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Executive Summary

A group of experts met in Port Vila, Vanuatu from 14 to 17 May 2024 to consider potential tsunami
sources in a broad region including the New Britain, Solomon and Vanuatu trenches and related
tectonic features (the Study Region). The meeting was held under the auspices of the
Intergovernmental Oceanographic Commission (IOC) of UNESCO and was a continuation of a
series of similar workshops considering the tsunami source regions in the Pacific Ocean, including
Central and South America, the Tonga - Kermadec system and the South China Sea. It was a
joint meeting with the Science Monitoring And Reliable Telecommunications (SMART) Tam-Tam
project, because some of the attendees were involved in both undertakings. A number of tectonic,
tsunami, seismological and geodetic experts with knowledge of the Study Region were involved.
The overall tectonics of the Study Region were considered, including the arrangement and relative
rates of the tectonic plates (including microplates) and likely segmentation of the subduction
zones. Non-subduction regions were identified and discussed as well as possible non-seismic
tsunami sources.

The outcomes of the meeting included an endorsement with some updates of the earthquake
sources identified by the 2012 Global Earthquake Model (GEM) Faulted Earth study of subduction
zones worldwide (Berryman et al., 2015). The major differences included updating the lower limits
of the maximum credible earthquakes (Mmax(min)) for various parts of the subduction systems
with more recent earthquake data, and a re-evaluation of the upper limits of maximum credible

earthquakes (Mmax(max)) for the various identified subduction zone segments. The general
assessment of the meeting was that the use of whole subduction zone segment dimensions only

to estimate Mmax(max) was likely to overestimate the maximum credible earthquakes in the
region. The consensus was that ideally a probabilistic approach should be taken. However, as
this would take more time than was available it was decided by the group to use 90% of the
appropriate values from the Australian Probabilistic Tsunami Hazard Model in the interim. In fact,
this did not make a major difference to Mmax(max) for most segments in the region, but it does
reduce the values for whole margin ruptures (Table 2).

Some non-subduction zone regions with the potential to produce tsunami generating earthquakes
were identified and characterised using a similar approach to the GEM methodology. The meeting
discussed whether to include the source zones to the north of Papua New Guinea in the study,
and it was decided to include them but with revised parameters compared to GEM.

Non-earthquake sources of tsunamis were also considered. For example, a list of volcanic
sources capable of causing tsunamis in the region was built from published work, but not
characterised in detail. Similarly, an attempt was made to identify potential landslide sources.

An important outcome of the meeting was a list of potential tsunami source scenarios with
parameters that can be employed for tsunami modelling informing preparedness and evacuation
planning by Member States.

The meeting produced a number of recommendations for further scientific work to improve the
knowledge of tsunami threats in the region. These include the need for a full probabilistic
treatment of all potential tsunami sources and impacts in the region, more geodetic observations
to constrain relative plate rates and slip deficit accumulation, and more paleotsunami studies to
assess past tsunami occurrences. There is also a need to improve the sustainability and the
spatial coverage of the instrument networks in the region and to encourage full and open sharing
of data and scientific results.
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The organisers also suggest that similar meetings in the future include greater lead time to allow
more experts to attend, and that remote attendance only be considered if very good internet

connectivity is available at the venue.



I0C Workshop Reports, 315

1. BACKGROUND AND OBJECTIVES
1.1 PURPOSE

The Intergovernmental Oceanographic Commission (I0C) of UNESCO supported the Member
States of the Pacific Tsunami Warning and Mitigation System (PTWS) to better understand the
uncertainties associated with several Pacific subduction zones by sponsoring an experts’
workshop in Port Vila, Vanuatu. This was in response to a recommendation of the Task Team on
Seismic Data Sharing in the Southwest Pacific at the 8th session of the Regional Working Group
of the PTWS on Tsunami Warning and Mitigation for the Pacific Islands Countries and Territories
(PICTs). The experts’ meeting concentrated on the subduction systems from the western end of
the New Britain Trench through the Solomon (San Cristobal) Trench to the southern section of
the Vanuatu (New Hebrides) Trench, including the Matthew Hunter section, a total length of
around 4000 km (Figure 1). This will be referred to as the Study Region. These combined
subduction systems are slightly longer than the Tonga - Kermadec system located to the east.
Several similar workshops have been held successfully covering tsunami sources in South
America (UNESCO/IOC, In prep), Central America (UNESCO/IOC, 2021), the South China Sea
(UNESCO/IOC, 2018), and in the Tonga - Kermadec region of the Southwest Pacific
(UNESCO/IOC, 2020). The purpose of these experts’ meetings is to quantify earthquake and
tsunami sources and resulting hazards and risks to support holistic risk management (readiness,
response, reduction and recovery) and target suitable reduction projects.

Very large tsunamis associated with the Study Region subduction zones have the potential to
cause widespread loss of life, and damage and disruption to multiple regions simultaneously.
Many Southwest Pacific countries are exposed and vulnerable to destructive tsunamis with
significant consequences. The meeting aimed to focus on the uncertainties of tsunami hazard
associated with these subduction zones and to provide scenarios which can be used to help
readiness activities including modelling for evacuation planning.

1.2  OBJECTIVES

The experts’ meeting aimed to deliver a number of outcomes which are summarised in this I0C
Technical Report. Members of the experts’ meeting endorse and support the report. The
objectives are as follows:

e Use paleoseismology, past event data, seismic observations, geodetic observations, and
tsunami modelling in the Study Region to develop a better understanding of the tsunami
hazards across the region. The range of estimates of maximum potential earthquake
(Mmax) for the subduction zones and broader regions are to be considered and discussed.

e Discuss the uncertainties of the tsunami sources along the subduction systems of interest.
This will include bounds on the maximum credible earthquake magnitude and rates of
tsunamigenic events, to understand the most extreme consequences and risk
management challenges, and those of more likely, lower magnitude scenarios. Use real
events from other regions to better define consequences for events that have not yet been
observed.

e Investigate possible non-seismic tsunami sources in the regions of interest.

e Use this understanding of hazard, risk and uncertainty to define a number of Pacific and
global community needs and actions. For example, identifying scientific research needs,
evaluation of risk management programmes, informing priorities and investments to
support risk management for at-risk Southwest Pacific countries and the broader Pacific.
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e |dentify and record gaps in knowledge or understanding of the regional subduction zones,
and propose means for addressing or managing these gaps.

e Consider the possible occurrence of slow subduction zone earthquakes (tsunami
earthquakes) and their influence on tsunami generation.

e Meet the agreed key objectives of ICG-PTWS.

1.3 KEY SCIENTIFIC QUESTIONS
e Are there any non-subduction zone earthquake sources in the greater region?
e What, if any, is the segmentation of the subduction zones?
e What are credible Mwax values on the subduction zone segments?

e Are there any non-earthquake sources of note (volcanic, landslides, atmospheric driven,
etc.)?

Figure 8

Figure 4

Figure 7

1500 km

Figure 1. Map indicating the subduction systems of interest for the workshop, principally (from northwest
to southeast) the New Britain Trench, San Cristobal (Solomon) Trench, and the northern and southern
sections of the Vanuatu (New Hebrides) Trench. Note that originally the Manus region was not included,
but the workshop experts requested the addition. This will be referred to as the Study Region for the
workshop. The approximate coverage of the maps showing more tectonic detail (Figures 4, 7 and 8) are
shown. The other maps in this document have similar extents to this map, or cover smaller sub-regions.

1.4 MEETING OVERVIEW

Because the workshop was joint with the Science Monitoring And Reliable Telecommunications
(SMART) TAM TAM project, the first half day was spent introducing the experts attending the
workshop and outlining the intended outcomes. Included in this was a general overview of the
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tectonic setting of the Study Region and some related introductory talks. The second full day was
devoted to talks expanding on the tectonics of the Study Region and looking in more detail at the
plate tectonics, seismicity, geodesy, paleoseismology and paleotsunami evidence to inform the
likely tsunami potential of the trench systems. The clear message from the talks was that all parts
of the Study Region are complex, including the existence of several microplates and high rates of
plate convergence. This results in very high rates of earthquakes (~20% of the World seismicity
according to USGS earthquakes catalogue for earthquakes Mw >= 6.0 over the last 50 years)
and volcanic activity (~70 known active volcanoes corresponding to ~6% of active subduction
zone volcanoes according to the Global Volcanism Program, 2024) and therefore high potential
for tsunamis to be generated. These talks are summarised in the next section.

The second full day of the workshop was devoted to reaching consensus on the potential of the
various trench systems and other active regions to produce tsunamis, and quantifying potential
sources as much as possible, as well as identifying the bounds on maximum credible earthquakes
for each sub-region. This included detailed discussions on the most likely segmentation of the
trench systems, including what the meeting experts considered was the most reasonable
maximum credible earthquake for each trench system and segment.

On the final day of the workshop the meeting outcomes were reviewed and agreed following the
presentation of the tsunami modelling of selected scenarios performed overnight.

Although the Study Region for the workshop was the plate boundary from the western end of the
New Britain Trench, through the San Cristobal Trench to the northern and southern sections of
the Vanuatu Trench, the meeting agreed to include the Manus and New Guinea trenches for
completeness, although less time was spent discussing these systems.

2. REGIONAL TECTONIC OVERVIEW

The plate margin in the Study Region is complex with high convergence rates and several
microplates accommodating the overall plate motion between the Pacific and Australian plates.
The major structures include the New Britain subduction trench, a pronounced convergence
feature between the Bismarck Sea and the Solomon Sea, the San Cristobal Trench southwest of
the Solomon Islands, and the Vanuatu subduction system located between Vanuatu and New
Caledonia. Basically, the Study Region consists of these trenches and subduction systems
(Figure 2) taking up the motion between the Pacific and Australian plates along this major section
of the Pacific Ring of Fire. The plate motion rates vary from around 5 cm/yr in the southern section
of the Vanuatu Trench (Matthew and Hunter zone) to over 10 cm/yr on the northern San Cristobal
(Solomon Islands) section of the plate boundary and the New Britain Trench.
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Plate boundary in the study area from Slab 2

A

N
| 1400 km |
Figure 2. The plate boundary in the Study Region from Slab 2 (Hayes, 2018) showing coloured contours
on the plate interface with depth (reds, yellows, greens, to blues with increasing depth). The region of
interest is from the west of the New Britain Trench, through the Solomon (San Cristobal) Trench southwest

of the Solomon Islands to the Northern and Southern sections of the Vanuatu (New Hebrides) Trench
extending southward between New Caledonia and Vanuatu.

The Papua New Guinea-Solomon Islands-Vanuatu region is located within a complexly deforming
zone between the Pacific and Australian Plates, which converge through this region at rates of 1-
15 cml/yr. Portions of the region (Papua New Guinea and Vanuatu) are also fragmented into
independent microplates that rotate rapidly, relative to the Australian and Pacific Plates. This
produces large changes in plate convergence rates and sense of motion along the boundaries of
these microplates, influencing the style and rate of subduction throughout the region. Due to
fragmentation of the region into microplates, numerous other active boundaries have also
developed, such as the Bismarck Sea Seismic Lineation, Woodlark Rift, North Fiji Basin, and
various back-arc extensional and reverse structures east of the Vanuatu Arc. These areas also
host substantial rates of activity, accommodating up to 14 centimetres of plate motion per year.
Other subduction zones also exist in the region, including the Manus Trench and the New Guinea
trench, which also impact on tsunami hazard. For example, the 9 September 2002 Mw 7.6
earthquake on the New Guinea Trench produced a tsunami known as the Wewak tsunami
(Borrero et al., 2003), not far from the source of the destructive tsunami of 17 July 1998 which
followed a Mw 7.0 earthquake (a.k.a. The Sissano tsunami; Tappin et al., 2001). Also, on 23
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December 1930, a magnitude 6.5 earthquake occurring on the Manus Trench was followed by a
12 m high tsunami (NGDC/WDS, 2024).

The current regime of northward subduction of the Australian Plate in the Study Region has only
been established in the last several million years, following Miocene collision of the Ontong Java
Plateau (a Cretaceous Large Igneous Province) with the North Solomon Trench (Mann and Taira,
2004). Prior to Ontong Java collision, southward subduction of the Pacific Plate occurred at the
North Solomon and Manus Trenches and along the formerly active Vitiaz subduction zone. The
Ontong Java collision caused a reversal in subduction polarity and establishment of current
northward-directed subduction of the Australian Plate in Papua New Guinea, the Solomon
Islands, and Vanuatu. Sections 2.1 to 2.4 below describe the key tectonic features in more detail
in each of the main regions: Papua New Guinea, Solomon Islands, and Vanuatu.

The earthquake activity is high on all parts of the plate boundary in the Study Region, with over
230 earthquakes of Mw 7 or above recorded since 1900 (Figure 3) in the National Earthquake
Information Centre catalogue (NEIC, USGS, https://earthquake.usgs.gov/earthquakes/search/ ).
Five of these earthquakes have been Mw 8 or over, including the 2007 Gizo and 2013 Lata
(Solomon lIslands) earthquakes in the San Cristobal region. In the 1900s Mw 8+ earthquakes
occurred in the New Britain region (the 1906 earthquake near Lae, Papua New Guinea and the
8.1 Mw 1971 event near Panguna, Papua New Guinea and Mw 8.0 1971 event along
Bougainville, Solomon Islands (Lay et al., 2017).

