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Sarychev Peak

Kuril Is lands, Rus sia
48.092°N, 153.20°E; sum mit elev. 1,496 m

All times are lo cal (= UTC + 11 hours)

On 11 June 2009 one of the largest his tor i cal erup tions
in the Kuril Is lands began–from Sarychev Peak (fig ure 1).
A re port from the Sakhalin Vol ca nic Erup tion Re sponse
Team (SVERT) cov ered events through June, and in cluded
both re mote-sens ing and on-the-scene ob ser va tions by Rus -
sian sci en tists. Other con tri bu tors in clude as tro nauts and re -
mote-sens ing spe cial ists. Syn onyms for the vol cano in clude 
Fue-san, Matsuwa-jima, Matua-jima, and Sarnicheff. 

Mon i tor ing. Vol cano mon i tor ing is con ducted by
SVERT in the south ern and cen tral Kurils, and by KVERT
in the north ern Kurils (fig ure 1). The re gion is well known
for se vere weather, in clud ing sum mer time cloudy and
foggy con di tions; vol cano mon i tor ing has de pended
heavily on re mote-sens ing meth ods.

With re spect to civil avi a tion, the Kuril Is lands are the
re spon si bil ity of the To kyo Vol ca nic Ash Ad vi sory Cen ter
(VAAC). A zone with out des ig nated VAAC ju ris dic tion
over N-cen tral Rus sia is ~ 1,400 km N. The sub stan tial

plumes caused con cern about that zone’s am big u ous sta tus
and the where abouts of Sarychev’s ash.

This part of the North Pa cific is sparsely pop u lated but
is one of the world’s most heavily trav eled air cor ri dors,
crossed by flights link ing Eu rope and North Amer ica to
north ern Asia (in clud ing Ja pan, parts of China, Hong Kong, 
and Ko rea). In ject ing ash into these flight routes,
Sarychev’s erup tion trig gered di ver sions or de lays to an un -
known num ber of flights. Re li able sources in di cated that
some air craft di ver sions over Rus sia, and other un ex pected
fac tors, cost as much as $100,000 USD per flight.

Pre cur sors and ini tial erup tion, 11 June 2009. Be fore
the June 2009 erup tion the vol cano was dor mant with sub -
stan tial fumarolic ac tiv ity. Vis i tors look ing into the crater
in Au gust 2008 en coun tered thick fog, but did heard noises. 
On 6 June 2009 spe cial ists came to the is land to ser vice an
au ton o mous GPS sta tion. Photographs doc u mented in -
creased gas emis sions.

SVERT’s re port stated that the first signs of erup tion
came as a re sult of sat el lite ob ser va tions ac quired on 11
June 2009. Dis tinct then were both a ther mal anom aly and
weak ash emis sions. Dur ing the erup tion, ashfalls were
wide spread and noted at sites in clud ing Raikoke, Rasshua,
Ushishir, Ketoi, the Simushir is lands, the north ern part of
Urup Is land, and wide spread on Sakhalin Is land.

On the night of 11-12 June,
the sci  en t i f ic  re  search  ship
George Steller passed near the is -
land with out any one no tic ing an
erup tion, ac cord ing to an oral re -
port from the ex pe di tion chief
Vladi mir Burkanov.

Space Sta tion pho to graph, 12 
June 2009. A stun ning photo of
the plume taken on 12 June 2009
(fig ure 2) from the In ter na tional
Space Sta tion (ISS) shows not
only a highly com plex ash cloud,
but at least two or three dis tinct
(dif  fer  ent  col  ored)  vol  ca nic
clouds hug ging the ground sur -
face and trav el ing ra di ally out
from the vent. One is an un mis -
tak able, light-col ored pyroclastic
flow, nar row ing as it pro gresses
out over the is land un til ul ti -
mately hid den by the edge of the
weather clouds. An other set are
broader, dark-col ored clouds, pre -
sum ably other pyroclastic flows.

The ver  t i  cal plume looks
dense and well con fined; ab sent is 
the strongly spread ing up per re -
gion com mon in many erup tive
plumes (an um brella cloud). The
top of this cloud is bul bous, and
trail ing be low it is a nar rower, co -
lum nar lower seg ment col ored in
shades of brown and cream. At
the time of this writ ing no clear
anal y sis of the plume height has
come to our at ten tion. Older dis -
persed plumes are also ap par ent at 
dis tance (some at the left edge of
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Fig ure 1. Broad-scale maps of the Kuril Is lands show ing re gional ge og ra phy and the lo ca tion of Sarychev Peak.
Base maps are cour tesy of the Sakhalin Vol ca nic Erup tion Re sponse Team (SVERT). Rep re sen ta tive avi a tion
routes on the in set map are from Casadevall and Thomp son (1995).



this photo) and on sat el lite im ag ery from 12 June, with air -
borne ash cov er ing a con sid er able area and ex tend ing in
more than one di rec tion.

Cap ping the ash cloud’s bul bous top and in a ring just
be low it, lies a strik ingly smooth, white por tion of the
plume, a fea ture called a pileus cloud (fig ure 2). It re sults

from a slab of un con tam i nated air pushed up ward ahead of
the rap idly ris ing darker zone. Pileus clouds some times
form above moun tain tops and con vec tively ris ing weather
clouds. For the pileus cloud to form, the lifted air layer must 
have suf fi cient mois ture (rel a tive hu mid ity). The underly -
ing clouds of ten punch through the pileus clouds, a pro cess

that seems to have started here.
The lower clouds that re sult are
some times de scribed as cloud
skirts (the ring in this case).

The hole in the weather clouds 
cen tered above the vol cano is
likely in part due to me te o ro log i -
cal con di tions; such holes of ten
oc cur sim i larly cen tered over is -
lands in the Kuril chain. This may 
re sult, for ex am ple, from an is -
land’s land mass warm ing moist
air or forc ing it up wards to mix
with dryer air, re sult ing in a lo cal
loss of cloud cover; such an ef fect 
might com bine with down wind
ed dies. A broader 12 June ISS im -
age shows a se ries of holes in re -
gional weather clouds in a pat tern
aligned broadly over the Kuriles.
An other ex pla na tion, with many
adherants, is that the hole may
have been caused or in flu enced
by ef fects as so ci ated with dy nam -
ics of the erup tion and plume
prop a ga tion (Wilkinson, 2009).

The op por tune ISS fly over re -
sulted in 29 still im ages of the
erup tion taken over a 1-min ute in -
ter val. NASA used the pho tos to
cre ate a se ries of an i ma tions, also
avail able on the NASA Earth Ob -
ser va tory website. The ISS or bits
at ~ 400 km al ti tude and ~ 27,500
km/hour. Pat rick Vantuyne cre -
ated a red-blue ste reo im age of
the 12 June plume, posted by
NASA as a “Pic ture of the Day.”

Sat el lite-based ob ser va tions.
SVERT re ported that the en er -
getic phase of the erup tion, dur ing 
11-16 June, en com passed more
than ten large ex plo sions (fig ures
3 and 4). Re sult ing ash clouds
rose up to al ti tudes of 8-16 km
and, ac cord ing to some es ti mates,
up to  21 km.  Ash plumes
stretched N to W for 1,500 km,
and E for more than 3,000 km.
Com par a tive anal y sis of AS -
TER-Terra sat el lite im ages in di -
cated newly formed ter ri tory
amounted to 1.4 km2. The area of
is  land cov ered by June 2009
pyroclastic flows was more than 8 
km2. The pre lim i nary es ti mated
min i mum vol ume of erup tive
rock was 0.4 km3.
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Fig ure 2. A dig i tal pho to graph of a Sarychev Peak’s erup tion plume taken by as tro nauts on 12 June 2009 from the
In ter na tional Space Sta tion. N is to the up per right. [As tro naut pho to graph ISS020-E-9048; ac quired 12 June at
22:16 UTC with a Nikon D2XS dig i tal cam era fit ted with a 400 mm lens; Na dir point 48.8°N, 157.5°E]. Cour tesy
of NASA Earth Ob ser va tory.

Fig ure 3. A MODIS sat el lite im age of the Sarychev Peak erup tion plume from 16 June 2009. In col ored ver sions
the plume is black. As it spread W, part of the plume took the form of a large spi ral, por tions of which ex tended at
least as far W as Sakhalin Is land. The plume also ap pears in thin ner strands to the NE of the source. Cour tesy of
SVERT and MODIS.



Broader im ag ery of the re gion also in di cated more dif -
fuse high-al ti tude ash clouds. Start ing on 12 June, the ash
spread hun dreds of ki lo me ters both E and W and to lesser
ex tent N, a large elon gate mass high in the at mo sphere that
closed off a huge crit i cal area to com mer cial air car ri ers and 
cre ated new prob lems not seen be fore by avi a t ion
au thor i ties.

Ac cord ing to Si mon Carn, the Ozone Mon i tor ing In -
stru ment (OMI) on NASA’s Aura sat el lite tracked a sul fur
di ox ide plume across the northern Pa cific from Sakhalin Is -
land and main land Rus sia and E as far as Alaska (fig ure 5).
Carn’s ten ta tive con clu sion was that the erup tion was also
the larg est sul fur di ox ide event so far in 2009.

By early July both at mo spheric lidar in stru ments and
the CALIPSO limb-sound ing sat el lite had doc u mented ex -
tended aero sol lay ers at 10-20 km al ti tude over the North -
ern Hemi sphere. There were two po ten tial sources for these 
aero sols, fires and the Sarychev Peak erup tion. Fires due to
bio mass burn ing were seen around this time in both the Yu -
kon and Alaska. Fire-gen er ated aero sols are now known to
reach 20 km al ti tudes (Mike Fromm, per sonal com mu ni ca -

t ion,  and Fromm and oth ers ,
2004). Ac cord ing to Fromm, the
Sarychev Peak erup tions must
have at  least  con  t r ib  uted to
high-al ti tude aero sols. As re cent
as mid-Au gust, the at mo spheric
l imb-sound ing sat  el  l i te  CA -
LYPSO had de tected pro nounced
aero sol lay ers at 22-23 km al ti -
tude, lay ers also seen on MODIS
vis i ble-wave length im ag ery.
Fromm con cluded the aero sol
bur  den was larger  than the
substantial August-September
2008 eruption a t Kasatochi
(Alaska).

The mi cro wave limb-sound -
ing (MLS) sat el lite Aura can de -
tect mul ti ple gases. Ac cord ing to
a NASA website, in mid-June
2009 it de tected clear sig nals of
both SO2 and HCl across a large
span of the North Pacific.

