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Abstract

South-east Asia is one of the most volcanically active places on Earth, with the majority of the volcanoes located in Indonesia
and in the Philippines. Indochina (Myanmar, Cambodia, Laos, Thailand and Vietnam) also hosts a certain number of volcanoes
that for several reasons (post-World War II conflicts, little accessibility due to dense vegetation, no significant historical activity
recorded), have been little studied so far. Some of these volcanoes show evidence of recent (Quaternary) activity, therefore,
a systematic assessment of the threat these volcanoes may pose to resident populations is needed in the region. A recent
study on the inferred location of the Australasian meteorite impact (the largest known young meteorite on Earth) provided an
unprecedented amount of data for the Bolaven Volcanic Field in Laos, in terms of geological mapping, location of vents, and
over 30 absolute ages of lava flows and vents. On this basis, besides additional data obtained for this work, we used the Bolaven
Volcanic Field as a case study, to assess the potential exposure of populations and infrastructure to lava flows in case of an
eruption in the field. Key results suggest that an overall area of “5500 km?2 is potentially exposed to lava flows in case of eruption,
including over 2000 km of roads, 400 km of power lines, two power stations and two dams, and over 500 km2 of agricultural
lands, with the potential to affect about 300,000 people living in this area, and their main businesses (hydropower and coffee
production). In addition, the abundance of water in this region may lead to life-threatening explosions from phreatomagmatic
eruptions. Finally, based on the data available we provide a maximum estimate of the past eruption frequency of the field,
which is approximately 10,400 years. Our study provides a number of techniques and approaches (remote sensing of potential
sources and past flows, lava flow simulations and open-access exposure data) that can be used to assess hazards and exposure

at other understudied volcanoes.
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landcover data, to evaluate their exposure to future eruptions. Cambodia Q n 2’; ual flows, Tn (ah ?u fscorla formed through ArcMap 10.7.1, and 7 density

. cones. Flows vary in leng ro‘m afew classes were defined (5th to 95th percentiles),

. hundred meters to ~50 km. Thickness of representing the number of cones per km? (for

Ratlonale ® ‘ e ‘hel BVF rﬂangels§ frzm at{ew meters (whlere‘ example, a vent for a future volcanic eruption
- only one flow lies directly upon non-volcanic N ithin .
+ Sieh et al. (2019) presented several lines of evidence that the BVF buries e Se;mem or bedrock) ‘0{350 m near 15N 115N has a 33% chance of opening within the pe- 150N 18°N
the 790 ka Australasian impact crater. g R =k the summit region. where numerous flows A % rimeter of the 8.2x10°° density ﬁeld)..The map
« A volcanic hazard assessment has never been carried out for any volcan- 10° N[ 9 oo 11 10° N glon, shows a broad N-S trend of vents with a
ic field in Indochina 3 have accumulated. A key moment of the — higher density (1.0x10+ - 1.2x10“ cones/km?) P = b Ty
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‘055' E 106.1° E ‘03’5“ E We simulated one lava flow for each of the 10,000 vents. The parameters were sampled within the range considered (see Phreatomagmatlc hazard

Eruption Source parameters table) following a log-normal mathematical law. By using a log-normal law, we allowed occa-
sional high-volume/high-thickness flows to erupt. The MOLASSES output is a probabilistic hazard map (basemaps in the 105.8° E 106.1° E 106.5° E
images below), where the different colours (yellow, orange, red) rep the p ility of ir in case an eruption - . .
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whereas the yellow zone (0.01-0.78%) has the lowest probabilities. In case of an eruption, the assets exposed are numer- 7 G
ous, including 2 dams, 2 power stations, over 2500 km of roads and over 400 km of power lines. In terms of landcover, the
highest impact would be on croplands, with coffee representing the major business in Laos. Not shown here is the popula-
tion, over 300,000 people will be potentially exposed in case of an eruption, with the majority living in the city of Pakse, fol-
lowed by Paksong and a relevant number of villages and more rural areas.
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15.4° N Shown here are two of the major businesses in southern Laos. On the left (A) there is a coffee plantation on the

Bolaven plateau. On the right (B) is a view of the Houay Lamphan dam (E-SE side of the Bolaven plateau). Both
photos were taken during a field campaign in late 2016, by Kerry Sieh and his collaborators.
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Besides lava flows, also explosive magma-water interactions

Eruption SOUrCe Parameters 158°N 15°N 15°N are a potential hazard in this area. These explosions are broad-
ly called phreatomagmatic eruptions and occur when rising
min max log mean log SD magma encounters either groundwater or standing water of a
Thickness {m) 3.63 2206 Lio 064 - 5 river or lake, if some physical conditions are met. The large c t t
:":“”“:”' ) | 412807 | 301609 846 847 s [/ availability of water of the Bolaven plateau, both surface and ontac
ulse volume (m’) | 6806404 | 4596405 L o/a . groundwater, makes it a likely candidate for phreatomagmatic - .
o\ (B8 20 tivity. In the i bove there is just le fi % Dr. Andrea Verolino
. . 17N 147N 14.7° NI k1 o activity. In the image above there is just an example from our
IE:;"E::&:R’SE‘;’:;‘:‘LMSI';EA‘SEIEi:’:LZV: g?"‘i’(gl“gh; A : i, o5 E i oot simulations, where some of the simulated vents opened within
vation Model (DEM). For tr?e ranges of thickness gnd vol- 10878 10eE 10058 1008E a surface water feservair. However, if we consider the ground- Email address: andrea.verolino@ntu.edu.sg
umes we used averaged values from the BVF (where Yellow zone Orange zone Red zone Yellow zone Orange zone Red zone water, the probability (not qu d here) of p Office: N2-01b-30
ge Tk 1 activity occurring is much higher, given the larger surface area e

. 1l 98k o .
measurable) and from analogue volcanic fields, namely the =y Sl LS involved. Typical hazards associated with this activity include
Shamiaram plateau (Armenia), the Eastern Snak River we @ s ket the formation of pyroclastic surges, formation of an eruptive
F_‘Ialn (Idah_o. USA), the Northern Harrat Rah_al volcanic km K™ Y, o 8 column, with delivery of hot ash, lapilli and bombs in the atmos-
field (Saudi Arabia) and the Auckland volcanic field (New » o phere, and formation of tsunamis (if the eruption initiates in

Zealand). As a DEM we used the Shuttle Radar Topogra- large water reservoirs).
phy Mission (SRTM) at 30-m resolution. 9 )

Principal Investigator: Susanna Jenkins
Team: Volcano Hazards and Risk

elds of interest: Volcanic Risk, Physical Volcanology,
Hydrovolcanism, Geochemistry, Sedimentology

Twel Tpez  MTpel MTypez  MTyped MType2

Paper reference
« Andrea Verolino, Susanna F Jenkins, Kerry Sieh, Jason S Herrin, Dayana Schonwalder-Angel, Vanpheng Sihavong, Jee Hon Oh (Under Review). Assessing volcanic hazard and exposure at obscure volcanic fields: a case study from the Bolaven Volcanic

Field, Laos. Submitted to the Journal of Applied Volcanology on October 2021.

The EOS is funded by Singapore’s National Research Foundation (NRF), the Ministry of Education (MOE) and Nanyang Technological University (NTU) as a Research Centre of Excellence, and is an autonomous institute at Nanyang Technological University (NTU ea rthobse rvatory Sg