Figure 3. Earthquakes in the Study Region of Mw 7 or greater since 1900, colour-coded by source depth
with the symbol size based on magnitude (USGS NEIC Earthquake catalogue, Accessed 1 October, 2024).


https://earthquake.usgs.gov/earthquakes/search/
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21 THE PAPUA NEW GUINEA - NEW BRITAIN REGION

The current plate configuration has evolved over time during the collision of the Australian and
Pacific Plates. Micro-plates evolved to accommodate the relative motions of the major plates
along the irregular plate boundary - including the Solomon Sea Plate, and the North and South
Bismarck Plates. After the arrival of the Ontong-Java Plateau, the Australian Plate began to
subduct under the microplates affiliated with the Pacific Plate at the New Britain Trench and in
the San Cristobal Trench.

211 Tectonics and Geodesy

The South Bismarck microplate (Figure 4) occupies much of Northeastern Papua New Guinea,
including the northeastern corner of the Papua New Guinea mainland, and New Britain. It rotates
rapidly (~8 degrees/Myr) clockwise relative to the Australian and Pacific Plates, in response to
the Pliocene collision of the Finisterre Arc with the Papua New Guinea mainland (Wallace et al.,
2004). This rapid rotation produces large changes in convergence rates along the New Britain
Trench (from ~5 cm/yr near Lae, to ~15 cm/yr offshore east New Britain). The Solomon Sea
subducts northward at the New Britain Trench beneath the south coast of New Britain, and
transitions westward to the Ramu-Markham Fault south of the Huon Peninsula (Figure 4), which
accommodates active arc continent collision between the Papua New Guinea mainland and the
Finisterre Arc Terrane. The Bismarck Sea Seismic Lineation constitutes the northern boundary of
the South Bismarck Plate and accommodates rapid strike-slip motion (up to 14 cm/yr) and
extension. The Woodlark Plate encompasses much of southeastern Papua New Guinea; anti-
clockwise rotation of the Woodlark Plate away from the Australian Plate results in continental
extension within the Papuan Peninsula, transitioning eastward to seafloor spreading in the
Woodlark Basin at rates of several cm/yr (Wallace et al., 2014). The Woodlark plate may be
composed of at least three microplates. Some have proposed the existence of a separate
Solomon Sea Plate and have suggested that the Trobriand Trough is an active subduction zone.
However, this is under debate (e.g., Wallace et al., 2014).
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Figure 4. An example of the complexity of the plate boundary region around Papua New Guinea, indicating
the micro-plates and main tectonic features (from Koulali et al., 2015). BSSL = Bismarck Sea Seismic
Lineation; RMFZ = Ramu.markham fault zone.
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The North Bismarck microplate is located north of the South Bismarck Plate, and geodetic
observations suggests that although the North Bismarck Plate is largely moving with the Pacific
Plate motion, it does have some slow northward motion relative to the Pacific (Tregoning, 2002).
The Manus Trench was one of the major subduction zones in the Miocene and earlier period
(prior to subduction polarity reversal). However, based on geodetic measurements, it is thought
to currently accommodate slow southward subduction of the Pacific Plate beneath the North
Bismarck Plate (north of New Ireland and Manus Island in Papua New Guinea) at on the order of
1-2 cm/yr. A well-established subduction zone exists in the western part of Papua New Guinea
(west of the South Bismarck Plate), where the Pacific Plate subducts south-westward beneath
the New Guinea mainland at rates of 8-9 cm/yr (Koulali et al., 2015). This feature continues
westward offshore the north coast of west Papua in Indonesia.

2.1.2 Seismicity

The New Britain Trench region frequently experiences large earthquakes being one of the most
seismically active regions of the world (Figure 5). Deep earthquakes (depth greater than 300 km)
are reasonably common as well, with several Mw 6.5+ earthquakes occurring over the past 40
years, including a Mw 6.8 event in June 1995. Because of their great depths, none are known to
have caused damage. In some locations the underthrust slab in the region is seismically active to
depths greater than 400 km.

The primary loci of earthquake activity along the New Britain and northwest Solomon Islands
trenches concentrate along subduction zones involving the Solomon Sea Plate underthrusting
the South Bismarck plate toward the northwest and the Pacific plate to the northeast (Figures 5,
6a). Lower levels of seismicity exist along the offshore boundary between the Woodlark Plate and
the Solomon Sea Plate, and along the southeastern margin of Papua New Guinea and the
Woodlark Plate. This region is thus dominated by microplate interactions, although the seismicity
distribution and available focal mechanisms are limited for characterizing long-term earthquake
behaviour on the boundaries outside the subduction zones. This is particularly evident when
seismicity plots emphasize the larger events.

The subduction zone seismicity is intense (Figure 5), with high earthquake productivity and
relatively short recurrence intervals between repeated ruptures in major events (e.g., Lay and
Kanamori, 1980). The nearly orthogonal trends of the New Britain and Solomon subduction zones
suggest the possibility of persistent segmentation between the two zones. However, the seismicity
distribution is continuous around the large-angle bend in the subduction zone with the underthrust
Solomon Sea plate appearing to drape continuously around the bend without pronounced tearing.
Strong stress transfer across the bend is suggested by the occurrence of large events in the two
subduction zones with a large difference in fault strike having close temporal and spatial proximity
(Lay and Kanamori, 1980). The seismicity defines subducted lithosphere to at least 600 km depth
along both zones, with abundant activity at depths from 70 to 250 km. The high convergence
rates, ranging from 10-15 cm/yr appear to be responsible for the high seismicity levels.
Gutenberg-Richter relations can be established for each subduction zone segment given the
abundant seismicity.

Seismicity rates decrease southeastward from Bougainville, and are very low from ~8°S to ~9°S,
where the Woodlark ridge intersects the Solomon Trench (Figures 5, 6a). This ridge bounds a
Woodlark micro-plate adjacent to the Solomon Sea Plate, with right lateral strike slip faulting on
the micro-plate boundary.
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EXPLANATION
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Figure 5. The earthquakes of Mw >= 7 in the Solomon Islands and Vanuatu regions since 1900, with yellow
stars showing the location of the 1 April 2007 Mw 8 event in the Solomon Islands (e.q., Furlong et al., 2007;
Taylor et al., 2008) and the 6 February 2013 Mw 8 event in the Santa Cruz Islands (Solomon Islands); e.g.,
Lay et al, 2013) (modified from USGS poster; Hayes, et al., 2017).
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Figure 6. Source moment tensors from the Global Centroid Moment Tensor (GCMt) catalogue for Mw =
6.5 events at depths up to 70 km from 1976 to 2024, plotted at the GCMT centroid locations. Radius of the
source representations scales with Mw (largest events are 8.1, smallest are 6.5), with colour indicating
depth. (a) New Guinea, New Britain, and Solomon Islands regions. (b) Vanuatu and Matthew-Hunter
regions.
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22  THE SOLOMON ISLANDS REGION

The Solomon (San Cristobal) Trench is a subduction zone that transitions to a transform boundary
along the Solomon Islands, between the New Britain and Vanuatu Trench systems. It is a segment
of a convergent plate boundary formed by subduction of the Solomon Sea plate and the Australian
plate north-eastward beneath the Pacific plate. The trench reaches a depth of over 8000m. The
region has produced many large earthquakes, including Mw 8 events in 2007 and 2013 (located
on Figure 5) causing tsunamis (e.g., Taylor et al., 2008; Lay et al., 2013), and a couple of
earthquakes just below Mw 8 in 2016 (Lay et al., 2017; Thomas et al., in prep; see more details
in Section 3.2).

2.21 Tectonic and Geodesy

The New Britain Trench continues eastward to become the Solomon (San Cristobal) Trench
offshore the west coast of Bougainville and the Solomon Islands. The plate subducting at the New
Britain and San Cristobal Trenches changes character along-strike, from the 20-45 Ma crust of
the Solomon Sea Plate offshore New Britain and Bougainville, to subduction of <5 Ma crust of the
Woodlark Basin offshore the Western Solomon Islands (New Georgia Group), to subduction of
the Eocene Australian margin in the Southern Solomon Islands. Convergence rates at the San
Cristobal Trench are orthogonal to the trench (at ~10 cml/yr), as derived from relative motion
between the Woodlark Plate and the Solomon Islands (north of the Woodlark Spreading centre)
(Wallace et al., 2014). The sense of motion at the subduction zone changes east of 156.5 E
(representing the Woodlark/Australia Plate boundary), where the Australian and Pacific Plates
converge at an oblique angle to the trench at ~9 cm/yr. At approximately 161 E, the San Cristobal
Trench becomes oriented more ENE, which is parallel to Pacific-Australian Plate relative motion.
Subduction likely ceases on this portion of the plate boundary between 161E and Santa Cruz
Islands, and strike-slip becomes dominant. Subduction then resumes on the northern portion of
the Vanuatu Trench.

Although the vast majority of Pacific-Australia relative plate motion is accommodated along the
San Cristobal Trench, some slow motion of the Solomon Islands relative to the Pacific Plate (e.g.,
Tregoning et al. 1999) may be accommodated in the North Solomon Islands, in the region of the
North Solomon Trench (the former site of southward subduction) and/or along structures related
to the Kia-Kaipito-Korigole Fault Zone (Mann and Taira, 2004).

2.2.2 Seismicity

The high stressing rates and abundant seismicity are accompanied by unusually efficient seismic
triggering and occurrence of large earthquake doublets that in some cases have spanned the
strong bend in the Solomon Sea Plate near the junction of the New Britain and Solomon Trenches.
Pairs of underthrusting events with magnitudes in the range Mw 7.7 to 8.1 straddling the ~90°
bend have occurred in 1919/1920, 1945/1946, 1971, as noted by Lay and Kanamori (1980). Two
major event doublets also occurred in 1974 and 1975 offshore Bougainville. The interaction
susceptibility extends to interactions between large earthquakes on other faults and megathrust
failures. The 2000 Mw 8.0 New Ireland strike slip earthquake on the boundary between the North
and South Bismarck plates triggered a pair of Mw 7.8 tsunamigenic thrust ruptures on the New
Britain segment (Geist and Parsons, 2005), and the December 17, 2016 Mw 7.9 earthquake
appears to have initiated as a 90 km deep intraslab rupture that triggered the megathrust in the
Northwest Solomon Islands segment with a rupture that overlapped prior large event rupture
zones in 1971 and 1995 (e.qg., Lay et al., 2017). The latter type of triggering interaction presents
significant challenges to earthquake and tsunami warning efforts, as initial seismological detection
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and location would indicate a non-threatening intermediate depth rupture, whereas the
unexpectedly shallow triggered earthquake faulting was tsunamigenic. Again, these strong
interactions reflect high stressing rates and triggering susceptibility that makes the region
distinctive.

The Woodlark ridge has active spreading with normal faulting segments offset by right lateral
fracture zones and this system impinges obliquely on the Solomon Trench, producing a triple
junction with the Woodlark/Solomon Sea subplates to the northwest, the Australian plate to the
southeast, and the Pacific plate to the northeast. There is about 20° difference in convergence
angle across the triple junction and a slab window must exist down-dip to the northeast. The very
low seismicity rates and absence of any large historical earthquake (but note the very short written
history in the region related to the relatively recent European settlers arrival) prompted
suggestions that the subduction of very young, warm near-ridge oceanic lithosphere prevented
significant earthquake occurrence. However, this was proved wrong when the Mw 8.1 April 1,
2007 Solomon Islands underthrusting event occurred. That event, which appears to have involved
a synchronous doublet with two shallow patches of slip on either side of the triple junction with
slip vectors respecting the change in convergence directions between the two underthrusting
plates (Furlong et al., 2009) will be discussed in 3.1. This was the most tsunamigenic event on
record in the Solomon Islands, with a 12 m tsunami run-up on islands near the trench (e.g.,
NGDC/WDS tsunami catalogue, 2024; Wei et al., 2015). While it has proved seismogenic, it is
plausible that the very narrow coupled zone on the megathrust (probably extending down-dip only
10-15 km) provides a reasonable barrier that would prevent almost all through-going ruptures, so
this could reasonably be treated as a segment boundary (despite the bilateral rupture having
traversed it) in terms of being a major obstacle to ruptures extending along the entire arc.

Further to the southeast, the seismicity levels increase, although the activity is not as intense
overall as in the northwestern trench. There have also been strong faulting interactions, including
a triplet of major events in 1977, so susceptibility to earthquake interactions remains high.
Approaching the southeast corner of the arc, intraplate activity increases with large events in both
the slab and on the megathrust. It is reasonable to define this as a southeast segment along the
Solomon Subduction zone prior to the transition to strike-slip motion.

Rounding the bend, the plate boundary between the Pacific and Australian plates has little
convergence and strike-slip activity dominates from 162.5-165°E (Figure 6a). This portion of the
boundary is reasonable to treat as a separate segment given the low probability of thrusting
continuously transforming to strike-slip motion around a strong curve in a single event (although
discrete earthquake triggering on each fault could occur, as in the case of the 1980 sequence
discussed above). The largest documented event with strike-slip mechanism along this portion of
the plate boundary is an Mw 7.6 event in 2014, and only 3 other events with Mw > 7 are listed in
the USGS-NEIC and GCMT catalogues. The tsunamigenic potential should be low for the strike-
slip faulting, in contrast to the megathrust activity in the southeast Solomon Islands or in the Santa
Cruz Islands region at the eastern end.

2.3  THE VANUATU REGION

The Vanuatu subduction system is the major tectonic feature in the plate boundary zone located
between the Tonga-Fiji region and the Solomon Islands (Figure 5), and is accompanied by a
complex series of rifts and transform faults in the North Fiji Basin (e.g., Louat and Pelletier, 1989;
Tanahashi et al., 1991; Power, et al.,, 2012). In this region the Australian Plate subducts
northeastward beneath the Vanuatu Arc and transforms to a complex series of rifts in the North
Fiji Basin (Figure 7). GPS velocities indicate that rapid clockwise rotation of the Vanuatu Arc is
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the primary tectonic control on the kinematics of back-arc deformation in the North Fiji Basin,

particularly in areas of active rifting in the Erromango and Futuna Troughs (Pelletier et al., 1998;
Calmant et al., 2003).

e 1 d'Entrposs dge) Ho ’ s

Figure 7. The major tectonic features of the Vanuatu region (from Meffre and Crawford, 2001).