Con tin u ing ac tiv ity dur ing
16-28 June 2009. Af ter 16 June,
the erup tions en tered a less en er -
getic stage. Weak ex plo sions con -
t in  ued and con ta ined smal l
amounts of tephra. The SVERT
team vis ited the is land dur ing
26-28 June. In tense gas emis sions 
came from still-hot de pos its. Sat -
el lite data con firmed these gas
emis  sions ,  which con t in  ued
through at least 20 July. Field
work and sat el lite ob ser va tions
led the team to con sider the erup -
tion to be VEI 4.

Good views of the is land were 
ob tained from the sea dur ing the
26-28 June visit by SVERT (fig -
ures 7 and 8). One com po nent of
f ieldwork in  volved the
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Fig ure 5. SO2 emis sions from Sarychev Peak dur ing 10-17 June 2009 led to this com pos ite pic ture of gas plumes.
The emis sions were mea sured by the OMI sat el lite and its sup port team. Note con cen tra tion-pathlength scale at
bot tom, in Dobson Units (DU). Cour tesy of Si mon Carn.

Fig ure 4. False-color AS TER im ages from 27 May 2007 and 30 June 2009 show ing be fore-and-af ter scenes of
Sarychev Peak’s erup tion. The 2007 photo shows rem nant sea sonal snow on the is land and some cloud over the
sum mit. N is to wards the top and the long-axis of Matua (large is land) is ~ 12 km and the di am e ter of Toporkovyi
(small is land) is ~ 1 km. The erup tion’s ef fects were strong to the NW, around the vol cano, but field work 
con firmed that they left both the SE end of Matua Is land and all of the flat Toporkovyi Is land com par a tively
un touched. Com par i son of im ages shows that pyroclastic flows ex tended the shore line of the is land, par tic u larly
NE and SW of the vol cano. Cour tesy of AS TER and SVERT.

Fig ure 6. Photo of steam ris ing from Sarychev Peak as seen from the N at
some time dur ing 26-28 June. Rug ged fring ing older rocks can be seen
pro tect ing a beach front and tephra-cov ered land scape. Cour tesy of
SVERT.



GPS-aided map ping of pyroclastic de pos its seen along the
sea shore. The team used an in flat able boat to ac cess the
shore line (fig ure 9). The bulk of pyroclastic flows reached
the sea (fig ures 10 and 11), and al though wave ac tion had
sub stan tially eroded the de pos its along the coast line, the de -
pos its clearly con tin ued out into the sea. Weakly eroded un -
der wa ter pyroclastic flows some times re turned dis tinc tive
re flec tions on echo soundings. The soundings and other ob -
ser va tions also re vealed sub merged de pos its emit ting gases
and still-stirring hydrothermal exchanges.

The field in spec tion re vealed three pyroclastic flows
from the erup tion. The team also rec og nized other
pyroclastic ma te rial, in clud ing vol ca nic bombs, sco ria
flows, and ash. Compositionally, the field anal y sis sug -
gested the erup tions were ba saltic an de site. In ac cord with
the den sity of the fresh blocky de pos its along the sea cliff,

and the clasts within them (fig ure 11), the team saw no
float ing pum ice. 

The in tense fumarolic dis  charges es cap ing the
pyroclastic flows reached ~ 500°C. Fumaroles were seen
most fre quently as so ci ated with im pacts from large vol ca -
nic bombs, and from fis sures. Ar eas of fumarolic ex ha la -
tion in cluded sub li mated min er als such as na tive sul fur
(fig ure 12). The team also en coun tered a pond with hot
water (figure 13).

Bi o log i cal im pacts. Prior to the erup tion, the is land was
teem ing with life and the SVERT team pho to graph i cally

doc u mented many bi o log i cal im -
pacts (eg., sur viv ing birds con gre -
gated at dam aged or de stroyed
rook er ies). The erup tions of June
2009 di vided Matua Is land into
two sec tors with a sharp and
nearly lin ear bound ary be tween
them (eg., fig ure 5). On the NW
side, near est Sarychev Peak, its
erup tion left a dead zone. Many
plants were bur ied by hot tephra,
leav ing a land scape de void of
veg e ta tion on the cur rent ground
sur face.  This  dead zone was
bounded to the S by a deep ra vine
where a large mud flow had oc -
curred, de stroy ing ferns, thick
growths of alder, and grass cover.

To the SE, ashfall damaged
small plants, in clud ing rho do den -
dron, crow berry, cassiopea, and
phylodoce. Per haps 10-15% of
sites vis ited there had ash over 10
cm thick. Es pe cially near the dead 
zone, many small plants suf fered
burial, yet they con tin ued to blos -
som. Blos som ing cowberry was
bur ied in ar eas with thick ashfall.
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Fig ure 7. Pho tos of steam ris ing from the pyroclastic flows as seen from
the N at some time dur ing 26-28 June. The steam ing peak is faintly vis i ble
in the back ground. Cour tesy of SVERT.

Fig ure 8. Pho tos of Sarychev Peak seen from the S, the side of the is land least im pacted by the erup tion, where the
land scape re mained green and veg e tated. The sup port ves sel seen here brought sci en tists to the Is land and gave
them safe lodg ing dur ing the ex pe di tion. Cour tesy of SVERT.

Fig ure 9. The field crew on a beach to in spect Sarychev Peak’s re cent
pyroclastic flows. By the time of their 26-28 June visit, waves had eroded
the fresh de pos its that must have once cov ered this beach face. Mas sive,
jointed rocks in the cliff back ing the beach are older rocks; new de pos its
drape the up per cliff. Note steam ing peak in the back ground. SVERT
vol ca nol o gists (from left): Dmitrii Kozlov, Igor Koroteev, Artyom
Degterev, Rafael Zharkov (far right), and Al ex an der Rybin (front right).
Cour tesy of SVERT.



Among high brush in the S part of the is land, al der gen -
er ally suf fered lit tle, but in some ar eas of ashfall (be tween
Kruglaya mountain and the slopes of the vol cano) it
showed some leaf dam age. The leaves of moun tain ash dis -
played yel low rims and dis col ored spots. High-grasses lo -
cated in the SE sec tor were lit tle af fected by ashfall.

In the dead zone, some bird col o nies re mained on the
old lava flows sup port ing the is land’s capes. It was dif fi cult 
to es ti mate how many birds had died or lost nests. Many
sea gulls sat  on the warm sur faces of  the steam ing
pyroclastic flows. Wounded and dead sea gulls found on the 
sur faces of pyroclastic flows were prob a bly killed by burns
af ter the erup tion. Near the NW part of Matua Is land, the
team saw large flocks of sea birds aloft.

On the 28th, SVERT vis ited seal hab i tats on the S por -
tion of the is land where they counted 20 eared seals and 10
fur seals. On a cape along Matua’s W coast they en coun -
tered an other seven eared seals. The team found no liv ing
land an i mals on the NW sec tor. On the SE sec tor, they
found dead mice and three dead foxes.

Ad di tional geo log i cal back ground from SVERT. The
mod ern ed i fice of Sarychev Peak oc cu pies the bulk of
Matua Is land but is cen tered to wards the NW (fig ure 5).
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Fig ure 11. Exposed tephra stra tig ra phy from the Sarychev Peak erup tion.
The scientist is stand ing be fore fresh tephra de pos its along the sea shore
with his feet on the beach. To his side lies a well-ex posed ~ 2-m-thick
pyroclastic flow de posit capped by fine-grained tephra of prob a ble air-fall 
or i gin. The fine air-fall unit cov ers the sur face in the dis tance, col or ing it a
uni form gray. Cour tesy of SVERT.

Fig ure 13. Small pond en coun tered on Sarychev’s flanks. Cliffs and ta lus
slopes be hind the pond are tephra-draped older rocks. The green-hued
wa ter had been heated and min er al ized by con tact with re cent erup tive
prod ucts. The sci en tist stand ing in the pond es ti mated that the tem per a ture 
was ~ 21°C. Cour tesy of SVERT.

Fig ure 12. Two ex am ples of sublimated min eral zones seen on the
pyroclastic-flow sur faces from the Sarychev Peak eruption. Many such
min er al ized ar eas ap peared re lated to bomb im pacts (top). Other ar eas
were elon gate, some sev eral me ters long (bot tom). Cour tesy of SVERT.

Fig ure 10. Rubbly sur face of a 2009 pyroclastic flow (“pum ice flow”) on
Sarychev Peak’s W flanks. Field gear at flow front pro vides scale. Note
the lobate form and com par a tively large and con sis tent grain size.
Cour tesy of SVERT.



The is land’s SE side is flat, with av er age el e va tions of
30-40 m. The is land’s S and E sides are cov ered with brush
and grass.

Be fore 25 Au gust 1945, Matua Is land sup ported a Jap a -
nese army base with as many as 4,000 res i dents. Af ter
1945, the So viet army oc cu pied the is land and main tained
me te o ro log i cal and seis mic sta tions un til a sharp de cline in
in hab it ants at the end of the 1990’s. The is land still con tains 
run ways and struc tures. In re cent years, the only peo ple on
the is land were oc ca sional vis i tors.

The geo logic lit er a ture dis cusses Plio cene ba saltic an de -
site vol ca noes in this re gion (in clud ing Toporkovyi Is land
and the SE part of Matua). It is prob a ble that these are part
of an an cient shield vol cano. In the SE part of Matua Is land
is a somma of an an cient cal dera (Gorshkov 1967;
Markhinin 1964; Andreev and oth ers, 1978), mak ing
Sarychev Peak an intracaldera stratovolcano. It is formed
by al ter nat ing lava and tephra of mainly ba salt to an de site
com po si tion (Gorshkov 1967; Andreev et.al 1978).

Ac cord ing to Gorshkov (1967), af ter the ma jor 1946
erup tion the crater had both a di am e ter and depth of ~ 250
m, with steep, some times over hang ing crater walls and a
floor of solid lava. Mod ern lava flows con sisted of
two-pyroxene bas alts and ba saltic andesites vented from
the cen tral cone, form ing small tongues near the crater.

Af ter the 1960 erup tion, field ob serv ers en coun tered
dense fog and were thus un able to de scribe the crater
(Shilov, 1962). Ac cord ing to eye-wit nesses, the crater’s N
walls may have col lapsed.

