explosive eruptions. Such records do not, therefore, generally con- 91 
tain information on more frequent events of lower magnitude or intensity, that may typify 92 
a volcano’s activity. 93 

The length of cores and the local sedimentation rate dictates the timescale of eruptive 94 
record retrieved via coring. Because most cores are shallow, our knowledge of eruption 95 
histories becomes increasingly under-sampled beyond the Holocene and latest Pleisto- 96 
cene period. For example, 41% of all eruptions in the LaMEVE database of large magni- 97 
tude explosive eruptions (Brown et al. 2014) are Holocene in age, and this record is also 98 
strongly biased towards the largest magnitude events. Deposits from smaller eruptions, 99 
which would generally be both thinner and finer at any individual site, may be winnowed 100 
away by currents, bioturbated, or just be preserved as diffuse cryptotephras, and therefore 101 
more difficult to identify (Lowe et al., 2011). 102 

The reconstruction of volcanic records is not usually the primary drilling target or 103 
the reason for selecting core locations, so the spatial distribution of marine cores does not 104 
match up with the global distribution of volcanoes and is not optimal for providing com- 105 
prehensive eruption records. Some volcanic regions such as Japan have many marine 106 
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cores around the coast, but others have few, such as Indonesia, the Pacific islands or S. 107 
America (Mahony et al. 2020) (Figure 1.2). Some regions are therefore understudied from 108 
both marine and subaerial record perspectives. For instance, the Kuril islands as well as 109 
Indonesia, Philippines and Papua New Guinea have far fewer eruptions in the LaMeve 110 
database than Japan (Brown et al 2015), but this representation is not proportional to his- 111 
torical levels of volcanism in these regions (cf. Watt et al., 2014). There is also the possibil- 112 
ity of over-recording events, though false identification of re-worked volcanic material in 113 
secondary volcaniclastic deposits. In this instance, methods to distinguish reworked from 114 
primary tephra through structural and component features, as well as via image analysis 115 
of roughness, sorting and elongation may be employed (Cassidy et al. 2014). 116 

Readers interested in developing research projects using ocean sediment cores 117 
should consult the VOLCORE database in conjunction with the Index of Marine and La- 118 
custrine Geological Samples for a comprehensive interactive map of ocean sediment cores 119 
from all research cruises (https://www.ncei.noaa.gov/maps/sample_index/). 120 

2. Marine Sediment Cores as Archives of Volcanic Activity 121 

2.1 Volcanogenic deposits in marine sediment cores. 122 
There are several types of volcanogenic deposits found in marine sediments 123 

(Schindlbeck et al. 2013, Cassidy et al., 2014, Freundt et al. 2021), and these are exemplified 124 
in figure 2.1. They are: 125 

• Visible ash (tephra) deposits. These are primary deposits representing fallout 126 
from an ash cloud and can yield grain-size data (informing on eruption magni- 127 
tude and direction e.g. Insinga et al. 2008), geochemistry (Wulf et al. 2019) and 128 
potentially eruption dates through direct dating (Bosken and Schmidt, 2019, 129 
Yoon et al. 2022) 130 

• Non-visible (crypto) tephra deposits. These are also primary fallout deposits, 131 
but where the concentrations of shards is too low to make the layer visible to the 132 
naked eye. Such deposits can be found many 100’s of km away from their 133 
source. Finding such layers can be helped by techniques such as magnetic sus- 134 
ceptibility and high-resolution XRF core scanning (Balascio et al. 2015, Kylander 135 
et al. 2011), but the most rigorous methodology requires continuous sampling of 136 
the core and processing of the samples to extract any shards (see Wallace et al. 137 
2022). 138 

• Pyroclastic density current deposits and their offshore equivalents, representing 139 
a transition to turbidity currents (e.g. Trofimovs et al., 2006; Schindlbeck et al. 140 
2013, Cassidy et al. 2014, Freundt et al. 2021) 141 