2.3.1 Tectonics and Geodesy

Similar to Papua New Guinea, the kinematics of subduction and other active tectonic features in
the Vanuatu region is strongly influenced by rapid (6-8 deg/Myr) clockwise rotation of much of
Vanuatu relative to the subducting Australian Plate (Wallace et al., 2005). This leads to large
along-strike changes in convergence rates along the Vanuatu Trench, from ~9 cm/yr in the
northern portion of the Trench, locally disrupted to ~3-5 cm/yr in the central portion offshore Santo
Island, and then increasing rapidly to ~15 cm/yr of convergence at the southern Vanuatu Trench
offshore New Caledonia (Calmant et al., 2003; Power et al., 2012). The subduction zone takes
on a more easterly strike south of the Matthew and Hunter Islands towards Fiji, where GNSS data
suggest that 4-5 cm/yr of northward subduction of the Australian Plate occurs with strong
partitioning of strike-slip motion on a sliver fault north of the subduction zone (Calmant et al.,
2003).

Collisions of the D’Entrecasteaux Ridge and West Torres Plateau (Figure 7 & 8) with the trench
produce the locally slower convergence rates on the central Vanuatu Trench. This collision
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causes around half of the plate motion budget to be transferred into a back-arc shortening region
east of Santo (e.g., Taylor et al. 1995; Calmant et al., 2003). The zone of back-arc reverse faulting
east of Santo has produced large, tsunamigenic earthquakes (Regnier et al., 2003; Roger and
Pelletier, 2024), and is thus an important source of tsunami hazard in its own right. Shear zones
transect the Vanuatu Arc on either side of the D’Entrecasteaux Ridge subduction point (Calmant
et al., 2003). Elastic block models fitting GNSS velocities in Vanuatu suggest that the plate
interface in the Santo region is undergoing contemporary interseismic coupling, building stress
and slip deficit that will eventually be relieved in future megathrust earthquakes there (Power et
al., 2012).

Where the southern subduction zone bends around to the Matthew-Hunter segment, much of the
plate motion is transferred onto a strike-slip fault system within the upper plate north of the
Matthew and Hunter Islands (Pelletier et al., 1998). North of this region a complex system of rifts
accommodates the opening of the north Fiji Basin, one of the most complex back-arc rift systems
on earth. Northeast of the Matthew and Hunter region, the subduction zone transitions into a more
slowly deforming (< 2 cm/yr) strike slip zone that continues northeast towards Fiji (Power et al.,
2012). Note that recent studies argue that the Matthew-Hunter segment is more an independent
subduction zone initiated recently than a continuous feature of the subduction zone north of the
collision region between the Loyalty Ridge and the Vanuatu Arc (e.g., Patriat et al., 2015, 2019).

170°E
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Figure 8. Tectonic settings of the North Fiji Basin, showing the major tectonic features discussed
in the Vanuatu region (modified from Patriat et al., 2015). CSR = Central Spreading ridge; HHEZ
= Hazel Holme Extensional Zone; SC = Santa Cruz;, NDR = North D'Entrecasteaux Ridge; LR =
Loyalty ridge; M = Matthew; H = Hunter.
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2.3.2 Seismicity

After the 90° change in strike of the boundary near 165°E (Figure 5), subduction between the
Australian plate and the Pacific Plate/North Fiji Basin involves ENE Australian plate motion rates
of 8-9 cm/yr extending from 10.5°S to 23°S, but convergence rates vary along the arc due to the
collision with ridge structures on the incoming Australian plate. Seismicity is spread along the
entire arc and includes intermediate depth activity extending to 200 or 350 km depth with spatial
clustering and deeply extending fingers of seismicity. The northernmost 300 km of the subduction
zone has experienced the most recorded large megathrust events (Figure 6b), notably the 6 Feb.
2013 Mw 8.0 event west of Nendo Island, which generated a 11-12 m run-up (Lay et al., 2013;
Roger and Pelletier, 2024). This event is discussed further in Section 3.1.. About 150 km to the
south, where the West Torres Plateaux impinges on the arc, a large doublet event struck in 1980
(Mw 7.7, 7.5) and a partially overlapping triplet occurred in 2009 (Mw 7.8, 7.6, 7.4), suggesting
~30-year recurrence (Cleveland et al., 2014). Finite-source models are inadequate to establish
whether persistent asperities ruptured in the sequential ruptures. The 21 April 1997 (Mw 7.7)
earthquake near the southern end of this sequence ruptured within the underthrust slab but was
large enough to excite a 3 m tsunami (Cleveland et al., 2014). This is the largest documented
intraslab rupture in the region. Cumulative radiated seismic energy is highest in the northern 250
km of the subduction zone but continues to be significant for the southern 350 km before tapering
off.

South of the convergence with the d’Entrecasteaux fracture zone from about 15°S to 18°S there
is a zone of lower seismicity, which some characterize as a seismic gap (e.g., Cleveland et al.,
2014). There is no seismological record of a large earthquake in this region extending back to
1900. Prior efforts such as GEM have segmented the arc to separate the region to the north from
the seismic gap zone, which has large slip deficit (Power et al., 2012) and low convergence rate.
The major contrast in the subduction zone environment is the structure of the subducting plate.
From 18°S to 23°S the seismicity picks up and has been relatively uniformly distributed for
Mw 7.5-7.7 earthquakes on the megathrust and in the outer rise (normal faulting). The 16 May
1995 Mw 7.7 outer rise normal-faulting event at the southern end is the most tsunamigenic and
produced a 8 m runup on Aneityum island to the north (Roger and Pelletier, 2024). Around 171°E
near 23°S the subduction zone bends eastward, and due to slip partitioning involving microplate
rotation in the upper plate, plate convergence includes arc-perpendicular interplate thrusting at
about 5 cm/yr (Calmant et al., 2003) with a rapidly rotating strike. This extends eastward to a
tsunamigenic Mw 7.7 megathrust rupture in 2021 with northward thrust motion (Ye et al., 2021,
Gusman et al., 2022a; Roger et al., 2023; Robert et al., in review, 2024) and tsunamigenic outer
rise normal-faulting up to Mw 7.7, as in 2023 (Faugére et al., 2024; Robert et al., in review, 2024).
The 2021 and 2023 events produced tsunamis that spread through the North and South Fiji
Basins, everywhere in the southwest Pacific Ocean, but with little impact, especially on
neighbouring New Caledonia and Vanuatu (Roger et al, 2023; Robert et al., in review, 2024). The
Matthew - Hunter Fracture Zone (MHFZ) becomes dominated by strike-slip deformation further
east (Power, et al. 2012), with the largest event that has been recorded being about Mw 7.6
(1990). Note that Patriat et al. (2015, 2019) have proposed that the southernmost part of the
Vanuatu subduction zone is a neo- volcanically active subduction system (~2 Ma) oriented S-N
and separated at the collision zone with the Loyalty Ridge from the ~SW-NE subduction of the
rest of the arc. Interplate and outer rise sequences in the Loyalty Islands region tend to be very
productive in terms of aftershock sequences (Roger et al., 2021; Ye et al., 2021).
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24 OTHER REGIONS OF INTEREST

The complex microplate tectonics and high rates of plate motion mean that there are numerous
other potential tsunami sources in the PNG-Solomons-Vanuatu region, in addition to the
subduction sources discussed in the preceding sections. Reverse faulting in the backarc of
northern Vanuatu constitutes some of the most important crustal faulting tsunami sources, and
has produced large earthquakes (Mw 7.5) and catastrophic tsunami (Regnier et al., 2003; Roger
and Peletier, 2024). The 1999 Mw 7.5 Ambrym earthquake and tsunami on this system is
discussed later in this report. In the Vanuatu Arc region, the various fracture zones and microplate
boundaries are described above. Earthquakes on the many structures in the North Fiji Basin
(NFB)have not historically been tsunamigenic. The NFB is a region of newly created crust
dominated by rifting and strike-slip faulting, and seismogenic depths are likely to be small (<10
km), thus limiting potential earthquake magnitudes. Moreover, faulting appears to be somewhat
distributed, which will also limit fault lengths. We thus consider crustal faults in the north Fiji Basin
to be of limited tsunami hazard.

The distribution and rates of activity on crustal faults in the Solomon Islands region is largely
unknown. However, it is possible that a small component of Pacific-Australia Plate motion (<10-
20%) may still be accommodated to the northeast of the Solomon Islands, on existing reverse
faulting structures imaged there (Mann and Taira, 2004). We cannot rule-out the potential for
tsunamigenic reverse-faulting events (perhaps similar to the Mw 7.5 Ambrym event) could occur
in the region northeast of the Solomon Islands. Future onshore and offshore geodetic and
geophysical imaging investigations would help to clarify this.

Normal faults in the Solomon Sea of southeastern PNG (accommodating continental extension)
may also pose a local tsunami source. Paleoseismic investigations of emerging coral reefs along
the Papuan Peninsula coastline reveal coseismic uplift events of 0.5 to 1.8 m, in Mw > 7.0
earthquakes (Biemiller et al., 2020) North of PNG, rapid extension and strike-slip occurs on the
Bismarck Sea seismic lineation, along the northern margin of the South Bismarck Plate (BSSL;
Fig.4), Great (Mw 8.0) strike-slip faulting earthquakes have occurred on the BSSL, including the
2000 Mw 8.1 earthquake on the Weitin Fault near New Ireland (Chen et al., 2019). These events
have not been significantly tsunamigenic, likely due to their nearly pure strike-slip mechanisms,
although we cannot rule-out potential for tsunamigenic events on faults in the BSSL region in
future.

In addition to these events, some outer rise faults produced tsunamigenic earthquakes showing
strong normal faulting component in the region, especially in the neighbourhood of the south
segment of the Vanuatu subduction zone, between the Loyalty Islands and the southernmost
islands of the Vanuatu Arc as shown by the GCMT focal mechanisms on Figures 9 and 10. To
date, the largest known events are the 15 May 1995 Mw 7.7 Walpole earthquake, the 5 December
2018 Mw 7.5 Maré earthquake, and the 19 May 2023 Mw 7.7 earthquake having occurred close
to the epicentre of the 1995 one. All three were tsunamigenic and close in time with thrust-type
ruptures on the subduction interface (e.g., Roger et al., 2021). Normal faulting outer rise events
happen in other locations in the Study Region, for example on the south of the San Cristobal
Trench (Solomon Islands), as highlighted by Neely and Furlong (2018), however none of them is
known to have been tsunamigenic.
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Figure 9. The GCMT focal mechanisms for earthquakes of magnitude Mw <= 6.9 from 1973 to 2021
(Dziewonski et al, 1981; Ekstrém et al., 2012). Colour depends on the depth, red: 0-30 km, orange: 30-100
km; yellow: more than 100 km. From Pelletier et al. (2021).

Overall, the PNG-Solomons-Vanuatu region is characterised by immense tectonic complexity.
More detailed, future studies are needed in this region to clarify the distribution of major offshore
active faults, and their potential for tsunamigenesis.
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Figure 10. Focal mechanism solutions from the GCMT project plotted for the period 1976—2020 with focus
on five different seismic sequences having occurred in the southern section of the Vanuatu subduction
zone showing nine large shallow earthquakes at the Loyalty Ridge—Vanuatu Arc subduction zone and a
relationship between outer rise normal faulting events and thrust events on the subduction interface. From
Roger et al. (2021).
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3. EARTHQUAKE, TSUNAMI AND PALEOTSUNAMI CONSTRAINTS
3.1 EARTHQUAKE CONSTRAINTS

Previous large earthquakes provide information on the likely size and impact of future events. The
two largest, well-recorded tsunamigenic megathrust ruptures in the region are the 1 April 2007
Mw 8.1 Solomon Islands event and the 6 February 2013 Mw 8.0 Nendo (Santa Cruz Islands)
event (Figure 5).

The 2007 earthquake occurred within the low seismicity region seaward of Choiseul Island where
the Woodlark microplate is underthrusting the Pacific plate and the Australian plate is
underthrusting the Pacific plate. Thus, this earthquake rupture straddled a triple junction where
the Woodlark spreading system is impinging on the subduction zone. The absence of historical
seismicity in this region indicates distinct seismogenic properties relative to the northwestern and
southeastern regions of the Solomon subduction zone. Anomalous properties are expected due
to the very young age of the underthrusting lithosphere adjacent to the Woodlark ridge, which
converges obliquely at the trench. Conventional thinking about the influence of subducting ridges
suggested that large rupture should not occur in this region and that the plate boundary contact
along the underthrust spreading centre would likely be too weak to accumulate significant strain,
so a large earthquake would not be expected here. The reality proved otherwise, and the Mw 8.1
earthquake nucleated near the intersection of one of the spreading system transform faults and
the trench, and spread predominantly unilaterally northwestward across the two plate interfaces;
first along the Australia plate/Pacific plate interface and then northwestward along the Woodlark
microplate/Pacific plate interface. There is about a 20° change in the relative motion of the
underthrusting plates due to the Woodlark Ridge spreading motions.