The 1976 erup tion in cluded strong emis sions. Lava
flows ex tended the W, SW, and NW slopes (Andreev and
oth ers, 1978). This erup tion left the crater with a di am e ter
of ~ 200 m and a flat bot tom at a depth 50-70 m be low the
rim.
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Geo logic Sum mary. Sarychev Peak, one of the most ac -
tive vol ca noes of the Kuril Is lands, oc cu pies the NW end of 
Matua Is land in the cen tral Kuriles. The cen tral cone was
con structed within a 3-3.5 km wide cal dera, whose rim is
ex posed only on the SW side. A dra matic 250-m-wide,
very-steep-walled crater with a jag ged rim caps the vol -
cano. The sub stan tially higher SE rim forms the 1,496 m
high point of the is land. Fresh-look ing lava flows de scend
all sides of Sarychev Peak and of ten form capes along the
coast. Much of the lower-an gle outer flanks of the vol cano
are over lain by pyroclastic-flow de pos its. Erup tions have
been re corded since the 1760’s and in clude both quiet lava
ef fu sion and vi o lent ex plo sions. One of the larg est his tor i -
cal erup tions of Sarychev Peak, in 1946, pro duced
pyroclastic flows that reached the sea.

In for ma tion Con tacts: Sakhalin Vol ca nic Erup tions
Re sponse Team (SVERT), In sti tute of Ma rine Ge ol ogy and
Geo phys ics (IMG & G) Far East Di vi sion Rus sian Acad -
emy of Sci ences, 1B Sci ence St., Yuzhno-Sakhalinsk,
693022, Rus sia (E-mail: rybin@imgg.ru; URL: http://
www.imgg.ru/; http://www.imgg.ru/rus/labs_vul can_haz -
ard.php); B.W. Levin, A.V. Rybin, M.V. Chibisoba, and V.B. 
Gur’yanov, IMG & G; N.G. Razzhigaeva, Pa cific In sti tute
of Ge og ra phy, Far East Di vi sion Rus sian Acad emy of Sci -
ences, 7 Ra dio St., Vladivostok, 690041, Rus sia (URL:
http://tig.dvo.ru/tig/); In ter na tional Space Sta tion (ISS) Ex -
pe di tion 20 (as tro nauts Gennady Padalka, Frank De Winne, 
Ro man Romanenko, Rob ert Thirsk, Mi chael Barratt,
Nicole Stott, Tim Kopra, and Koichi Wakata) (URL: http://
www.nasa.gov/mis sion_pages/sta tion/ex pe di tions/
expedition20/); Si mon A. Carn, De part ment of Geo log i cal
and Min ing En gi neer ing and Sci ences, Mich i gan Tech no -
log i cal Uni ver sity, 1400 Townsend Drive Hought on, MI
49931 USA; Mike Fromm, Com pu ta tional Phys ics, Inc,
2750 Pros per ity Ave, Fairfax, VA 22031, USA; NASA As -
tron omy Pic ture of the Day (http://apod.nasa.gov/apod/
ap090625.html); NASA Earth Ob ser va tory (URL: http://
earthobservatory.nasa.gov/).

Miyake-jima

Izu Is lands, Ja pan
34.079°N, 139.529°E; sum mit elev. 815 m

Miyake-jima has had a re cent his tory of pe ri odic mi nor
erup tions and gas emis sions con tain ing rel a tively high con -
cen tra tions of sul fur di ox ide (SO2). SO2 emis sions in Jan u -
ary 2006 av er aged about 2,000-5,000 tons per day, and
there was a mi nor erup tion on 17 Feb ru ary 2006 (BGVN
31:03).

The To kyo Vol ca nic Ash Ad vi sory Cen ter (VAAC) de -
scribed an erup tion on 23 Au gust 2006 that gen er ated
plumes which rose to an al ti tude of about 1.5 km and
drifted SE. Ash was not iden ti fied on sat el lite im ag ery. No
ad di tional erup tion re ports were re ceived un til Jan u ary
2008. Based on in for ma tion from the Ja pan Me te o ro log i cal
Agency (JMA), the To kyo VAAC re ported that an erup tion 
plume on 7 Jan u ary rose to an al ti tude of 1.2 km and drifted 
SE. The JMA also re ported an erup tion on 8 May 2008. An -
other erup tion re ported by JMA pro duced an ash plume that 
rose 600 m above the crater and drifted E on 1 April 2009.

 Volcanism Network, Volume 34, Number 6, June 2009 Miyake-jima    7



Geo logic Sum mary. The cir cu lar, 8-km-wide is land of
Miyake-jima forms a low-an gle stratovolcano that rises
about 1100 m from the sea floor in the north ern Izu Is lands
about 200 km SSW of To kyo. The ba saltic vol cano is trun -
cated by small sum mit cal de ras, one of which, 3.5 km wide, 
was formed dur ing a ma jor erup tion about 2500 years ago.
Par a sitic crat ers and vents, in clud ing maars near the coast
and ra di ally ori ented fis sure vents, dot the flanks of the vol -
cano. Fre quent his tor i cal erup tions have oc curred since
1085 AD at vents rang ing from the sum mit to be low sea
level, caus ing much dam age on this small pop u lated is land.
Af ter a three-cen tury-long hi a tus end ing in 1469, ac tiv ity
has been dom i nated by flank fis sure erup tions some times
ac com pa nied by mi nor sum mit erup tions. A 1.6-km-wide
sum mit cal dera was slowly formed by sub si dence dur ing an 
erup tion in 2000; by Oc to ber of that year the crater floor
had dropped to only 230 m above sea level.

In for ma tion Con tacts: To kyo Vol ca nic Ash Ad vi sory
Cen ter (VAAC), To kyo, Ja pan (URL: http://ds.data.jma.go.
jp/svd/vaac/data/); Ja pan Me te o ro log i cal Agency (JMA),
Otemachi, 1-3-4, Chiyoda-ku To kyo 100-8122, Ja pan
(URL: http://www.jma.go.jp/jma/indexe.html).

NW Rota-1

Mariana Is lands
14.601°N, 144.775°E; sum mit elev. -517 m

An ocean o graphic re search ex pe di tion dur ing 3-17
April 2009 vis ited NW Rota-1 sub ma rine vol cano, lo cated
about 100 km N of Guam in the Mariana arc. Sci en tists vis -
ited the vol cano with Re search Ves sel (R/V) Thomas G.
Thomp son, mak ing dives with the Ja son re motely op er ated
ve hi cle (ROV). The vol cano was erupt ing al most all of the
time with vary ing am pli tude. This vol cano was pre vi ously
ob served erupt ing dur ing ROV dives in March 2004
(BGVN 29:03) and April 2006 (BGVN 31:05) on Na tional
Ocean o graphic and At mo spheric Agency (NOAA) Ocean
Ex plo ra tion ex pe di tions, and by the Jap a nese in Oc to ber
2005 and Feb ru ary 2008 (BGVN 32:02).

A hydrophone de ployed from Feb ru ary 2008 un til Feb -
ru ary 2009, op er ated un der the di rec tion of Rob ert Dziak,
mea sured al most con tin u ous sig nals from the vol cano dur -
ing the 1-year pe riod. This hydrophone will re cord data for
an other year, but it lacks te lem e try, so NOAA in tends to re -
trieve its data in 6-12 months. Prior to the de ploy ment of
the hydrophone ac tiv ity was ob served us ing a ROV only
during brief visits.

On the ex pe di tion blog, Wil liam Chadwick noted that
with NW Rota-1 ap par ently nearly con tin u ously ac tive
since at least 2003, the vol cano can pro vide a nat u ral lab o -
ra tory for learn ing about un der wa ter erup tions, how sub ma -
rine vol ca noes grow, and how they af fect the ocean en vi -
ron ment. Sci en tists are able to get close to the erup tive vent
be cause the pres sure of the ocean above keeps the en ergy of 
the erup tions sub dued, al low ing them to gain a view of
what is hap pen ing in the vent. For ex am ple, sci en tists
watched lava slowly be ing pushed up and out of the erup -
tive vent while the sea floor shud dered and quaked and
huge blocks were bull dozed out of the way to make room
for new lava emerging from the vent.

The vol cano had grown con sid er ably since 2006, pro -
duc ing a new cone ~ 40 m high and ~ 300 m wide. De spite
the on go ing erup tion, with ash and rocks fall ing ev ery -
where and an ex treme chem i cal en vi ron ment, a thriv ing
eco sys tem was pres ent. The pop u la tion of an i mals and mi -
crobes had both in creased rel a tive to 2006 and be come
more di verse, in clud ing new species not yet found
elsewhere.

At the end of the 2009 cruise, an ar ray of in stru ments
(hydrophone and chem i cal sen sors) was left to mon i tor
events over the next year. Moor ings on the flanks will look
for land slides and de bris flows. Chadwick’s group plans to
re turn in 2010 to con tinue in ves ti ga tions. On his blog site
are some video high lights from the 2009 ex pe di tion show -
ing ac tiv ity at the Brim stone erup tive vent at the top of the
new cone.

Geo logic Sum mary. A sub ma rine vol cano de tected dur -
ing a 2003 NOAA bathymetric sur vey of the Mariana Is -
land arc was found to be hy dro ther mally ac tive and named
NW Rota-1. The ba saltic to ba saltic-an de site seamount
rises to within 517 m of the sea sur face SW of Esmeralda
Bank and lies 64 km NW of Rota Is land and about 100 km
N of Guam. When NW Rota-1 was re vis ited in 2004, a mi -
nor sub ma rine erup tion from a vent named Brim stone Pit
on the up per S flank about 40 m be low the sum mit in ter mit -
tently ejected a plume sev eral hun dred me ters high con tain -
ing ash, rock par ti cles, and mol ten sul fur drop lets that ad -
hered to the sur face of the re motely op er ated sub mers ible
ve hi cle. The ac tive vent was fun nel-shaped, about 20 m
wide and 12 m deep. NW Rota-1 is a large sub ma rine vol -
cano with prom i nent struc tural lin ea ments about a ki lo me -
ter apart cut ting across the summit of the edifice and down
the NE and SW flanks.

In for ma tion Con tacts: Wil liam W. Chadwick, Or e gon
State Uni ver sity and NOAA Vents Pro gram, New port, Or e -
gon; 2115 SE OSU Drive, New port, OR 97365 USA (URL: 
http://nwrota2009.blogspot.com/, Email: Wil liam.W.
Chadwick@noaa.gov); Rob ert G. Dziak, Or e gon State Uni -
ver sity and NOAA Vents Pro gram, New port, Or e gon; 2115 
SE OSU Drive, New port, OR 97365 USA.