• Reworked volcaniclastic deposits (turbidites, flood deposits, landslides. e.g. 142 
Watt et al. 2021, Cassidy et al. 2014, Freundt et al. 2021) 143 
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 144 
Figure 2.1 Examples of cored marine volcaniclastic deposits offshore Montserrat, Lesser Antilles. 145 
A: An andesitic volcaniclastic turbidite (core JR123-21), bounded by hemipelagic mud, with the 146 
main sandy deposit bounded by the yellow lines. At the deposit scale, the features of such de- 147 
posit can share many similarities with tephra fall deposits. B: Thin volcaniclastic deposits, inter- 148 
preted as ash fall deposits, further offshore Montserrat (IODP U1396A-3H-2), within bioclastic 149 
sediment, with each discrete bed marked by triangles. C: The base of a thicker pumiceous coarse 150 
sand, interpreted as a fall deposit (IODP U1396A-3H-2); D: an SEM image of pumice clasts from 151 
the deposit shown in C; where primary deposition doesn’t form macroscopic layers, the identifi- 152 
cation of individual juvenile glass clasts (generally on a much finer, shard scale) dispersed within 153 
background sediment can form the only evidence of an eruptive event. Images from 154 
https://web.iodp.tamu.edu (IODP images) and courtesy of British Ocean Sediment Core Research 155 
Facility (A). 156 

2.2 Determining the source volcano for volcanogenic deposits in marine sediment cores 157 
The contribution of marine sediment cores to volcanic hazard assessments depends 158 

critically on the correct attribution of each deposit to its source volcano. This is a particular 159 
challenge for regions with several related eruptive centres (Villemant et al. 2022). This is 160 
done primarily through geochemical characterization of the juvenile glass component of 161 
the deposits which is taken to represent the composition of the erupted magma. Major 162 
elements are analysed using WDS EPMA. In many cases it is desirable to also measure 163 
trace elements using either LA-ICP-MS or SIMS (Wallace et al. 2022). The resulting values 164 
are then compared to data from proximal deposits on the slopes of a range of possible 165 
source volcanoes and their known eruptions (fig. 2.2). Where a match is made, any date 166 
assigned to the distal tephra (perhaps from a marine core age model) can be imported into 167 
the proximal stratigraphic record and inform the eruptive frequency for that volcano. 168 
Where the geochemical comparison is ambiguous, multivariant data analyses such as 169 
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principle components analysis may be deployed (Wallace et al. 2022). It is often possible 170 
to define the source volcano but not the precise eruption. In these cases, the tephra may 171 
represent a previously unknown eruption, thereby also enhancing the known record of 172 
volcanic activity for that volcano.  173 

 174 

 175 
Figure 2.2. Geochemical comparison (juvenile glass) of an example marine tephra deposit (black 176 
crosses) with a known age found in an Eastern Mediterranean marine sediment core (ODP 967) 177 
to undated proximal deposits from various candidate volcanoes or volcanic regions in the Eastern 178 
Mediterranean. A. (adapted from Satow et al. 2012) shows that the analyses most closely match 179 
proximal deposits on the islands of Kos, Yali and Nisyros. B and C (adapted from Satow et al. 180 
2015) show that the marine tephra (black crosses) matches closely the major element (calcium and 181 
iron) composition (B) of two of the undated proximal deposits of the Kos/Yali/Nisyros volcanic 182 
system (red triangles and orange circles) but just one of these deposits (orange circles) when trace 183 
elements (Ba and Sr) are considered (C). The marine tephra deposit is therefore correlated to, and 184 
gives a date for, the proximal deposit represented by the orange circles. 185 

2.3 Age determination of volcanic events in marine sediment cores  186 
Establishing patterns and frequencies of eruptions through time is key to providing 187 

the geological context for volcanic hazard assessments. One of the main benefits of includ- 188 
ing marine sediment cores in a volcanological study is that eruptions evidenced within 189 
them are often easily and cheaply dated, with a range of methods that can be applied both 190 
directly to volcanic deposits and to the bounding marine sediment. Often age models for 191 
cores exist already because of previous paleoceanographic or biostratigraphic work.  192 
When correlated with proximal stratigraphies, marine ash deposits can constrain the tim- 193 
ing of events that do not otherwise have precise stratigraphic contexts, including effusive 194 
episodes, minor explosive eruptions, and major destructive episodes or periods of quies- 195 
cence (e.g. Cassidy et al. 2014, Wulf et al. 2019, Satow et al. 2021). The techniques most 196 
routinely used to create ocean sediment core age models (and therefore to date the vol- 197 
canogenic deposits within them) are summarised briefly in table 1 to assist readers plan- 198 
ning to utilise marine cores in research projects. 199 

  200 
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Dating technique Notes References 

Radiocarbon Radiocarbon on foraminifera can date the sediment 
immediately above or below a volcanic deposit. 
The use of the technique is limited to sediments 
younger than about 50,000 years old. Bayesian age 
modelling of the core allows justifiable interpola-
tion between dated samples.  

