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Kliuchevskoi

Kamchatka Pen in sula, Rus sia
56.057°N, 160.638°E; sum mit elev. 4,835 m

All times are lo cal (= UTC +12 hours)

Sig nif i cant erup tions re sumed in mid-Feb ru ary 2007.
Our last re port on Kliuchevskoi (BGVN 32:06) chron i cled
ac tiv ity dur ing April 2005-July 2007. This re port cov ers the 
pe riod from Au gust 2007 to April 2009.

An erup tive pe riod from Feb ru ary to July 2007 reached
peak in ten sity on 29 June 2007 (BGVN 32:06). The ash col -
umn was sus tained and reached an es ti mated 8 km high dur -
ing an 8 hour in ter val. Plumes reached 2,000 km long. This
en er getic erup tion pro duced sub stan tial changes to the sum -
mit mor phol ogy, in clud ing re moval of the cin der cone on
the floor of the sum mit crater, leav ing a deeper crater there.
This fol lowed a pat tern of ear lier sub stan tial mor pho log i cal 
change in the sum mit re gion dur ing the in ter val 1968-2007.

Fig ure 1 shows the pat tern of changes dur ing 1968 to
mid-2007, but does not show events be yond the time of the
29 June 2007 erup tion. Alexey Ozerov (In sti tute of Vol ca -
nol ogy and Seis mol ogy, IVS) flew over the vol cano dur ing
Au gust 2007 and was the first to ob serve that, fol low ing the 
large erup tion, the cin der cone was gone and the crater floor  
had dropped to an ex tent that the crater had de vel oped an
open ca pac ity of 0.5 km3. The ear lier events shown on fig -
ure 1 doc u ments over 600 m of ver ti cal change in the po si -
tion of the crater floor or the tops of cin der cones on the
floor.

Ac tiv ity dur ing 2008. Pre ced ing the next erup tion, in -
creas ing seis mic ac tiv ity and ther mal alerts were seen dur -
ing June to Oc to ber 2008. On 7 Au gust the color code was
raised from Green to Yel low due to in creased earth quakes
and in ter mit tent tremor. A ther mal anom aly was reg is tered
over the vol cano.

Be gin ning on 8 Oc to ber ob servers noted an ex plo -
sive-ef fu sive sum mit erup tion that in cluded mainly
Strombolian ac tiv ity. On that day the color code was raised
to Or ange.

Dur ing Oc to ber-No vem ber 2008 anal y sis of sat el lite
im ag ery re vealed a ther mal anom aly in the crater. Lava be -
gan fill ing the crater. Night time ob serv ers saw the crater
rim glow ing and lava foun tains at least 300 m tall. Ex ten -
sive lava flows de vel oped by late Oc to ber (fig ure 2). From
28 Oc to ber to 4 No vem ber burst ing sounds from the vol -
cano were heard in Klyuchi, about 30 km to the NE.

On 21 No vem ber 2008, lava flows ad vanced on the NW 
slope. They de scended to 3 km el e va tion. Gas-and-steam
plumes drifted 80 km NW on 24 No vem ber and 20-40 km
SE dur ing 25-26 No vem ber.

The mostly ac tive pe riod con tin ued from late No vem ber 
2008 to early Jan u ary 2009. Dur ing 28 No vem ber-10 De -
cem ber, Strombolian ac tiv ity ejected bombs 500 m above
the crater and lava ef fu sion on the NW flank con tin ued.
Anal y sis of sat el lite im ag ery re vealed  large daily ther mal
anom a lies in the crater. On 8 De cem ber the front of the lava 
flow made con tact with the thick por tion of the Erman Gla -
cier, caus ing phreatic bursts and mudflows (fig ure 3). A
very sim i lar pro cess oc curred dur ing the 2007 erup tion
(BGVN 32:06), and the De cem ber line of de scent was also
the same as in 2007. Dur ing 8-10 De cem ber, ash plumes
rose to al ti tudes of 7.5-8 km, and drifted about 700 km E.
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Fig ure 2. Strombolian erup tion and as so ci ated lava flow down the NW
flank seen at Kliuchevskoi on 31 Oc to ber 2008. Photo by Yuri
Demyanchuk.

Fig ure 1. A plot show ing the height of the crater floor and intra-crater
cones at Kliuchevskoi dur ing 1968-2007. The date of the 29 June 2007
erup tion was added by ed i tors, but the ex tent of post-erup tive top o graphic 
changes is not shown. Sym bols at the top de scribe erup tion types; crater
floor el e va tion was mea sured at the dots. Af ter Zharinov and
Demyanchuk, 2008.

Fig ure 3. Lava de scend ing Kliuchevskoi’s NW slope. Lava from the
crater de scended over gla ciers and where ice was thick in mid-flank ar eas,
phreatic erup tions oc curred. Un dated photo by Yuri Demyanchuk.



Dur ing the fi nal phase of the erup tion (16 Jan u ary-16
April 2009) the mag ni tude of vol ca nic tremor rap idly de -
creased. The vol cano gen er ated ash plumes ex tend ing 
80-90 km to the NE. Fumarolic ac tiv ity was seen dur ing
last days of April (fig ure 4).

As noted by Zharinov and Demyanchuk (2008),
Shirokov (1985) stud ied the tim ing of Kliuchevskoi's vol -
ca nic erup tions with re spect to lu nar cy cles. He found that
erup tions were as so ci ated with a Moon-Earth ro ta tional cy -
cle of 18.6 years du ra tion. Ac cord ing the Zharinov and
Demyanchuk (2008), Shirokov (1985) fore cast an erup tive
in ter val dur ing May 2006-May 2009.

Ref er ence. Shirokov, V.A., 1985, Some ques tions
method fore  cast  f lank erup t ion a t  Kl iuchevskoi
(Kamchatka): Vol ca nol ogy and Seis mol ogy, no. 6, p. 48-58 
(in Rus sian).

Zharinov, N.A., and Demyanchuk, Yu.V., 2008, The
sum mit erup t ion of Kliuchevskoi vol cano in 2007
(Kamchatka): Con fer ence pro ceed ings, ded i cated to the
day of  vol  ca  nol  o  gis ts ,  on 27-29 March,  2008,
Petropavlovsk-Kamchatsky: Insitute of Vol ca nol ogy and
Seis mol ogy, Far East Di vi sion, Rus sian Acad emy of Sci -
ences, p. 81-89 (in Rus sian).

Geo logic Sum mary. Kliuchevskoi is Kamchatka’s
high est and most ac tive vol cano. Since its or i gin about
6,000 years ago, the beau ti fully sym met ri cal, 4,835-m-high 
ba saltic stratovolcano has pro duced fre quent mod er ate-vol -
ume ex plo sive and ef fu sive erup tions with out ma jor pe ri -
ods of in ac tiv ity. Kliuchevskoi rises above a sad dle NE of
sharp-peaked Kamen vol cano and lies SE of the broad
Ushkovsky mas sif. More than 100 flank erup tions have oc -
curred at Kliuchevskoi dur ing the past roughly 3,000 years,
with most lat eral crat ers and cones oc cur ring along ra dial
fis sures be tween the un con fined NE-to-SE flanks of the
con i cal vol cano be tween 500 m and 3600 m el e va tion. The
mor phol ogy of its 700-m-wide sum mit crater has been fre -
quently mod i fied by his tor i cal erup tions, which have been
re corded since the late-17th cen tury. His tor i cal erup tions
have orig i nated pri mar ily from the sum mit crater, but have
also in cluded nu mer ous ma jor ex plo sive and ef fu sive erup -
tions from flank crat ers.

In for ma tion Con tacts: Kamchatka Vol ca nic Erup tions
Re sponse Team (KVERT), In sti tute of Vol ca nol ogy and

Seis mol ogy (IVS), Kamchatka Branch of the Geo phys i cal
Ser vice of the Rus sian Acad emy of Sci ences (KB GS
RAS), Far East Di vi sion, Rus sian Acad emy of Sci ences,
Piip Ave. 9, Petropavlovsk-Kamchatsky, 683006, Rus sia
(URL: http://www.kscnet.ru/ivs/; http://www.kscnet.ru/ivs/
kvert/cur rent/klch/in dex.html ); Olga Girina and Yuri
Demyanchuk, KVERT, In sti tute of Vol ca nol ogy and Seis -
mol ogy (IVS); Alexei Ozerov, Ac tive Vol ca nism Lab o ra -
tory, In sti tute of Vol ca nol ogy and Seis mol ogy (IVS).