Paluweh

Lesser Sunda Is lands, In do ne sia
8.32°S, 121.708°E; sum mit elev. 875 m

Dur ing 1-17 April 2009, seis mic ity in creased at
Paluweh (ta ble 1), prompt ing the Cen ter of Vol ca nol ogy
and Geo log i cal Haz ard Mit i ga tion (CVGHM) to raise the
Alert Level from 1 to 2 (Waspada) on 18 April. CVGHM
staff in the ob ser va tion post did not see any gas or ash emis -
sions. Vis i tors were re quested to stay away from the ac tive
crater adjacent to the peak.

Ex plo sive ac tiv ity had most re cently been ob served in
May 1984 and pre vi ously dur ing No vem ber 1980-Sep tem -
ber 1981 (SEAN 06:01, 06:02, 06:08, and 06:09), Oc to ber
1973, and Oc to ber 1972-Jan u ary 1973. Ac tiv ity in De cem -
ber 1963-March 1966 in cluded lava flows, pyroclastic
flows, and fatalities.

An un con firmed news re port of ac tiv ity in Jan u ary
2005, not re ported in the Bul le tin, was later found to be
false. The CVGHM staff found no ac tiv ity at the volcano.
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As back ground on haz ard con sid er ations, the mouth of
the prin ci pal crater opens to the S, where there is plan ta tion
ag ri cul ture al most to the vol cano’s peak. In the ad vent of a
fu ture cri sis, evac u a tion would be com pli cated be cause a
safer area is about two hours jour ney by mo tor ves sel, and
leav ing the is land might not be pos si ble dur ing storms or
rough seas. CVGHM is in con tin u ous con tact with the pro -
vin cial and re gional gov ern ments, some mon i tor of
Paluweh oc curs from the ham let of Ropa on the N-cen tral
coast of the big is land of Flores, to Paluweh’s S. Re gional
civil-de fense agen cies (such as SATKORLAK-PB, the Pro -
vin cial Co or di nat ing Unit for Di sas ter Man age ment) and
dis trict gov ern ment agen cies of Sikka and Ende (such as
SATLAK-PB, the Lo cal Co or di nat ing Body for Disaster
Relief) are continually apprised of the activity level.

Geo logic Sum mary. Paluweh vol cano, also known as
Rokatenda, forms the 8-km-wide is land of Paluweh
(Palan-Palue) and sits N of the vol ca nic arc that cuts across
Flores Is land. Al though the vol cano rises about 3,000 m
above the sea floor, its sum mit reaches only 875 m above
sea level. The broad ir reg u lar sum mit re gion con tains over -
lap ping crat ers up to 900 m wide and sev eral lava domes.
Sev eral flank vents oc cur along a NW-trending fis sure. The 
larg est his tor i cal erup tion of Paluweh oc curred in 1928,
when a strong ex plo sive erup tion was ac com pa nied by
land slide-in duced tsunamis and lava dome emplacement.

In for ma tion Con tacts: Cen ter of Vol ca nol ogy and
Geo log i  cal Haz ard Mit i  ga t ion (CVGHM) ,  Ja lan
Diponegoro 57, Bandung 40122, In do ne sia (URL: http://
por tal.vsi.esdm.go.id/joomla/).

Rinjani

Lesser Sunda Is lands, In do ne sia
8.42°S, 116.47°E; sum mit elev. 3,726 m

All times are lo cal (= UTC + 7 hours)

Erup tions at Rinjani (fig ures 14 and 15) be tween Oc to -
ber 2004 and Jan u ary 2005 (BVGN 30:02) was the first ac -
tiv ity noted since Sep tem ber 1995. On 29 April 2009, the
Cen ter of Vol ca nol ogy and Geo log i cal Haz ard Mit i ga tion
(CVGHM) again de tected an in crease in earth quakes and
tremor, with erup tions from Barujari’s cone be gin ning 2
May 2009 and con tin u ing through 21 June 2009.

Ac cord ing to a 4 May news ar ti cle in the Ja karta Post,
the first 2 May erup tion con sisted of four tec tonic earth -
quakes, each last ing be tween 70 and 120 sec onds. Heriyadi

Rachmat, head of the East Nusa Tenggara prov ince’s min -
ing, en ergy and min eral re sources agency, stated in the
ar ti cle that “the peak of the ac tiv ity was on Sat ur day 2 May
with four trem ors and the erup tion of thick ash.” This ac tiv -
ity prompted CVGHM to raise the Alert Level from 1 to 2
(on a scale of 1 to 4). The head of the Mt. Rinjani Na tional
Park con firmed that, as of 3 May, the park had been of fi -
cially closed to hik ers. At that time, around 50 hik ers were
asked to come down from the moun tain. Rinjani, a pop u lar
tour ist des ti na tion, at tracts an av er age of 9,000 hik ers per
year, 4,000 of whom are foreigners.

Dur ing May and June 2009, seis mic ac tiv ity con sisted
of nu mer ous erup tion sig nals, while ob serv ers saw ash
plumes, in can des cent ma te rial, and lava flows (ta ble 2).
CVGHM re corded the larg est num bers of seis mic sig nals
be tween 7 and 31 May. In de tail, dur ing that in ter val there
were 1,897 erup tive earth quakes, 2,163 low-fre quency
earth quakes, 1,341 har monic tremor ep i sodes, 3,249 air
blasts, 17 shal low vol ca nic earth quakes, 39 deep vol ca nic
earth quakes, seven lo cal tec tonic earth quakes, and three
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Date

Deep vol ca nic
earth quakes

(daily av er age)

Shal low vol ca nic
earth quakes

(daily av er age)

01-03 Apr 2009 2 2

04-05 Apr 2009 17 18

06-10 Apr 2009 6 11

11-13 Apr 2009 6 10

14-15 Apr 2009 22 10

16 Apr 2009 23 15

Ta ble 1. Av er age num ber of daily seis mic events re corded from Paluweh,
April 2009. Cour tesy of CVGHM.

Fig ure 14. Map of Rinjani Na tional Park’s camp sites and rel a tive
el e va tions. Cour tesy of Rinjani Trek Cen tre (RTC).

Fig ure 15. Di a gram of Rinjani show ing the Barujari vol ca nic cone
sur rounded by Lake Segara Anak. Cour tesy of Bohari Ad ven tures.



long-dis tance tec tonic earth quakes. Al though the vol cano
was fre quently ob scured by fog, peo ple still saw im pres sive 
erup tions from the ob ser va tion post at Sembalun Lawang.
They noted con tin u ous erup tions with ejected glow ing ma -
te rial reach ing 200 m in height above the vent, and thrown
lat er ally out to a ra dius of 500 m from the sum mit. A great
amount of ash, cin ders, and in can des cent ma te rial fell into
the caldera, while smaller fragments were blown away.

Lava flowed into the cal dera lake and then ex tended 100 
m be yond the shore line. CVGHM and Dar win Vol ca nic
Ash Ad vi sory Cen ter (VAAC) re ports also noted sev eral
ash plumes over the sum mit, in clud ing those of dense white 
and gray ish color that rose 50-400 m above Sembalun
Lawang ob ser va tory from 7 May through 29 May.

Po ten tial hazards. As of 16
June 2009, the sta tus of Rinjani
re  mained at  Aler t  Level  2 .
CVGHM rec om mended re main -
ing at least 4 km from the Barujari 
vent, noting po ten tial risks from
ashfall and in can des cent rocks
both within the cal dera and in the
sur round ing ar eas (fig ure 16). In
ad di tion, CVGHM cau tioned that
land s l ides  could en ter  Lake
Segara Anak, caus ing an over -
flow that could form lahars.

Geo logic Sum mary. Rinjani
vol cano on the is land of Lombok
rises to 3726 m, sec ond in height
among In do ne sian vol ca noes only 
to Su ma tra’s Kerinci vol cano.
Rinjani has a steep-sided con i cal
pro file when viewed from the
east, but the west side of the com -
pound vol cano is trun cated by the
6 x 8.5 km, oval-shaped Segara
Anak cal dera. The west ern half of 
the cal dera con tains a 230-m-deep 
lake whose cres cen tic form re -
sults from growth of the post-cal -

dera cone Barujari at the east end of the cal dera. His tor i cal
erup tions at Rinjani dat ing back to 1847 have been re -
stricted to Barujari cone and con sist of mod er ate ex plo sive
ac tiv ity and oc ca sional lava flows that have entered Segara
Anak lake.

In for ma tion Con tacts: Cen ter of Vol ca nol ogy and
Geo log i  cal Haz ard Mit i  ga t ion (CVGHM) ,  Ja lan
Diponegoro 57, Bandung 40122, In do ne sia (URL: http://
por tal.vsi.esdm.go.id/joomla/); Dar win Vol ca nic Ash Ad vi -
sory Cen tre (VAAC), Bu reau of Me te o rol ogy, North ern
Ter ri tory Re gional Of fice, PO Box 40050, Ca sua rina, NT
0811, Aus tra lia (URL: http://www.bom.gov.au/info/vaac/); 
The Ja karta Post (URL: http://www.thejakartapost.com/
news/2009/05/04/mt-baru-jari-spews-ash.html); Rinjani
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Date

(2009)

Erup tive

earthquake

Low frequency

Tremor 

Har monic

tremor

Air

blasts

Other

earthquakes
Observations

02 May — — — — — Dense brown ash plume to 4.7 km al ti tude;
boom ing noise

03 May 21 13 — — — Re corded dur ing 1800-2400

04 May 85 12 1 7 1 LD Ash erup tion pro duced white to brown
plume to 4.2-4.4 km al ti tude, drift ing N

05 May 83 2 45 —

06 May 83 22 30 53 3 vol ca nic

07 May 92 43 29 88 — Re corded be tween 0000 and 1800; thick
white plume

07-31 May 1,897 2,154 1,341 3,249 17 SV, 39 DV,
 7 LT, 3 LD 

163 erup tions with dense white and gray
plumes ris ing to 3.8-4.1 km al ti tude

01-06 Jun 240 569 493 316 5 SV,10 DV, 2 LT, 6 LD

07-15 Jun — Con tin u ous — — 3 DV Dense white plumes to 1.3-2.7 km al ti tude

16 Jun — Con tin u ous — — 1 LD Dense white plumes to 1.3-1.5 km al ti tude

21 June — — — — — Ash plumes to al ti tude of 3.0 km; drifted N

Ta ble 2. Earth quakes, tremor (both har monic and non-har monic with vari able max i mum am pli tudes and du ra tions), air blasts, and other ob ser va tions be tween 2
May and 21 June 2009. Key: LD is long dis tance tec tonic, SV is shal low vol ca nic, LT is lo cal tec tonic, DV is deep vol ca nic. Cour tesy of CVGHM and the
Dar win VAAC.