Hajdas et al. (2021), 
Wall-Palmer et al. 

(2014) 
Zhang et al. (in prep),  

Biostratigraphy Prominent changes in marine fauna within an 
ocean basin often have existing dates (from other 
methods). These can be used to provide constraints 
on the ages of volcanogenic deposits.  

Wall-Palmer et al. 
(2014), Matsu’ura et al. 

(2018) 

Palaeomagnetism A routine method of the IODP. This is low-cost and 
can provide initial chronostratigraphic information 
from which to formulate a sampling strategy for 
other forms of dating. Palaeomagnetic events are 
relatively rare and cannot therefore be used in iso-
lation to determine a precise date for a volcano-
genic deposit. 

Li et al. (2021), Zhang et 
al. (in prep) 

OSL and ESR Volcanogenic deposits can be dated directly by 
OSL (Optically Stimulated Luminescence) using 
the glass shards, or quartz or feldspar crystals asso-
ciated with the deposit. Indirect dating of the sur-
rounding sediment is also possible and has a much 
more established methodology.  

Li et al. (2021), Yoon et 
al. 2022, Kim et al. 2019, 
Zhang et al. (in prep), 
Bosken and Schmidt, 

2020 

Tephrochronology Correlation of ash layers to proximal deposits with 
known dates through their geochemistry is de-
scribed briefly in section 2.2. The reliability of this 
approach depends ultimately on the integrity of the 
proximal stratigraphy. 

(Wallace et al. 2022) 
(Salisbury et al. 2012)  

Tuning Alignment of a palaeoenvironmental proxy record 
(such as 𝛿𝛿18O) from the sediment core to either a 
Milankovitch cycle (e.g. the precession cycle) or a 
dated proxy record from another location such as a 
speleothem can provide a low cost way of produc-
ing an age model for the core and the tephra layers 
within it. 

Li et al. (2021), Grant et 
al. (2012) Wall-Palmer 

et al. (2014) 

Direct radiometric 
dating 

U series (usually U-Th) dating on marine carbonate 
sediment. Directly dating volcanic material using 
K-Ar or Ar:Ar techniques in marine cores is also 
possible when the amount of material preserved in 
the cores is large enough, the grain size is large 
enough and the composition is appropriate (usu-
ally from K-bearing phenocrysts such as sanidine).  

Li et al. (2021), Ton-
That et al. (2001) 

Table 1. Methods of age determination in marine sediment cores. Chronological information 202 
from all the techniques can be integrated through a Bayesian age modelling approach (Zhang et 203 
al. in prep). This incorporates both dating and sedimentological information (such as turbidite 204 
deposits or erosional surfaces), allowing interpolated dates to be justifiably defined for any 205 
depth (such as the depth of a volcanogenic deposit) in the core sequence. 206 
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 207 

2.3 Examples of the contributions of marine sediment cores to volcanic hazard assessments  208 
Ash layers preserved in marine cores have informed volcanic hazard assessments by 209 

providing evidence for the erupted volume of magma in past eruptions (e.g. Schindlbeck 210 
et al. 2018, Primerano et al., 2021). This is done by calculating the Dry Rock Equivalent 211 
(DRE) volume from an isopach map. The timing (and therefore frequency) of past erup- 212 
tions can also be derived where the marine core has an age model (e.g. Pillans et al. 1993, 213 
Wulf et al. 2019, Satow et al. 2021) and tephrostratigraphies also track the changing com- 214 
position of erupted products over time (e.g. Shane et al. 2006). Such information is needed 215 
to produce justifiable Bayesian hazard event trees (e.g. Constantinescu et al. 2022, Martí 216 
et al. 2008) which attempt to quantify the contemporary volcanic hazard. Here we briefly 217 
summarise three example volcanic locations at the local, national and international scales 218 
which demonstrate how marine ash deposits can contribute to volcanic hazard assess- 219 
ments.  220 

