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Abstract

Proximal to the source, tephra fall can cause severe disruption, and populations of small volcanically active islands can be
particularly susceptible. Volcanic hazard assessments draw on data from past events generated from historical observations
and the geological record. However, on small volcanic islands, many eruptive deposits are under-represented or missing due
to the bulk of tephra being deposited offshore and high erosion rates from weather and landslides. Ascension Island is such
an island located in the South Atlantic, with geological evidence of mafic and felsic explosive volcanism. Limited tephra
preservation makes it difficult to correlate explosive eruption deposits and constrains the frequency or magnitude of past
eruptions. We therefore combined knowledge from the geological record together with eruptions from the analogous Sao
Miguel island, Azores, to probabilistically model a range of possible future explosive eruption scenarios. We simulated felsic
events from a single vent in the east of the island, and, as mafic volcanism has largely occurred from monogenetic vents,
we accounted for uncertainty in future vent location by using a grid of equally probable source locations within the areas of
most recent eruptive activity. We investigated the hazards and some potential impacts of short-lived explosive events where
tephra fall deposits could cause significant damage and our results provide probabilities of tephra fall loads from modelled
events exceeding threshold values for potential damage. For basaltic events with 6—10 km plume heights, we found a 50%
probability that tephra fallout across the west side of the island would impact roads and the airport during a single explosive
event, and if roofs cannot be cleared, three modelled explosive phases produced tephra loads that may be sufficient to cause
roof collapse (> 100 kg m~2). For trachytic events, our results show a 50% probability of loads of 2—12 kg m~? for a plume
height of 6 km increasing to 898-3167 kg m~2 for a plume height of 19 km. Our results can assist in raising awareness of
the potential impacts of tephra fall from short-lived explosive events on small islands.
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Introduction

Tephra is produced in all explosive volcanic eruptions,
with a range of observed impacts depending on the size
and duration of the eruption and proximity to the source.

Editorial responsibility: A. Tadini For communities in volcanically active areas, airborne or
remobilised tephra can lead to health issues (IVHHN 2021;
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Table 1 Summary of likely impacts at different tephra fall loads
(amended from Jenkins et al. 2014)

Tephra load (kg m™2) Likely impact

1 Increased skid risk and markings cov-
ered at airports and on roads

10 Damage to power, water and communi-
cations networks
Severe impact to roads and closure of
airports
Impact on crops, depending on the
stage in the growth cycle

100 Collapse of weakest roofs

150 Collapse of long-span roofs

300 Collapse of good quality metal roofs
400 Collapse of good quality tile roofs

700 Collapse of good quality concrete roofs

road and rail travel (Jenkins et al. 2015; Blake et al. 2017,
Hayes et al. 2022). At these loads, crops can suffer discol-
ouration or loss of leaves and abrasion or rotting of fruit, but
the severity depends on the stage of the crop development
cycle (Jenkins et al. 2015; Wilson et al. 2017; Ligot et al.
2022). Tephra loads ~ 100 kg m~> have been observed to
cause extensive infrastructure damage and result in the col-
lapse of the weakest roofs, while loads above ~ 150 kg m™>
have the potential to cause significant roof damage or col-
lapse regardless of condition (Jenkins et al. 2014; Wilson
et al. 2014; Hayes et al. 2022). Post-depositional rainfall may
increase deposit density (and hence loading) by up to 45%,
depending on tephra grain size and rainfall intensity (Hayes
et al. 2019; Williams et al. 2021).

Populations of small volcanically active islands can be
especially susceptible to the impacts of tephra fall because
of their proximity to the vent. It is therefore crucial to under-
stand this potential hazard to aid in planning for possible
future explosive events. However, there are large uncertain-
ties associated with the limited geological data, as small
ocean islands often have significant gaps in our knowledge
of their eruptive history. This is due to a substantial propor-
tion of tephra being deposited offshore, high erosion rates
from rainfall and wind and the susceptibility of volcanic
islands to landslides. To address these knowledge gaps, we
can use data from well-studied analogue volcanoes to model
possible future events (e.g. Hone et al. 2007; Cashman and
Biggs 2014; Tierz et al. 2019; Burgos et al. 2023).

To gain a better understanding of tephra fall hazard and
impact on a remote island, we have carried out an explora-
tory probabilistic tephra fall hazard analysis for Ascension
Island in the South Atlantic (referred to as Ascension hereaf-
ter) for a range of discrete, short-lived explosive events from
selected vent locations across the island. Ascension is a stra-
tegically important UK Overseas Territory, located ~90 km
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west of the mid-Atlantic ridge in the South Atlantic Ocean,
with an area of ~98 km? and ~ 780 residents (Fig. 1). Key
infrastructure includes the airport, Royal Air Force (Travel-
lers Hill) and US Air Force (USAF) bases, the South Atlantic
Relay communications station, a power plant and the small
settlements of Georgetown and Two Boats (Fig. 1). Ascen-
sion has been volcanically active for ~6 Ma, and recent
research has given insights into its magmatic history, with
deposits providing evidence for past effusive and explosive
eruptions of both mafic and felsic composition (e.g. Cham-
berlain et al. 2016, 2019, 2020; Winstanley 2020; Preece
et al. 2021; Davies et al. 2021). The most recent known effu-
sive eruptive activity has been dated to 510+ 180 years ago
(Preece et al. 2018); however, poor tephra preservation (with
deposits missing from the record and units being untraceable
across the island) means that past explosive eruptions are
not well constrained (Preece et al. 2021). We have therefore
used eruption source parameters from analogue eruptions
together with published geological data to model a range
of possible future explosive events and discuss potential
impacts on infrastructure.

Tephra fall is, of course, just one of the potential volcanic
hazards that are considered in comprehensive hazard and
impact assessments, which often use event trees to quantify
the likelihood of each hazard (including lava flows, pyroclas-
tic density currents and lahars, as well as tephra fall) (e.g.
Newhall and Hoblitt 2002; Marzocchi et al. 2012; Tadini
et al. 2021; Alatorre-Ibargiiengoitia et al. 2021). Such full
assessments are beyond the scope of this work, in which
we consider only a subset of events, where the additional
loading on roofs due to tephra fall deposits may lead to col-
lapse. Because of the knowledge gaps in Ascension’s erup-
tive history (Preece et al. 2021), it is difficult to assess the
frequency of these large explosive events. Our results there-
fore provide conditional probabilities of tephra fall loads
exceeding threshold values; i.e. we assume that an explosive
event has occurred. If future research provides more detailed
data on the eruptive history of Ascension, our results could
be combined with the probabilities of such events occurring
to produce unconditional probabilities (Connor et al. 2015).