Finite-fault slip inversions based on seismic body waves and surface waves were produced by
Furlong et al. (2009), revealing two distinct large slip patches, one on each plate boundary, with
some poorly resolved down-dip extension of lower slip. Rake varied on the fault model and ended
up closely matching the predicted changes in rake given the relative plate motions for the
Woodlark and Australian plates relative to the Pacific. Slip extended to near the trench. Peak slip
was 3-4 m in the two patches in this seismic model. Aftershocks tended to fringe the large-slip
patches, with stronger activity in the northwestern plate boundary overlapping background activity
and extending along Bougainville Island across the depth range of the seismogenic fault.
Aftershocks to the southeast tended to be shallow, up-dip of where a slabless window is expected
to locate below 20 km depth. Background activity also concentrates near the trench in this region.

The 6 February 2013 Mw 8.0 rupture struck in a long-term seismic gap in the northernmost
Vanuatu trench. The shallow dipping thrust event triggered large outer rise extensional faulting
seaward of the slip zone, upper plate strike slip faulting landward of the slip zone, and strike-slip
faulting along the transform boundary to the northwest. Finite-fault inversion using seismic waves
and tsunami modelling indicate a two large-slip patches distribution with one slip patch near the
trench (Lay et al., 2013). This event produced 11 m run-up on West Nendo and 0.89 m amplitude
at the Lata tide gauge (Roger and Pelletier, 2024). Positive sea level perturbations reached Nendo
after about 3 m, following initial sea level downdraw. The event was well recorded at six DART
systems and 3 tide gauge stations in Hawaii, with good fits to the simulated signals predicted for
the finite-source model, although absolute timing adjustments had to be made suggesting that
absolute placement of the faulting model has some uncertainty.

Both the 2007 and 2013 ruptures have somewhat depleted high frequency spectra for teleseismic
P waves, and moment-scaled radiated energy for both events is at the lower end of the values for
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typical megathrust ruptures but above the values for identified tsunami earthquakes (tsunami
earthquakes are shallow megathrust events that have low rupture velocity, low moment-scaled
radiated energy, long source duration, depleted short-period seismic wave energy and large
tsunami excitation due to large slip in low rigidity environment). So, despite having slip
distributions that extend to the trench, neither event is classified as a tsunami earthquake.

3.2

TSUNAMI CONSTRAINTS

Past tsunamis were discussed, some of them being quite recent. These events give an insight
into possible future tsunamis and the possible impacts. This is a list of the most significant events
(the catalogue of Roger & Pelletier, 2024 describes a total of 100 events having been recorded
and/or reported in the Vanuatu Arc):

1875: 28 March is the only deadly tsunami recorded in New Caledonia (25 deaths in Lifou),
although there is no confirmed knowledge of the seismic source parameters (loualalen et
al., 2017)

1920: This event is in the tsunami/earthquake catalogues, but there is no valuable
information about any tsunami waves. Also, loualalen et al. (2017) discussed its
magnitude through the use of numerical simulations of the tsunami.

1999: 26 November Mw 7.5 earthquake (on the back-arc faults) triggered a destructive
and deadly tsunami in Ambrym and Pentecost islands (Vanuatu) with a run-up of up to 8
m (loualalen et al., 2006). It has a reverse faulting mechanism and is the largest known
earthquake in the back-arc of this region. There are measurements of vertical motion
(uplift up to 1.5 m) and subsidence in Ambrym eastern shore and surrounding islands. The
tsunami generation mechanism(s) is still discussed (earthquake alone, additional
submarine landslide source, etc).

2007: 1 April Mw 8.1 Solomon Islands event (see detailed description in Section 3.1).

2013: 6 February Mw 8.0 Nendo (Santa Cruz Islands) event (see detailed description in
Section 3.1).

2016: 8 December Mw 7.8 interface earthquake on the Solomon Islands subduction zone.
This event caused destruction and casualties. It was well recorded by stations of the SW
Pacific and a few DARTs (Thomas et al., in prep).

2018: 5 December Mw 7.5 earthquake with normal mechanism at the collision between
the Loyalty Ridge and the Vanuatu Arc. This event produced many observations and sea
level gauge records (Roger et al., 2021).

2021: 10 February Mw 7.7 earthquake with reverse mechanism at the southeasternmost
part of the subduction zone (toward Fiji). This event produced many observations, sea
level gauge and DART records (Gusman et al., 2022a; Roger et al., 2023; Robert et al.,
in review, 2024).

2023: 19 May Mw 7.7/7.1 doublet earthquakes with complex normal mechanism (close to
the location of the 1995 Mw 7.7, which was about 250 km East of Vio, East New
Caledonia). These events have many observations, sea level gauges and DART records
(Faugere et al., 2024; Robert et al., in review, 2024; Roger & Gusman, in prep., O’Kane
et al., in prep).

Note that a 9 August 1901 Mw 7.8 earthquake and tsunami are mentioned in catalogues but there
is strong doubt on the date and location of this event (it was removed in a recent update from
USGS).
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3.3 PALEOTSUNAMI CONSTRAINTS

Paleotsunami (and paleoseismic) evidence in countries straddling the San Cristobal (Solomon)
and New Britain subduction zones is sparse, primarily due to the limited number of studies in
these regions on land in New Caledonia (including Loyalty Islands), the Vanuatu Islands, the
Solomon Islands, and Papua New Guinea. The available paleotsunami evidence is summarised
in Table 1. For New Caledonia, Paris et al. (2023) identified up to six potential events in the
geological/depositional record of Grande Terre and the Loyalty Islands over the last 3,000 years
based on analysis of potential tsunami deposits. Three of these events are suggested to have
occurred in the last 1,000 years based on geochronological time-markers, with two of them
suggested to be linked to a Vanuatu subduction source.

In the Vanuatu region, five events were identified in the geological record of Efate island based
on geological/sedimentological evidence (Goff et al., 2008), while in the Solomon Islands, a
potential paleotsunami in AD 1400's has been identified based on a re-interpretation of
archaeological evidence on Taumako Island in the Duff Islands group (Cain et al., 2019). The
source for this event is hypothesised by Cain et al. (2019) to be associated with a potential 15%
Century Tonga Trench Mw 9+ earthquake suggested in the literature by Goff et al. (2011; 2022).
This event could alternatively be associated with the eruption of the Kuwae Volcano in the
Vanuatu Arc in AD 1452-1453 (Witter and Self, 2007; Ballard et al., 2023) which may have
triggered a large destructive tsunami (Roger and Pelletier, 2024).

In Papua New Guinea, paleotsunami investigations are confined to the Sandaun Province in the
north (Goff et al., 2017; Davies et al., 2019), with the identified events representative of likely
sources at the New Guinea Trench. No paleotsunami investigations have been undertaken in
other areas especially in southern/eastern provinces that may indicate potential sources at the
New Britain, San Cristobal or Vanuatu subduction sources.

In summary, the current dearth of paleotsunami evidence for New Caledonia, Vanuatu, Solomon
Islands and Papua New Guinea is reflective of the lack of paleotsunami investigative studies
undertaken in these regions. As a result, the absence of definitive evidence for significant
tsunamigenic events associated with potential sources along the Vanuatu, San Cristobal and New
Britain Subduction Zones does not imply that such events are not possible. Ongoing research to
expand the geographic coverage of paleotsunami evidence as well as testing of likely source
scenarios in this region through forward modelling can provide insights on the potential scale,
magnitude and potential frequency of such events, for use in EWS and Tsunami Ready planning
and operational designs. Note for example that a field survey was led in 2023 by French research
institutions in collaboration with the Vanuatu Geohazards Department (VMGD) to identify potential
tsunami deposits at specific locations in the islands of Aneityum and Tanna. The data obtained
during this survey are still being processed at the time of the redaction of the present report.
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Country Paleotsunami Evidence Interpreted Event | Subduction Reference
Source Zone
New ~1850-1900 CE Grande Terre (Womi), Loyalty | March 28, 1875 NW Vanuatu | Paris et al.
Caledonia Islands (Maré) and in Grande | earthquake Trench segment (2023)
Terre (Pouébo, and perhaps | (Mw >8.3)
Womi and Koulnoue)
~1700 CE Maré (Patho), Grande Terre | 1729 t 3 CE earthquake ! | NW Vanuatu | Paris et al.
(Koulnoue, Womi, and possibly | (Unknown Mw) Trench segment (2023)
Bwa), and lle-des-Pins (Baie des
Crabes)
~1450 CE Grande Terre (Womi) ~1450 CE earthquake 2 Tonga- Paris et al.
(Mw 9.4) or AD 1452— Kermadec (2023)
1453 volcanic eruption Trench or Kuwae | Roger et al.
volcano (2024)
(Vanuatu)
~900 CE Grande Terre (Womi) and the | Unknown Unknown Paris et al.
Loyalty Islands (W) (2023)
~100-800 CE Grande Terre (Womi) and the | Unknown Unknown Paris et al.
Loyalty Islands (Wé on Lifou (2023)
Island)
~2950-3000 BP Grande Terre (Womi) Unknown Unknown Paris et al.
(2023)
Vanuatu 1452/1453 CE Tonga 1452/1453 CE Kuwae Kuwae volcano Goff et al.
eruption (2008)
Tonga-
~1450 CE earthquake 3 Kermadec Goff et al.
(Mw 9.4) Trench (2022)
~1200 BP Efate (Tankanus) Unknown Unknown Goff et al.
(2008)
~2800 BP Efate (Devils Point and Mangaasi) | Unknown Unknown Goff et al.
(2008)
~3750 BP Efate (Devils Point) ~3800 BP earthquake Chile (Arica- | Goff etal.
(Mw 9.5) Atacama) (2008; 2022)
~4200 BP Efate (Baufatu) Unknown Unknown Goff et al.
(2008)
Vanuatu Unknown Makura Island (Shepherd Islands) | “Deposits [...] identified, Unknown Ballard et al.
including some just (2023)
above the Aknau cultural
layer”
Solomon 1400-1500's CE Namu (Taumako Island) ~1450 CE earthquake Tonga- Goff et al.
Islands Ontong Java/Ulawa Island (Mw 9.4) Kermadec (2022)
Trench
~1275-1655 CE
earthquake San Christobel / | Cainetal.
(Unknown Mw) 4 Solomon Trench | (2019)
Papua New | 1440-1600 CE Sissano Lagoon Unknown New Guinea | Davies et al.
Guinea ® Trench (2019)
1150-1240 CE Sissano Lagoon Unknown New Guinea | Davies et al.
Trench (2019)
~6000 BP Paniri Creek Unknown New Guinea | Goffetal.
Trench (2017)

Table 1. A summary of paleotsunami studies in the Study Region.

! This event was inferred by Louat and Baldassari (1989) from ?°Th ages on emerged coral
heads, which were originally interpreted by Edwards et al. (1988) to have been exposed during
coseismic uplift in Malekula, Vanuatu. Ongoing paleotsunami investigations in Vanuatu (Roger
2024, personal communication) provide a means to potentially corroborate these observations
if contemporaneous paleotsunami deposits in Vanuatu are identified.
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2 The hypothetical 15" Century Tonga Trench earthquake and far-field tsunami proposed
by Goff et al. (2011; 2022) was suggested by Paris et al (2023) as a potential source for the
~1400 CE paleotsunami in New Caledonia. However, potential sources along the Vanuatu arc
cannot be ruled out, including the Kuwae volcano eruption (1452—-1453 AD).

3 Goff et al. (2022) provided an alternative source scenario associated with the 1450’s CE
paleotsunami deposits in Tonga, modifying initial interpretations by Goff et al. (2008) which
favoured an eruption source mechanism at Kuwae volcano.

4 Complex faulting along the San Cristobal Trench cannot be ruled out as a potential source
for the 15" Century paleotsunami event suggested by Cain et al. (2019) on Taumako Island.

5 Potential paleo tsunamis in Northern Papua New Guinea suggested by Goff et al. (2022)
and Davies et al. (2019), are inferred to be associated with seismogenic / co-seismic sources
along the New Guinea Trench, based on the 1998 Aitape earthquake and tsunami analogy.

4., DETERMINISTIC vs PROBABILISTIC TSUNAMI MODELLING:
UNDERSTANDING UNCERTAINTIES

Approaches to seismic tsunami hazard assessment range from deterministic to probabilistic.
Deterministic approaches typically involve modelling a single scenario, or a small set of scenarios,
without quantitative estimates of the scenario likelihoods; it is also called scenario-based
approach, often considering one or a handful of maximum credible scenarios. This has the
advantage of simplicity, both in implementation, and in the communication of the results. But with
deterministic approaches it may be difficult to communicate or estimate the scientific uncertainties
in the likelihood or plausibility of different scenarios.

Probabilistic approaches attempt to address this by including some information on scenario
frequencies (or equivalently, the chance of a scenario occurring in a given timeframe) and the
uncertainties in these frequencies (Geist and Parsons, 2006). For seismic tsunamis, these
uncertainties typically stem from our limited knowledge of the frequency and plausibility of large
earthquakes. For seismic tsunamis on major earthquake source-zones, often the simplest way to
do this is to refer to an existing offshore Probabilistic Tsunami Hazard Assessment, such as the
2018 Australian PTHA (“PTHA18”; Davies and Griffin, 2018) or the latest New Zealand PTHA
(Power, et al., 2022). These PTHAs include a large set of hypothetical tsunami scenarios and
models of their uncertain occurrence rates.