2.3.1 Santorini, Greece 221 
Santorini is considered by some to be one of the world’s most dangerous volcanoes 222 

(Vougioukalakis et al. 2016). The eruption style from this island caldera has been diverse, 223 
ranging from minor lava extrusion and phreatomagmatic activity to Plinian explosive 224 
events, with the last eruption (minor effusive activity) occurring in 1950 (Parks et al. 2015, 225 
Pyle 2017). There is also a known tsunami risk from both the Santorini volcano itself, and 226 
from the neighbouring submarine volcano Kolumbo (Dominey-Howes, 2002). Marine 227 
sediment cores have been critical in deciphering the long-term behaviour of Santorini 228 
(Wulf et al. 2019, Satow et al. 2019, 2021). Even though Santorini has one of the best pre- 229 
served and exposed proximal stratigraphies in the world, dating those proximal deposits 230 
is challenging.  231 

Recently however, ash layers with known dates (from various methods- table 1) have 232 
been found in several distal marine cores (Wulf et al. 2019, Kutterolf et al. 2021). These 233 
layers not only inform on eruption magnitudes (Kutterolf et al. 2021) but importing their 234 
dates into geochemically correlated deposits within the proximal stratigraphy allows con- 235 
straints to be placed on the entire eruptive history of the volcano (Wulf et al. 2019). As the 236 
marine cores which contain the ash layers also preserve a sea level record (Grant et al. 237 
2017), an hypothesis that sea level change could affect the frequency of eruptive activity 238 
could be investigated (Satow et al. 2021) with implications for the existing hazard assess- 239 
ment (section 3, Vougiokalakis et al. 2016). Most minor eruptions in the past have occurred 240 
at low sea levels. Now that the sea level is high it is proposed that the likelihood of minor 241 
explosive and lava eruptions is diminished, but that larger explosive eruptions remain 242 
possible as their occurrence is independent of the sea level influence (Satow et al. 2021).  243 

2.3.2 Vesuvius, Phleagran Fields and Ischia Island, Italy.  244 
The volcanically famous region of Campania in Italy is home to 3 million people and 245 

hosts a wide range of volcanic hazards. The island of Ischia alone is home to 65,000 people 246 
[Selva, 2019]. Primerano et al. (2021) demonstrated how supplementing studies of proxi- 247 
mal eruptive deposits with marine tephra layers can improve modelled reconstructions 248 
of the largest magnitude event from Ischia in the last 3 kyrs- the Cretaio eruption. Marine 249 
sediments provide the only constraint on tephra thickness beyond the shores of the island 250 
(although seismic profiles could identify deposits over 10m or so in thickness eg. Calanchi 251 
et al. 1994). The resulting reconstruction improves assessments of future eruption hazard 252 
parameters such as plume height and the total volume of eruptive material (magnitude of 253 
eruption).  254 

Similarly in the neighbouring Bays of Salerno and Naples, Insinga et al. (2008) 255 
showed that tephra layers in 9 marine gravity cores allowed new dates to be applied to 256 
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previously unknown medieval eruptions postdating the 79A.D. eruption of Vesuvius. 257 
Similarly Sacchi et al. (2020) detailed marine tephra deposits from the Holocene which 258 
constrain the eruption magnitude and frequency in the area as well as the distribution of 259 
eruptive products associated with the most recent activity of Vesuvius. This information 260 
could ground-truth eruption scenario models (e.g. Macedonio et al. 2008) and has already 261 
contributed to updating of the hazard assessment (Rolandi, 2010, Troise et al. 2022, Italian 262 
Department of Civil Protection, 2019). 263 

2.3.3 Central America and Mexico 264 
The volcanoes of Central America have erupted with VEI>2 over 200 times in rec- 265 

orded history. Some have large populations within their immediate vicinity, such as the 266 
San Salvador volcano which has half a million inhabitants within 10km of its summit. 267 
While some of these volcanoes (e.g. Arenal) have established eruption histories to effec- 268 
tively inform the risk assessment, others (e.g. Ceboruco or Tacana) lack these, resulting in 269 
high volcanic risk ratings (ranking volcanoes based on their risk to society) (Guimaraes et 270 
al. 2021). Studies of ash deposits in marine sediment cores can help to address these gaps. 271 