Fig ure 16. A haz ard map show ing risk ar eas at Rinjani. Note the lahars ex tend be yond the two con cen tric cir cu lar
ar eas, reach ing the sea on the N to NW outer flanks. Date of pub li ca tion and ex act de tails of au thor ship un cer tain.
Cour tesy of CVGHM.



Trek king Cen tre, Jalan Barakuda 10, BTN Griya Batu Bo -
long Senggigi ,  Senggigi-West Lombok 83355,
Lombok-NTB-In do ne  s ia  (URL: ht tp : / /www.
rinjanimountain.com/rinjani-in for ma tion-cen ter.htm);
Bohari Ad ven tures, Jalan Cendrawasih 8, Cakranegara
Mataram 83231, Lombok-NTB-In do ne sia (URL: http://
www.trekkingrinjani.com/).

Tafu-Maka

Tonga
15.37°S, 174.23°W; sum mit elev. -1,400 m

The fol low ing is the first Bul le tin re port about this sub -
ma rine vol ca nic area in the S part of the North east Lau
Spread ing Cen ter (NELSC) (fig ure 17). An in for mal pa per
by Resing and oth ers (2009) re ported that two re cent erup -
tion sites were dis cov ered in the NE Lau Ba sin dur ing a
No vem ber 2008 sci en tific ex pe di tion aboard the Re search
Ves sel (R/V) Thomp son. The first erup tion site dis cov ered
was within the NELSC and con tained two ac tive sub ma rine 
vol ca noes, Tafu and Maka (fig ure 18). Dur ing the ex pe di -
tion a con duc tiv ity/tem per a ture/
depth (CTD)/ro sette pack age was
used to mea sure the phys i cal and
chem i cal na ture of hy dro ther mal
sys tems, and the Thomp son’s
multibeam so nar pro vided high
res  o  lu  t ion bathymetry  and
seafloor back scat ter im ag ery. An -
other expedition in May 2009
revealed fresh lava flows near the
Maka cone.

Ex pe di tion dur ing 13-28 No -
vem ber 2008. The Tafu-Maka
erup tion site was dis cov ered on
the neovolcanic zone of the south -
ern most seg ment of the NELSC at 
a depth of ~ 1,650 m depth (fig ure 
17). Plumes char ac ter ized by high 
lev els of tur bid ity, con cen tra tions
of vol ca nic glass shards, large
tem per a ture anom a lies, pH anom -
a lies, hy dro gen, and meth ane
were de tected up to 800 m above
the seafloor at sev eral lo ca tions
above this ridge be tween the Tafu 
and Maka fea tures (fig ure 18).
Vol ca nic glass and other clastic
ma te rial were pres ent in fil tered
par t ic u late sam ples from the
plume. Such high-ris ing plumes
in this type of hy dro graphic set -
ting have been re li able in di ca tors
of mas sive hy dro ther mal dis -
charge as so ci ated with seafloor
erup tions. The ob served lev els of
hy dro gen in plumes have only
been as so ci ated with the in ter ac -
tion of mol ten rock and sea wa ter.
In ad di tion, near-bot tom tem per a -
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Fig ure 17. Bathymetric map of NE Lau area show ing two erup tion ar eas
(cir cled) dis cov ered dur ing the 2009 ex pe di tion, West Mata and NELSC
where vol ca noes Tafu and Maka are lo cated. Con tour in ter val 500 m.
In set lo ca tion map shows the Fiji Is lands (~ 860 km WNW) and Sa moa
(~ 270 km NE), along with the East Lau Spread ing Cen ter (ELSC),
Cen tral Lau Spread ing Cen ter (CLSC), and Fonulalei Spread ing Cen ter
(FSC). Cour tesy of Resing and oth ers (2009).

Fig ure 18. Multibeam bathymetry of the Tafu-Maka ridge erup tion site along the south ern seg ment of the
North east Lau Spread ing Cen ter (NELSC). Con tour in ter val 100 m. Cour tesy of Resing and oth ers (2009).



ture anom a lies of ~ 0.5°C, mea sured with the CTDO (con -
duc tiv ity/tem per a ture/depth/ox y gen) pack age, co in cided
with high lev els of H2 and CH4 on the neovolcanic ridge
north of Maka.

Prior work in the area (Ger man and oth ers, 2006) had
lo cated an in tense hy dro ther mal plume over Maka, and this
plume was re lo cated and sam pled in 2008. Ac cord ing to
Resing, a sur vey in Au gust 2008 us ing a com mer cial ROV
funded by Nau ti lus Min er als, Inc., dis cov ered a very ac tive
black smoker field un der ly ing this plume. The vent was ap -
par ently at the boil ing tem per a ture, based on video ob ser va -
tions. The 2008 dive found no hy dro ther mal ac tiv ity dur ing 
a tra verse of the pre sumed erup tion site on the ridge axis.
There were also plumes at depths be low the neovolcanic
ridge. Many of these plumes were prob a bly formed by fall -
out and/or bot tom grav ity flows of volcaniclastic ma te rial
such as de scribed from the erupt ing sub ma rine vol cano NW 
Rota-1 in the Mariana arc (BGVN 31:05 and 33:02).

Ed Baker, an other sci en tist on the 2008 ex pe di tion, ob -
served that many more plumes were found, and much
higher above the seafloor, than ex pected. In stru ments that
were low ered above the sum mit of Tafu, the larger of the
two (which rises some 500 m above the ridge, to a depth of
~ 1,400 m), found scant ev i dence of ac tiv ity. Above Maka,
with a sum mit 150 m deeper at, there was a plume found at
a depth of 700 m. In stru ments iden ti fied dis tinct lay ers,
each chem i cal rich, some thick, some thin, un til the in stru -
ments stopped at 1,560 m depth just above the summit.

Ex pe di tion dur ing 5-13 May 2009. In spec tion with the
ROV Ja son dur ing an other cruise in May 2009 doc u mented
a lava flow along the NELSC, draped and folded over the
seafloor near Maka, that sci en tists named “Puipui,” mean -
ing “cur tain” in Ton gan. In a blog post ing on the ex pe di tion 
website, Ken Ru bin noted that the com bi na tion of steep to -
pog ra phy, gas-rich fluid magma, and an ap par ently very
fast lava ef fu sion event, cre ated a range of lava forms over
a short spa tial dis tance. The pre-erup tion land sur face
strongly con trolled where and how the young lava flowed.
Ridges of old rock less than 2 m high dammed the flow in
places, where it flowed in thin flat sheets be tween the high
ground. Nearer the vol ca nic vents, which ap pear to be lo -
cated along a nar row ridge, lava cas caded 10 m or more
down steep rock faces, form ing lava sheets. Ru bin also re -
ported that in other places the lava ponded, crusted over,
and then drained out, leav ing col lapse pits and re veal ing
cham bers with lava shells held up by pillars of fresh rock.

Ref er ences:  Falloon, T.J., Danyushevsky, L.V.,
Crawford, T.J., Maas, R.W., Eggins, S.M., Bloomer, S.H.,
Wright, D.J., Zlobin, S.K., and Stacey, A.R., 2007, Mul ti -
ple man tle plume com po nents in volved in the petro gen esis
of subduction-re lated lavas from the north ern ter mi na tion
of the Tonga Arc and north ern Lau Ba sin: Ev i dence from
the geo chem is try of arc and backarc sub ma rine volcanics:
Geo chem is try, Geo phys ics, Geosystems, v. 8, Q09003,
doi:10.1029/2007GC001619.

Ger man, C.R., Baker, E.T., Connelly, D.P., Lupton, J.E.
. Resing, J., Prien, R.D., Walker, S.L., Edmonds, H.N., and
Langmuir, C.H., 2006, Hy dro ther mal ex plo ra tion of the
Fonualei Rift and spread ing cen ter and the North East Lau
Spread ing Cen ter: Geo chem is try, Geo phys ics, Geosystems, 
v. 7, Q11022, doi: 10.1029/2006GC001324.

Resing, J., Lupton, J., Embley, R., Baker, E., and Lilley, 
M. (com pil ers), 2009, Pre lim i nary find ings from the North
Lau erup tion sites, in for mal re port, 2/5/09 (URL: http://

w w w . r i d g e2 0 0 0 . o r g / sc i  en c e /d o w n  l o ad s / ema i l /
Nlaupreliminaryfindings25.pdf).

Geo logic Sum mary. Two sub ma rine vol ca noes, Tafu
and Maka, lie along a NE-SW-trending ridge seg ment on
the south ern part of the NE Lau Spread ing Cen ter
(NELSC). The NELSC is a back-arc spread ing cen ter in the 
north east part of the Lau Ba sin. Tafu (Ton gan for “source
of fire”) rises to about 1,400 m be low sea level at the NE
end of the ridge seg ment, and Maka (Ton gan for “rock”)
reaches 1,560 m be low sea level at the SW end of the ridge
seg ment. A No vem ber 2008 NOAA Vents Pro gram ex pe di -
tion dis cov ered sub ma rine hy dro ther mal plumes con sis tent
with very re cent (days to weeks?) sub ma rine lava ef fu sion
from Maka vol cano. A re turn visit in May 2009 doc u -
mented the freshly emplaced lava flow at Maka.

In for ma tion Con tacts: 2008 Ex pe di tion to Lau Ba sin
(website), NOAA/PMEL VENTS Pro gram, Hat field Ma -
rine Sci ence Cen ter, 2115 S.E. OSU Dr., New port, OR
97365, USA (URL: http://www.pmel.noaa.gov/vents/
laubasin.html); 2009 Lau Ba sin Erup tion Ex plo ra tion Ex -
pe di tion (blog), NOAA/PMEL VENTS Pro gram (URL:
http://laueruptions.blogspot.com/).

West Mata

Tonga
15.10°S, 173.75°W; sum mit elev. -1,174 m

This is the first Bul le tin re port on West Mata, a small
seamount ~ 200 km SW of Sa moa, the scene of in ferred on -
go ing erup tions when vis ited dur ing No vem ber 2008 and
an un am big u ous erup tion at mul ti ple vents when vis ited
dur ing May 2009. West Mata is lo cated in the NE Lau ba sin 
~ 35 km E of the clos est por tion of the Lau spread ing cen ter 
(fig ure 19) and ~ 70 km NE of a now-erupt ing por tion of
the NE Lau spread ing cen ter (NELSC). In ves ti ga tions of
this site were made on two re search cruises con ducted in
the re gion by the Re search Ves sel (R/V) Thomp son during
November 2008 and May 2009.