The Australian PTHA18 includes models of the Vanuatu and Solomon trenches, and other
sources in the region. It is commonly found that historically observed tsunami waveforms show
reasonable agreement with some random scenarios from PTHA18 that have similar earthquake
location and magnitude, although the degree of agreement varies. PTHA18 includes models of
earthquake frequencies and uncertainties in these frequencies, derived from a Bayesian
approach that leverages earthquake catalogues and plate convergence rates. The coupling,
maximum magnitude, and Gutenberg-Richter b values are treated as uncertain parameters.
Maximum magnitudes range from slightly above the largest historical earthquake, up to the
magnitude of a "relatively compact" earthquake that fills the source-zone. A minimum coupling of
10% is enforced, and while this is sensibly conservative for most earthquake source-zones in
PTHA18, there are a few very large source zones which could plausibly have lower coupling (e.g.
the New Guinea Trench) for which the uncertainty could be better represented. Segmented
models are given 50% weight on some major source zones, with the segment boundaries
following GEM (Berryman et al., 2015). Unsegmented models are also used.
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While acknowledging that this meeting was taking a deterministic, expert based approach, the
group agreed it would be desirable to conduct a full PTHA for the Study Region, but such an
undertaking was outside the scope of the workshop. However, the published work for both the
Australian (Davies and Griffin, 2018) and New Zealand (Power, et al., 2022) PTHAs would be a
good starting point for such a study because they have identified and characterised most of the
probable earthquake sources in the region. Further, the group resolved to include such a study in
the final recommendations. It is noted here that New Caledonia developed a database made of
thousands tsunami scenarios (Duphil et al., 2021) which could be used to initiate a regional PTHA.

5. WORKSHOP OUTCOMES

The outcomes of the meeting are presented in this section. The meeting concentrated on
earthquake subduction zones sources, but non-subduction zone earthquakes and non-
earthquake sources were also discussed. The length of the meeting, internet connection and
travel issues limited what could be achieved, but it is considered this report contains a reasonable
summary of the state of knowledge of the tsunami sources in the Study Region.

5.1 EARTHQUAKE SOURCES

Most of the time at the workshop was devoted to discussing and agreeing on the major earthquake
tsunami sources in the region. Earthquake sources were considered the most likely to cause
widespread damaging tsunamis, but these sources included the classic megathrust events as
well as backarc and outer rise earthquakes.

5.1.1 Subduction Zone Sources

Subduction zone earthquakes include those on the subduction interface as well as outer rise
events, although in most cases it is the subduction thrust events which are the most significant
earthquake sources. Following GEM (Berryman et al., 2015), the meeting agreed that for any
region the minimum Mw(max) would be based on the largest historical event (or recent)
earthquake in the region, but there was considerable debate on what the maximum Mw(max)
should be. There was general agreement that using the tectonics, geometry and full dimensions
of a region was likely to overestimate the maximum possible earthquake size. After much
discussion it was decided to base Mmax(Max) on the results of PTHA18 (Davies and Griffin, 2018).
During the discussion, paleotsunami, seismic and geodetic constraints were considered, although
it was agreed that in most cases there was insufficient paleotsunami information. Although
geodesy provides some constraint via plate and microplate rates, more data are required,
especially for assessing slip deficit distributions. In many cases it was also agreed that the
earthquake catalogue for the Study Region was too short to provide high levels of confidence that
the largest possible earthquake had already occurred. In fact this is unlikely to be the case.

5.1.1.1 Tsunami Earthquakes

One of the objectives of the workshop was to identify any tsunami earthquakes. Tsunami
earthquakes are shallow megathrust events that have low rupture velocity, low moment-scaled
radiated energy, long source duration, depleted short-period seismic wave energy and large
tsunami excitation due to large slip in low rigidity environment. Only one earthquake was identified
as a potential tsunami earthquake, an event just to the southeast of the 2007 Solomon Islands
earthquake. This earthquake occurred on 3 January 2010 and was of My, 7.1 and ruptured almost
to the trench, producing a 7 m tsunami, which is much higher than expected for the earthquake
magnitude (Newman et al., 2011). As stated earlier in this document, although the 2007 and 2013
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earthquakes had somewhat depleted high frequency spectra, and moment-scaled radiated
energy for both events is at the lower end of the values for typical megathrust ruptures, the values
are still above those for tsunami earthquakes, and the events are therefore not classified as such.
Therefore, apart from that one possible example, there are no well documented major tsunami
earthquakes elsewhere in the Study Region.

5.1.1.2 Subduction Zone Segmentation

During the workshop detailed discussions on possible segmentation of the subduction zones in
the Study Region were held. Much of the discussion related to modifications to the GEM model
for the region (Berryman, et al., 2015). Alternative models were discussed, but were in general
agreement with the GEM model, although it was pointed out that the segments in the GEM model
represented changes in structure and properties of the subduction systems, rather than an
interpretation of possible rupture segments. The outcome was the suggestion that some “hard”
segment boundaries exist, but there was no good argument that ruptures could not propagate
through other segment boundaries which were referred to as “soft” boundaries. The meeting
agreed by consensus on the segments presented in Figure 11, which are very similar to those in
the GEM model. This includes the New Britain subduction system as a segment with hard
boundaries, with further “hard” boundaries resulting from the strike-slip region in the south-east
of the Solomons system and as a south-eastern boundary of the Vanuatu Trench system where
there is a transition to strike-slip at the eastern end of the Matthew-Hunter Trench. Again, these
are similar to those adopted by GEM. It was also agreed that best practice would be to run several
models with a range of appropriate earthquake sizes along the subduction systems, rather than
restricting ruptures to given segments, particularly to allow for possible rupture through soft
boundaries.

There was a general consensus that the Mmax(max) values in the GEM report were on the high
side. A suggestion for addressing this was to use 90% of the posterior Mmax distribution from the
Australian PTHA on the geometry. This does not have a big impact for most segments but does
reduce the maximum values for whole-zone ruptures (Table 2). The meeting also revised the
values for Mnax(min) based on earthquakes which have occurred since the GEM model was
published (see Table 2).
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Figure 11. Segmentation of the subduction systems in the Study Region as agreed by the workshop
experts. Red lines mark the “hard” boundaries and Purple lines represent the “soft” boundaries. Whereas
it was considered that ruptures were very unlikely to breach the “hard” boundaries, rupture through the
“soft” boundaries was considered possible. The green triangles show locations of active volcanoes (Global

Volcanism Catalogue, 2024).

SUBDUCTION ZONE SEGMENT Mmax(min) GEM [ Mmax(min) WORKSHOP Mumax(max) GEM Vygla!xl((?:();)r’
Solomons Whole margin 8.10 8.1+/-0.15 (2007) 9.306 9.2
Solomon Northwest 8.10 8.1+/-0.15 (2007) 8.620 8.8
Solomon Southeast 8.10 8.1+/-0.15 (2007) 9.094 9.1
Vanuatu Whole margin 8.30 8.1+/-0.3 (1875/1920) 9.366 9.1
Vanuatu North 7.60 8.0+/-0.15 (2013) 8.444 8.7
Vanuatu Central 8.30 7.5+/-0.15 (1973) 8.696 8.9
Vanuatu South 7.60 8.1+/-0.3 (1875/1920) 8.639 8.8
Vanuatu Matthew-Hunter 8.00 7.7+/-0.15 (2021) 8.387 8.6
New Britain 8.00 8.0+/-0.15(1971) 8.818 9.1
New Guinea Trench Whole margin 8.20 8.2+/-0.15(1996) 9.369 -
New Guinea Trench East 7.60 7.6+/-0.15 (2002) 8.900 -
New Guinea Trench West 8.20 8.2+/-0.15(1996) 9.029 -
Manus Trench Whole margin 7.50 7.3+/-0.3 (1944) 9.501 -
Manus Trench East 7.50 7.3+/-0.3 (1944) 9.067 8.3
Manus Trench West 7.50 6.3+/-0.15(2017) 9.129 8.3

Table 2. Workshop Outcome Versus GEM. This table shows the values of Mmax(min) and Mmax(max) from
the GEM study and this workshop. The major differences are the Mmax(min) from the workshop have been
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updated using the largest known earthquake on the segments and the Mmax(max) values are from the
Australian PTHA study as explained in the text (where available). The years in brackets identify the
earthquakes used for Mmax(min). A fuller list of source parameters is contained in Annex I. The stated error
bars for Mmax(min) relate to the assumed error in the magnitude determination, with older data having larger
uncertainty.

For the New Guinea and Manus trench regions the meeting agreed on revisions of Mnax(min) but
there was general consensus that the Mmax(max) values based on geometry were too high.
However, there was no consensus on how to reduce these in any logical way. It was noted that
the plate rates at the Manus trench are low but the GEM Mmax(max) values are over M9, which by
the consensus of the meeting was considered much too high.

5.1.2 Non-Subduction Earthquake Sources

The potential of the region surrounding the Mw 7.5 26 November 1999 Ambrym earthquake
(Figure 12), a back-arc intraplate thrust event (Regnier et al., 2003) located east of Ambrym,
Pentecost and Maewo Islands, central Vanuatu, in the so-called back-arc thrust belt (BATB) was
discussed at the workshop.

166° 16 169°
140 s =

-15°

# "’k - Maewo \l

Santo

Lo} E Aoba@/ b
Jﬂ{%ag | =) [

>0y 2
o B
as\eau \.Sou_tg@ § j—;\
18 e _J )
) ® 4 Aoba
zo'ij\ S Basin
-16° he .@l

November
26th 1999

event
- ) ®
“'\ ) [4
“ O\%X ,‘.@ o
-17

Figure 12. Location of the M 7.5 1999 Ambrym earthquake (from Lagabrielle et al. 2003). This was a thrust
faulting back-arc event occurring on the BATB which caused a tsunami with a run-up as high as 8 m on
Ambrym. The meeting considered that the BATB region may be capable of an even larger earthquake.

The meeting agreed that an estimate of the maximum credible earthquake in that region be made,
with the possible dimensions being 200 km by 20 km dipping at 25 deg. Taking the 1999
earthquake (Mw 7.5) as the Mmax(max) value, the potential maximum rupture suggests a
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maximum credible earthquake Mnax(max) of around Mw 8, depending on the scaling relationship
employed, following the GEM terminology.

Only limited discussion of strike-slip regions on the margins of some of the microplates and along
the eastern portion of the Solomon Islands (Figure 6a) and east of the Matthew-Hunter trench
(Figure 6b) was conducted. Search of the USGS/NEIC and Global Centroid Moment Tensor
(GCMT) catalogues was performed for the two primary plate boundary regions. For the region
from 162° E to 165°E and 13°S to 9°S (from South Solomon Islands to Santa Cruz Islands), 3
events with Mw = 7.0 are listed by NEIC since 1900 (Mw 7.3 in 1914, Mw 7.1 in 1993, Mw 7.6 in
2014). The 1993 and 2014 events have strike-slip focal mechanisms (non-vertical plane in 1993).
The GCMT catalogue back to 1976 adds 1 Mw 7.0 event in 2015 with strike-slip. So, the largest
observed strike-slip event in this segment is 7.6 (2014), and there is no documentation of tsunami
generation. For the region from 173°E to 179°E and 24°S to 19°S (spanning the region of the
Matthew-Hunter zone east of the 2021 thrust event, since 1900 there are 2 Mw = 7.0 events since
19900 (Mw 7.6 in 1990 and Mw 7.2 in 2016, both with strike-slip mechanisms. The GCMT
catalogue back to 1976 adds 1 Mw 7.1 event in 2000 with strike-slip mechanism. Again, there is
no documentation of the tsunami for these events. The panel infers that strike-slip events as large
as Mw 7.6 that occur in these regions are not of great concern for tsunami relative to the
megathrust and outer rise events of similar size that occur in the subduction zone segments.

5.2 NON-SEISMIC SOURCES

Three types of non-earthquake tsunami sources were discussed at the workshop - those caused
by volcanoes, landslides and meteotsunamis. There is an interrelationship between the first two
causes because many of the potential landslide sources in the Study Region may involve
landslides related to volcanoes. The third source type is being studied around the world, but is
still not studied in the Study Region.

5.2.1 Potential Volcanic Sources

The meeting discussed possible volcanic tsunami sources in the region. Following recent events
in Indonesia (in Palu, 2018) and Tonga (Hunga Tonga-Hunga Ha'apai -HTHH- volcano, 2022),
the community is placing more focus on these rare but damaging events (e.g., Schindelé et al.,
2024). Several recent studies have attempted to quantify the hazard and start to decide how such
events can be detected and responded to by tsunami warning centres. The IOC TOWS WG
formed a task team, which recently published a report (UNESCO/IOC, 2024) and a resulting paper
(Schindelé et al., 2024). Although the meeting did not discuss volcano sources in great detail, it
was decided to include a list of possible and potential volcano sources taken from the recently
published 10C report (UNESCO/IOC, 2024), but there may be additional volcano sources not
listed in the report, especially underwater volcanoes which can be easily missed if (1) there is a
lack of bathymetric data, (2) not erupting often, (3) located far from the coasts (and from potential
observers) . The meeting heard about research going on in New Zealand to devise methods of
quickly detecting and characterising volcano generated tsunamis (Gusman & Wang, 2024).
Following the 2022 HTHH eruption and tsunami a group of PTWS experts devised a means and
operational procedures using the signals on the New Zealand tsunameter (DART) network (Power
et al., 2018) to identify and warn for similar events in the future (UNESCO/IOC, 2022).

Tsunamis triggered by or associated with a handful of volcanic eruptions have been reported in
the Study Region. Last example to date, in January 2023, the Epi Volcano eruption was followed
by a small tsunami recorded on Port Vila and Luganville coastal gauges (Roger et al., 2023).
According to the authors, although the maximum tsunami amplitude recorded on these gauges
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was very small (~5 cm) at these two distant locations (~125 and ~175 km), numerical simulations
producing results close to reality indicate that the waves may have been much larger locally (1m
and above close to the source). Other eruptions could have triggered tsunamis, but without much
certainty: the Kuwae eruption around 1450 AD discussed in Ballard et al. (2023) may have been
able to also trigger a tsunami with the same characteristics of the HTHH one (possibly more
powerful).