Geological background

The volcanic edifice of Ascension Island is built on oceanic
crust from ~ 7 Ma, with borehole evidence suggesting subae-
rial eruptions began ~2.5 Ma and the oldest surface deposits
dated to~1 Ma (Minshull et al. 2010; Jicha et al. 2013).
Eruptive products cover the full compositional range from
basalt to rhyolite, with alkaline felsic magmas produced by
fractional crystallisation in a closed system (Weaver et al.
1996; Kar et al. 1998; Jicha et al. 2013; Chamberlain et al.
2016). This pattern is also seen at other ocean islands, e.g.
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Fig.1 Map of Ascension Island showing main settlements and infra-
structure, eruptive vents and approximate areas of felsic and mafic
volcanism. CFC, Central Felsic Complex; EFC, Eastern Felsic Com-
plex. Eruptive vent: DC, Devil’s Cauldron vent. Most recent vents:
CC, Comfortless Cove; SP, Sister’s Peak; AE, Airport East. Mafic

Sédo Miguel, Azores (Widom et al. 1992; Guest et al. 1999;
Jeffery et al. 2016). Alkali basalt and hawaiite scoria cones
and flows occur widely across the island, while trachyte and
rhyolite domes, flows and pyroclastics are concentrated in
the centre and east (Nielson and Sibbett 1996; Weaver et al.
1996; Hobson 2001; Jicha et al. 2013). This spatial separa-
tion of mafic and felsic volcanism suggests a crustal control
on composition and has been interpreted to result from low
magma flux (Chamberlain et al. 2019). Pyroclastic deposits
contain peralkaline xenoliths (Harris 1983).

Subaerial eruptive activity on Ascension has fol-
lowed a cyclic pattern with periods of predominantly
felsic volcanism (~1 Ma-500 ka from the Central Fel-
sic Complex; ~ 100-50 ka from the Eastern Felsic Com-
plex (Fig. 1)) alternating with mafic eruptive periods
(~500-100 ka; < ~50 ka). At least 80 explosive felsic
eruptions have occurred over the past 1 Ma, including
11 pumice-forming eruptions between ~ 100 and 60 ka
(Preece et al. 2021). Deposits up to 40 m thick provide
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and felsic deposits amended from Chamberlain et al. (2020), the
extent of Wideawake lava flows from Nielson and Sibbett (1996),
vent locations from Vye-Brown et al. (2019). Coordinate reference
system: WGS84/UTM 28S

evidence of magmatic and phreatomagmatic eruptions
spanning a range of sizes (Daly 1922; Atkins et al. 1964;
Nielson and Sibbett 1996; Preece et al. 2018, 2021; Davies
et al. 2021). Outcrops are limited and stratigraphic cor-
relation is only possible over short distances, meaning it
is often not possible to identify vent locations or estimate
erupted volumes, particularly for older eruptions (Preece
et al. 2021). However, analyses of deposits from individ-
ual eruptions in the Eastern Felsic Complex have greatly
increased the understanding of eruptive processes on the
island. These include a fall deposit zoned from trachytic
pumice at the base to trachy-basaltic andesite scoria at the
top provides evidence of closed system fractional crystal-
lisation (Chamberlain et al. 2016) and deposits from one
small volume (0.01-0.3 km?) eruption showing evidence
of lava flows, Strombolian explosions and transient Plin-
ian activity (Davies et al. 2021). In addition, a mingled
fall deposit found at several outcrops in the centre of the
island suggests mafic melt mixing with rhyolitic magma
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in a shallow magma chamber around 24 h before eruption
(Chamberlain et al. 2020).

Mafic eruptions occur from monogenetic vents (shown
in Fig. 1). “*Ar/*°Ar dating of the youngest lava flows gave
ages of 510+ 180 years and indicated the most recent erup-
tive areas are around Comfortless Cove and Sister’s Peak
(Preece et al. 2018). Recent basaltic activity also produced
the Wideawake lava flows to the east of the airport (Vye-
Brown et al. 2019; Vye-Brown pers. comm).

Methods

Our simulations considered discrete explosive events (our
model scenarios) with eruptive plumes ranging from 6 to
27 km above sea level (a.s.l.) and durations of 1-12 h. While
the reasoning for the location of the events is discussed fur-
ther in the ‘Selection of model scenarios’ section, this study
assumes that an event will occur at the chosen locations
without explicitly assessing the likelihood of that event. For
each model scenario, we assessed the probability of tephra
fall loads reaching the reported failure thresholds for differ-
ent roof types.

Despite the geological data on Ascension in the published
literature, there are large uncertainties around the eruption
source parameters, plume heights, erupted volumes and
grain size distributions. We therefore make assumptions
based on previous work (Vye-Brown et al. 2019) and the
tephra modelling literature (detailed in Tables 2 and 3) and
rely on analogues to derive the input parameters for our
model scenarios (detailed in the ‘Selection of analogues’
section).

Selection of analogues

Based on the geological setting, geochemistry of erup-
tive products and deposit characteristics, we use the oce-
anic island of Sdo Miguel in the Azores as an analogue for
Ascension. Sdo Miguel exhibits a wide compositional range
of erupted products, formed by fractional crystallisation in
a low magma flux environment with spatial separation of
peralkaline felsic and mafic eruptions (Widom et al. 1992;
Guest et al. 1999; Jeffery et al. 2016). The eruptive history
for the past 5 ka is well constrained, with trachytic erup-
tions from Sete Cidades, Fogo (Agua de Pau) and Furnas
volcanoes and basaltic activity in the Picos and Congro Fis-
sural Volcanic Systems (Guest et al. 1999). The well-studied
peralkaline, trachytic deposits of the Fogo A (4.6 ka, plume
height 21-30 km) and Fogo 1563 (plume height~ 19 km)
eruptions (Carey and Sigurdsson 1989; Guest et al. 1999;
Pensa et al. 2015) enable estimates of eruption source
parameters to be made for future large, felsic eruptions.
These provide good analogues for the thick pyroclastic
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deposits of alkaline trachyte on Ascension (Chamberlain
et al. 2019; Preece et al. 2021). Thirty-six basaltic eruptions
have occurred over the past 5 ka in the Picos Fissural Vol-
canic System (Gaspar et al. 2015). The Serra Gorda eruption
(3-5 ka), estimated at VEI 3, produced the largest scoria
cone in this system with deposits 50 cm thick at distances
up to 4 km from the source (Booth et al. 1978; Newhall and
Self 1982; Ferreira et al. 2015). Although there are many
examples of smaller eruptions of this type, including on
Ascension (Winstanley 2020), we consider this eruption a
good analogue for the scale of monogenetic volcanism on
Ascension that might produce tephra fall deposits sufficient
to cause roof collapse (hence of interest to this study), with-
out commenting on the likelihood of an event of this size.