Several existing studies of marine cores have informed on the eruption frequency, 272 
magnitude and long-term magma flux for specific volcanoes and also for the Central 273 
American volcanic arc as a whole. Kutterolf et al. (2008) derive erupted magma volumes 274 
and rates back to 200ka, while Schindlbeck et al. (2016) define ages (and therefore con- 275 
straints on eruption frequency) for 49 major eruptions of Costa Rican and Nicaraguan 276 
volcanoes using tephra deposits in marine sediment cores.  277 

Many Central American Volcanoes are under-monitored meaning that robust hazard 278 
(and therefore risk) assessment must rely instead on historical and geological records of 279 
eruptions (Guimaraes et al. 2021). Ceboruco, Mexico (Constantinescu et al. 2022) is such 280 
an example. A probabilistic volcanic hazard assessment was built upon the geological rec- 281 
ord of small, medium and large (Plinian) eruptions for the volcano (Serion and Siebe, 2008, 282 
Sieron et al. 2019), including information from ash deposits in marine sediment cores. 283 

3. New opportunities to use marine sediment cores to improve volcanic hazard assess- 284 
ments; an example of Sumatra, Indonesia 285 

There are several areas of the world where historical under sampling of proximal 286 
deposits and under-reporting in historical records has resulted in the Long-Term Hazard 287 
Assessment (fig. 1) being poorly informed. Brown et al. (2014) and Rougier (2018) pro- 288 
posed that, while most regions of the world become more underrepresented further back 289 
in time (in the LaMEVE database- Brown et al. 2014- of explosive eruptions), several re- 290 
gions are chronically underrepresented throughout their histories. These are: Melanesia, 291 
Indonesia, Kamchatka and Mainland Asia, The Kuril Islands and Alaska. All of these 292 
could thus benefit from research into their marine core records (fig. 1.2). We draw partic- 293 
ular attention to the island of Sumatra, part of the Western Sunda Arc (Indonesia) as an 294 
example of a location where analysis of tephra in marine sediment cores could contribute 295 
significantly to long-term hazard assessment. 296 

The western Sunda Arc is one of the most volcanically active regions in the world 297 
and hosted both the largest known eruption of the last 2 million years (the Younger Toba 298 
Tuff) and the famous 1883 eruption of Krakatoa which caused regional devastation 299 
through concomitant tsunamis. Detailed knowledge of the long-term behaviour of its vol- 300 
canoes is however largely limited to historical accounts from the last few hundred years 301 
(Salisbury et al. 2012). High erosion rates may have removed much of the terrestrial vol- 302 
canic record and the landscape itself is often densely vegetated and difficult for research- 303 
ers to access. Marine sediment cores are therefore the only viable long records of volcanic 304 
activity available. The VOLCORE database (Mahoney et al. 2020) itemises 1260 tephra 305 
layers in the wider Indian Ocean region (defined to include the Sunda Arc) demonstrating 306 
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the huge potential contribution of marine cores to our understanding of the Western 307 
Sunda Arc. 308 

 309 

Figure: 3.1- map of existing marine sediment cores offshore the island of Sumatra (Western 310 
Sunda Volcanic Arc) from https://www.ncei.noaa.gov/maps/sample_index/ Core repositories 311 
listed are: Oregon State University (OSU), Scripts Institution of Oceanography (SIO), 312 
BOSCORF (British Ocean Sediment CORe Facility) and Lamont-Doherty Core Repository 313 
(LDEO). 314 

The island of Sumatra itself (fig. 3.1) is home to over 4 million people and the nearby 315 
Indonesian capital Jakarta to around 8.5 million. The Strait of Malacca is located down- 316 
wind of Sumatra and is one of the busiest shipping lanes and airspaces in the world. An 317 
major eruption in this area could therefore initiate a cascade of systems and supply chain 318 
failures across the globe (Mani et al. 2021). A modelled eruption of Mt Merapi, Java cre- 319 
ated an estimated US$2.51 trillion of global GDP output loss (Mahalingham et al. 2018). 320 