In Savo Island, Solomon, the Toghavitu eruption is associated with tsunamis and earthquakes
according to Petterson et al. (2003) but without providing more details. Finally, a few events are
listed in Paris et al. (2014) concerning the Bismarck Sea in Papua New Guinea, including: in 1937
and 1994 with pyroclastic flows/explosions in Rabaul and a tsunami showing several meters run-
up; and in 1660 (+- 20 years), pyroclastic flows (?) in Long Island (Papua) followed by a tsunami
killing people.

As listed in Table 3, the possible sources in the Study Region are either subaerial or submarine
landslides, or pyroclastic flows. This demonstrates the close linkage between landslide and
volcano tsunami sources.

NAME COUNTRY REGION TYPE ;)klrST;I;ANCE TO COAST LAST ERUPTION
Dakataua PAPUA - NEW GUINEA NEW BRITAIN B 5.5 1895
Rabaul PAPUA - NEW GUINEA NEW BRITAIN B 0.6 2014
Tuluman PAPUA - NEW GUINEA NEW BRITAIN C 0 1957
Ulawun PAPUA - NEW GUINEA NEW BRITAIN A 10.5 2022
Tinakula SOLOMON ISLANDS EAST SOLOMON A 11 2020
Kavachi SOLOMON ISLANDS WEST SOLOMON | C 0 2021
Savo SOLOMON ISLANDS WEST SOLOMON A 2.3 18477
East Epi VANUATU VANUATU C 0 2023
Eastern Gemin VANUATU VANUATU C 0 1996
Kuwae VANUATU VANUATU C 0 1974
Lopevi VANUATU VANUATU A 2.2 2007
Yasur VANUATU VANUATU B 2.2 2020

Table 3. A list of volcanoes in the Study Region with the potential to cause tsunamis from Schindelg, et al.,
(2024). Type A are subaerial landslides; Type B are submarine landslides; Type C are pyroclastic flows.

5.2.2 Potential Landslide Sources

The possibility of landslide induced tsunamis was discussed and it was agreed that this needs a
paragraph of potential landslide sources and their ability to trigger tsunamis.

The 1888 Ritter Island Volcano flank collapse is known to have triggered a devastating tsunami
ten of metres high on neighbouring coasts (Ward and Day, 2003). This event, located on Figure
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13 provides the only documented tsunami associated with a landslide in the whole region of the
study. According to the authors, 5 km*® of material have been mobilised to produce a tsunami
observed in several locations in the region, which was reported in coeval documents, bringing
information about wave periods, amplitude, and run-up distance and altitude. In Matupi and
Rabaul, flow depth of ~12-15 m has been reported, circa 500 km NE of the source (Figure 13).

It has been suggested that the Mw 7.5 1999 Ambrym earthquake in the backarc region of the
Vanuatu subduction system could have involved landslide activity, but a study by loualalen et al.
(2006) was inconclusive and the observed tsunami may be explained by the earthquake source.

The Papua New Guinea tsunami of 17 July 1998 near 3°S, 142°E (close to where the Manus
trench intersects the New Guinea trench, see Figure 4) claimed over 2200 lives and has been
interpreted as being generated by offshore faulting in an Mw ~ 7.1 earthquake (e.g., Kikuchi et
al., 1999; Tanioka, 1999; Geist, 2000), but also has been associated with contribution from a
triggered submarine mass failure (e.g., Geist, 2000; Tappin et al., 2008). The event involved a
10-15 m high tsunami that devastated the coast around Sissano Lagoon. The event does not
have seismic characteristics of a tsunami earthquake (slow rupture or low moment-scaled
radiated energy). Five offshore surveys detected an ~40-km-long fault scarp and collapse
features within a ~10-km wide bathymetric amphitheatre slump features that are a likely source
of the largest waves in the local tsunami (Tappin et al., 1999; 2001; 2008). This is best-
documented recent submarine mass failure associated with a known tsunami in the Study Region.
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Figure 13. Location of the Ritter Island Volcano collapse on the southern edge of the Bismarck Sea on 13
March 1888 (Ward and Day, 2003).
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In addition to these ones, submarine scars of landslides have also been identified in a few places
and may have been able to generate devastating tsunamis when they occur. They include notably
the numerous landslide scars and mass-transport deposits (MTDs) mapped in the Bismarck Sea
by Silver et al. (2009) and for which the authors have built some scenarios which could be used
for simulating tsunami propagation and inundation. Alternatively, they tentatively proposed some
tsunami run-up values at some key locations using a relationship law between the landslide main
parameters and the tsunami amplitude. Another case is the Lansdowne Bank (West of New
Caledonia) scars and related MTDs from Etienne et al. (2021) who proposed preliminary
simulations of tsunamis and their impact on New Caledonia. Another study was led off the east
coast of Tanna in 2018 showing a large tilted, block underwater (Clare et al., 2018). However, no
evidence of tsunami was linked to this landslide.

5.2.3 Other Potential Sources

Meteotsunamis were briefly discussed. Unlike tsunamis triggered by seismic activity or some
other methods of directly displacing water (volcanic eruptions and landslides), meteotsunamis are
driven by air-pressure disturbances often associated with fast-moving weather events (IOC,
2023). The report of the IOC/UNESCO TOWS-WG Ad-hoc Team on Meteotsunami (I0C, 2023)
did not contain any mention of sources in the Study Region. To date, the only event which has
been compared to a meteotsunami and recorded in the region is the atmospheric-driven
disturbance triggered by the HTHH volcano eruption in 2022 which was recorded by local coastal
gauges (e.g., Gusman et al., 2022b). Note that this region hosts several underwater volcanoes
and probably unknown ones to discover. These volcanoes may have the potential to trigger
HTHH-like eruption and associated meteotsunami.

5.3 ANALYSIS OF TSUNAMIGENIC EARTHQUAKE SOURCES
5.3.1 Tsunamigenic Earthquake Sources

While the workshop participants agreed on the possibility of large tsunamigenic earthquakes
along any of the considered subduction zones (with the exception of Manus), there was no
consensus on just how large a future event might be for any particular region. It was agreed that
for the minimum values of Mmax put forth in the GEM that have been exceeded by an actual (more
recent) event, this event magnitude would be used for Mmax minimum, and that for the maximum
value of Mmax the frequency/magnitude model from Davies and Griffin, 2018 would be used unless
it exceeded the previous recommended value. There was much discussion on the possibility that
some segment boundaries suggested by the GEM may have been too restrictive, and the idea of
a “soft” segment boundary was adopted in which a rupture may in some cases cross the
boundary. Scenarios in this section are posed as plausible examples of possible events though
the experts had diverse opinions as to how large future earthquakes might be, and whether future
earthquakes would follow rupture length-magnitude relationships based on past studies.
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Segment M Strasser, et al Wells & Coppersmith Suggested
Length  Width [km] Length  Width [km] Length Width [km]
Solomon Northwest 8.8 468.8 161.0 483.1 99.5 400 100
Solomon Southeast 9.1 702.3 205.2 721.1 132.1 700 100
Vanuatu North 8.7 409.7 148.5 422.7 90.6 400 100
Vanuatu Central 8.9 536.4 175.5 552.1 109.4 500 100
Vanuatu South 8.8 468.8 161.0 483.1 99.5 500 100
Vanuatu Matthew- 8.6 358.1 137.0 369.8 82.4 300 100
Hunter
New Britain 9.1 702.3 205.2 7211 132.1 600 100
Manus Trench East 8.3 239.1 107.5 247.7 62.1 200 100
Manus Trench West 8.3 239.1 107.5 247.7 62.1 200 100

Table 4. Rupture length and width estimates based on maximum Mmax magnitudes based on scaling
relationships from Strasser, et al (2010) and Wells and Coppersmith (1994)

While ad-hoc upper bounds have been set on Mmax in previous regional studies of tsunami
sources, one participant pointed out that in the case of the regions which produced the two largest
events of our generation, Sumatra (Indonesia) and Tohoku (Japan), the events of the last 10
years were far larger than those represented by regional events of the previous 100 years,
illustrating the problem with setting a limit on the maximum Mmax value based solely on the
historical record. Though there was no broad consensus on maximum Mmax, it was agreed that
we would take guidance from the 90th percentile value from the Davies and Griffin (2018) PTHA
posterior Mnax distribution for a given segment. In general, these values are not larger than those
provided by Berryman et al., (2015). In Table 4, we use the Mmax value from this study and
compare length and width values using two different scaling studies (Strasser et al 2010, Wells &
Coppersmith 1994). While the PTHA models that cover this region have ruptures that are
distributed across segment boundaries, and the experts agree on several segment boundaries
that may be crossed, the suggested tsunami sources in this report do not cross the most
pronounced boundaries in the region: New Britain-to-Solomons and Solomons-to-Vanuatu. Given
the 2007 Solomon Islands underthrust event, we recommend taking the sources recommended
here as a minimum and invite users to include sources that cross the segment boundaries.

There is some suggestion that uniform-slip tsunami sources can underestimate tsunami wave
heights (Geist 2002, Davies and Griffin 2018). The sources suggested in this report take fault
parameters other than slip and area from the NOAA Pacific Marine Environmental Lab (PMEL)
database of tsunami unit sources (Gica et al, 2008) with the limitation that fault sizes are limited
by the 100x50 km database faults. As a way to mitigate the possible underestimate of wave
heights with uniform-slip sources, the suggested rupture lengths and widths are rounded down
from Strasser, et al (2010) to form a compact source, and slip is derived from the magnitude
assuming a rigidity of 40 GPa. For the nine segments, six multi-fault scenarios are identified for
the New Britain, Solomon Northwest, Solomon Southeast and Vanuatu segments, one multi-fault
source and one single-fault source are identified along the Vanuatu Matthew-Hunter, and four
single-fault sources are identified along each of the Manus segments (Figure 14).
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Figure 14. Tsunami source scenarios based on maximum Mmax estimates for each segment. Note that the
Manus East and Manus West suggestions move the 200-km fault along the segment, with four possible
positions shown. Black lines are segment boundaries as identified in the GEM.

Based on suggested rupture lengths and magnitudes, the estimated slip amount for each segment
was calculated by use of the following formulas:

2
MW = §l0g10(M0) - 10.7

with
Mo = pus

Where u is the estimated shear modulus of the Earth’s crust (4.0 x 10 N/m?), u is the
homogeneous slip amount (in m) and S is the surface area of the rupture in m?. The remaining
fault parameters dip, strike, rake and depth were taken from the PMEL propagation database.
The complete fault plane parameters for all tsunami sources are described in the Annex |.
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5.3.2 Tsunami Simulation Model

We simulate the tsunami examples in the next section, just to give the user a reader impact of the
local and regional impact using possible sources inferred from the guidance in this report. The
sources used, outlined in detail in Annex |, are modelled using the MOST model (Titov 2009; Titov
et al. 2016): an established tsunami model that has been widely tested and evaluated and is in
use operationally for forecasting at the NOAA Tsunami Warning Centers, and benchmarked and
compared to other tsunami models in use by the National Tsunami Hazard Mitigation Program
(NTHMP, 2012). The model uses the source parameters listed in Annex |, and is run for 24 hours
of simulation time with a 10-second time-step on a 4-arcminute pacific basin bathymetry grid
based on the GEBCO dataset.

5.3.3 Tsunami Examples

0 50 100 150 200 250 0 50 100 150 200 250
Maximum Wave Amplitude [cm] Maximum Wave Amplitude [cm]

Solomons SE: M9.1, 700 x 100 km, 9 m slip New Hebrides North: M8.7, 400 x 100 km, 9 m slip

0 50 100 150 200 250 0 50 100 150 200 250
Maximum Wave Amplitude [cm] Maximum Wave Amplitude [cm]

Figure 15. Maximum tsunami wave amplitude and hourly arrival time contours generated by the New Britain
M9.1 segment (upper left), the Solomon Islands Northwest M8.8 segment (upper right), the Solomon
Islands Southeast M9.1 segment (lower left), and the Vanuatu North M8.7 segment (lower right).

Figures 15, 16, 17 and 18 show the different impact of maximum tsunami wave height offshore
for the different source scenarios. The tsunami energy is directed perpendicular to the dominant
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strike direction as expected, but the New Britain and Solomon Islands Northwest segments
(Figure 15) tend to have much of the energy contained regionally as the position of the islands
opposite the segment tends to trap waves, while the Solomon Islands Southeast event impacts
NE Australia and reflects to send large amplitude waves as far away as New Zealand.

New Hebrides Central: M8.9, 500 x 100 km, 14 m slip New Hebrides South: M8.8, 500 x 100 km, 10 m slip

0 50 100 150 200 250 0 50 100 150 200 250
Maximum Wave Amplitude [cm] Maximum Wave Amplitude [cm]
New Hebrides M-H1: M8.6, 300 x 100 km, 7.4 m slip New Hebrides M-H2: M8.6, 300 x 100 km, 7.4 m slip

p
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Figure 16. Maximum tsunami wave amplitude and hourly arrival time contours generated by the Vanuatu
Central M8.9 segment (upper left), the Vanuatu South M8.8 segment (upper right), the Vanuatu Matthew-
Hunter1 M8.6 (lower left), and the Vanuatu Matthew-Hunter2 M8.6 segment (lower right).
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Manus East-1: M8.3, 200 x 100 km, 4.5 m slip
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Manus East-3: M8.3, 200 x 100 km, 4.5 m slip
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Manus East-2: M8.3, 200 x 100 km, 4.5 m slip
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Manus East-4: M8.3, 200 x 100 km, 4.5 m slip

\
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Figure 17. Maximum tsunami wave amplitude and hourly arrival time contours generated by the Manus
East-1 M8.3 segment (upper left), the Manus East-2 M8.3 segment (upper right), the Manus East-3 M8.3
segment (lower left), and the Manus East-4 M8.3 segment (lower right).
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Manus West-1: M8.3, 200 x 100 km, 4.5 m slip Manus West-2: M8.3, 200 x 100 km, 4.5 m slip
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Manus West-3: M8.3, 200 x 100 km, 4.5 m slip Manus West-4: M8.3, 200 x 100 km, 4.5 m slip
N \ \ ! . ) \ :
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Figure 18. Maximum tsunami wave amplitude and hourly arrival time contours generated by the Manus
West-1 M8.3 segment (upper left), the Manus West-2 M8.3 segment (upper right), the Manus West-3 M8.3
segment (lower left), and the Manus West-4 M8.3 segment (lower right).

