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1. Can you name any
underwater volcanoes?

2. How many do you
think there are?

3. How many have
been captured erupting
on camera?



ROV Jason, 1000m deep
WHOI - Havre volcano, 2015
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1. Can you name any
underwater volcanoes?

2. How many do you
think there are?

3. How many have
been captured erupting
on camera?
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'NCEI Volcano Location Database. NOAA National Centers for Environmental Information.

Latest numbers from Smithsonian’s

Global Volcanism Program
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Last known eruption: 1900 or later
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Last known eruption: 1800 - 1899
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The World Map of
Volcanic Activity

Countries/territories/U.S. states/Russian territories
which experienced volcanic eruptions in 2023

Kamchatka

- Kraif

b 7

-
Northern
Mariana Islands’

At

Andaman = "
Islands? \" Solomon
K% Islands
'ﬁ ~5 W
RGN Vanuatus
=Reunion? Tonga®
, South
Antarctica ' Sandwich Islands’ Heard Island*
e .

' U.S. territory 2 French Overseas Department 2 India
4 Australia 5 British Overseas Territory
As of Nov. 15, 2023

Source: Smithsonian Institution Global Volcanism Program

statista %a

Shield Strato ® Caldera ® Cinder
Volcano Volcano Cone
Pyroclast @ Explosion * Cvc:)rlr;aplne: Lava