Koryaksky

Kamchatka Pen in sula, Rus sia
53.320°N, 158.688°E; sum mit elev. 3,456 m

All times are lo cal (= UTC +12 hours)

Koryaksky ended ~ 51 years with out fumarolic ac tiv ity
with an erup tion late in 2008. Ac tiv ity that be gan on about
24 De cem ber 2008 con tin ued through 5 March 2009
(BGVN 34:01). Fresh ash de pos its in early March could be
seen on both the sum mit, E, and SSW slopes of Koryaksky,
and on the NNW slope of Avachinsky (fig ure 5). Be tween
the two vol ca noes, the early March ash de pos its reached
1-2 mm thick.

Nu mer ous plumes were ob ser ved dur ing this re port ing
in ter val, 6 March to mid-April 2009 (ta ble 1). A re port
from 8-14 April noted the pres ence of two vents on the NW 
flank. A small SO2 plume was noted on 20 April. Seis mic -
ity of ten fluc tu ated, with con sid er able in ter vals at back -
ground level punc tu ated by in ter vals where it was el e vated.
Oc ca sional tremor was re corded, but it was of ten weak (low 
am pli tude).
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Fig ure 4. Cross ing al pine snow fields at the foot of Kliuchevskoi, a
dogsled team pauses as the moun tain emits gas and steam plumes on 9
April 2009. Photo by Yuri Demyanchuk.

Fig ure 5. (top) Ash plume from Koryaksky (peak at left) ex tend ing to the
ESE in an erup tion that left de pos its of ash on Koryaksky and Avachinsky
(peak at right). (bot tom) Ash de posits on Koryaksky on the same date.
Both pho tos from the town of Petropavlovsk-Kamchatsky on 7 March
2009 by A. Sokorenko.



KVERT re ported that seis mic ac tiv ity at Koryaksky was 
el e vated on 6 and 8 March and at back ground lev els dur ing
7 and 9-13 March. Ob serv ers re ported that gas plumes con -
tain ing a small amount of ash rose to an al ti tude of 4 km
and drifted in mul ti ple di rec tions dur ing the week of 11-17
March. The plumes were also seen on sat el lite im ag ery.

An erup tion on 9 April 2009 fol lowed an in crease in the 
num ber of lo cal earth quakes and tremor dur ing the previous 
month (fig ure 6). The to tal num ber of earth quakes dur ing
Feb ru ary 2008-De cem ber 2008 was 717. That was less than 
the to tal of 766 for the first four months in 2009, which
were as fol lows: Jan u ary, 58; Feb ru ary, 195; March, 239;
and April, 274. High level gas-steam and ash emis sions oc -
curred dur ing March-April. Some plumes ex tended more
than 200 km (ta ble 1).

On 9 April a photo was taken show ing a strong ash
plume emerg ing f rom f is  sures in  the  gla c ier  on
Koryaksky’s NW flank. On 13 April a flight over the area
en abled sci en tists to mea sure tem per a ture around two vents
(fig ures 7 and 8). Tem per a tures of the vent ar eas reached

400EC. This sit u a tion was at trib uted to gla cial in sta bil ity
ow ing to melt ing parts of the gla cier near the vents.

Geo logic Sum mary. The large sym met ri cal Koryaksky
stratovolcano is the most prom i nent land mark of the
NW-trending Avachinskaya vol cano group, which tow ers
above Petropavlovsk-Kamchatsky. Ero sion has pro duced a
ribbed sur face on the east ern flanks of the 3456-m-high
vol cano; the youn gest lava flows are found on the up per
west ern flank and be low SE-flank cin der cones. No strong
ex plo sive erup tions have been doc u mented dur ing the Ho -
lo cene. Ex ten sive Ho lo cene lava fields on the west ern flank 
were pri mar ily fed by sum mit vents; those on the SW flank
orig i nated from flank vents. Lahars as so ci ated with a pe riod 
of lava ef fu sion from S- and SW-flank fis sure vents about
3,900-3,500 years ago reached Avacha Bay. Only a few
mod er ate ex plo sive erup tions have oc curred dur ing his tor i -
cal time. Koryaksky’s first his tor i cal erup tion, in 1895, also 
pro duced a lava flow.

In for ma tion Con tacts: Kamchatka Vol ca nic Erup tions
Re sponse Team (KVERT), In sti tute of Vol ca nol ogy and

Seis mol ogy (IV&S), Far East Di -
vi sion, Rus sian Acad emy of Sci -
ences (FED RAS), Piip Ave. 9,
Petropavlovsk-Kamchatsky,
683006,  Rus s ia (Emai l:
kvert@kscnet.ru, URL: http://
www.kscnet.ru/ivs/); Kamchatka
Branch of the Geo phys i cal Ser -
vice, Rus sian Acad emy of Sci -
ences (KB GS RAS), Piip Ave. 9,
Petropavlovsk-Kamchatsky,
683006, Rus sia (http://emsd.iks.
ru/~ssl/mon i tor ing/main.htm); Al -
ex an der Sokorenko and Sergey
Ushakov, IV&S; Kamchatkan Ex -
per i men tal and Me thod i cal Seis -
mo log i cal De part ment (KEMSD), 
GS RAS, Rus sia; 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/)
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Date (2009) Ob ser va tions Drift di rec tion(s)

08 Mar Ash re ported —

10 Mar Ash plume rose to 3.7 km SE

11-12 and 15 Mar Ash plumes rose to 3-5.2 km S, SE, E, and N

18 Mar-24 Mar Gas plumes con tain ing a small amount of ash rose to 4 km. On sat el lite im ag ery plumes drift ing up to 140 
km away from the vol cano. Ash was emit ted from the up per fumarolic vent and cov ered the flanks.

E

25 Mar-31 Mar Gas plumes con tain ing a small amount of ash to 3-4 km. (On 25th and 26th, gas-and-ash plumes seen on
sat el lite im ag ery drift ing to 225 km SE.)

S, SE, W and NW

01 Apr-07 Apr Gas plumes con tain ing a small amount of ash rose to 4 km. (Dur ing 27-28 and 31 March, and 1-2 April,
gas-and-ash plumes were also seen on sat el lite im ag ery and drifted 313 km E, in south erly di rec tions.)

 E, SE, S, and W 

08 Apr-14 Apr Gas plumes con tain ing a small amount of ash orig i nat ing from two vents on the NW flank rose to an
al ti tude of 5.4 km. (Plumes were also seen on sat el lite im ag ery and drifted 290 km in mul ti ple di rec tions.
On 11 April, KVERT staff re ported ashfall in Petropavlovsk-Kamchatsky (30 km S). Ash ac cu mu lated
to 0.1-2.5 cm thick ness near the In sti tute of Vol ca nol ogy and Seis mol ogy (IVS) FED RAS.) 

 NE, NW, SE, and SW
dur ing the re port ing
pe riod.

15 Apr-21 Apr Gas-and-ash plumes to 3.7-4.6 km al ti tude; on sat el lite im ag ery (drift ing 30-680 km) Mul t i  p le  di  rec  t ions,
in clud ing S, SW, W,  NE.

17 Apr-18 Apr Gas plumes con tain ing a small amount of ash drifted in mul ti ple di rec tions. Gas-and-ash plumes seen on
sat el lite im ag ery drifted 100 km NE. (On 20 April a sul fur di ox ide plume ex tended about 15 km.)

—

Ta ble 1. A com pi la tion of erup tive plume be hav ior from Koryaksky based on in for ma tion from the Yelizovo Air port, KVERT, and KEMSD (the Kamchatkan
Ex per i men tal and Me thod i cal Seis mo log i cal De part ment). The data were ini tially com piled by the To kyo VAAC in re ports for avi a tors in an ef fort to avoid
air craft en coun ters with vol ca nic ash. Few of the plumes were con sid ered ash rich, most were con sid ered as gas plumes con tain ing small amounts of ash.
Cour tesy of the To kyo VAAC.

Fig ure 6. Seis mic ity of Koryaksky (and Avachinsky, to the SE) re corded dur ing Jan u ary-April 2009. Map (left)
shows lo ca tion and depths of earth quakes (white line is cross-sec tion AB; 20-km-di am e ter cir cle en closes
epi cen ters of earth quakes plot ted on his to gram. Cross-sec tion shows hypocenters pro jected onto the ver ti cal
plane along AB. His to gram shows daily Koryaksky earth quakes with re spect to time; as cend ing curve is the
cu mu la tive num ber of earth quakes (reach ing a to tal of 652 for the in ter val). Cour tesy of the Kamchatka Branch of 
the Geo phys i cal Ser vice of the Rus sian Acad emy of Sci ences (KB GS RAS).