Selection of model scenarios

Our simulations build on expert elicitation and initial model-
ling carried out by the British Geological Survey to quantify
the tephra fall hazard on Ascension Island (Vye-Brown et al.
2019). That work produced some preliminary probabilistic
tephra fall footprints for three felsic scenarios with plume
heights of 6, 17 and 27 km a.s.l. from Devil’s Cauldron using
30 days of wind data. Tephra fall simulations revealed that
even a small eruption on the island would likely disperse
tephra across the whole island (Vye-Brown et al. 2019). We
have used this as a baseline for detailed tephra fall hazard
analysis by considering a range of scenarios for felsic and
mafic explosive events (detailed in the ‘Felsic events’ and
‘Mafic events’ sections respectively), using a 10-year rea-
nalysis wind dataset (“Wind data’ section). This study spe-
cifically aims to quantify tephra fall hazard from a range of
possible explosive events where deposit loads may lead to
significant roof damage. Both the felsic and mafic explosive
events were modelled using eruption source parameters from
our selected analogue eruptions in Sao Miguel.

Felsic events

We simulated explosive, trachytic events from the Devil’s
Cauldron vent (Fig. 1) in the Eastern Felsic Complex, with
plume heights of 6-27 km a.s.l. This was the assumed vent
for an eruption ~ 65 ka; however, this is likely a worst case,
as felsic volcanism has moved eastwards over time (Preece
et al. 2021). To investigate potential impacts from specifi-
cally large events, we ran simulations with 19 and 27 km
plume heights, based on the Fogo 1563 and Fogo A erup-
tions on Sao Miguel (Walker and Croasdale 1970; Carey and
Sigurdsson 1989; Gaspar et al. 2015; Pensa et al. 2015). We
also simulated smaller volume events (Davies et al. 2021)
with 6, 12 and 15 km plume heights.
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Table 3 Input parameters used for mafic simulations

Parameter Value Rationale

Plume height (km a.s.l.) 6-10 Selected to simulate a relatively small eruption, but one that could lead to tephra deposits likely

Mass erupted (kg) 10°-10'0 to cause roof collapse. 6 km was the minimum plume height where deposit loads reached roof
. collapse values beyond the vent area

Duration (h) 1-6

Total grain size distribution
@ range (Md @)

Standard deviation of grain size 2

1978)

Aggregation No
Particle densities

p lithic (kg m™>) 2900
p pumice (kg m™>) 1000
Model parameters

Diffusion coefficient (m s™2) 4000
Fall time threshold (s) 5000

Plume model 2,2
B distribution («, )

—5to5(—1) Based on maximum and median grain size data from the Serra Gorda eruption (Booth et al.

Scollo (2008) found particle density has a negligible effect on modelled tephra loads, and so,
we used typical values (https://volcanoes.usgs.gov/volcanic_ash/density_hardness.html)

Selected to best match observed Serra Gorda deposit (Booth et al. 1978) (with tephra depths
converted to loads using an estimated deposit density of 1000 kg m™>). f distributions reflect
the vertical distribution of mass in the plume. We tested:

e a=1, =1 (mass evenly distributed)

e a=2, =2 (mass concentrated at the centre of the plume)

e a=3, p=2 (mass concentrated towards plume top)

e a=2, p=3 (mass concentrated towards plume bottom)

Column integration steps 50

Produced stable load contours while optimising run time

Mafic events

To investigate an explosive basaltic event with tephra fall
deposits that may cause significant roof damage, we ran
simulations based on the Sdo Miguel Serra Gorda erup-
tion (Booth et al. 1978). Our model scenarios used vent
locations in each of the three recent eruptive areas, namely
Comfortless Cove (CC), Sister’s Peak (SP) and Airport
East (AE), and modelled a single event with plume heights
sampled in the range 6—10 km. We also explored the tephra
fall footprint and potential impacts from multiple explosive
pulses during an eruption, as observed during the 2021
eruptions at Soufriere St Vincent (Miller et al. 2022) and
Cumbre Vieja, La Palma (Bonadonna et al. 2022; Marti
et al. 2022), by simulating three pulses of activity, each
with 6-10 km plume heights. It can be difficult to clear
tephra deposits from roofs proximal to the source because
of the possibility of ongoing volcanic activity and the risk
of injuries due to falls from roofs or ladders (Wardman,
et al. 2012; Magill et al. 2013). We therefore summed the
loads from each pulse, simulating a worst-case scenario
where roofs were not cleared and there was no erosion of
the fall deposit between explosive phases. It is important
to note that we are not simulating multiple separate erup-
tions or multiple vents in this scenario. We model pulses or
phases of a single eruption where eruptive activity has sta-
bilised to a dominant, main vent location. Multi-vent erup-
tions are also a possible scenario, and a similar approach
to the one considered here can also be used to simulate
these conditions through an appropriate sampling of the
modelled tephra fall data for multiple vent locations.

@ Springer

Accounting for uncertainty in vent location

Many mafic eruptions on Ascension have occurred from
monogenetic vents, but assessing the risk from monogenetic
volcanic fields is difficult due to uncertainty with respect to
the location of future vents (Valentine and Connor 2015).
From Fig. 1, it is clear that eruptive activity has occurred over
most of the island, but spatial density analysis has shown the
highest density of monogenetic vents is found around Sister’s
Peak and across a wide area in the south, as well as in the far
east of the island where eruptions of intermediate composi-
tion have occurred (Vye-Brown et al. 2019). However, gaps
in the eruptive record make it difficult to undertake a full
spatio-temporal hazard estimation (e.g. Kosik et al. 2020),
and so, we chose to focus on areas of most recent activity
as source locations for our model simulations. Selection of
a single vent location for simulations can underestimate the
area over which tephra loadings may exceed given thresh-
olds compared to modelling a spread of possible vent loca-
tions. We therefore used a novel approach to model multiple
possible vent locations within a specified area to consider
a wider spread of tephra impacts, given the uncertainty of
vent location. While we do consider multiple vent locations
for a potential future eruption, as previously noted, phases
or pulses of explosive activity for an individual eruption are
considered to occur from a single stable vent location.