@ Maars
Other

Volcano Types in this Map

Fumarole ® Submarine * Volcanic

‘\

A o
P3N

Indian

Ocean

Indian Ocean

-~
-

e N
™~ A
- NORTH AMERICA

o~
-

=

-

¢~ ~
- Pacific Atlantic
r Ocean

-
>~
”, 1\
.
i
™ ™
s A

Volcanoes erupting in
August 2024






»
lm Mayen
Arceie O > = Redouht
ANtu o . ¢
gy, a A 4 Ongoing activey, \ y ‘ - :
. 3 s NORTH AMERICAN
Kedand ; = Berymisnuay ‘ A - PLATE
{ 5 Ereptc Lo . . .
60N {5 S e Rliuchevskor  w - oy
/ " Y ) ' " Oogoing activity .
, : EU OXHOTSRS e Jewiciy/ S
: Mount Exna - EURASIAN ,JP PLATE, ::':\:‘(xvl) ' -
/ Ongolng activey 2 p L A T E > '.‘\ Fl
—. -\,.0 | maleor eruptions = g\ A _ Mouant Salnt Helens
! [ 30072008 - aAb L] Ongoing activity, -
» y -~ L
"\Q ,., ANATOLIAN 2 =3 K \ 2% endor ceupeion 155
. PLATE Karymsky "N
Boumerdés, Algeria "‘.‘ , SELBREN - NS On':’a e St ‘
Andoes 215 M 2000 . A 25 » o Kashmis, Pakistan "‘W“""o"’ v AL ‘ ol
‘h . . ‘.,‘a &a' - & e/ Bb October “:m . Sichuan, China 4 o « Popocarépetl
-1 = o T o~ L [inhMay 200s o0 A& Kilaea, Hawald a0 el 2000
& Bam.lran am 5. ® ' N oy Necmonnda
- [-® 26k Dvember 2003 S o Ongong sthity y
"2 i |** N ” « : Nince 983, Kiaoca - a | 0N New Fngland
- 7“, > P 'r.‘ ™ & Mount - J bas N‘:m‘r‘m !
Tropic of Cuncer LAN  ARARIAN (leuk. hm ‘ Pinatubo s w \ B . temoanly, Nevada de Colima ko Hait
iy SR prate “""“" oS aia) Ougoteg oetivity, ) ! $20h Jarrmary 2010
\; 1'% 4 PHILIPPINE a2 mafor crapem 066 Secoriy T k o Tl I sonfricre s
s & PLATY Hawai et = . o ;’m‘“
Capee Yerde \NlﬁA\ L “ A CARIBBEAN -
o FLATE . T Qugeleg aciity
- ' X ” T ‘ maor frapton §9¥
< 4 . ’ A » PACIFIC PLATE Ao 2o cos o g
. e Ongoing activity %«
, g S % Mayon Volcang g erupeed 2007 PLATL CA LA
- 8 N . " s >
bt L Gy (R o wunce | gl Gl &8
Eg & -9 » y ‘. - A e Ervptions 19942008 Several majorf eraptions .
w Y Nias, Todonesia - . S e 11 200, cagang actrvity
2 Mirch 2005 - _ SOLOMON - s
Ascenson 4 * L ILATE q .
Java, [ndanesia i - Marquesas /o SOouUT H_‘_ e
% 26th May 2009 : """'-‘" AMERICAN
Seaneru/ - o 7 :
Ongolng sctivity ';1 ' ﬁ ‘"‘k“) > 'N:'? I,\ (1 P LA T 8._‘
" lastts Vap Reusion INDO Dacaim . Trople g€ pricorn
N Trupic of Gupricern = s ! n Felx 4 L Ny
“ ) AUSTRALIAN y) Aussaral o Laster e | AT <
. . ¥ : . . . e . e
i ) 1) PLATE I Lord Hewe ‘ " a T
(< {:‘J—‘.‘ ” v A Juan fvmulrt'h‘k = <
” FY w Chil
¢ Tebetan $ } b A ‘ﬁhk('-m.uyl N .
East Aentralia e 1010
Discovery . : A e
aamnan Y
3 Marien aCrovet M’ 4l =
'S ey ” -
’ 4 .;(- y
Kerpucen ' ‘
: - . Lexzivville
o Aw _ P v i y
% ” Bouvet ANTARCTI1C PLATE A . - SCOTIA PLATE
- O0°S by | * - od : = - s PR
. ANTARCTIC s 7
MAPKEY Axtavcti Circle Ralicay PLATE FLATE aturcele Cinte
Mate boundaries Tectonic features and cvents 4
coas ructive A&t volcans A
destructive hot spet 3
conservative . cathquake with 2 magoitde Moumt Ercbus = 2
greater than 8.0, doce famtsary 207 3 L ‘i\-wt-vga\mn\
The world'’s tectonic plates, e

nacortan
it valley

seleciad muagoe volcams:

event since 1980

selectod signibcan: earthguake
since 2000

- S

direction of
plate movemnen

earthquakes and volcanoes

F
Arctke Circte




Volcanoes in
the ocean
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The Hawaiian Islands down to
the seafloor




Subduction zones — }be‘ﬁorld’s g 1
deepest ocean trench
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The Mariana trench, arc and

back-arc basin \1
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Kermadec arc-trench system features a chain of about 80 predominantly submarine
noes stretching from White Island up through Tonga and beyond — a continuous volcanic
of about 2500km. About 80 percent of the volcances in this chain are hydrothermally active
is, they have multiple vents on the seafloor where hot mineral-rich fluids and gases
arge into the ocean. When the hot fluids meet cold seawater, metals precipitate out and
mineral deposits on the seafloor. The submarine volcanoes also host vibrant ecosystems
feature and range of marine life specially adapted to these conditions.
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Subduction zone volcanic arcs: Izu-Bonin (TL), South Sandwich Islands (BL), Kermadecs (M), Mariana ( R)
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Hazards from volcanoes

Volcanic gases




Submarine volcanic hazards

Surtseyan eruptions k L anc 2 __ ElHierro, Canary Islands, 2011

Hunga Tonga-Hunga Ha’apai - 2015 g Dl i | e

Pumice raft and HMS
Cantebury, 2012

Volcanic-tsunamis : ,
f‘ - Pumice rafts
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Pumice rafts

Pumice can travel 1000s miles

Blocking of shipping and harbours

Can remain afloat for years
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Pumice raft and HMS
Cantebury, 2012