Sakura-jima

Kyushu, Ja pan
31.585°N, 130.657°E; sum mit elev. 1,117 m

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

Our last re ports on Sakura-jima (BGVN 31:06 and
32:04) dis cussed an erup tion from Showa crater on 4 June
2006, the first erup tion out side the sum mit crater since
1946. It also pro vided a chro nol ogy of plume ob ser va tions
be tween 7 June 2006 and 20 March 2007.

The cur rent re port con tin ues the chro nol ogy of plume
ob ser va tions from 20 March 2007 to 24 April 2009 (ta ble
2). Most of the plumes de scribed since 20 March 2007 did
not ex ceed 3 km al ti tude (fig ure 9). The tall est plume re -
corded on the ta ble, an ash plume on 9 April 2009, rose to
about 5 km al ti tude.

On 19 Feb ru ary 2009 JMA low ered the Alert Level
from 3 to 2, be cause af ter the 1-5 Feb ru ary ex plo sions, no
erup tions had oc curred ei ther from Showa crater or
Minamidake summit crater, seis mic ity was low, and no
crustal de for ma tion was ob served (fig ure 10). As a re sult of 
height ened ac tiv ity, the Alert Level was raised to 3 on 2
March, but dropped to 2 on 24 April 2009 due to low seis -
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Fig ure 8. A photo show ing two vents on the NW flank of Koryaksky. The
up per plume is ash rich, the other con tains only gas and steam. Photo
taken by Al ex an der Sokorenko on 18 April 2009.

Fig ure 7. A photo taken from Petropavlovsk-Kamchatsky (~ 35 km N of
the vol cano) il lus trat ing pow er ful ash-bear ing emis sions from the NW
flank of Koryaksky. Photo taken by Sergei Ushakov 9 April 2009.

Fig ure 9. Ae rial pho to graph taken from the W of a plume from
Sakura-jima’s Showa crater as seen on 10 March 2009. Cour tesy of JMA.

Fig ure 10. Sakura-jima tilt re corded at Arimura dur ing Feb ru ary 2009.
The ver ti cal axis in di cates the sense and mag ni tude of move ment. Data
from Osumi Kasen Kokudo (Ja pan’s Min is try of Land, In fra struc ture,
Trans port and Tour ism). Cour tesy of JMA.



mic ity, lack of de for ma tion, and
ab sence of large erup tions. Ac -
cord ing to JMA, the shape of
Showa crater has not changed re -
cently, but the depth of the crater
had in creased. Pho to graphs taken
dur ing an over flight on 10 March
2009 (fig ures 11 and 12) showed
changes  in  mor  phol  ogy and
tem per a ture.

An ar ti cle in Asahi news pa per 
contained sev eral pho tos of the 9
April 2009 ashfall in Kagoshima
City, about 10 W of Sakura-jima.
This was the heavi est ashfall
since Oc to ber 2002.

Dur ing the last two years, the
only ther mal anom aly re corded
by MODIS-MODVOLC for
Sakura-jima was on 17 De cem ber 
2008 (1 pixel).

Two re cently pub lished ar ti -
cles (ci ta tions be low) de scribe the 
mech a nism of ex plo sive erup tions 
at Sakura-jima and two other Jap -
a nese vol ca noes, and color mea -
sure ments of Sakura-jima’s ash
de pos its.

Ref er  ences:  Iguchi,  M. ,
Yakiwara,  H.,  Tameguri,  T. ,
Hendrasto, M. and Hirabayashi, J.
, 2008. Mech a nism of ex plo sive
erup tion re vealed by geo phys i cal
ob ser va tions at the Sakurajima,
Suwanosejima and Semeru vol ca -
noes: Journal of Vol ca nol ogy and
Geo ther mal Re search, v. 178, no.
1, p. 1-9.

Yamanoi, Y.,Takeuchi Y.,
Okumura S., Nakashima S., and
Yokoyama, T., 2008. Color mea -
sure ments of vol ca nic ash de pos -
its from three dif fer ent styles of
sum mit ac tiv ity at Sakurajima
vol cano, Ja pan: Con duit pro -
cesses re corded in color of vol ca -
nic ash: Jour nal of Vol ca nol ogy
and Geo ther mal Re search, v. 178, 
no. 1, p. 81-93.

Geo logic  Sum mary.
Sakura-jima, one of Ja pan’s most
ac tive vol ca noes, is a post-cal dera 
cone of the Aira cal dera at the
north ern half of Kagoshima Bay.
Erup tion of the vo lu mi nous Ito
pyroclastic flow ac com pa nied
for ma tion of the 17 x 23 km wide
Aira cal dera about 22,000 years
ago. The smaller Wakamiko cal -
dera was formed dur ing the early
Ho lo cene in the NE cor ner of the
Aira cal dera, along with sev eral
post-cal dera cones. The con struc -
tion of Sakura-jima be gan about

6    Sakura-jima Smithsonian Institution — Bulletin of the Global

Date(s) Plume al ti tude/drift Ob ser va tions

16 May 2007 1.2-2.7 km/ NW —

20-22 May 2007 1.2-2.7 km/ up —

23-24, 26-28 May 2007 1.8-2.1 km/ E, SE, up —

31 May-01 Jun 2007 2.1-2.4 km/ up —

04 Jun-05 Jun 2007 2.1-2.4 km/ W, NW, E Ash not de tected by sat el lite im ag ery.

08, 10, 11 Jun 2007 2.1 km/ S Ash not de tected by sat el lite im ag ery.

16 Jun 2007 — Ex plo sion. Ash not de tected by sat el lite im ag ery.

20-21 Jun 2007 2.4 km/N Ash not de tected by sat el lite im ag ery.

04 Aug 2007 — Ex plo sion. Ash not de tected by sat el lite im ag ery.

29 Oct 2007 3.7 km/E —

23-24 Dec 2007 2.7 km/S —

02, 07 Jan 2008 — Ex plo sions re ported.

03 Feb 2008 1.5-2.7 km/ SE Ash not de tected by sat el lite im ag ery.

05-06 Feb 2008 1.2-2.1 km/ SE Ash not de tected by sat el lite im ag ery.

11-15 Apr 2008 2.1-3.4 km/ var i ous —

19 Apr 2008 4.6 km/E Plume con tained ash.

20, 23-30 Apr 2008 2.4 km/var i ous —

06-07 May 2008 2.4-3.4 km/S —

08 May 2008 4 km/E —

15-22 May 2008 1.8-3.4 km/var i ous —

24 May 2008 — Ex plo sion re ported. 

30 May-01 Jun 2008 2.1-3 km/var i ous —

09 Jun 2008 2.1 km/S —

10-11 Jun 2008 — Ex plo sions re ported.

12-13 Jun 2008 3.4 km/var i ous Plumes con tained ash.

28 Jun 2008 — Ex plo sion re ported.

05 Jul 2008 2.7 km/E —

10,13 Jul 2008 2.7 km Plumes con tained ash.

25-28 Jul 2008 2.4-4.3 km/var i ous Plumes con tained ash.

10 Aug 2008 >2.7 km/NW —

23 Aug 2008 — Ex plo sion re ported.

07 Sep 2008 2.1 km/straight up —

03 Oct 2008 2.7 km —

09, 15 Jan 2009 2.4, 1.8 km/SE —

28 Jan -03 Feb 2009 1.8-3.4 km/var i ous —

01-02 Feb 2009 — Eight erup tions; bombs  up to 800 m from Showa
crater. On 2 Feb, JMA Alert level to 3.

04-05 Feb 2009 2.1-2.4 km/SE Ex plo sions and erup tions.

09-12 Feb 2009 0.6-2.4 km/SE Ash plumes.

19 Feb 2009 — JMA low ered Alert Level to 2.

22 Feb 2009 2.7 km/N Ex plo sion.

28 Feb-04 Mar 2009 1.8-3 km/S Erup tions or ex plo sions, three Vulcanian ex plo sions
from Showa crater ejected bombs up to 1.3 km.
De for ma tion; ex pan sion of ed i fice (tiltmeter). On 2
Mar, JMA Alert Level to 3.

07-10 Mar 2009 1.8-2.9 km/N, S Twelve Vulcanian ex plo sions from Showa crater.
Ejected bombs up to 1.8 km.

14 Mar 2009 1.5-2.1 km/SE, E Two Vulcanian ex plo sions ejected bombs up to 800
m.

17 Mar 2009 2.1 km/E Erup tion.

20, 23 Mar 2009 — Ex plo sions; weak in can des cence on 23rd.

26 Mar 2009 — Erup tion.

27-30 Mar 2009 2.1 km/SE Weak erup tions, strong steam emis sions.

05-07 Apr 2009 2.1-3 km/SE, S Ex plo sions and erup tions.

08 Apr 2009 2.7 km Erup tion.

09 Apr 2009 ~ 5 km/SW Vulcanian ex plo sion, pyroclastic flow to 1 km E,
bombs to 1.3 km, heavy ashfall at Kagoshima City. 