The Vanuatu Matthew-Hunter source 1 uses the PMEL 100-km unit source segments to model
the sharp bend, and source 2 uses a single segment with magnitude M8.6 and strike estimated
from the Davies, et al (2018) PTHA study, but, as discussed in section 6.2, relatively little is known
about the subduction zone in this region. The maximum wave amplitudes plot shown in Figure 16
shows the result of the suggested source, with a large impact basin wide due to the lack of islands
or continents nearby allowing tsunami energy to propagate large distances unimpeded.

The Manus segments (Figures 17 and 18) are each quite small as compared to the other
segments suggested, and the impact of any of the four fault planes would be largely local,
affecting largely the islands of Papua New Guinea. The segments are meant to be moved along
the subduction zone when conducting deterministic or scenario-based tsunami hazard
assessment studies for a particular location, allowing for maximum impact for any given location.
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6. OTHER TOPICS DISCUSSED

During the meeting several other topics were discussed, and these are summarised in this
section. These were mainly related to current or planned instrument deployments which have the
potential to improve our understanding of the tsunami hazard in the Study Region.

6.1 THE TAM-TAM SMART CABLE PROJECT

An initiative (known as TAM-TAM), mainly funded by the French Government, is planning to install
a SMART cable (more details in Howe et al., 2022) between Vanuatu and New Caledonia. The
cable will include four nodes, each equipped with a temperature and pressure sensor, a
seismometer and an accelerometer. In parallel, two optic fibres will be deployed, fully dedicated
to science (see Figure 19 for a provisional path). They will allow access to distributed measures
on the seafloor. It is planned that the cable will be operational in 2027. This cable will cross the
Vanuatu subduction trench, providing an unprecedented data set that can be used to improve the
earthquake and tsunami monitoring and alert systems, by adding instruments on the seafloor
close to the subduction. It will also provide valuable data to better understand the regional
dynamics of the area, giving more inputs for hazard assessment. Finally, the cable data can be
used in a variety of other scientific topics, from seismology to physical oceanography and marine
biology.
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Figure 19. The preliminary provisional path of the TAM-TAM cable showing the SMART repeater locations
(personal communication, M.Patriat).
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6.2 THE MATTHEW-HUNTER GEOPHYSICAL STUDY

As discussed above, the Matthew-Hunter Subduction Zone (MHSZ) is one of the most remote
and least studied subduction zones worldwide, resulting in a poor understanding of its earthquake
and tsunami hazards. It thus offers a unique opportunity to study a young subduction zone in the
process of formation, but also sufficiently advanced to create magmatic products. An ocean
bottom seismograph (OBS) and marine geophysics project has been funded by the US National
Science Foundation and is tentatively scheduled for deployment in late 2025 or early/mid 2026.
This project will deploy an array of 20 passive OBSs for 15 months, as well as carrying out a
marine geophysical survey to map bathymetry, gravity, and magnetics. The goals of the survey
are to define the slab geometry, seismicity, structure, and mantle flow patterns associated with
this developing subduction zone. The seismographs will be deployed in an array designed to
image the structure of the forearc, the volcanic Hunter Ridge, and the extensional Monzier Rift.
Seismic data will be analysed using Rayleigh wave tomography from ambient noise and
earthquakes, body wave tomography, and shear wave splitting. In addition, an extensive
multibeam bathymetric, acoustic backscatter imagery, gravity and magnetic survey will be carried
out to identify tectonic structures, regions of recent seafloor volcanism, and magnetic isochrons.
Geophysical track spacing will be sufficiently dense to fully map the forearc area and carry out
three-dimensional geophysical inversions over the same regions as the main seismograph
deployment. Marine geophysical surveys conducted during transits between Suva, Fiji and Port
Vila, Vanuatu will provide data for previously unsurveyed portions of the trench, and allow study
of the transition from subduction in the MHSZ to strike-slip motion along the Hunter fracture zone
to the east. Seafloor seismic data collection by the OBS array during 2026-2027 should coincide
with initial data collection by the TAM-TAM smart cable, complementing the seafloor
instrumentation and DAS data collection along the cable, and allowing assembly of a large
regional seismic dataset.

6.3  THE NEW ZEALAND TSUNAMETER NETWORK

Starting in 2019 New Zealand deployed a 12 station tsunameter network aimed at providing
tsunami detection and characterization for New Zealand and countries in the South-West Pacific
region (Figure 20).

The network was designed to provide data within 20 minutes for New Zealand and 30 minutes for
South-West Pacific countries following tsunami initiation (Power, et al., 2023). The stations are
fourth generation DARTSs designed to be deployed close to trenches, and the network is focused
on the Hikurangi, Kermadec, Tonga and Vanuatu subduction systems. Note that two of the sites
are within the Study Region. The network has proved very useful for recent earthquake events
such as the 2021 Raoul Island Mw 8.1 earthquake (e.g., Romano et al., 2021), the 2021 Matthew
Island Mw 7.7 earthquake (Gusman et al., 2022a; Roger et al., 2023; Robert et al., in review
2024), the 2023 Loyalty Islands Mw 7.7 earthquake (Work in progress: Robert et al., in review
2024; Faugere et al., in prep.; Roger et al., in prep.) and for characterising the Hunga Tonga-
Hunga Ha’apai volcano induced tsunami of January 2022 (Gusman, et al., 2022b). Other DARTs
near the Study Region are operated by Australia (in the Coral Sea) and the US north of the
Solomons region.
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New Zealand DART network - 30 June 2024
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Figure 20. Map of the locations of the New Zealand DART network stations. The green circles indicate the
installed locations of the New Zealand network, with black circles indicating other countries' DARTs. Note
the three New Zealand DARTSs close to the Study Region.

6.4 ORSNET

The Oceana Regional Seismic Network (ORSNET) is a shared network of more than 50 seismic
stations owned by South Pacific countries (Figure 21). The genesis for ORSNET grew out of
regional PTWS WG meetings starting in 2006 and a Task Team on “Seismic Data Sharing in the
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South-West Pacific” in 2009 in Vanuatu. The idea of ORSNET as a federation of individual country
seismic networks was developed, with data sharing amongst Pacific seismic stations to better
understand regional seismic activity and hazard. A collaboration between IRD (Noumea) and the
Vanuatu Geohazards Observatory (Vanuatu) since 2010 provided the core ORSNET capability,
and many other countries in the region now contribute. The big challenge is to keep the stations
running in the harsh tropical environment with frequent cyclones damaging sites. At the time of
writing, a number of stations were not reporting data to the ORSNET hub in Noumea. Of the
approximately 50 ORSNET stations which makeup ORSNET network, around 20 were functioning
well but around 30 have provided no data for a week or more, with some stations being off the air
for more than a year.

Figure 21. The ORSNET stations (stars) and supporting stations (circles). Green indicates the station is
currently operational, black indicates it is not. From the ORSNET website (https.//www.orsnet.org/),
accessed 11 September 2024..

6.5 OTHER RECENT INITIATIVES

In 2023 the USGS installed a new station (FNUL) on Vanua Levu, the large northern island of Fiji
(see _http://ds.iris.edu/mda/Ol/ENUL/). There are also plans to install one on Tongatapu, Tonga.

6.6 INSTRUMENTATION AND DATA NEEDS

There were some clear messages coming from the workshop on data and instrumentation needs.
First, there is a lack of real-time geodetic data for the region. There are a number of campaign
geodetic sites, but few have seen repeat observations recently. In a region of rapid plate
convergence showing numerous microplates this is a concern. Secondly, paleotsunami data is
very sparse in the Study Region, as summarised in Table 1. Finally, there are issues with the
sustainability of even the existing seismograph stations in the Study Region, and it is one of the
most undersampled areas on the planet, particularly given how tectonically active it is. There is a
need for more sea level and seismograph stations, but the sustainability of these new stations
and the existing ones need to be urgently addressed.


https://www.orsnet.org/
http://ds.iris.edu/mda/OI/FNUL/
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7. CONCLUSIONS AND RECOMMENDATIONS

The workshop experts presented a comprehensive overview of the complex nature of the plate
boundary and related systems in the Study Region, which are summarised in Section 2. The
meeting confirmed that the whole Study Region is one of the most active and tectonically complex
areas on the planet, with the occurrence of megathrust earthquakes capable of producing very
damaging tsunamis. In addition to subduction megathrust sources, there are other faulting,
volcanic, and landsliding sources that are also capable of producing at least locally significant
tsunamis. The plate margin has high convergence rates almost everywhere. There are several
microplates which contribute to the complexity, and the whole area accommodates the overall
plate motion (10-11 cm/yr) between the Pacific and Australian plates. The major structures include
the New Britain subduction trench, a pronounced feature between the Bismarck Sea and the
Solomon Sea, the San Cristobal Trench southwest of the Solomon Islands, and the Vanuatu
subduction system between Vanuatu and New Caledonia.

The outcomes of the meeting included an endorsement with some updates of the earthquake
sources identified by the 2012 GEM Faulted Earth study of subduction zones worldwide
(Berryman et al., 2015). The maijor differences included updating the lower limit of the maximum
credible earthquakes (Mmax(min)) on various parts of the subduction systems based on more
recent earthquakes, and a re-evaluation of the upper limit of maximum credible earthquakes
(Mmax(max)) on the various identified subduction zone segments. The general assessment of the
meeting was that the use of full subduction zone segment dimensions only to estimate Mmax(max)
was likely to overestimate the maximum credible earthquakes in the region and ideally a
probabilistic approach needs to be taken. As doing a full PTHA was out of the scope for the
workshop it was decided to use 90th percentiles of the appropriate values from the Australian
PTHA model, where available in the interim, until a more detailed study can be done. In fact, this
did not make a major difference to Mmax(min) for most segments in the region, but it does reduce
the values for whole margin ruptures (Table 2).

Some non-subduction zone regions with the potential to produce tsunamis generating
earthquakes were identified and characterised using a similar approach to the GEM methodology.
The meeting discussed whether to include the source zones to the north of Papua New Guinea
in the study, and it was decided to include them but with revised parameters compared to GEM
based on known earthquakes. Non-earthquake sources of tsunamis were also considered
including a list of volcanic sources capable of causing tsunamis in the region. These were
identified from published work, but not characterised in detail. Similarly, an attempt was made to
identify potential landslide sources. A significant outcome of the meeting was the production of a
list of potential tsunami source scenarios with parameters that can be used for tsunami modelling
for preparedness and evacuation planning by Member States.

The meeting endorsed a number of recommendations, most of which related to the need for more
data and additional studies to improve the understanding of tsunami hazard in the Study Region:

e There is a need for many more GNSS stations in the longer term (preferably continuous
GNSS), and re-measurement of existing campaign geodetic sites in the shorter term.
There is a lack of up-to-date geodetic constraints in much of the Study Region.

e There is a need for more paleotsunami investigations and data for the region, and I0C
should encourage science organisations to undertake such studies.

e A full probabilistic tsunami hazard study is needed for the Study Region, similar to those
produced by Australia and New Zealand.
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e There continues to be a need for more sustainable sea-level and seismograph stations in
the region. For example, if most of the current ORSNET stations were operational, the
coverage would be much enhanced, but currently over half of the instruments in the
network are awaiting service. There are also currently not enough coastal gauges able to
record localised but large tsunamis triggered by eruptions or landslides.

e There is a continued need for more accurate bathymetry and land topography data in the
Study Region to improve tsunami inundation modelling for evacuation zone planning. This
would enhance the outcomes of this workshop in terms of better use of the identified
tsunami sources. Better bathymetry data (and offshore seismic reflection imaging) would
also help to identify and characterise potential tsunami sources.

e The meeting endorsed and encouraged the sharing of data from all geophysical
instruments in the Study Region as well as research outcomes from planned studies as
they become available to enhance our knowledge of tsunami hazard.

e Finally, the organisers suggest that similar meetings in the future include greater lead time
to allow more experts to attend, and that remote attendance only be considered if very
good internet connectivity is available at the venue.
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ANNEX |