Pumice rafts

* Transport and harbouring marine life

Transport of entire communities 1000’s
km

Distributing micro- to macro-organisms

 Power of satellites to detect
biosignatures

* Circumpolar navigation



Historical
eruptions




Dominant
local winds

Surges
over sea
surface _

Kolumbo 1650

e 7km offshore Santorini
Shallow submarine volcano

Killed over 70 people from
gas

* Tsunamis, pyroclastic
flows, loss of livestock

Risk to Santorini today
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Sabrina 1811

25°20' 25°10'

2km offshore Sao Migul,
AVAeI (=1

Sudden explosions out of
the water

Built an island - lasted just
weeks then disappeared

Captured in artwork

Artwork of the

Sabrina vessel
sailing offshore




Protector Shoal,
1962

Eruption in the South
Sandwich Islands

Produce a huge raft of
pumice

Circumnavigated
Antarctica

Only known about from
HMS Protector intersect

Pumice found in

Chile, 1963

HMS Protector
amongst floating
pumice, 1962




Mayotte 2013

e Seismic Crisis on the
French island of Mayotte

* Whole new underwater
mountain 800m high!

e Site of many research
expeditions now...
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Offshore
earthquakes up to
M6 in size!
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R G e
New volcano
formed over 6
months, and still
growing...
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Observed eruptions in 2009, 2014/15, Dec 2021 and
early January 2022

Historic eruptions going back several ka

HTHH after 2015
activity (new cone)

Islands built up and eroded over time

Two small islands of a larger shallow marine caldera

Part of the larger, active Tofua Arc in Kingdom of Tonga

Lateiki/Metis Shoal Home Reef
2015-2019 (+10 historic) 2006 (+3 historic)
Volcano F* Fonuafo'ou/Falcon Island

2019, 2001 (9 historic)

Hunga Tonga-Hunga Ha'apai
2021/22, 2014/2015, 2009 (+3 historic)

A J, _ Volcano A"
E R 2017 (+4 historic)
- - d Caldera centre
e
’." ;
é\o d - I 4 - 1 ¢ ‘ B oY o . : : - . : <.
QP TR T ) LR o
S o A v L AT > d Water Depth SR HTHH beneath /

50 m bsl | '
e e \the Water/ y fy
- 150 m bsi \\ = )
‘- 200 m bl -

\

Active submarine volcanoes along the Tofua Arc, Tonga




2014 eruption activity

Previous eruptions:

 Mixture of ash and white
steam jets, low altitude ash
clouds

* Explosive magma-water
iInteractions

* Relatively small, unsteady,
short-lived explosions

* Larger more-explosive
“uncharacteristic” event on
January 14" 2022 -

Then January 15, suddenly .
the highest volcanic plume |
ever witnessed and loudest



Observations of eruption:

* Sudden volcanic plume up to 55km high (over
30 miles) into the mesosphere!

Huge cloud extending over the SW Pacific

Series of tsunami events across the entire
Pacific and a “meteotsunami” in the Gulf of
Mexico

Main shockwave of the primary explosion
circulated the Earth five times (detectable).
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2014 ‘\\\ . 2016
A

3 . ".}‘f‘ f TN AT L S
‘ . i | 3 \l ,fg i . —\:}.“\ = == ‘.-\"?‘. : e -
'\ w =t - - X N R = a- » ¢ : 5 >
2P . - N S : \w 3 '_:
[ 2y N e ToUNOAL OGRS St

(‘

« ! S ash.falkafterwards %
Poae ¥ ~ . oshfalbafterwal



Eruption leaves little above water on

Impacts of eruption
» Tsunamis and ashfall devastated all islands of Tonga. i /f,
* <10 deaths recorded across world. 2 on capsized ships in Peru '
* Destruction of the two islands
* Huge volume lost from caldera. Now 700m deeper in crater!