10 Apr 2009 2.1-2.7 km/W, S —

24 Apr 2009 — JMA low ered alert level to 2.

Ta ble 2. Heights and drift of plumes and their char ac ter at Sakura-jima from 20 March 2007 to 24 April 2009.
Cour tesy of To kyo Vol ca nic Ash Ad vi sory Cen ter, pi lot re ports, and the Ja pan Me te o ro log i cal Agency (JMA).
Times and dates are lo cal.



13,000 years ago on the south ern rim of Aira cal dera and
built an is land that was fi nally joined to the Osumi Pen in -
sula dur ing the ma jor ex plo sive and ef fu sive erup tion of
1914. Ac tiv ity at the Kita-dake sum mit cone ended about
4850 years ago, af ter which erup tions took place at
Minami-dake. Fre quent his tor i cal erup tions, re corded since
the 8th cen tury, have de pos ited ash on Kagoshima, one of
Kyushu’s larg est cit ies, lo cated across Kagoshima Bay only 
8 km from the sum mit. The larg est his tor i cal erup tion took
place dur ing 1471-76.

In for ma tion Con tacts: 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); 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/); 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/); Yukio Hayakawa, Gunma Uni ver sity, Fac ulty 
of Ed u ca tion, Aramaki 4-2, Maebashi 371-8510, Ja pan
(Email: hayakawa@edu.gunma-u.ac.jp); Asahi news pa per
(URL: http://www.asahi.com/na tional/up date/0409/
SEB200904090017.html).

Kilauea

Ha wai ian Is lands, USA
19.421°N, 155.287°W; sum mit elev. 1,222 m

All times are lo cal (= UTC - 10 hours)

The long-term erup tion of Kilauea, con tin u ing since
Jan u ary 1983, is well doc u mented in re ports is sued by the
Ha wai ian Vol cano Ob ser va tory (HVO) and in the lit er a ture 
(eg., Po land and oth ers, 2008), and is thus only ep i sod i cally 
cov ered in our Bul le tin. This re port be gins bring ing cov er -
age up to date by sum ma riz ing ac tiv ity dur ing the last half
of 2007. Events in cluded lava re turn ing to Pu`u `O`o on 2
July, a fis sure erup tion on 21 July, and the Thanksgiving
Eve Break out (TEB) on 21 No vem ber. This re port starts
with a dis cus sion of the Fa ther’s Day In tru sion, or Ep i sode
56, an event her alded by in creased sum mit ac tiv ity on 17
June 2007 (BGVN 32:06).

Fa ther’s Day In tru sion (Ep i sode 56) and Pu`u `O`o
ac tiv ity. Ac cord ing to HVO, on Fa ther’s Day, 17 June
2007, a swarm of earth quakes and rapid de fla tion be gan at
0215 in the up per E rift zone. The earth quakes were cen -
tered un der Pauahi Crater ~ 1 km SW of the Mauna Ulu
shield vol cano, and ~ 1.5-3 km deep. Rapid ground tilt ing
was de tected at Mauna Ulu. About 70 earth quakes were re -
corded in the first 2 hours; at least ten of those were M 3 or
greater. Na tional Park Ser vice (NPS) crews evac u ated vis i -
tors and closed the Chain of Crat ers road and part of the
Crater Rim drive.

Fresh cracks about 2 cm wide opened in the Chain of
Crat ers road near the turn off to Mauna Ulu. Within a few
hours, GPS re ceiv ers in the area of most in tense seis mic ac -
tiv ity doc u mented an ap prox i mate 10 cm of wid en ing
across the rift zone, near Makaopuhi crater. The de for ma -
tion and earth quakes were in ferred as as so ci ated with
magma in tru sion that started in the Mauna Ulu area early on 
17 June and sub se quently moved slowly 6 km E along the
East rift zone. HVO ob serv ers noted rockfalls from the S
wall of Pu`u `O`o cone and col lapse of the crater floor
around the vents. Some parts of the crater floor sub sided up
to 80 m within a few days.

On 18 June, the earth quake swarm slowed to ~ 10-15
small earth quakes per hour. Strong tremor be neath the sum -
mit was re corded and de fla tion con tin ued. GPS re ceiv ers
con tin ued to show ex ten sion across the East rift zone, to
~ 100 cm in some ar eas. Be tween 18 and 19 June, a new
50-m-long lava flow emerged from a 200-m-long fis sure in
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Fig ure 12. N-look ing in fra red photo of Sakura-jima’s Showa crater on 10
March 2009. Scale at right shows the es ti mated tem per a ture (°C). Note the 
high tem per a ture in Showa crater. The crater rim at higher el e va tion
(up per left) is called Minami-dake (“M” on the geo logic map in the
pre vi ous is sue). Cour tesy of JMA.

Fig ure 11. A com par i son of the mor phol ogy of Sakura-jima’s Showa
crater: (top) 28 July 2008, (bottom) 10 March 2009. Cour tesy of JMA.



the for est NE of Kane Nui o Hamo, about 6 km W of Pu`u
`O`o. Steam plumes were spot ted on the N flank of Kane
Nui o Hamo (fig ure 13).

On 20 June, seis mic ity and ex ten sion de creased on the
East rift zone. HVO sci en tists mea sured highly el e vated
sul fur di ox ide gas con cen tra tions, greater than 10 parts per
mil lion (ppm), in a broad area ad ja cent to Halema’uma’u
crater. Else where typ i cal con cen tra tions were gen er ally
neg li gi ble ex cept for ar eas down wind of Halema’uma’u
crater, where they reached up to 2.5 ppm in nar row zones.

Dur ing 21 June-1 July 2007, no fresh lava was vis i ble
on the flow field or at the site of the 18-19 June erup tion.
The sum mit area con tin ued to in flate very slowly and seis -
mic tremor val ues at Pu`u `O`o were be low pre-June 17
lev els. Ground-based map ping of the new lava flow in di -
cated the erup tion oc curred from two places along the fis -
sure, sep a rated by ~ 40 m. The in tru sion and ex ten sion pro -
cesses had drained a sub stan tial amount of magma from the
sum mit res er voir; Pu`u `O`o’s crater col lapsed to a level
100 m deeper and the lava tubes drained.

Lava in Pu`u `O`o Crater (Ep i sode 57). On 2 July,
HVO sci en tists saw new lava flows at the bot tom of the col -
laps ing Pu`u `O`o crater; in can des cence had last been seen
there on 18 June. Two vents feed ing the lake were iden ti -
fied: the W vent, ini tially the most ac tive, and the E vent
(fig ure 14). Dur ing 3-13 July, a lava lake grew and filled
the crater to within 30 m of the rim. On the S wall of West
Gap pit, in ter mit tent in can des cence and fum ing from new
vents that opened were ob served dur ing 13-14 July. In ad -
di tion, the level of the lava lake dropped but lava con tin ued
to emit from the E vent. On 15 July, the E and W vents
erupted small lava flows that drained onto the so lid i fy ing
lava lake bed. Low lava foun tains ex truded from West Gap
pit. Within a few days, lava filled the pit and over flowed
into the main crater.

Dur ing 18-21 July, the E vent and dom i nant W vent in
Kilauea’s Pu`u `O`o pro duced lava flows. New vents
opened in the Puka Nui pit, in the SSW area of Pu`u `O`o
crater, and pro duced lava flows that ponded there. A low
lava foun tain oc ca sion ally fed the lake from the vi cin ity of
a spat ter cone; an un seen source also fed the lake from the
NW edge. A vent high on the S crater wall, ad ja cent to the

Puka Nui Gap pit, pro duced spat ter and pro pelled lava
bombs 10 m into the air. Mean while, the lava lake in the
West Gap pit con tin ued to fill, over turn, and oc ca sion ally
over flow. The spat ter cone that built up around the S wall
vent in West Gap pit was sub merged be neath the lava lake
sur face on 20 July. Up lift of the crater in te rior con tin ued.
Earth quakes oc curred be neath the up per E rift zone, S
flank, and Halema’umau crater.

Fis sures A-D. Late on 20 July, a tiltmeter re corded a
nearly 300 microradian of change as Pu`u `O`o’s crater
floor started to sub side. Early on 21 July, the West Gap lava 
lake and Puka Nui pit drained. A new erup tion ini ti ated
along a set of fis sures (fig ure 15) that ex tended 1.7 km E
from a point about 150 m E of the E rim of Pu`u `O`o crater.