SUGGESTED SOURCES AND MODELLING PARAMETERS

Segment Lon Lat Strike Dip Rake Depth | Length | Width Slip
Solomon Northwest: nv7a| 154.3814| -5.6308 308.3 39.7 90 19.2 100 50 13
nv7b| 154.1658( -5.9017 308.3 16.5 90 5 100 50 13
nv8a| 155.1097| -6.3511 317.2 45.3 90 22.9 100 50 13
nv8b| 154.8764| -6.5656 317.2 21 90 5 100 50 13
nv9a| 155.5027| -6.743 290.5 48.8 90 22.9 100 50 13
nvob| 155.3981( -7.0204 290.5 21 90 5 100 50 13
nvi0a| 156.4742| -7.2515 305.9 36.9 90 27.6 100 50 13
nv10b| 156.2619| -7.5427 305.9 26.9 90 5 100 50 13
Solomon Southeast nv11a 157.083| -7.883 305.4 33 90 29.7 100 50 20
nv11b| 156.8627| -8.1903 305.4 29.6 90 5 100 50 20
nvi2a| 157.6537| -8.1483 297.9 37.5 90 28.6 100 50 20
nv12b 157.485] -8.463 297.9 28.1 90 5 100 50 20
nvi3a| 158.5089| -8.5953 302.7 33.6 90 23 100 50 20
nv13b| 158.3042| -8.9099 302.7 21.1 90 5 100 50 20
nvi4a| 159.1872| -8.9516 293.3 38.4 90 34.1 100 50 20
nv14b| 159.0461| -9.2747 293.3 35.5 90 5 100 50 20
nvi15al 159.9736| -9.5993 302.8 46.7 90 41.4 100 50 20
nv15b| 159.8044| -9.8584 302.8 46.7 90 5 100 50 20
nvi6a| 160.7343(-10.0574 301 46 90 41 100 50 20
nv16b| 160.5712]-10.3246 301 46 90 5 100 50 20
nvi7al 161.4562|-10.5241 298.4 401 90 37.2 100 50 20
nv17b 161.29(-10.8263 298.4 40.1 90 5 100 50 20
New Hebrides N: nv21a| 164.9445(-10.4183 287.9 40.3 90 23.3 100 50 9
nv21b| 164.8374(-10.7442 287.9 21.5 90 5 100 50 9
nv22a| 166.0261(-11.1069 3171 42.4 90 20.8 100 50 9
nv22b| 165.7783(-11.3328 317.1 18.4 90 5 100 50 9
nv23a| 166.5179| -12.226 342.4 48 90 22.4 100 50 9
nv23b| 166.2244|-12.3171 342.4 204 90 5 100 50 9
nv24a| 166.7236(-13.1065 342.6 471 90 28.5 100 50 9
nv24b| 166.4241(-13.1979 342.6 28.1 90 5 100 50 9
New Hebrides C: nv25a| 166.8914(-14.0785 350.3 54.1 90 31.2 100 50 14
nv25b| 166.6237| -14.123 350.3 31.6 90 5 100 50 14
nv26a 166.92| -15.145 365.6 50.5 90 29.1 100 50 14
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Segment Lon Lat Strike Dip Rake Depth | Length | Width Slip
nv26b| 166.6252| -15.117 365.6 28.8 90 5 100 50 14
nv27al 167.0053(-15.6308 334.2 44.7 90 25.5 100 50 14
nv27b| 166.7068(-15.7695 334.2 241 90 5 100 50 14
nv28a| 167.4074]-16.3455 327.5 41.5 90 22.4 100 50 14
nv28b| 167.1117]-16.5264 327.5 204 90 5 100 50 14
nv29a| 167.9145(-17.2807 341.2 49.1 90 24 1 100 50 14
nv29b| 167.6229(-17.3757 341.2 22.5 90 5 100 50 14
New Hebrides S: nv30a 168.222(-18.2353 348.6 442 90 24 100 50 10
nv30b| 167.8895|-18.2991 348.6 223 90 5 100 50 10
nv31a| 168.5022| -19.051 345.6 42.2 90 22.3 100 50 10
nv31b| 168.1611[-19.1338 345.6 20.2 90 5 100 50 10
nv32a| 168.8775|-19.6724 3311 42 90 21.7 100 50 10
nv32b| 168.5671(-19.8338 331.1 19.5 90 5 100 50 10
nv33a| 169.3422(-20.4892 332.9 40.2 90 22.4 100 50 10
nv33b| 169.0161(-20.6453 332.9 20.4 90 5 100 50 10
nv34al 169.8304|-21.2121 3291 39 90 22.7 100 50 10
nv34b| 169.5086|-21.3911 329.1 20.8 90 5 100 50 10
New Hebrides MH1: nv35a| 170.3119(-21.6945 311.9 39 90 221 100 50 7.4
nv35b| 170.0606(-21.9543 311.9 20 90 5 100 50 7.4
nv36a| 170.9487]-22.1585 300.4 39.4 90 23.5 100 50 7.4
nv36b| 170.7585|-22.4577 300.4 20 90 5 100 50 7.4
nv37a| 171.6335(-22.3087 281.3 30 90 221 100 50 7.4
nv37b| 171.5512|-22.6902 281.3 20 90 5 100 50 7.4
New Hebrides MH2| 173.2949]-22.3839 268 20 90 5 300 100 7.4
New Britain: nvla| 148.6217| -6.4616 243.2 323 90 15.7 100 50 24
nvib| 148.7943( -6.8002 234.2 12.3 90 5 100 50 24
nv2a| 149.7218( -6.1459 260.1 35.1 90 16.4 100 50 24
nv2b| 149.7856| -6.5079 260.1 13.1 90 5 100 50 24
nv3a| 150.4075( -5.9659 245.7 42.4 90 18.6 100 50 24
nv3b 150.545]| -6.2684 2457 15.8 90 5 100 50 24
nvdal 151.1095( -5.582 238.2 42.4 90 23.6 100 50 24
nvdb| 151.2851| -5.8639 238.2 21.9 90 5 100 50 24
nvba| 152.0205| -5.1305 247.7 49.2 90 324 100 50 24
nvbb| 152.1322( -5.402 247.7 33.2 90 5 100 50 24
nv6a 153.345]| -5.1558 288.6 53.5 90 33.6 100 50 24
nveb| 153.2595( -5.4089 288.6 34.9 90 5 100 50 24
ManusTrenchEast_1| 153.8931 -3.88 140.2 15 90 3 200 100 4.5
ManusTrenchEast_2| 152.7321| -2.6806 127.7 15 90 4.4 200 100 4.5
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Segment Lon Lat Strike Dip Rake Depth | Length | Width Slip
ManusTrenchEast_3| 151.2513| -1.8618 115 15 90 4.7 200 100 4.5
ManusTrenchEast_4| 149.5251| -1.2829 117.8 15 90 4.9 200 100 4.5
ManusTrenchWest_1| 147.9102( -0.7434 108 15 90 4.8 200 100 4.5
ManusTrenchWest 2| 146.2667| -0.7486 87.5 15 90 4.3 200 100 4.5
ManusTrenchWest 3| 144.6035( -1.1154 75.1 15 90 4.3 200 100 4.5
ManusTrenchWest_4| 143.2106( -1.8756 50.8 15 90 29 200 100 4.5
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CTBTO
DART
GLOSS
ICG/PTWS

I0C
Mw

Mmax
Mmax(min)

Mmax(max)
NCEI
NEIC
NOAA
OBS
ORSNET
PMEL
PTHA
PTWC
PTWS
SMART
SOP
TAMTAM

UNESCO
USGS
WG
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ANNEX II

LIST OF ACRONYMS

Bottom Pressure Recorder

Comprehensive Nuclear-Test-Ban Treaty Organization
Deep-ocean Assessment and Reporting of Tsunamis
Global Sea Level Observing System

Intergovernmental Coordination Group for the Pacific Tsunami Warning and
Mitigation System (10C)

Intergovernmental Oceanographic Commission (UNESCO)

Moment magnitude of an earthquake
The maximum credible earthquake expected for a subduction zone or segment
The minimum value of Mmax - usually based on largest known earthquake

The maximum value of Mmax - usually based on geometry of the zone
National Centers for Environmental Information (NOAA)

The National Earthquake Information Center, USGS.

US National Oceanic and Atmospheric Administration

Ocean Bottom Seismometers

Oceania Regional Seismic NETwork (South-West Pacific islands)
Pacific Marine Environmental Laboratory (NOAA)

Probabilistic Tsunami Hazard Assessment

Pacific Tsunami Warning Centre (US)

Pacific Tsunami Warning System (IOC)

Science Monitoring And Reliable Telecommunications (cables)
Standard Operating Procedure

A project to establish a SMART telecommunications cable between Vanuatu and
New Caledonia with four sensor sites.

United Nations Educational, Scientific and Cultural Organization
United States Geological Survey

Working Group
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LIST OF PARTICIPANTS
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New Zealand
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Professor
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USA
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Email :
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ANNEX IV

AGENDA

Day 1- Tuesday 14 May 2024: Introductions and Overviews (Joint with SMART)

Agenda Item Time Session Facilitator

1.1 Welcome and introductions/role of IOC, ICG-PTWS, 13:00 — 13:15 Chair

and SMART
1.2 Overview of meeting aims/objectives/IOC requirements | 13:15 - 13:30 Chair

and expectations of experts meeting
1.3 Introductions (experts introduce themselves and 13:30 — 14:00 Chair

background).
1.4 Regiona| tectonic overview 14:00 — 14:25 Laura Wallace
1.5.1 | Introduce the SATREPS project 14:25 - 14:40 Fukashi Maeno
1.5.2 | JICA's Van-REDI project 14:40 — 14:55 Osamu Kamigaichi
1.5.3 | Vanuatu trench historical earthquakes and catalogues 14:55 - 15:15 Jean Roger
1.6 Tsunami modelling and the 2021 and 2023 Loyalty 15:15 - 15:35 Fai Cheung

Islands earthquakes and tsunamis

Afternoon Tea

1.7 Introduction of French initiatives on the Tamtam 15:55 - 16:20 Virginie Durand
SMART cable project
1.8 Synergies between the project Geophysical Study of 16:20 — 16:45 | Douglas Wiens

Ongoing Subduction Initiation Along the Matthew-Hunter
Trench and Tamtam SMART Cables

1.9 Vanuatu perspective on experts workshop and Tamtam 16:45-17:10 VMGD
SMART Cabile in the region (to be confirmed)

1.10 | TAMTAM catalyzing student involvement and education 17:10 - 17:35 Pascal Michon,
NUV

1.11 | Summary of day 1, Discussion, revise agenda if required 17:35-18:00 Chair

Day 1 Close

Day 2 - Wednesday 15 May 2024: Background: Tectonics, Seismic and Tsunami Sources

Agenda ltem Time Session Facilitator
21 Introduction to Day 2 09:00 - 09:15 Chair
2.2 Current state overviews Chair, Laura Kong
2.21 Global practice and global analogues (Slab 2 and 09:15-09:30 Ken Gledhill
222 GEM, etc.) 09:45-10:30 Laura Wallace,
2.2.3 Overview of trench systems Thorne Lay, Doug

Weins
Morning Tea

2.3 Current state scientific updates continued Chair, Ken Gledhill
2.3.1 Volcano sources 11:00 — 11:20 Aditya Gusman
232 Deterministic seismic assessment options 11:20 — 11:40 Bill Fry
2.3.3 Seismology 11:40 — 12:00 Thorne Lay
234 Paleotsunami 12:00 — 12:20 Shaun Williams
235 GNSS/Geodesy 12:20 — 12:40 Laura Wallace

Lunch
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2.3 Current state scientific updates continued 13:00 - 13:30 Chair
2.3.5 Are there any non-earthquake sources of note
(volcanic, landslides, etc), or non-subduction
earthquakes? Discussion
24 Analysis Options: 13:30 — 14:30 Chair, Ken Gledhill
Probabilistic seismic assessment options Gareth Davies
Deterministic vs. probabilistic approaches -
discussion
25 Constraints: Discussion 14:30 — 15:30 Chair
Afternoon Tea
2.6 Discussion on elicitation process on seismic source 15:45 - 16:30 Chair
models to support tsunami discussions (potential
models that can be tested)
2.8 Summary of day 2 - Discussion 16:30 - 17:00 Chair
Day 2 Close
Day 3 - Thursday 16 May 2024: Putting It All Together - Maximum credible scenarios and
implications
Agenda Item Time Session Facilitator
3.1 Re-confirm and test meeting outcomes and following 09:00 - 09:15 Chair
Day 2 (what can/we need to achieve and priorities)
3.2. Agree on scenarios for each trench system (including 09:15-10:00 Chair, Ken Gledhill
1 credibility ranking) Part 1
Morning Tea
3.2. Agree on scenarios for each trench system (including 10:30 — 12:30 Chair
2 credibility ranking) Part 2
Lunch
3.2. Agree on scenarios for each trench system (including 13:30 — 14::00 Chair, Doug Weins
3 credibility ranking) Part 3
Afternoon Tea
3.3 Implications for tsunami hazards and warning — do our 15:30 — 16:00 Laura Kong
findings change accepted state?
3.4 How can we test the impact of the scenarios? 16:00 — 16:30 Chris Moore
3.6 Summary of day 3 16:30 — 17:00 Chair
Day 3 Close
Day 4 - Friday 17 May 2024: Workshop Summary and TAMTAM Talks
Agenda Item Time Session Facilitator
4.1 Re-confirm and test meeting outcomes and following 09:00 — 09:15 Chair
Day 2 (what can/we need to achieve and priorities)
4.2 Review of scenarios (hopefully following some 09:15-10:00 Chris Moore
modelling)
Morning Tea
4.3 Anything we have missed? Recommended further 10:30 — 11:30 Ken Gledhill

work




I0C Workshop Reports, 315
Annex IV — page 3

4.4 Summary 11:30 - 12:00 Chair
Lunch
4.5 Review the Tamtam project. 13:00 - 13:15 Bruce Howe
4.6 Discussion - Question and answer with Ministers and 13:15-14:15 Bruce Howe
delegates
4.7 Review of experts meeting result in relation to the 14:15-15:00 Ken Gledhill
Tamtam Cabile.
Afternoon Tea
4.8 Prima and Tamtam Cable 15:00 — 15:15 Simon Fletcher
4.9 Pacific Peering and Tamtam Cable 15:15-15:30 Benoit Maritan
4,10 | Data Management Tamtam Cable 15:30 — 15:45 Matt Fouch
4.11 Closing 15:45 -16:00 Bruce Howe, Chris

Moore, Ken Gledhill

Day 4 Close - End of Workshop
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