Ex pe di tion dur ing 13-28 No vem ber 2008. Dur ing the
2008 ex pe di tion, wa ter col umn mea sure ments were made,
in clud ing a con duc tiv ity, tem per a ture, and depth (CTD) ro -
sette pack age to char ac ter ize the phys i cal and chem i cal na -
ture of hy dro ther mal sys tems. The R/V Thomp son’s
multibeam so nar pro vided high-res o lu tion bathymetry and
seafloor back scat ter im ag ery. West Mata vol cano (fig ure
20) was very likely erupt ing lava flows and/or pyroclastic
ma te rial at this time. The in tense plume ris ing ~ 175 m from 
the sum mit that was char ac ter ized by high val ues of tur bid -
ity, hy dro gen, delta he lium-3 (δ3He), ox i da tion-re duc tion
po ten tial (Eh), and pH. The acous tic back scat ter over por -
tions of the vol cano was uni formly high, in di cat ing geo log -
i cally young seafloor.

Al though the ma rine op ti cal back scat ter was dom i nated
by el e men tal sul fur and par tic u late iron, there was also an
abun dance of large min eral and/or glass shards in the
plume. The larger clastic ma te ri als were com posed al most
ex clu sively of Mg-sil i cates, with lesser Ca-Mg-sil i cates.
These com po si tions were con sis tent with the erup tion of
boninites (glass ol iv ine-bronzite an de site that con tains lit tle 
or no feld spar) that pre vi ously have only been ob served at
in ac tive vol ca noes. These chem i cal and geo log i cal char ac -
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ter is tics match well with those of NW Rota-1 in the south -
ern Mariana arc, which has been un der go ing sub ma rine
Strombolian erup tions for at least 4 years (BGVN 29:03,
31:05, and 33:02).

Resing and oth ers (2009) reported that the acous tic
back scat ter ap peared to show ex ten sive de pos its of clastic
ma te rial drap ing the vol cano and ex tend ing over a re cent
lava flow at its east ern end, sug gest ing a re cent and con tin -
u ous state of erup tion. Fi nally, they note that East Mata
(fig ure 21), a sim i lar vol cano ~ 10 km closer to the Tofua
arc, is also hy dro ther mally ac tive, albeit less intense than
West Mata.

Ex pe di tion dur ing 5-13 May 2009. On 6-7 May, sci en -
tists onboard the R/V Thomp son used the Ja son 2 ROV (re -
motely op er ated ve hi cle) to ob serve erup tions from two
vents of West Mata (fig ure 21), Pro me theus (at or near the
sum mit) and Hades (slightly to the SW). Ac cord ing to Dave 
Clague, writ ing on the ex pe di tion blog, the deeper vent,
Hades, sits on the SW rift. It was erupt ing both ef fu sively
and ex plo sively at the same time on both days (6-7 May).
Small bursts were oc cur ring at one end of an erupt ing fis -
sure ~ 5 m long at a depth of 1,208 m, while pil low lavas
were be ing ex truded from the other end. By the next night
(7 May) the ac tiv ity had be come more vig or ous, some times
blow ing glow ing bub bles as much as a me ter across from
the fis sure.

Clague noted that the sec ond, shal lower vent, Pro me -
theus, was lo cated very near the sum mit of the vol cano and
about 100 me ters away from Hades, the first vent. The
erup tion here was en tirely ex plo sive with low-level, but
nearly con tin u ous fire foun tains throw ing ejecta into the
wa ter dur ing both dives. Both vents were of ten ob scured by 
sul fur gas emis sions, but in can des cence was vis i ble for
min utes at a time. Ac cord ing to an ar ti cle on the Dis cov ery
News website, Ja son 2 ap proached the vent and was
promptly bur ied in ~ 45 kg of de bris. Huge gas bub bles,
maybe 1 m in di am e ter, were ob served com ing out of West
Mata. 

Ref er ences: Resing, J., Lupton, J., Embley, R., Baker,
E., and Lilley, M. (com pil ers), 2009, Pre lim i nary find ings
from the North Lau erup tion sites, in for mal re port, 2/5/09
(URL: http://www.ridge2000.org/sci ence/down loads/
email/Nlaupreliminaryfindings25.pdf).

Geo logic Sum mary. West Mata, a sub ma rine vol cano
ris ing to within 1174 m of the sea sur face, is lo cated in the
north east ern Lau Ba sin at the north ern end of the Tonga
arc, about 200 km SW of Sa moa. West Mata vol cano lies
about 7 km west of an other sub ma rine vol cano, East Mata;
both lie at the north ern end of the Tonga arc, north of the
his tor i cally ac tive Curacoa sub ma rine vol cano. The two
vol ca noes were dis cov ered dur ing a No vem ber 2008
NOAA Vents Pro gram ex pe di tion, and West Mata was
found to be pro duc ing sub ma rine hy dro ther mal plumes
con sis tent with a re cent or lava ef fu sion. A re turn visit in
May 2009 doc u mented ex plo sive and ef fu sive ac tiv ity from 
two closely spaced vents, one at the summit, and the other
on the SW rift zone.

In for ma tion Con tacts: 2009 Lau Ba sin Erup tion Ex -
plo ra tion Ex pe di tion (blog), NOAA/PMEL VENTS Pro -
gram (URL: http://laueruptions.blogspot.com/); Na tional
Ocean o graphic and At mo spheric Agency (NOAA) Vents
Pro gram (URL: http:/www.pmel.noaa.gov/vents/); Dis cov -
ery News (URL: http://dsc.dis cov ery.com/news/2009/06/
05/un der sea-erup tion.html).
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Fig ure 20. Multibeam bathymetry of West and East Mata vol ca noes.
Con tour in ter val is 200 m. Taken from Resing and oth ers (2009).

Fig ure 19. Bathymetric map of NE Lau area show ing two erup tion ar eas
(cir cled) dis cov ered dur ing the 2009 ex pe di tion, West Mata and NELSC
where vol ca noes Tafu and Maka are lo cated. Con tour in ter val 500 m.
In set lo ca tion map shows the Fiji Is lands (~ 860 km WNW) and Sa moa
(~ 270 km NE), along with the East Lau Spread ing Cen ter (ELSC),
Cen tral Lau Spread ing Cen ter (CLSC), and Fonulalei Spread ing Cen ter
(FSC). Cour tesy of Resing and oth ers (2009).

Fig ure 21. The two Ja son ROV dives at West Mata vol cano dis cov ered not 
just one ac tive vol ca nic vent, but two, Hades and Pro me theus. Both vents
were ob scured much of the time by bil low ing sul fu rous gas emis sions, but
bright or ange lava was seen in both vents. The or ange glow ing lava was
vis i ble for min utes at a time. Text cour tesy of Dave Clague (on ex pe di tion
blog); bathymetric chart cour tesy of NOAA Vents website.



Re doubt

south west ern Alaska, USA
60.485°N, 152.742°W; sum mit elev. 3,108 m

All times are lo cal (= UTC - 9 hours)

Ma jor erup tions took place at Re doubt be tween 15
March and 4 April 2009 (BGVN 34:04) (fig ure 22-24). Sub -
se quent to those erup tions, through mid-May 2009, the lava 
dome con tin ued to grow. That growth was of ten as so ci ated
with oc ca sional rockfalls, and small plumes, some of which 
con tained ash and sul fur di ox ide. The erup tion had sig nif i -
cant eco nomic im pacts in clud ing to the avi a tion in dus try
(BGVN 34:04). The cur rent re port sum ma rizes ac tiv ity
from mid-May to 30 June 2009.

Alaska Vol cano Ob ser va tory (AVO) re ported seis mic -
ity from Re doubt dur ing 13 May to 23 June 2009 re mained
above back ground lev els. Sig nals dis closed rock av a -
lanches, dis crete earth quakes. Mi nor vol ca nic tremor con -
tin ued. Growth of the lava dome in the sum mit crater (fig -
ure 25) con tin ued, and by 15 May the dome’s vol ume was
an es ti mated 30-60 mil lion cu bic me ters. By 12 June, the
dome was an es ti mated 1 km long, 460 m wide, and 200 m
high. AVO warned that the un sta ble lava dome could fail
with lit tle or no warn ing, lead ing to sig nif i cant ash emis -
sions and pos si ble lahars in the Drift River val ley. Oc ca -
sional rockfalls orig i nat ing from un sta ble slopes of the lava
dome pro duced minor ash clouds near the summit.

Vig or ous steam emis sions from the mar gins of the lava
dome were seen on the web cam era. At times, in can des -
cence was ob served in night time im ages. Dur ing an over -
flight on 16 May, sci en tists ob served a tur quoise lake along
the S mar gin of the dome, and a hot, vig or ous, per sis tent
fumarole on the W wall of the up per gorge.

By late June 2009, AVO re ported de clin ing seis mic ity.
The lower seis mic ity and gas emis sions, along with oc ca -
sional ob ser va tions, sug gested that dome growth had sig -
nif i cantly slowed. On 30 June, AVO low ered the Alert
Level to Ad vi sory and the Avi a tion Color Code to Yellow.

Avi a tion en coun ter on 26 March 2009. The Mon treal
VAAC re ceived news that a plane for a Ca na dian car rier
en coun tered a volcanic cloud over south ern Brit ish Co lum -
bia, near Kelowna, at ap prox i mately 0000 UTC on 26

March 2009. At that time, to the best knowl edge of the
VAAC, the plume from the ini tial erup tion of Re doubt (23
March) con sisted of con sid er able amounts of SO2, but no
ash. A full in spec tion of the plane found no ash.