Pre lim i nary re ports de scribed two 600-800 m long,
left-step ping, ENE-trending fis sures be tween Pu`u `O`o
and Kupaianaha. The east ern most fis sure fed two lava
flows, the lon ger of which reached ~ 2 km SE from the fis -

sure. The lower fis sure con sisted
of three seg ments, mak ing a to tal
of four. The four fis sure seg -
ments, A, B, C, and D, de fined an
ap prox i mately 2 km-long line
(fig ure 16).

The wes tern most fis sure (seg -
ment A) was in ac tive by 21 July
and the up per most seg ment of the
ac tive lower fis sure (seg ment B)
was com pletely sealed by
mid-morn ing on 22 July. The rest
of the fis sure erupted lava foun -
tains 6-8 m high, con struct ing
sev eral small perched ponds that
oc ca sion ally over flowed to feed a
few lon ger lava flows. These
formed as the edges of pools of
lava hard ened to cre ate con fin ing
walls. These walls en abled the
pond’s sur face to be much higher, 
in some cases as much as 18 m or
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Fig ure 13. Map of Kilauea’s Fa ther’s Day In tru sion show ing Kilauea cal dera and key fea tures and ac tiv ity near
the Makaopuhi crater on 20 June 2007. A small lava flow erupted from a 250-m-long fis sure in the for est NE of
Kane Nui o Hamo. The lava was cool ing and not ad vanc ing when ob served at 0700 on 19 June. Cour tesy of
USGS-HVO.

Fig ure 14. Map of the Pu`u ̀ O`o crater as of 20 July, 2007. The dark gray
shaded area rep re sents the com pos ite area of col lapse, in clud ing the main
crater and flank vent pits, fol low ing the Fa ther’s Day event. The key
iden ti fies new lava (ep i sode 57) erupted at Pu`u ̀ O`o shown in light red in
col ored ver sions; ar eas mainly in the cen ter of the crater. Vents ac tive
dur ing ep i sode 57 are shown as as ter isks. Cour tesy of USGS-HVO.



higher than the sur round ing land. The ponds were as large
as 200 m in di am e ter.

Dur ing 23 July to mid-Au gust, fis sure seg ments C and
D fed perched lava ponds cre ated by the NE-ad vanc ing `a`a 
flow. The ponds both grew in thick ness and spilled lava
over the lev ees along their edges, or at breaches. By 31
July, seg ment B had be come in ac tive. By about 12 Au gust,
lava ceased ex trud ing at seg ment C.

Dur ing the rest of Au gust through most of No vem ber,
fis sure seg ment D con tin ued to feed ad vanc ing `a`a lava
flows that fre quently es caped the con fines of the lev ees.
Lava flows that branched from the main chan nel con tin ued
to ad vance, wid en ing and length en ing the flow field. Lava
oc ca sion ally es caped from lava tubes.

Fis sure D and TEB. On 21 No vem ber, lava es caped
from a perched chan nel near fis sure D. This lava flow be -
came known as the TEB (Thanksgiving Eve Break out). The 
by pass of lava from the chan nel to the sur face re sulted in an 
es ti mated 10 m drop in chan nel lev els. The re di rected lava
quickly formed two channelized pahoehoe flows; one ad -
vanced 300 m N and the sec ond flow ad vanced 1 km SE.

Dur ing 23-27 No vem ber, lava built a low shield over
the TEB and fed one flow that ad vanced 2 km. A small lava

pond at the top of the TEB shield over flowed and fed lava
flows in mul ti ple di rec tions. Clear web-cam era views on 9
and 10 De cem ber re vealed that the TEB shield con tin ued to 
build ver ti cally and was then an es ti mated 15 m high. On 16 
De cem ber, a 4-5-m-high hor ni to at the sum mit of the TEB
shield was ac tive. On 17 De cem ber, fume puffed from the
top of the shield about ev ery 15-20 min utes when vis i ble.

An over flight on 20 De cem ber re vealed that lava from
fis sure D built up two more shields SE of the TEB shield.
These shields were con sid ered “root less shields.” That term 
is de scribed by HVO sci en tists as “...smaller, shield-shaped 
mounds that form on ac tive lava flows [and] are fed by
shal low lava tubes that flow just be low the sur face.”

Dur ing 25 De cem ber-1 Jan u ary lava es caped at both the 
TEB shield and two satellitic shields. Short lava flows trav -
elled SE and N.

Ref er ence: Po land, M., Miklius, A., Orr, T., Sutton, J.,
Thornber, C., and Wil son, D., 2008, New ep i sodes of vol -
ca nism at Kilauea vol cano, Ha waii: EOS, Trans ac tions of
the Am. Geophys. Un ion, v. 89, no 5, p. 37-38, 29 Jan u ary
2008.

Geo logic Sum mary. Kilauea vol cano, which over laps
the E flank of the mas sive Mauna Loa shield vol cano, has
been Ha waii’s most ac tive vol cano dur ing his tor i cal time.
Erup tions of Kilauea are prom i nent in Poly ne sian leg ends;
writ ten doc u men ta tion ex tend ing back to only 1820 re cords 
fre quent sum mit and flank lava flow erup tions that were in -
ter spersed with pe ri ods of long-term lava lake ac tiv ity that
lasted un til 1924 at Halemaumau crater, within the sum mit
cal dera. The 3 x 5 km cal dera was formed in sev eral stages
about 1,500 years ago and dur ing the 18th cen tury; erup -
tions have also orig i nated from the lengthy E and SW rift
zones, which ex tend to the sea on both sides of the vol cano. 
About 90% of the sur face of the ba saltic shield vol cano is
formed of lava flows less than about 1,100 years old; 70%
of the vol cano’s sur face is youn ger than 600 years. A
long-term erup tion from the E rift zone that be gan in 1983
has pro duced lava flows cov er ing more than 100 sq km, de -
stroy ing nearly 200 houses and add ing new coast line to the
is land.

In for ma tion Con tacts: Ha wai ian Vol cano Ob ser va tory 
(HVO), U.S. Geo log i cal Sur vey, PO Box 51, Hawai’i Na -
tional Park, HI 96718, USA (URL: http://hvo.wr.usgs.gov/; 
Email:hvo-info@hvomail.wr.usgs.gov).

Dempo

Su ma tra, In do ne sia
4.03°S, 103.13°E; sum mit elev. 3,173 m

Our most re cent re port on Dempo (BGVN 34:01) dis -
cussed a phreatic erup tion on 1 Jan u ary 2009. This erup tion 
prompted In do ne sia’s 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 (nor mal) to 2 (alert) on a scale of 1-4. A few months
later, on 23 March 2009, the CVGHM low ered Dempo’s
Alert Level to 1, based on vi sual ob ser va tions of the crater
lake dur ing 5-6 Jan u ary and 2-4 March, and de creased seis -
mic ity since the 1 Jan u ary phreatic erup tion.

The name Dempo ap plies to both the larger com plex
and to a peak that sits ad ja cent to a neigh bor ing peak called
Marapi. The lat ter vol cano name ap plies to sev eral dif fer ent 

 Volcanism Network, Volume 34, Number 3, March 2009 Dempo    9

Fig ure 16. Map show ing Kilauea’s erup tive fis sure seg ments A, B, C, and
D and ae rial ex tent of lava flows from the 21 July erup tion (as doc u mented 
that day). Cour tesy of USGS-HVO.

Fig ure 15. Ae rial view at Kilauea show ing Pu`u `O`o crater look ing
WNW on the morn ing of 13 July 2007. View ers saw two ac tive vents in
the col lapsed crater floor. The in can des cent E vent is near the lower right
part of the crater bot tom, and the W vent (less in can des cent in this im age)
is near the mid dle of the im age. Cour tesy of USGS-HVO.



vol ca noes in In do ne sia and is eas ily con fused with the very
prom i nent vol cano Merapi (central Java). The Marapi cone
in the Dempo com plex con tains a ~ 400 m di am e ter crater
lake, the source of both the 2006 and 2009 erup tions.

The re main der of this re port dis cusses the phreatic erup -
tion that oc curred in Sep tem ber 2006. This erup tion had not 
been pre vi ously dis cussed in the Bul le tin, and CVGHM re -
port ing on the sub ject has re cently come to our at ten tion.

In the month be fore this erup tion, teams from the
CVGHM had vis ited sev eral times. On 13 Au gust 2006, a
team pre pared a map of Dempo and re ported that the con di -
tion of the wa ter in Marapi’s crater lake was nor mal and
clear or slightly blue in color, with no bub bling. On 4 Sep -
tem ber 2006, a team climbed to the peak of Dempo and re -
ported that ac tiv ity was nor mal other than some bub bling at
the E edge of the crater lake.

2006 phreatic erup tion. On 25 Sep tem ber 2006, a
phreatic erup tion oc curred that ex pelled wa ter from
Marapi’s crater lake and pro pelled mud onto the area
around the peak up to a ra dius of 300 m.