Tonga caldera: Depth below sea surface
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onin/Uni of Auckland/Tonga Geological Services

Hunga underwater
bathymetry




Benefits of
volcanic
eruptions?




Geotourism and education

‘B - a L "

“Hydrothermal vents

Atolls
- Tourism/photography

Geotourism and economy
Fertile lands and soil

Atoll and reef development
Looser regulations on land lease

Nutrients and heat for hydrothermal

systems

Landforms for unique habitats
Substrates for growth (ash, lava)
New land, resetting of environments
Art, culture, media, history
Geothermal energy and resources

Porphyry copper and mining ops.



Cultural influenc
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First recovery of lite

Volcanoes are an extreme
environment

But life can recover quickly:

* First saplings, dew, spores, pollen, root

structures, first flowers

e | ava flows and lava tubes used as Hawai’i

exoplanet studies

* Bacteria, algal mats, lichen, moss, insects




Surfaces ofilava flows colonised
by ferns, moss, licheq‘ ) "
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Lava-air interactions and
v subsequent atmospheric deposition

Thermo-enhanced
groundwater discharge

8N-NO:

Kilauea Volcano - East Rift Zone {1 sy .. - ‘ 010 0.20 Wilson et al-l/ 2019

Updated 10:00 am, July 24, 2018 | 3.4
¢ / : Vawanan oA : ; : X — A
Beaches i 4

Lava-induced

upwelling of deep water
5300 m depth 8*N-NO, - 6-7%0

* Lava deltas entering the
water triggering blooms
of phytoplankton
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Lava-air interactions and
v subsequent atmospheric deposition

Thermo-enhanced
groundwater discharge

> . lavadinduced
L " upwelling of deep water
0 2300 m depth 8"N-NO, 6-7%0

* Lava deltas entering the
water triggering blooms
of phytoplankton

 High chlorophyll conc.

 Lavas induce upwelling
of cold nutrient water to
surface



Using satellites to monitor submarine volcanic hazards s,

00:45 UTC 18 July 2012 21:51 UTC 18 July 2012 01:26 UTC 19 July 2012
MODIS Aqua Image MODIS Terra Image MODIS Aqua Image

i®) seafloor giant pumice footprint
| submerged pumice
1 surface raft
gas/steam plume

pumice raft —=

new island % e
i

t‘.

Remote sensing of pumice rafts — The 2072 Havre eruption



-
| & .

N
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Submersibles: ROVs

— Remotely Operated Vehicles




Submersibles: ROVs — Remotely Operated Vehicl
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Submersibles: AUVs — Autonomous Underwater Vehicles %
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Ship vs. AUV bathymetry

Using AUV Sentry able to collect 1m resolution bathymetry
Careyetal., 2018

Resolving unresolvable features using Sentry




Ship vs. AUV bathymetry

Using AUV Sentry able to collect 1m resolution bathymetry
Careyetal., 2018




Underwater
observatories







El Hierro,
Tagoro
submarine
volcano

Erupted in 2011-12 off the coast
of EL Hierro

Shallow submarine volcano

Monitoring for over 12 years the
development of life over this
timescale

Not the only submarine volcano
heavily monitored for life
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Live Video from Axial Seamount: August 2020

Every 3-hours from 250 miles off the Oregon coast, and 1 mile underwater, HD
video streams in live over the Internet through the OOIl's Cabled Array in situ
camera system. Live video streams of an actively venting hydrothermal

chimney occur during the hours of 2:00, 5:00, 8:00, and 11:00 EDT & PDT day an

night, for a duration of 14 minutes.

In addition, as of November 2016, the camera now records for 24 hours non-stop on the 1oth and 20

of every month, and 72 hours non-stop from the 1st to 3rd of every month, to examine animal

behavior, diurnal/tidal cycles, and longer-duration changes in hydrothermal flow.
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The future of
underwater
volcanoes
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