Geo logic Sum mary. Re doubt is a 3,108-m-high gla -
cier-cov ered stratovolcano with a breached sum mit crater
in Lake Clark Na tional Park about 170 km SW of An chor -
age. Next to Mount Spurr, Re doubt has been the most ac -
tive Ho lo cene vol cano in the up per Cook In let. The vol cano 
was con structed be gin ning about 890,000 years ago over
Me so zoic gra nitic rocks of the Alaska-Aleu tian Range
batholi th .  Col lapse  of  the  sum mit  of  Re doubt
10,500-13,000 years ago pro duced a ma jor de bris av a -
lanche that reached Cook In let. Ho lo cene ac tiv ity has in -
cluded the em place ment of a large de bris av a lanche and
clay-rich lahars that dammed Lake Cres cent on the S side
and reached Cook In let about 3,500 years ago. Erup tions
dur ing the past few cen tu ries have af fected only the Drift
River drain age on the N. His tor i cal erup tions have orig i -
nated from a vent at the N end of the 1.8-km-wide breached 
sum mit crater. The 1989-90 erup tion of Re doubt had se vere 
eco nomic im pact on the Cook Inlet region and affected air
traffic far beyond the volcano.
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Fig ure 22. View of the face of Re doubt taken on 2 July 2009. Cour tesy of
AVO/USGS and Cyrus Read.

Fig ure 23. Re doubt fall de posit laid down on 23 March 2009. Taken at
sta tion RDW-C in July 2009. Cour tesy of AVO/ADGGS and Kate Bull.

Fig ure 24. View look ing to wards Re doubt, 1 July 2009. Cour tesy of the
AVO/ADGGS and Kate Bull.



In for ma tion Con tacts: Alaska Vol cano Ob ser va tory
(AVO), a co op er a tive pro gram of a) U.S. Geo log i cal Sur -
vey, 4200 Uni ver sity Drive, An chor age, AK 99508-4667
USA (URL: http://www.avo.alaska.edu/), b) Geo phys i cal
In sti tute, Uni ver sity of Alaska, P.O. Box 757320, Fair -
banks, AK 99775-7320 USA, and c) Alaska Di vi sion of
Geo log i cal & Geo phys i cal Sur veys, 794 Uni ver sity Ave.,
Suite 200, Fair banks, AK 99709 USA; As so ci ated Press
(URL: http://www.ap.org/); Dov Bensimon, Montréal
VAAC, 2121 North Ser vice Road, Trans-Can ada Highway, 
Dorval, Quebec H9P 1J3, Canada.

Telica

Nic a ra gua
12.602°N, 86.845°W; sum mit elev. 1,061 m

All times are lo cal (= UTC - 6 hours)

In ter mit tent ash ex plo sions and crater in can des cence
were seen dur ing 2000-2002, along with high lev els of seis -
mic ity re lated to de gas sing and con stant low tremor (BGVN
34:05). Strong gas emis sions were typ i cal in the first half of 
2003, with in can des cence of ten noted later in the year. Ac -
tiv ity dur ing 2004 in cluded oc ca sional ash ex plo sions as
well as in can des cence. Af ter small ash ex plo sions in late
Jan u ary 2005 no vol ca nism was noted for the re main der of
the year, with ob serv ers pri mar ily not ing crater wall col -
lapses and de gas sing. The Nic a ra guan Ter ri to rial Stud ies
In sti tute (INETER) mon i tors ac tiv ity; vis its to the crater de -
scribed be low are by INETER staff (pri mar ily Pedro Perez) 
un less oth er wise noted, though sci en tists from other in sti tu -
tions may have also been pres ent. Some ob ser va tions were
also made by a local resident who maintains the local
seismic station.

Ac tiv ity dur ing 2003. In Jan u ary 2003 gas emis sions at
Telica fluc tu ated in their in ten sity. Dense gas pre vented ob -
ser va tions of in can des cence. Dur ing a crater visit on 6 May
an ob server heard a pres sur ized sound, smelled sul fur, and
saw blue gases. Eu ca lyp tus trees 2 km E of the crater ap -
peared to have been burned by the acidic gases. There was a 
blu ish glow in the crater on 25 June and a strong smell of
sul fur. To the W of the vol cano sev eral trees dropped the
bulk of their leaves due to acid rain. Gas emis sions re -
mained al most constant at a moderate level.

On 31 July a high pres sure noise was heard and in can -
des cence was ob served in the cen ter of the crater. Pres sur -
ized gases emerg ing on 22 Au gust from the vent at the bot -
tom of the crater emit ted a loud, jet-like sound. As in July,
the vent also showed in can des cence and emit ted a sul fur
odor. Sat el lite im ages on 24 Sep tem ber showed a col umn of 
gas. On 7 Oc to ber in can des cent was again ob served, along
with a strong odor of sul fur. There was a col lapse of
material in the SE sector.

Ac tiv ity dur ing 2004. On 20 Jan u ary 2004 a wave like
sound was heard, open fis sures emit ted lit tle gas, and glow
was ob served in the crater (fig ure 26). A small ash ex plo -
sion on 31 March at about 0856 was re ported by the care -
taker of the Tel3 seis mic sta tion. On 28 April an ob server
noted that in ter nal col lapses had cov ered al most half of the
south ern part of the crater floor with de bris. As a re sult in -
can des cence in the crater was difficult to detect.

A seis mic swarm N of Telica lasted from 9 to 14 June.
The earth quakes had mag ni tudes up to 2.4 and depths be -
tween 1 and 9 km, with some be ing felt by lo cal res i dents in 
the Aguas Calientes area. On 28 June a seis mic sig nal sim i -
lar to that of an ex plo sion was de tected. INETER re ceived
no re ports of ashfall in surrounding areas. Re ports for
July-Sep tem ber were not avail able. Ash ex plo sions oc -
curred from the crater on 5 and 11 No vem ber. On 10 De -
cem ber there was sig nif i cant gas and ash out put, with
sounds of break ing rocks in side the crater. Un like the pre vi -
ous months, no incandescence was seen.

Ac tiv ity dur ing 2005. On 29 Jan u ary 2005 the vol cano
pro duced small ash ex plo sions with abun dant gases. The
next day when INETER tech ni cian Pedro Pérez vis ited he
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Fig ure 25. A se ries of For ward Look ing In fra Red (FLIR) ther mal im ages
show ing the Re doubt dome’s grad ual cool ing. The new dome has been
ex trud ing since 4 April 2009. Tem per a ture scales are at right. Note the
av er age tem per a ture of the rubbly area be tween the vent at the top of the
dome and the block top at the N base of the dome (cir cle) var ied be tween
-1.0 to 1.4°C. Cour tesy of AVO/USGS and Rick Wessles.



heard jet-like sounds and smelled strong gas emis sions.
Low gas emis sions per sisted dur ing Feb ru ary-April. On 15
May a small earth quake swarm lasted about ten hours. Ob -
serv ers to the crater on 1 May noted small blue gas emis -
sions and sul fur odor, but no in can des cence. Col lapses
were also seen in the W and S portions of the crater.

On 30 June ob serv ers saw mi nor gas emis sions and new 
ma te rial in the erup tive fis sure from crater wall col lapses.
Ac tiv ity was low on 9 Au gust (fig ure 27), no sounds heard,
but the crater walls had some pre cip i tates from the gas
emis sions. On a 7 Sep tem ber visit ad di tional col lapses of
the crater walls were ob served along with sig nif i cant gas
emis sion. Small gas emis sions were ob served by a mon i tor -
ing webcam for al most the entire month of December.

Geo logic Sum mary. Telica, one of Nic a ra gua’s most
ac tive vol ca noes, has erupted fre quently since the be gin -
ning of the Span ish era. The Telica vol cano group con sists
of sev eral in ter lock ing cones and vents with a gen eral NW
align ment. Six teenth-cen tury erup tions were re ported at
sym met ri cal Santa Clara vol cano at the SW end of the
Telica group. How ever, its eroded and breached crater has
been cov ered by for ests through out his tor i cal time, and
these erup tions may have orig i nated from Telica, whose up -
per slopes in con trast are unvegetated. The steep-sided cone 
of 1,061-m-high Telica is trun cated by a 700-m-wide dou -
ble crater; the south ern crater, the source of re cent erup -

tions, is 120 m deep. El Liston, im me di ately SE of Telica,
has sev eral nested crat ers. The fumaroles and boil ing
mudpots of Hervideros de San Jacinto, SE of Telica, form a
prom i nent geo ther mal area fre quented by tour ists, and
geothermal exploration has occurred nearby.

In for ma tion Con tacts: Wilfried Strauch, Instituto
Nicaragüense de Estudios Territoriales (INETER),
Apartado Postal 2110, Managua, Nic a ra gua (URL: http://
www.ineter.gob.ni/geofisica/geofisica.html).

Sangay

Ec ua dor
2.002°S, 78.341°W; sum mit elev. 5230 m

All times are lo cal (= UTC - 5 hours)

Our most re cent re ports on Sangay noted oc ca sional
steam and/or ash plumes be tween 11 Oc to ber 2006 and 28
De cem ber 2007 (BGVN 33:03) and ther mal anom a lies be -
tween 27 March and 4 De cem ber 2008 (BGVN 34:01). The
cur rent re port con tin ues to tab u late this per sis tently erupt -
ing vol cano’s plumes from 28 De cem ber 2007 to 31 July
2009 (ta ble 3), and ther mal anom a lies from 4 De cem ber
2008 to 10 August 2009 (table 4).

Geo logic Sum mary. The iso lated Sangay vol cano, lo -
cated east of the An dean crest, is the south ern most of Ec ua -
dor’s vol ca noes, and its most ac tive. The dom i nantly
andesitic vol cano has been in fre quent erup tion for the past
sev eral cen tu ries. The steep-sided, 5,230-m-high, gla -
cier-cov ered vol cano grew within horse shoe-shaped cal de -
ras of two pre vi ous ed i fices, which were de stroyed by col -
lapse to the E, pro duc ing large de bris av a lanches that
reached the Am a zo nian low lands. The mod ern ed i fice dates 
back to at least 14,000 years ago. Sangay tow ers above the
trop i cal jun gle on the E side; on the other sides flat plains of 
ash from the vol cano have been sculpted by heavy rains
into steep-walled can yons up to 600 m deep. The ear li est
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Fig ure 26. Pho to graph of the crater at Telica, show ing in can des cence on
20 Jan u ary 2004. Cour tesy of P. Perez (INETER).

Fig ure 27. Pho to graph show ing the Telica crater on 9 Au gust 2005.
Rockfall de bris from crater wall col lapses can be seen on the crater floor.
Cour tesy of P. Perez (INETER).