On the next day, the in spec tor for Dempo, Mr. Mulyadi, 
ac com pa nied by six friends, in spected the vol cano and its
lake. Ac cord ing to Mulyadi’s team, the lake wa ter was bub -
bling and had changed to a gray ish color. Acrid sulfurosu
emis sions were ac com pa nied by a hiss ing sound. The NW
crater wall was cov ered by mud from the erup tion. Many of 
the phreatic de pos its around the crater lake were only about 
0.5 cm thick, al though in sev eral other places they were
thicker (fig ures 17-20). A visit on 4 Oc to ber 2006 found the 
de pos its not yet eroded, ow ing to a lack of rain since the
erup tion.
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Fig ure 17. Photo of the plume re sult ing from Dempo’s phreatic erup tion
on 25 Sep tem ber 2006. This is one of a set of mul ti ple pho tos taken of a
ris ing plume. Photo by Fredy, a lo cal res i dent. Courtesy of CVGHM.

Fig ure 18. (top) Pre-erup tion and (bot tom) post-erup tion scenes from the
sad dle be tween the cones of Dempo and Marapi looking upslope to wards
Marapi (which con tains the source vent in a steep-sided crater not vis i ble
from this per spec tive). The shots were taken on 7 and 26 Sep tem ber 2009,
re spec tively. Freshly de pos ited mud and ev i dence of ejected crater-lake
wa ter in the fore ground (bot tom) rep re sents dis tal de pos its from the 25
Sep tem ber erup tion; note peson at right for scale. Large blocks were not
from this erup tion. Cour tesy of the Dempo in spec tion team, CVGHM.

Fig ure 19. Pre- and post-erup tion pho tos look ing into Marapi crater at
Dempo, taken on 7 (top) and 26 (bot tom) Sep tem ber 2006. The lake is on
the or der of 400 m across. The bottom photo por trays the crater’s
mud-cov ered walls and sed i ment-cov ered lake. Com par i son of both
pho tos in di cates that af ter the erup tion the lake sur face had dropped,
con sis tent with dis charge of wa ter and mud. Cam era look-di rec tion
un stated. Cour tesy of the Dempo in spec tion team, CVGHM.



Geo logic  Sum mary.  Dempo is  a prom i  nent
3,173-m-high stratovolcano that rises above the Pasumah
Plain of SE Su ma tra. The andesitic Dempo vol ca nic com -
plex has two main peaks, Gunung Dempo and Gunung
Marapi, con structed near the SE rim of a 3 x 5 km cal dera
breached to the N. The one called Dempo is slightly lower,
with an el e va tion of 3,049 m and lies at the SE end of the
sum mit com plex. The taller Marapi cone, with a sum mit el -
e va tion 3,173 m, was con structed within a crater cut ting the 
older Gunung Dempo ed i fice. Rem nants of 7 crat ers are

found at or near the sum mit of the com plex, with vol ca nism 
mi grat ing to the WNW with time. The large, 800 x 1100 m
wide his tor i cally ac tive sum mit crater cuts the NW side of
Gunung Marapi (not to be con fused with Marapi vol cano
500 km to the NW in Su ma tra) and con tains a 400-m-wide
lake lo cated at the far NW end of the crater com plex. His -
tor i cal erup tions have been re stricted to small-to-mod er ate
ex plo sive ac tiv ity that pro duced ashfall near the vol cano.

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/).

Hunga Tonga-Hunga Ha’apai

Tonga Is lands, SW Pa cific
20.57°S, 175.38°W; sum mit elev. 149 m
All times are lo cal (= UTC + 13 hours)

The erup tion from Hunga Tonga-Hunga Ha’apai (fig ure 
21) that be gan from mul ti ple vents at Hunga Ha’apai is land
on 17 March 2009 ended af ter five days of ac tiv ity on 21
March. The erup tion de stroyed all veg e ta tion on the is land,
one of two high points on a sub ma rine cal dera rim (fig ure
22). Strong Surtseyan ac tiv ity was wit nessed by pas sen gers
on a fish ing boat on 18 March (BGVN 34:02). Sat el lite im -
ag ery ac quired that day (fig ure 23) re vealed a bright erup -
tion plume, an ex ten sive 10-km-ra dius zone of dis col ored
wa ter around the is lands, and pum ice rafts that had al ready
drifted 20-25 km to wards the NW. By the next day, sci en -

tists on the scene ob served that
the sub ma rine vent off shore to the 
S (fig ure 24) had built new land
that was con nected to Hunga
Ha’apai (BGVN 34:02).

Based on in spec tion of an ae -
r ial  pho to  graph taken on 21
March (fig ure 25), the is land had
length ened by ~ 1 km and the S
crater was ap prox i mately 350 m
in di am e ter on 21 March, as sum -
ing the is land was 2 km long as
pre vi ously de scribed. Cal cu la -
tions us ing AS TER sat el lite im ag -
ery from 26 March re sult in sim i -
lar di men sions for the is land and
S crater, and showed that the new
ex ten sion was also about 1 km
wide at that time.

Ae rial pho to graphs from 21
March showed no ac tiv ity at the
NW vent and a steam plume ris -
ing from the S vent. How ever, air -
port ob serv ers on Tongatapu saw
new erup tive ac tiv ity with ash
plumes on the af ter noon of 21
March (BGVN 34:02). A Matangi 
Tonga news ar ti cle on 1 April re -
ported the erup tion as be ing on
17-21 March. Al though Ra dio
New Zea land In ter na tional re -
por ted that res  i  dents of
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Fig ure 20. Post-erup tion con di tions on Dempo’s Marapi cone seen from a
point a few me ters back from the crater rim. Wide spread gray-to-brown
mud cov ered the rim and up per crater, cre at ing a des o late scene. The large
an gu lar blocks on the rim were placed there in pre vi ous events, not the 25
Sep tem ber 2009 erup tion. Un stated di rec tion; pho tog ra phers shadow and
gear for scale. Cour tesy of the Dempo in spec tion team, CVGHM.

Fig ure 21. Po lit i cal map of Tonga, 1989, show ing the Vava’u, Ha’apai, and Tongatapu is land groups. Hunga
Ha’apai is in the oval about 55 km NNW of Tongatapu Is land. Map cour tesy of the Uni ver sity of Texas Li brar ies,
The Uni ver sity of Texas at Aus tin.



Nuku’alofa saw “glow on the ho ri zon” on 22 March and
stated that ash erup tions con tin ued on the 23rd, those ob ser -
va tions were not con firmed.

On 27 March a group of four peo ple, or ga nized by Gian
Piero Orbassano of the Wa ter front Lodge, landed on Hunga 
Ha’apai us ing an in flat able din ghy launched from a char ter
fish ing boat. They landed on the newly built south ern part
of the is land and walked to the rim of the crater which they
de scribed as filled with or ange steam ing wa ter. They noted
that land ing on the “rocky black pum ice” shore was dif fi -
cult in rough seas. Large boul ders (sizes not given) on the
sur face crum bled when touched. The ground was firm to
walk on, but the crater rim was “frag ile and cracked” (fig -
ure 26). Orbassano, in a 5 April news re port, stated that
peo ple were vis it ing the is land by boat but not land ing,
view ing the “smok ing” vents and yel low ish wa ter around
the is land.

Geo logic Sum mary. The small is lands of Hunga Tonga
and Hunga Ha’apai cap a large seamount lo cated about 30
km SSE of Fal con Is land. The two lin ear andesitic is lands
are about 2 km long and rep re sent the west ern and north ern

rem nants of the rim of a largely sub ma rine cal dera ly ing
east and south of the is lands. Hunga Tonga and Hunga
Ha’apai reach an el e va tion of only 149 m and 128 m above
sea level, re spec tively, and dis play in ward-fac ing sea cliffs
with lava and tephra lay ers dip ping gently away from the
sub ma rine cal dera. A rocky shoal 3.2 km SE of Hunga
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Fig ure 23. Aqua MODIS sat el lite im age show ing the erup tion plume
drift ing NE and pum ice rafts from Hunga Ha’apai on 18 March 2009.
Hunga Tonga and Hunga Ha’apai are cov ered by the bright steam plume
and sur rounded by dis col ored wa ter caused by sus pended sed i ments
reach ing a max i mum of about 10 km from the is land. A de tached older
plume, pos si bly ash-bearing, is to the NE. Ser pen tine-shaped pum ice rafts 
are drift ing in the NW sec tor at a dis tance of 20-25 km from the is land.
Con trast has been en hanced. Cour tesy of NASA Earth Ob ser va tory.