The lack of a clear temporal distribution or any unrest
signals makes it difficult to define the potential location
of any future eruption. In the absence of these data, we
defined an area in which an assumed new vent could occur
by creating a buffer around the most recent vents. For the
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youngest vents in both the Sister’s Peak and Airport East
areas, the average spacing between the vents has been
estimated at~400 m (Vye-Brown et al. 2019). We there-
fore imposed that the source of a future eruption would be
within 400 m of these historical vents. Within this buffer
area, we created a grid of vents with an equal probabil-
ity of eruption and selected a grid spacing of 200 m, to
ensure meaningful differences in model outputs, balanced
against computational resource to run multiple simulations
(Fig. 2). For Comfortless Cove, on the west of the island,
the prevailing winds from the south-east would result in

i
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Fig.2 Areas of most recent volcanism on Ascension and grid of
model vents used for mafic eruptive scenarios. Key locations: A, air-
port; G, Georgetown; PP, power plant and South Atlantic Relay sta-
tion; TB, Two Boats; TH, Travellers Hill; AF, US Air Force Base.

Coordinate reference system: WGS84/UTM 28S

most tephra being deposited over the sea with vent loca-
tion having little impact on tephra loads on land; therefore,
for this location, our scenarios were based on a single vent.
This approach is taken in the absence of any other data on
the likelihood of any new vent locations. Of course, the
probability of a new vent forming elsewhere on the island
is not zero. The results therefore should not be taken as
a full hazard analysis as it will likely underestimate the
hazard for other areas of the island. Rather, this approach
demonstrates the methods that would be utilised if more
data on possible future vent locations were available.

Wind data

Wind velocity influences the direction of the spread of
the volcanic plume as well as the sedimentation of tephra,
which controls the extent of the tephra footprint on the
ground. We took account of variations in the wind field
by stochastically sampling wind velocity from a 10-year
ERAS dataset for Ascension. The ERAS reanalysis data
covered the period 2010-2019 and comprised 6-hourly
wind data at 37 pressure levels within the atmosphere with
a horizontal resolution of ~30 km (Hersbach et al. 2018,
2020). To investigate seasonal variability, we analysed
wind speed and direction by month using TephraProb
(Biass et al. 2016). Wind roses for 3-monthly intervals at
heights up to ~ 30 km above sea level (covering the heights
of our simulated plumes) did not show significant seasonal
trends (Fig. S1 in Supplementary material), and therefore,
we sampled winds from the whole 10-year dataset for each
of our simulations (14,608 wind profiles in total) (Fig. 3).

Fig.3 Summary of wind Wind speed Wind direction
conditions on Ascension Island 30 v v 30 .
(mean speed and mean direc-
tion that the wind is blow-
ing towards) from the ERAS 25 , 25 L ,
2010-2019 reanalysis dataset
(Hersbach et al. 2018) stochasti-
cally sampled for all simulations 20 | 1 20 | |
€ €
= =
£ 15+ . 15+ .
2 2
(] (]
I I
10 . 10 + 1
5+t 1 5+ 1
0 . 0 . . .
0 10 20 30 0 90 180 270 360
Speed (m s™) Direction (°)
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Tephra modelling

We used Tephra2 with the TephraProb Matlab package for
our probabilistic hazard modelling (Bonadonna et al. 2005;
Connor and Connor 2006; Biass et al. 2016). Tephra?2 takes
inputs defining eruptive conditions (plume height, eruption
duration, total mass erupted, grain size distribution, particle
density) and solves the advection—diffusion equation in two
dimensions to calculate tephra accumulation on the ground.
The model uses a wind field that is assumed to be vertically
stratified but horizontally constant, an assumption that is
likely to be valid over the small area of Ascension. However,
it does not account for small-scale atmospheric features such
as eddies or temporal changes within the timescale of each
wind profile (in our case 6 h). TephraProb enables multiple
runs of Tephra2, with input parameters sampled within user-
defined ranges, to be combined into a probabilistic output.
Both Tephra2 and TephraProb have been widely used, and
the outputs are now routinely accepted in scenario-based
tephra fall hazard assessments of possible future events
(e.g. Wild et al. 2019; Warwick et al. 2022; Aravena et al.
2023) and inversion modelling to recreate past events (e.g.
Constantinescu et al. 2024; Crummy et al. 2019; Jenkins
et al. 2020; Tennant et al. 2021). Tephra2 also assumes that
the specified input parameters are representative of average
conditions during peak eruptive activity (Connor and Con-
nor 2006). Hence, events modelled here do not fully reflect
the waxing and waning of an ongoing eruption with multi-
ple explosive phases, as observed at the 2021 eruptions at
Soufriere St Vincent (Cole et al. 2024) and Cumbre Vieja,
La Palma (Marti et al. 2022), but rather treat each event as
a discrete explosion.

We used analogue eruptions on Sao Miguel to cali-
brate the model and select best-fit values for model vari-
ables (including diffusion coefficient, fall time threshold
and the plume model) which describe the release, transport
and deposition of particles. Details of our model calibra-
tion are included in the Supplementary material, with the
source parameters from the analogue eruptions shown in
Table S1. The input parameters selected for our Ascension
Island simulations are detailed in Tables 2 (felsic scenarios)
and 3 (mafic scenarios).

For all our simulations, we accounted for uncertainty in
meteorological conditions by randomly selecting a wind
profile from the ERAS 2010-2019 dataset for each simula-
tion. The tephra mass loading grid (the hazard grid) was
defined to cover the entire island with a grid spacing of
500 m, which was found to be sufficient to resolve spatial
variations in mass load.

@ Springer

Each felsic scenario from Devil’s Cauldron vent consisted
of 1000 simulations where plume height was fixed and event
duration was sampled uniformly within a range (Table 2).
Values were constrained so that combinations of duration and
mass eruption rate (calculated within TephraProb from plume
height and wind data using Degruyter and Bonadonna (2012))
were only selected for the simulations when the resulting total
erupted mass fell within the ranges defined based on our ana-
logue eruptions (Biass et al. 2016).

For each mafic scenario, plume height was sampled
within the range of 6—10 km, using a logarithmic distri-
bution to account for small eruptions occurring more fre-
quently than large ones, with combinations of plume height,
duration and total mass erupted constrained as for the felsic
simulations. For each scenario, we ran 1000 simulations for
the single vent at Comfortless Cove (CC) and 1000 simula-
tions from each potential vent within the Sister’s Peak (SP)
and Airport East (AE) areas (53 vents for SP; 42 vents for
AE) (Fig. 2 and Table S2).