The only local marine core study of volcanic deposits to date sampled visible tephra 321 
layers in 17 marine cores off the western coast of Sumatra and revealed evidence of 5 pre- 322 
viously unknown major explosive eruptions within the last 35 kyrs [Salisbury et al. 2012]. 323 
No cryptotephra work has yet been undertaken and this would significantly augment the 324 
eruptive record. While the region does not host many long IODP, DSDP or ODP cores, a 325 
multitude of shorter cores gathered from smaller cruises (fig. 3.1) are already available. 326 
An existing regional tephrostratigraphy comprising 20 dated deposits (Bouvet de Maison- 327 
neauve and Bergal-Kuvikas, 2019) could provide an initial chronological framework for 328 
the generation of more detailed eruption histories of individual volcanoes. 329 

 330 

4. Marine tephra to inform and mitigate global volcanic hazards 331 
A key challenge for volcanology is to identify volcanoes capable of large magnitude 332 

eruptions, with potential for global impacts on the climate and civilization (Cassidy and 333 
Mani, 2022). If such volcanoes can be identified, increased monitoring efforts and prepar- 334 
edness may help to mitigate a significant amount of risk to these regions and forewarn of 335 
global cascading hazards (Mani et al., 2021). Currently, the global frequency of such very 336 
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large eruptions is estimated by measuring sulfate peaks in dated ice core records from 337 
both northern and southern hemispheres. Approximate recurrence estimates for erup- 338 
tions equivalent to magnitude 7 are 625 years (Lin et al 2021) over a 60,000 year timeframe 339 
and even shorter (444 years) since the last glacial maximum (Sigl et al. 2022). However, 340 
geological records that statistically adjust for completeness, suggest a much longer recur- 341 
rence timescale for magnitude 7 eruptions of 1200 years (Rougier et al., 2018), highlighting 342 
that many large eruptions are missing from these longer-timescale records.  343 

An additional problem is that only a handful of the eruptions identified in ice cores 344 
can be attributed to particular volcanoes. Many, such as a magnitude 6 eruption in 1809 - 345 
the 3rd largest eruption since 1500 (Timmerick et al., 2021) - remain unassigned. However 346 
new advances in sulfur isotope analysis can provide information on the latitude of the 347 
source (Burke et al 2019). The combination of ice core records with analysis of dated 348 
tephras in regional marine sediment cores, and new approaches to modelling (Aubry et 349 
al. 2022; Marshall et al, 2022) could be a powerful way of linking global impacts to specific 350 
volcanic sources. Tephra found in marine sediment cores provide the means to both en- 351 
hance the completeness of the global large magnitude eruption record, and assist in source 352 
attribution for those events. This approach has worked in the subaerial realm, to identify 353 
the 1257 Samalas eruption of Rinjani volcano (Lavinge et al., 2013) and the Changbaishan 354 
eruption in 946 (Oppenheimer et al., 2017), and marine sediment cores have been success- 355 
fully used to attribute Icelandic volcanoes to sulfate peaks in Greenland ice cores (Abbott 356 
and Davies, 2012). 357 

5. Summary 358 
Volcanic deposits in marine sediment cores can contribute valuable information to 359 

volcanic hazard assessments. They can provide dates for past eruptions, constrain fre- 360 
quencies of eruptions, show the geochemical evolution of a system through time and al- 361 
low the behaviour of a volcano to be related chronologically to environmental changes 362 
such as sea level change. Perhaps most importantly, they are the only way to directly sam- 363 
ple much of the material erupted by island and coastal volcanoes. Several databases 364 
(VOLCORE- Mahony et al. 2020, LaMeve- Brown et al. 2014, and the NOAA’s index to 365 
Marine and Lacustrine Geological Samples) can facilitate volcanological researchers in the 366 
identification of existing sediment cores which may inform their research and hazard as- 367 
sessments. We outlined three locations which have already benefited from such work, and 368 
a fourth (the Western Sunda Arc) which shows that marine cores are currently underused 369 
for volcanological applications in some locations. Finally, we propose that ash deposits in 370 
marine sediment cores could contribute to our understanding of the locations and fre- 371 
quency of globally significant eruptions (VEI>7) through integration of marine ash records 372 
with sulfate concentrations in ice cores. 373 
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