Fig ure 22. Ae rial photo show ing the veg e tated is lands of Hunga Tonga
(left) and Hunga Ha’apai (right) be fore the erup tion. Cour tesy of Brad
Scott, GNS Sci ence.

Fig ure 24. Ae rial photo show ing the is land of Hunga Ha’apai with a steam 
plume ris ing from the vent in the newly cre ated por tion of the is land.
Emis sions can also be seen in the vi cin ity of the small lake (left) mark ing
the lo ca tion of an other vent ac tive dur ing this erup tion. Dis col ored wa ter
sur rounds the is land, but a denser plume of ma te rial is orig i nat ing from the 
shore line near the small lake. View is look ing SSE on an un known date,
March 2009. Cour tesy of AusAID in Tonga.

Fig ure 25. Ae rial photo of the W side of Hunga Ha’apai is land show ing
two steam ing lakes in the NW vent area and a steam plume ris ing from the
vent on the new south ern part of the is land. View is to the S on 21 March
2009. Cour tesy of GP Orbassano and the Wa ter front Lodge.



Ha’apai and 3 km south of Hunga Tonga marks the most
prom i nent his tor i cally ac tive vent. Sev eral sub ma rine erup -
tions have oc curred at Hunga Tonga-Hunga Ha’apai since
the first his tor i cal erup tion in 1912.

In for ma tion Con tacts: Brad Scott, GNS Sci ence,
Wairakei Re search Cen tre, Pri vate Bag 2000, Taupo 3352,
New Zea land (URL: http://www.gns.cri.nz/); NASA Earth
Ob ser va tory (URL: http://earthobservatory.nasa.gov/); GP
Orbassano, Wa ter front Lodge, Vuna Road, Ma’ufanga, PO 
Box 1001, Nuku’alofa, Tonga (URL: http://www.wa ter -
front-lodge.com/); Ra dio New Zea land In ter na tional, PO
Box 123, Wellington, New Zea land (URL: http://www.
rnzi .com/);  Matongi Tonga On l ine ,  PO Box 958,
Nuku’alofa, Tonga (URL: http://www.matangitonga.to/);
Perry-Castañeda Li brary Map Col lec tion, Uni ver sity of
Texas Li brar ies, The Uni ver sity of Texas at Aus tin (URL:
http://www.lib.utexas.edu/).

De cep tion Is land

Antarctica
62.97°S, 60.65°W; sum mit elev. 576 m

Alicia Gar cia for warded to us a re port of the geo phys i -
cal mon i tor ing con ducted dur ing De cem ber 2008 to Feb ru -

ary 2009 (the 2008-2009 aus tral sum mer). This field work
in cluded mea sure ments of seis mic ity, de for ma tion, and soil 
tem per a ture. Lit tle if any un rest was de tected.

The vol ca  nic  alert  re mained Green dur  ing the
2008-2009 cam paign. The vol cano last erupted in 1970
(and sev eral un cer tain erup tions were in di cated since then).
Seven seis mic sta tions, and a seis mic ar ray de ter mined that
seis mic ity was low. Dur ing Jan u ary and Feb ru ary 2009 in -
stru ments de tected some earth quakes at trib uted to hy dro -
ther mal pro cesses and ice melt ing. Geo detic lev el ing sur -
veys were car ried out over benchmarks along six lines of an 
ex ist ing net work (known as RENID). Only su per fi cial de -
for ma tion was de tected.

The Ther mo met ric Mon i tor ing Net work (THONET)
was ini ti ated in 2006. It con sists of a set of sta tions mon i -
tor ing mi cro-me te o ro log i cal vari ables in clud ing wind ve -
loc ity, air tem per a ture and hu mid ity, up ward and down -
ward so lar and ter res trial ra di a tion, dif fuse so lar ra di a tion,
soil heat flow, soil tem per a ture at sev eral depths and snow
depth cover. Not all vari ables are re corded at all sta tions or
con stantly. Mea sure ments in di cated that soil ther mal be -
hav ior was the re sult of so lar and at mo spheric forc ing.

Ibanez and oth ers (2003) noted both long-pe riod (LP)
and vol cano-tec tonic (VT) earth quakes since 1986, with
great est in ten sity dur ing 1992 and 1999. This means that in
~ 15 years of seis mic mon i tor ing, two in tense vol ca nic cri -
ses have been ob served. No per ma nent mon i tor ing sta tions
ex ist on the is land, and seis mic mea sure ments are con -
ducted only dur ing 3 months/year (from De cem ber to Feb -
ru ary); thus, sim i lar pe ri ods of el e vated vol ca nic seis mic ity
might have oc curred more of ten than de tected.

Benitez and oth ers (2007) de scribed a seis mic-event
clas si fi ca tion and mon i tor ing sys tem for De cep tion. The
sys tem, based on hid den Markov mod el ing (HMM) tech -
niques, en abled mon i tor ing by care ful dis crim i nat ing
among dif fer ent sig nal types.

As late as 30 April 2009, MODIS/MODVOLC ther mal
alert sat el lite mea sure ments showed no anom a lies over the
is land since at least 2000.

Ref er ences: Benítez, M.C., Ramírez, J., Segura, J.C.,
Ibáñez, J.M., Almendros, J., García-Yeguas, A., and
Cortés, G., 2007, Con tin u ous HMM-Based Seis mic-Event
Clas si fi ca tion at De cep tion Is land, Antarctica, IEEE Trans -
ac tions on Geoscience and Re mote Sens ing, v. 45, no. 1, p.
138-146.

Ibáñez,  J .M,  Almendros ,  J . ,  Carmona,  E. ,
Martínez-Arévalo, C., and Abril, M., 2003, The re cent
seismo-vol ca nic ac tiv ity at De cep tion Is land vol cano, Deep 
Sea Re search Part II: Top i cal Stud ies in Ocean og ra phy, v.
50, no. 10-11, p. 1611-1629.

Geo logic Sum mary. Ring-shaped De cep tion Is land, one 
of Antarctica’s most well known vol ca noes, con tains a
7-km-wide cal dera flooded by the sea. De cep tion Is land is
lo cated at the SW end of the Shet land Is lands, NE of Gra -
ham Land Pen in sula, and was con structed along the axis of
the Bransfield Rift spread ing cen ter. A nar row pas sage way
named Neptunes Bel lows pro vides en trance to a nat u ral
har bor that was uti lized as an Ant arc tic whal ing sta tion.
Nu mer ous vents lo cated along ring frac tures cir cling the
low, 14-km-wide is land have been ac tive dur ing his tor i cal
time. Maars line the shores of 190-m-deep Port Fos ter, the
cal dera bay. Among the larg est of these maars is 1-km-wide 
Whal ers Bay, at the en trance to the har bor. Erup tions from
De cep tion Is land dur ing the past 8,700 years have been
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Fig ure 26. Pho to graphs of the south ern crater lake on newly formed land
at Hunga Ha’apai, 27 March 2009. The steam ing lake was col ored
or ange-brown and the rim was un sta ble, as ev i denced by the ir reg u lar rim,
steep cliffs, and frac tures. Cour tesy of GP Orbassano and the Wa ter front
Lodge.



dated from ash lay ers in lake sed i ments on the Ant arc tic
Pen in sula and neigh bor ing is lands.

In for ma tion Con tacts: A. Gar cia, Dept. of Vol ca nol -
ogy (MNCN-CSIC), Ma drid, Spain (Email: aliciag@mncn.
csic.es); M. Berrocoso, Cadiz Univ., Spain (Email: manuel.
berrocoso@uca.es); M. Rodríguez-Arias, Extremadura
Univ., Spain (Email: arias@unex.es); I. Serrano, Granada
Univ. ,  Spain  (Emai l:  inma@iag.ugr .es) ,  MODIS/
MODVOLC. 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/).

Reventador

Ec ua dor
0.077°S, 77.656°W; sum mit elev. 3,562 m

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

Our pre vi ous re port cov ered ac tiv ity through early Au -
gust 2008, a pe riod that in cluded ex tru sions of lava flows
(BGVN 33:08). This re port con tin ues through late April
2009, including a hi a tus for much of Au gust into No vem ber 
2008. In early No vem ber ob serv ers saw re peated small
erup tions emit ting plumes with gen er ally mi nor ash,
Strombolian erup tions, and lava flows down two flanks.
What fol lows sum ma rizes re ports from the Instituto
Geofísico-Escuela Politécnica Nacional (IG).

The last para graph of the main sec tion of this re port dis -
cusses an im por tant tem po ral and spa tial cor re la tion made
at the vol cano on 23 April 2009. The IG cor re lated sat el lite
ther mal data and ground-based ob ser va tions with high
tremor and acous ti cal noise.