For felsic simulations and mafic simulations from CC,
with a fixed vent location (v), the probability of exceedance
of tephra load above some threshold is estimated for each
hazard grid location (defined by easting, E, and northing, N)
as shown in Eq. 1.

P[ZE,N > T|eruption from v] ~ % 1)

where T is the mass load threshold and /j; y is the estimated
mass load at the location of the hazard estimate, specified
by coordinates (E, N).

The number of simulations for which I y>T is n of a
total of N simulations.

For our SP and AE scenarios, we used a grid of potential
vent locations to investigate an eruption from a new vent
within each area, A. Each vent location, i represents a small
area, a,, defined by the grid spacing within A. For grid spac-
ing of Ax and Ay in the x (east) and y (north) directions
respectively, i represents an eruption within the small area,
a;=AxXxAy. We assume the vent location grid spacing is
sufficiently small that tephra loading at /j; y from an eruption
at i is insignificantly different from results for a vent located
anywhere within a;. In this case, for simulations run from
vent 7, Eq. 1 is modified to Eq. 2:

. L n;
Pligy > Tleruption within a;] ~ N, @)
where n; represents the number of simulations for which
lg y>T, of a total of N, simulations.
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The total source area A =M AxAy, where M is the total
number of grid points for vent locations within A (M =53
and M =42 for Sister’s Peak and Airport East areas respec-
tively). As previously discussed, our scenarios assume that
the probability of an eruption within A =1 and is zero else-
where. Hence, Eq. 3 shows the probability of exceedance
of tephra load above some threshold for each hazard grid
location for an eruption within A.

P|l;y > Tleruption within A] ~
M &)
z P[lE,N > T'|eruption within ai]P[ailA]

i=1

where P[a;A] is the probability of the vent being located
within the small area g; given an eruption within A. We also
assume that the probable vent location within A is com-
pletely spatially random, and hence P [ai |A] = ﬁ

When considering multiple explosions, we assumed the
load is not cleared between eruptive pulses, and hence, the
tephra load from each event is summed in each hazard grid
cell. In this case, for K explosions, Eq. 1 can be modified
to Eq. 4, while Egs. 2 and 3 can be combined and modi-
fied to Eq. 5:

K
n.
P|lgy > T|Keruptions from v| » Z ﬁj @)
=1 "J
KMo
P|lgy > T|Keruptions within A| ~ Z Z —x— 5)
j=1 i=1 Ny M

For Eqgs. 4 and 5, the prior assumption that subsequent
explosive pules originate from a single dominant vent is
used.
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Fig.4 Tephra ground loads with 50% probability of exceedance for
trachytic event from Devil’s Cauldron with plume height a 6 km, b
12 km, ¢ 15 km, d 19 km. Key locations: A, airport; G, Georgetown;

A Devil's Cauldron model vent

PP, power plant and South Atlantic Relay station; TB, Two Boats;
TH, Travellers Hill; AF, US Air Force Base. Coordinate reference
system: WGS84/UTM 28S

@ Springer



82 Page 100f21 Bulletin of Volcanology (2024) 86:82

Plume 10 % 90 %
height
(km) a ‘PP . N b CPP ......... N
o ’ - 7 RN N A ) A
7 g N i
6 o G , 'l / \ G , 4 // 5 \
\ TB : i TB | \
\ <N A'V /' <N \\ 6#/"
AF " ¥, AF A
< a« T f 4 = ,
§_ ~ < . . 3 y -‘/ % / . L 4 / 7
> A ot 3 =L A [ Y.
> \ o ‘\,\ ................... /i
Vel ae /
Esri HERE, Garmin, USGS, METI/NASA, NGA
‘PP AN N
s b} N . A
\
\
\
12 ; \
|
TB ~ '
//
r o
TH e 287
’,‘ /o /
/ ¥ - /
: e
2T B oD '//, -
Esri I-TERE,'G'a'rrﬁn,’USGS, METI/NASA, NGA
“N
Iy
\
15
/
/
/
/
/
Esri HERE, Garmin, USGS, METI/N&S’A, NGA
19
565000 570000 575000 570000 575000
Tephra load (kg/m?)

. 700 - 400 - 300 - 150 —— 100 ——- 10 =------ 1 A Devil's Cauldron model vent

@ Springer



Bulletin of Volcanology (2024) 86:82

Page 110f21 82

«Fig.5 Tephra ground loads with 10 and 90% probability of exceed-
ance respectively for trachytic event from Devil’s Cauldron with
plume height a, b 6 km; ¢, d 12 km; e, f 15 km; g, h 19 km. Key loca-
tions: A, airport; G, Georgetown; PP, power plant and South Atlantic
Relay station; TB, Two Boats; TH, Travellers Hill; AF, US Air Force
Base. Coordinate reference system: WGS84/UTM 28S

Output from TephraProb can be expressed as the prob-
ability of tephra mass loading exceeding a threshold or
ground tephra loads given a threshold probability. Our
focus is on investigating the probabilities of key reported
load thresholds (Table 1) being exceeded, and therefore, we
report our results as ground tephra loads with probabilities
of exceedance of 10, 50 and 90%. This enables us to explore
both more probable and rare-but-possible outcomes. It is
important to note that the probabilistic results are explicitly
linked to the modelled event(s) that we have defined. While
we have selected events with a possibility of occurring on
Ascension, we offer no appraisal of the likelihood of such
events, or their location, simply the potential impacts of
tephra loading if such an event were to occur.

Results
Felsic events

For our felsic scenarios, we present results for 6, 12, 15
and 19 km plume heights in Fig. 4 (50% probability of
exceedance) and Fig. 5 (10 and 90% probability of exceed-
ance). Results for the 27 km plume are not included in
our figures, as tephra loads across the entire domain
were > 700 kg m~2 for all probabilities. Table 4 shows
ground loads at key locations and maximum proximal loads
for each simulation.

Our selected model simulations from Devil’s Cauldron
resulted in a tephra fall covering the whole island. There
was a 50% probability of loads > 2 kg m~2 for a 6 km plume
height and a 90% probability of loads > 1250 kg m~> for a
plume reaching 27 km a.s.l. For our scenario with a plume
height of 6 km lasting 1-3 h, there was a 50% probability of
tephra loads > 1 kg m~2 over most of the island, with loads
at key locations reaching threshold values ranging from
2 kg m~2 at Georgetown, the airport and the USAF Base to
12 kg m~2 at Two Boats (Fig. 4a). Loads with a 10% prob-
ability of exceedance ranged from 4 kg m~2 at the airport
to 23 kg m~2 at Two Boats (Fig. 5a), and there was a 90%
probability of 2-6 kg m~2 loads at Two Boats, Travellers
Hill, the power plant and South Atlantic Relay station with
loads at other key locations < 1 kg m~2 (Fig. 5b).