Date
Max i mum

Al ti tude
Bear ing Re marks

05 Jan 2009 7 km S

09 Feb 2009 7.9 —

10 Mar 2009 5.5 W TA de tected 

15 Jun 2009 — WNW TA re ported
by VAAC

26 Jun 2009 7.6 W

23 Jul 2009 7.9 —

Ta ble 3. Sangay ash plume ac tiv ity, re ported for 29 De cem ber 2008 to July 
2009. NR sig ni fies not re ported and no plumes were ob served 29-31
De cem ber 2008. TA is ther mal anom aly. Cour tesy of the Wash ing ton
Vol ca nic Ash Ad vi sory Cen ter.

Date (UTC) Time (UTC) Pix els Sat el lite

10 Mar 2009 0645 1 Aqua

10 Aug 2009 0340 1 Terra

Ta ble 4. Ther mal anom a lies at Sangay based on MODIS-MODVOLC
data dur ing 4 De cem ber 2008 to 10 Au gust 2009 (con tin ued from the list
in BGVN 34:01). Cour tesy HIGP Ther mal Alerts Sys tem.



re port of a his tor i cal erup tion was in 1628. More or less
con tin u ous erup tions were re ported from 1728 un til 1916,
and again from 1934 to the pres ent. The more or less con -
stant erup tive ac tiv ity has caused frequent changes to the
morphology of the summit crater complex.

In for ma tion Con tacts: Wash ing ton Vol ca nic Ash Ad vi -
sory Cen ter, Sat el lite Anal y sis Branch (SAB), NOAA/
NESDIS E/SP23, NOAA Sci ence Cen ter Room 401, 5200
Auth Rd, Camp Springs, MD 20746, USA (URL: http://
www.ssd.noaa.gov/VAAC/); Hawai’i In sti tute of Geo phys -
ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem, School 
of Ocean and Earth Sci ence and Tech nol ogy (SOEST),
Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu, HI 96822,
USA (URL: http://hotspot.higp.hawaii.edu/).

Manda Hararo

Ethi o pia
12.17°N, 40.82°E; sum mit elev. 600+ m

All times are lo cal (= UTC + 3 hours)

A large SO2 cloud in south ern Afar, Ethi o pia was de -
tected by the OMI in stru ment aboard NASA’s EOS-AURA 
sat el lite on 29 June 2009 (fig ure 28). The cloud ap peared to 
orig i nate from the Karbahi re gion of the Manda Hararo rift
seg ment, a graben area with nu mer ous ac tive faults, fis -
sures, and ba salt flows. The cloud was sim i lar in size to that 
ob served dur ing a ba saltic fis sure erup tion in Au gust 2007
(BGVN 32:07). As re ported by Si mon Carn, the 29 June
2009 cloud had a to tal mass of 3.864 kt, an area of 186,710
km2, and an SO2 max of 4.75 DU (Dobson Units). Other
clouds were also seen, in clud ing a large one on 30 June.

MODIS sat el lite im ag ery from 2320 UTC on 28-29
June con firmed that the SO2 cloud was as so ci ated with ther -
mal anom a lies ap pear ing in the im me di ate vi cin ity of the
Au gust 2007 erup tion. Ac cord ing to Charles Holliday,
METEOSAT real time Ac tive Fire Mon i tor ing data de rived 
from METEOSAT im ag ery sug gests the erup tion be gan
within 15 min utes of 1715 UTC on 28 June 2009, about 7
hours af ter a mag ni tude 4.4 earth quake, iden ti fied by the
Addis Ababa Geo phys i cal Ob ser va tory and the Eu ro -
pean-Med i ter ra nean Seismological Centre.

A field team of sci en tists, in clud ing Gezahegn Yirgu,
Tesfaye Kidane, Elias Lewi, Tesfaye Chernet, Girma
Wolde Tinsae, Da vid Fer gu son, Talfan Barnie, and Osman
Mo ham med, reached the site of the ther mal anom a lies by
he li cop ter on 4 July 2009 and spent about two hours on the
scene. They found the erup tion had emit ted pre dom i nantly
a’a ba salt flows, ap prox i mately 2-3 m thick that orig i nated
from fis sures ap prox i mately 4-5 km long. The vent ar eas
con tained sco ria ram parts ap prox i mately 30-50 m high. The 
field team col lected rock and gas sam ples and sur veyed the
erupted ma te rial us ing vis i ble and FLIR (For ward-Look ing
In fra red) cam eras from both the air and the ground. Hand
sam ples sug gested the erupted lava was feld spar-bear ing
por phy ritic ba salt. No lava ef fu sion was ob served, although 
some steam was seen at the fissure (fig ure 29).

The fis sure it self was in ac ces si ble over land be cause it
was sur rounded by hot rock and could only be ob served
from a dis tance. Only a small part of the mar gins of the
flow were vis ited on the ground due to lim ited time, rough

ter rain, and high tem per a ture and hu mid ity. The lava flows
ap peared to have cooled sig nif i cantly, with the FLIR re -
cord ing typ i cal tem per a tures of be tween 30 and 120ºC for
the flow sur faces, and a max i mum tem per a ture of 238ºC
ob served from the air (fig ure 30). The team made gas mea -
sure ments at hot cracks in the flow front where they
smelled vol ca nic gases and the FLIR reg is tered tem per a -
tures over 100ºC. Ac cord ing to Da vid Fer gu son, the group
used FLIR ther mal im ages to de ter mine a safe route for
walk ing. While the front of the lava flow had a dark black
crust, sim i lar to that of much colder flows, the FLIR cam era 
on land re corded tem per a tures of up to 162ºC around the
cracks and fissures of the flow surface.

A 6 July AS TER (Ad vanced Spaceborne Ther mal
Emis sion and Re flec tion Ra di om e ter) im age from the erup -
tion site shows a warm 6.3 x 1.4 km flow erupted from a
NW-SE trending fis sure (fig ure 31). The area of the flow
field is 4.0 km2. The co or di nates of the cen ter of the flow
field are 40.655, 12.256. A 9 July EO-1 ALI pan chro matic
im age shows the flow at a higher res o lu tion (figure 32).
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Fig ure 28. The erup tive SO2 cloud from Manda hararo over south ern Afar
re gion de tected by the OMI in stru ment. Im age ac quired dur ing
1021-1203 UTC on 29 June 2009. Cour tesy of Si mon Carn, Mich i gan
Tech no log i cal Uni ver sity.

Fig ure 29. Oblique ae rial pho to graph of Manda Hararo show ing the
erup tive fis sure, sco ria ram parts, and gas plume on 4 July 2009. Cour tesy
of Talfan Barnie, Uni ver sity of Cam bridge.



Geo logic Sum mary. The south ern most ax ial range of
west ern Afar, the Manda Hararo com plex is lo cated in the
Kalo plain, SSE of Dabbahu vol cano. The mas sive com plex 
is 105 km long and 20-30 km wide, and rep re sents an up -
lifted seg ment of a mid-ocean ridge spread ing cen ter. A
small ba saltic shield vol cano is lo cated at the north ern end
of the com plex, S of which is an area of abun dant fis -
sure-fed lava flows. Two ba saltic shield vol ca noes, the
larg est of which is Unda Hararo, oc cupy the cen ter of the
com plex. The dom i nant part of the com plex lies to the S,
where the Gumatmali-Gablaytu fis sure sys tem is lo cated.
Vo lu  mi  nous  f lu id  lava f lows is  sued f rom these
NNW-trending fis sures, and so lid i fied lava lakes oc cupy
two large crat ers. The small Gablaytu shield vol cano forms
the SE-most end of the Manda Hararo com plex. Lava flows 
from Gablaytu and from Manda over lie 8,000-year-old sed -
i ments. Hot springs and fumaroles oc cur around Daorre
Lake. The first his tor i cal erup tion of Manda Hararo pro -
duced fis sure-fed lava flows in 2007.

In for ma tion Con tacts: Gezahegn Yirgu, Dept of Earth
Sci ences, Addis Ababa Uni ver sity, P.O. Box 729/1033,
Addis Ababa, Ethi o pia; Si mon Carn, Dept of Geo log i cal
and Min ing En gi neer ing and Sci ences, Mich i gan Tech no -
log i cal Univ, 1400 Townsend Dr., Hought on, MI 49931,
USA (URL: http://www.volcarno.com/, http://so2.umbc.
edu/omi/; Email: scarn@mtu.edu); Afar Rift Con sor tium
(URL: http://www.see.leeds.ac.uk/afar/); Charles Holliday, 
U.S. Air Force Weather Agency (AFWA)/XOGM, Offutt
Air Force Base, NE 68113, USA; Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem,
School of Ocean and Earth Sci ence and Tech nol ogy
(SOEST), Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu,
HI 96822, USA (URL: http://hotspot.higp.ha waii.edu/);
guard ian.co.uk Sci ence Blog (URL: http://www.guard ian.
co.uk/sci ence/blog, http://browse.guard ian.co.uk/search/
Sci ence?search=%22David+Fer gu son%22&search_tar -
get=%2Fsearch%2FScience%2FScience&fr=cb-guard ian); 
Da vid Fer gu son, Dept of Earth Sci ences, Univ of Ox ford,
Parks Road, Ox ford, OX1 3PR, United King dom (URL:

http://www.earth.ox.ac.uk/~ davidf/Site/Home.html);
Talfan Barnie, Dept of Ge og ra phy, Univ of Cam bridge,
Downing Place, Cam bridge CB2 3EN, United King dom
(URL: http://www.geog.cam.ac.uk/peo ple/barnie/); Afar
Rift Con sor tium, School of Earth and En vi ron ment, Univ of 
Leeds, Wood house Lane, Leeds, LS2 9JT, United King -
dom (URL: http://www.see.leeds.ac.uk/afar/); Matt Pat -
rick ,  HIGP/SOEST, Univ of Hawaii-Manoa,  1680
East-West Road, Honolulu, HI 96822, USA.
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Fig ure 30. FLIR im age of the 4 July 2009 erup tion at Manda Hararo
show ing tem per a ture dis tri bu tion in and around the fis sure. Cour tesy of
Talfan Barnie, Uni ver sity of Cam bridge.

Fig ure 31. AS TER in fra red im age at Manda Hararo taken on 6 July 2009.
The im age shows a warm flow, 6.3 x 1.4 km, erupted from what looks like
a NW-SE trending fis sure. A clear pre-erup tive im age from May 2009
shows noth ing anom a lous at this spot, in di cat ing that the lava flow is new.
The co or di nates of the cen ter of the flow field are 12.256°N, 40.655°E.
Cour tesy of Matt Pat rick.

Fig ure 32. An EO-1 ALI pan chro matic im age (10-m pixel size) show ing
the flow at Manda Hararo on 9 July 2009. Cour tesy of Matt Pat rick.