For our scenario with a 12 km plume height, we found a
50% probability of tephra loads > 50 kg m~2 over the whole
island with loads of 154 and 194 kg m~2 at Travellers Hill

and Two Boats respectively (Fig. 4b). There was a 10%
probability of loads between 100 kg m~=2 (at the airport)
and 364 kg m~2 (at Two Boats). For a 90% probability of
exceedance, loads ranged from 14 kg m~2 at the airport,
Georgetown and the USAF Base to 93 kg m~2 at Two Boats
(Fig. 5¢, d).

Our scenario of a 1-4 h event with a 15 km plume height
produced a 50% probability of tephra loads > 150 kg m~2 in
all key locations, with the highest loads at Travellers Hill
and Two Boats (724 and 577 kg m~2 respectively) (Fig. 4c).
There was a 10% probability of loads >450 kg m~2 across
the whole island, with loads > 1000 kg m~2 at Two Boats
and Travellers Hill (Fig. 5e). When considering a 90%
probability of exceedance, loads ranged from 55 kg m~2 at
Georgetown and the USAF Base to 329 kg m~2 at Two Boats
(Fig. 5f).

For a plume height of 19 km lasting 3—6 h, we found a
50% probability of loads > ~900 kg m~2 and a 10% probabil-
ity of loads > 1800 kg m~2 at all key locations (Figs. 4d, 5g).
There was a probability of 90% of loads > 1100 kg m~2 at
Two Boats and Travellers Hill, with loads of 200-350 kg m~2
at other key locations (Fig. Sh). An event similar to Fogo A
(with a plume of 27 km lasting up to 12 h) resulted in a 90%
probability of loads > 1250 kg m~2 across the entire island.

Mafic events

For our mafic scenarios, figures showing a 50% probability
of exceedance are presented in the main paper (Fig. 6) and
figures showing a 10 and 90% probability of exceedance are
included as Supplementary Material (Figs. S2-S3). Table 5
shows ground loads at key locations and maximum proximal
loads for each simulation.

Single phase

For basaltic events with a plume height of 610 km last-
ing 1-6 h, our SP scenarios resulted in a 50% probabil-
ity of the north and west of the island receiving a tephra
load > 1 kg m~2, with values in key locations ranging from
5 kg m~2 at the airport to 87 kg m~2 at Two Boats (Fig. 6a).
Loads with a 10% probability of being exceeded ranged from
18 kg m~2 at the airport to 231 kg m~2 at Two Boats, and
there was a 90% probability of loads of 1-24 kg m~? at the
key locations (Figs. S2a and S3a).

When the vent was in the AE area, we found a 50% prob-
ability of loads <1 kg m™ at the power plant and South
Atlantic Relay station, with loads at other key locations
ranging from 7 kg m~2 at Two Boats to 203 kg m~ at the
airport (Fig. 6b). For a 10% probability of exceedance,
we found loads between 3 kg m~ (at the power plant and
South Atlantic Relay station) and 387 kg m~2 (at the air-
port) (Fig. S2b). There was a 90% probability of loads of
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Table 4 Highest modelled tephra ground loads across the whole island and at key locations (maximum values within each area) for trachytic
model scenarios from Devil’s Cauldron (Fig. 1), with 10, 50 and 90% probability of exceedance

Plume height Probability (%) Highest tephra Tephra ground load (kg m™2)
(km) ground load - - -
(kg m™2) Georgetown Two Boats Travellers Hill ~ Airport US Air Power plant/South
Force Base  Atlantic Relay
station
6 10 73 5 23 17 4 5 8
50 40 2 12 8 2 2
90 21 <1 6 4 <1 <1 2
12 10 790 120 364 290 100 111 143
50 428 53 194 154 44 50 66
90 233 14 93 69 14 14 24
15 10 2930 482 1413 1184 472 488 522
50 1550 198 724 577 193 198 242
90 780 55 329 241 61 55 92
19 10 9741 1952 5238 4337 1880 1943 2216
50 6221 898 3167 2583 926 918 1067
90 3395 221 1548 1192 308 253 350
27 90 19,024 1250 8744 6821 1890 1453 2048

82 kg m~2 at the airport and <51 kg m~2 across the other
key locations (Fig. S3b).

For our CC single event scenario, there was a 50% prob-
ability of loads < 1 kg m~ at Travellers Hill, Two Boats and
the airport, with Georgetown receiving 55 kg m~2 (Fig. 6¢).
Loads with a 10% probability of being exceeded ranged
from 6 kg m~2 at Two Boats to 121 kg m~2 at Georgetown
(Fig. S2c¢). For a 90% probability, Georgetown received
a load of 20 kg m~2 and loads at the other key locations
were <2 kg m~2 (Fig. S3c).

Multiple phases

Simulations of three explosive pulses of similar plume
height and duration, with no erosion or clearing of the
deposit between pulses, showed a 50% probability of all key
locations receiving a tephra load > 20 kg m™ for an event
from SP, with 290 kg m~2 at Two Boats (Fig. 6d).

There was a 10% probability of all key locations except
the airport receiving loads > 100 kg m~2 and a 90% prob-
ability of loads > 100 kg m~2 at Two Boats and Travellers
Hill (Figs. S2d, S34d).

For a multi-phase event from AE, tephra loads with a
50% probability of exceedance ranged from 2 kg m~2 at the
power plant and South Atlantic Relay station to 631 kg m~2
at the airport (Fig. 6e). There was a 10% probability of
loads between 7 and 1025 kg m~2 at key locations, with
loads > 500 kg m~2 at Travellers Hill, the airport and the
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USAF Base, and a 90% probability of loads of 354 kg m~2
at the airport, 237 kg m~2 at the USAF Base and < 80 kg m™>
at the other key locations (Figs. S2e and S3e).

Our multi-phase scenario from CC revealed a 50%
probability of all settlements and infrastructure receiving
loads >2 kg m~2. At Georgetown, there was a 50% probabil-
ity of loads reaching 176 kg m~2 (with 10% and 90% prob-
abilities of 278 kg m~2 and 104 kg m~2 loads respectively)
(Figs. of, S2f and S3f).

Tephra loads sufficient to impact buildings

Tephra loads > 100 kg m~2 may impact buildings (Table 1),
and all of our scenarios apart from the 6 km plume from
Devil’s Cauldron show these loads over at least part of
Ascension. Table 6 and Fig. 7 show the size of the area
receiving loads > 100 kg m~2 for each model scenario (with
10, 50 and 90% probabilities of exceedance). In our felsic
simulations, 15-85 km? could be affected when the plume
height was 12 km, while larger eruptions could result in
loads > 100 kg m~2 across the whole island. For our sin-
gle event mafic scenarios, there was a 50% probability that
3-11 km? could be impacted, and this increased to 28-31
km? for the three-event scenarios from SP and AE, where
there was also a 10% probability of impact over 4045 km?.
Three events from CC impacted 8 km? (at 50% probability)
because the prevailing winds tend to disperse tephra into
the sea.
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Discussion

We have modelled a set of defined discrete explosive events
of various plume heights from vent locations across Ascen-
sion to explore the range of tephra fall hazard footprints
and impacts from such short-lived events. These events have
been selected based on analogue eruptions from other small
islands together with published geological data to represent
a range of possible future explosive events. The results are
explicitly linked to the scenarios we have chosen, and while
they are within the range of possible events on Ascension,
we make no assessment of the likelihood of such events,
only commenting on the outputs of the models, assuming
such events have occurred. A probabilistic approach to these
events allows us to investigate the intrinsically variable
nature of volcanic processes and atmospheric conditions
which affect tephra dispersal and deposition.

Potential impact of explosive events on Ascension
Felsic events

Our results revealed that short-lived explosive events on
Ascension could result in widespread tephra fall, potentially
impacting the island’s residents and key power, transport
and communications infrastructure. Even a small felsic
eruption from Devil’s Cauldron, with a 6 km plume height,
would impact the airport and many roads with a 50% prob-
ability of loads > 1 kg m~2 (~1 mm depth, depending on
deposit density) across the island (Fig. 4a and Table 1).
A 12 km plume could additionally affect power and com-
munications with our results showing a 90% probability of
loads > 10 kg m™ across the majority of the island (Fig. 5d)
and a 50% probability of loads > 150 kg m~2 at Two Boats
and Travellers Hill (Fig. 4b and Table 4). Previous studies
have shown that, if roofs are not cleared of tephra, these
loads can be sufficient to cause collapse in weak or long-
span structures (Table 1 and Jenkins et al. 2014). Larger
volume events could cause widespread disruption and even
collapse of good quality roofs, with a 50% probability of
loads > 150 kg m~2 and > 700 kg m~2 at all key locations
for 15 km and 19 km plume heights respectively (Table 1
and Fig. 4c, d), necessitating extensive clean-up operations
(Hayes et al. 2015).

We can compare our model results to mapped pumice
fall deposits found in the east of the island. Several depos-
its> 10 m thick have been mapped, but only a zoned fall
deposit can be correlated across the centre and east of the
island, with other deposits including at Devil’s Cauldron,
only found in the east (Preece et al. 2021). Only our larg-
est simulations (19 and 27 km plumes) produced maximum
tephra loads > 5000 kg m~2 (Table 4), equivalent to deposit

thicknesses > 10 m, assuming a bulk density of 500 kg m~>.
These simulations also produced high tephra loads across
the whole island suggesting that the deposits may have been
subsequently eroded, or that the eruptions occurred when
winds were not from the prevailing south-easterly direction,
resulting in much deposition over the sea.

Mafic events

Recent basaltic deposits came from monogenetic vents
(Fig. 1) with high spatial density occurring around Sister’s
Peak and across the south of the island. However, limited
deposit preservation makes it difficult to assess temporal
relationships between vents (Vye-Brown et al. 2019). Hence,
although the probability of new volcanic vents is not zero
anywhere on the island, we chose to perform simulations in
the three locations of most recent activity and took account
of the uncertainty in the source location of a future eruption
by using a grid of equally probable vent locations within
those recently active areas (Fig. 2). This approach reduces
the likelihood of overestimating loads proximal to the source
as the results produced a smaller area where there is 90%
probability of tephra fall loading sufficient to cause roof col-
lapse (> 100 kg m~2). It also better highlights the full extent
of the area that could be impacted, with a larger area having
a 10% probability of tephra fall loading > 100 kg m~2.

For one basaltic event with a 6—10 km plume height, we
found a 50% probability of tephra loads > 1 kg m~2 across
the west side of the island, a deposit that could impact roads.
In two of the three scenarios, the airport also received simi-
lar loads (Fig. 6a—c). There was a 10% probability of loads
that may cause roof collapse (> 100 kg m~2) in the key loca-
tions closest to the vents (Fig. S2 a-c).

Our simulations investigating three phases each of 1-6 h
assumed a worst-case scenario where tephra was not cleared
from roofs between pulses. Areas where the impact of tephra
loading is likely to depend on roof type, based on collapse
loads in Table 1, are mapped in Fig. 8 (50% probability of
load being exceeded) and Supplementary material Figs. S4
and S5 (10 and 90% probabilities respectively). We found
a 50% probability of tephra loads in key settlements that
could lead to the collapse of poor quality and long-span
roofs (> 150 kg m~2) (Fig. 8a—c). We also found a 10% prob-
ability of loads that could impact good quality metal and tile
roofs (>400 kg m~2) and a 90% probability that poor quality
roofs would be at risk (with loads > 100 kg m~2) (Figs. S4
and S5). In all cases, the western side of Ascension is most
likely to be impacted, reflecting prevailing winds from the
south-east (Fig. 8d).

We can compare our results with recent multi-phase
eruptions on other small islands: St Vincent and La Palma.
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«Fig. 6 Tephra ground loads with 50% probability of exceedance for
basaltic events. a, b, ¢ Results for one event with 610 km plume
height; d, e, f results for three events, each with 6-10 km plume
height, from Sister’s Peak, Airport East and Comfortless Cove
respectively. For multiple events, we assume the tephra is not cleared
or eroded between each pulse. Key locations: A, airport; G, George-
town; PP, power plant and South Atlantic Relay station; TB, Two
Boats; TH, Travellers Hill; AF, US Air Force Base. Coordinate refer-
ence system: WGS84/UTM 28S

The 2021 eruption of Soufriere St Vincent, with 32 discrete
explosive events, highlighted how the build-up of tephra
from multiple small events can create substantial proximal
hazards if clean-up is not possible between eruptions (Miller
et al. 2022). Fall deposits up to 70 cm thick were measured,
consisting of 7 units with thicknesses of 4-27 cm (Cole
et al. 2024). This equates to tephra loads of ~60-400 kg m—2
for each unit, based on the measured deposit density of
1500 kg m~2. Multiple pulses over a timescale of weeks were
also seen during the 2021 Tajogaite eruption on La Palma
with 11 tephra layers identified, each deposited over an esti-
mated 4-13 days (Bonadonna et al. 2022; Marti et al. 2022).
Layer thicknesses <55 cm indicate a maximum tephra load
per layer of ~500-770 kg m~2 based on the measured deposit
density of 900-1400 kg m~2. This compares to our peak
loads of ~800-950 kg m~2 for three pulses (with a 50% prob-
ability of exceedance) (Table 5).

Table 6 Area of Ascension Island (out of a total area of 98 km?)
affected by tephra loads which may impact buildings (> 100 kg m™2)
for each model scenario

Vent Scenario Probability of exceed-
ance (%)
10 50 90
Devil’s Cauldron 6 km 0 0 0
12 km 85 39 15
15 km 98 96 54
19 km 98 98 98
27 km 98 98 98
Sister’s Peak 1 eruption 27 11 0
3 eruptions 45 31 17
Airport East 1 eruption 25 11 0
3 eruptions 40 28 17
Comfortless Cove 1 eruption 7 3
3 eruptions 14 8 5

In this work, we have only considered the impacts of
tephra fall, but within a few hundred metres of a vent, bal-
listics can also cause serious injury and damage to infra-
structure (Fitzgerald et al. 2020; Massaro et al. 2022; Day
et al. 2022). This should be investigated, given the proximity
of the airport, Two Boats and Travellers Hill to the most

Table 5 Highest modelled tephra ground loads across the whole island and at key locations (maximum values within each area) (Fig. 1) for
basaltic model scenarios from Sister’s Peak, Airport East and Comfortless Cove (Fig. 2) with 10, 50 and 90% probability of exceedance

Source location No. of Probability

Highest tephra Tephra ground load (kg m™2)

eruptions (%) ground load

(kg m™2) Georgetown Two Boats Tr‘avellers Airport US Air Power.plant/ South
Hill Force  Atlantic Relay
Base station
Sister’s Peak (SP) 1 10 445 119 231 183 18 57 114
50 259 49 87 76 5 21 47
90 226 15 23 24 1 6 15
3 10 1159 298 615 473 46 143 303
50 793 163 290 257 20 74 149
90 495 73 107 107 7 30 73
Airport East (AE) 1 10 465 65 35 206 387 248 3
50 282 27 7 71 203 131 <1
90 115 9 <1 16 82 51 <1
3 10 1191 159 89 546 1025 634 7
50 823 92 30 240 631 412 2
90 507 46 7 79 354 237 <1
Comfortless Cove 1 10 517 121 6 7 4 19 49
(CO) 50 313 55 <1 <1 <1 5 9
90 147 20 <1 <1 <1 1 2
3 10 1276 278 19 18 9 47 92
50 953 176 2 4 3 21 47
90 658 104 <1 <1 <1 9 18
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«Fig.7 Probability of tephra loads likely to impact buildings
(>100 kg m~2) for model eruption scenarios. a, b Results for one
event from Devil’s Cauldron: (a) 12 km plume, (b) 15 km plume. ¢,
e, g Results for one event with 6-10 km plume height; d, f, h Results
for three events, each with 6-10 km plume height, from Sister’s Peak,
Airport East and Comfortless Cove respectively. For multiple events,
we assume the tephra is not cleared or eroded between each pulse.
Key locations: A, airport; G, Georgetown; PP, power plant and South
Atlantic Relay station; TB, Two Boats; TH, Travellers Hill; AF, US
Air Force Base. Coordinate reference system: WGS84/UTM 28S

recent eruptive areas. Airborne ash could also lead to health
issues (e.g. IVHHN 2021; Stewart et al. 2022; Eychenne
et al. 2022), and the plume could have a substantial impact
on airspace, particularly for larger eruptions (e.g. Witham
et al. 2012; Hirtl et al. 2020; Mastin et al. 2021).
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Conclusion

Small volcanic islands can be particularly susceptible to the
impacts of tephra fall, given their size and potential proxim-
ity to the vent. Using Ascension as a case study, we carried
out an exploratory probabilistic hazard analysis to quantify
the tephra fall hazard and discuss potential impacts on infra-
structure from a suite of defined eruptive events. As eruptive
deposits are poorly preserved on the island, we combined
existing geological data from Ascension with analogue erup-
tions from Sao Miguel, Azores, to model a wide range of
possible future short-lived explosive events of both felsic
and mafic composition.

Unsurprisingly, our felsic model scenarios revealed there
could be significant impacts on the island, ranging from a
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few millimetres of tephra fall potentially causing disrup-
tion to transport and infrastructure (for a 6 km plume), to
widespread impacts including damage to key infrastructure
and buildings, including potential collapse of roofs (from a
15-19 km plume).

There are numerous mafic monogenetic vents across the
north, west and south of the island, but data on the temporal
relationship between vents are limited. We have therefore
taken account of vent uncertainty by modelling basaltic
eruptions from the monogenetic volcanic field using a grid
of possible vent locations within the most recently active
areas. Results reveal that for an explosive event with a
6-10 km plume, there was a 50% probability that tephra
fallout from a single pulse would disrupt the airport and
impact roads across the west side of the island. For our sce-
narios comprising three distinct explosive phases, there was
a 50% probability of loads that could lead to roof collapse
in settlements close to the vent, assuming that roofs are not
cleared between phases. In nearly all of our mafic scenarios,
the airport was impacted while the eastern side of the island
was least likely to be disrupted, given the prevailing wind
to the west.

We have presented novel methods for quantifying tephra
fall hazard on Ascension Island, using data from analogue
eruptions and a grid of equally possible source locations to
account for gaps in our knowledge of the island’s eruptive
history. We focused on loads that could lead to roof collapse
and highlighted how impacts may vary with roof type. Our
results are not predictive as we have no data pertaining to the
likelihood of an eruption, its location, type or size, but they
clearly show, given the modelling of events which may be
possible on Ascension, that consideration should be given
to the impact from tephra fall hazard on key infrastructure.
Our approach is relevant to other low-data volcanic islands
where it can assist in planning for possible future eruptions,
by identifying areas most at risk from the impacts of tephra
loading.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00445-024-01771-3.
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