An IG daily re port is sued 8 Au gust 2008 noted a lack of
move ment in the lava flows and the emis sion of gas plumes
with out ash. That night, glow was ob served from the crater. 
On 18 Au gust, amid rainy con di tions, a pos si ble lahar was
noted. Ex cept for on go ing seis -
mic ity, rel a tive calm pre vailed
un til early No vem ber.

The IG noted glow from the
crater the night of 7 No vem ber,
an ob ser va tion con firmed in sat el -
lite ther mal data. At 1900 on 8
No vem ber high-am pli tude seis -
mic sig nals saturated the seis mic
sta tions. Local ob serv ers saw an
ash-and-steam col umn that eve -
ning to 2 km above the crater. The 
ash con tent was mod er ate. An -
other IG re port noted that in the
set tle ments of Chaco and Quijos
res i dents could hear strong ex plo -
sions and see gas plumes with low 
ash con tent. A pi lot re port stated
the plume blew NW and reached
an ap prox i mate es ti mated al ti tude 
of 7.6 km.

Spe cial Re port 6 (9 No vem -
ber) in cluded a plot of seis mic ity
since 1 Feb ru ary 2007 (fig ure 27). 

Long-pe riod (LP) earth quakes be gan to dom i nate in March
2008 and the large spike around 8-9 No vem ber 2008 was
out stand ing com pared to the re cent pat tern. An other larger
spike in seis mic ity had been seen dur ing mid-March 2007,
but it was com posed of vol cano-tec tonic (VT) earth quakes.

A fol low up re port on 11 No vem ber stated that
Reventador had dis charged mod er ate strombolian ex plo -
sions on 9-10 No vem ber, with on go ing lava flows on the N
and S flanks of the cen tral cone. Both the sum mit erup tions
and the flank flows were con spic u ous at night.

SO2 emis sions were clear in Aura/OMI im ag ery of 9
and 10 No vem ber  ( f ig  ure  28) .  About a  day la ter ,
Reventador calmed con sid er ably (with seis mic ity drop ping
strongly af ter 1000 on 11 No vem ber). The es ca lat ing ac tiv -
ity drove IG to in stall two more seis mom e ters, two in fra -
sonic sen sors, and a mon i tor ing cam era.

The IG’s Spe cial Re ports of 10 and 11 No vem ber
(Num bers 7 and 8) of fered fur ther in for ma tion. Lava flows
had de scended to be low 2,600 m el e va tion (the sum mit is at 
3,562 m el e va tion but the vent el e va tion was not stated).
Dur ing the night of 9 No vem ber in can des cent ejecta rose
100 m above the crater, along with con tin u ous roars and
canon-shot noises. Al though light ash fell in Cayambe on 9
No vem ber, other towns in the re gion had not been af fected.
Strombolian emis sions had calmed some on the night of 10
No vem ber. Af ter 1000 on 11 No vem ber, both gas emis -
sions and seis mic ity calmed.

Seis mic ity in creased start ing on 15 De cem ber 2008, and 
re mained el e vated through 8 Jan u ary 2009. Dur ing 3-8 Jan -
u ary there were al most con stant gas emis sions (with ash
con tents mod er ate to low), small-to-mod er ate ex plo sions,
and tremor last ing sev eral hours. The tremor was ac com pa -
nied by roar ing noises and the ejec tion of blocks that landed 
near the sum mit. Explosions and emis sion trem ors were of
vari able in ten sity, caus ing win dows in nearby towns to vi -
brate. Ash rose 2 km above the sum mit and drifted W, caus -
ing ashfall in the towns of El Manzano, Choglontus,
Palictahua, and Cahuají.

Af ter 8 Jan u ary 2009, the IG re ported the steady de -
crease of seis mic ac tiv ity. There were a few ex plo sions and
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Fig ure 27. A his to gram of daily seis mic ity for Reventador dur ing 1 Feb ru ary 2007 to 8 or 9 No vem ber 2008. The
plot in cludes har monic tremor (TR. ARM.) and spe cial kinds of tremor (TR. ESP.) in ad di tion to more typ i cally
plot ted event types (LP earth quakes, VT earth quakes, and hy brid (HB) earth quakes). Cour tesy of IG (from their
Spe cial Re port No. 6, is sued 9 No vem ber 2008).



wa ter va por emis sions with low ash con tent reach ing
heights of 1-1.5 km above the crater. These plumes drifted
W and SW, with re ported mi nor ashfall in the towns men -
tioned above. As so ci ated with these emis sions, ob serv ers
heard spo radic roar ing noises. Seis mic ac tiv ity con tin ued to 
de crease dur ing the lat ter part of Jan u ary 2009 and into
Feb ru ary 2009. Al though in mid-Feb ru ary 2009 there was a 
mild in crease in seis mic ity, over all the level re mained low.
A sin gle ob ser va tion re vealed the pres ence of a small col -
umn of steam and gas.

Dur ing 16-22 Feb ru ary seis mic ac tiv ity re mained low,
with few seis mic events and sig nals as so ci ated with fluid
move ments at depth. The num ber of rockfalls was sig nif i -
cant, even compared to that seen dur ing cool ing of the lava
flow from No vem ber 2008. Dur ing this week there were
var i ous ep i sodes of har monic tremor and ex plo sions. Dur -
ing 23 Feb ru ary-15 March 2009 there was a slight in crease
in the num ber of low-in ten sity seis mic events at trib uted to
flu ids at depth. There was a later de crease in seis mic ity

IG’s 2009 Spe cial Re port Num ber 1 (26 March) noted a
seis mic in crease on 26 March, which they again at trib uted
to flu ids mov ing within the vol ca nic ed i fice. Af ter 1000 on
the 26th, in stru ments de tected a seis mic swarm con sist ing
of both LP and hy brid earth quakes, in ter ca lated with
banded tremor, the later of which had a 4-hour du ra tion.
From past ex pe ri ence, the IG in ferred these sig nals could
re flect the on set of new lava ap proach ing the sur face.

Spe cial Re port Num ber 2 (23 April) noted that later on
the 26th the sig nals dropped off and re mained low through
at least early 23 April. De spite low seis mic ity, there were
both ep i sodes of banded tremor and in ter ca lated LP
earth quakes.

The tremor was of vari able am pli tudes, in clud ing some
that sat u rated lo cal seis mic sta tions, par tic u larly be tween
0500 and 0700 on 23 April 2009. On that day, a low,
gas-rich cloud blew W from Reventador. Sev eral res i dents
liv ing near the vol cano also heard loud noises. A sat el -
lite-de tected ther mal hotspot on the vol cano be gin ning at

0300 con tin ued, with high in ten sity, be tween 0500 and
0700. The pres ence of the high est in ten sity ther mal anom a -
lies co in cided with the high est tremor am pli tudes and au di -
ble noises. Mul ti ple MODVOLC ther mal alerts were de -
tected on 24-25 April and on 8 and 10 May 2009.

Geo logic Sum mary. Reventador is the most fre quently
ac tive of a chain of Ec ua dor ian vol ca noes in the Cor dil lera
Real, well E of the prin ci pal vol ca nic axis. The for ested,
dom i nantly andesitic Volcán El Reventador stratovolcano
rises to 3,562 m above the jun gles of the west ern Am a zon
ba sin. A 4-km-wide cal dera widely breached to the east was 
formed by ed i fice col lapse and is par tially filled by a
young, unvegetated stratovolcano that rises ~ 1,300 m
above the cal dera floor to a height com pa ra ble to the cal -
dera rim. Reventador has been the source of nu mer ous lava
flows as well as ex plo sive erup tions that were vis i ble from
Quito in his tor i cal time. Fre quent lahars in this re gion of
heavy rain fall have con structed a de bris plain on the east ern 
floor of the cal dera. The larg est his tor i cal erup tion at
Reventador took place in 2002, pro duc ing a 17-km-high
erup tion col umn, pyroclastic flows that trav eled up to 8 km, 
and lava flows from sum mit and flank vents.

In for ma tion Con tacts: Geo phys i cal In sti tute (IG),
Escuela Politécnica Nacional, Apartado 17-01-2759, Quito, 
Ec ua dor (URL: http://www.igepn.edu.ec/); 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 Uni ver sity, 1400 Townsend Dr.,
Hought on, MI 49931, USA (URL: http://www.volcarno.
com/, http://so2.umbc.edu/omi/; Email: scarn@mtu.edu);
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/).

Masaya

Nic a ra gua
11.984°N, 86.161°W; sum mit elev. 635 m

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

Our pre vi ous re port on Masaya, in April 2006 (BGVN
31:04), sum ma rized in ter mit tent ash erup tions and con tin u -
ing in can des cence through March 2005. At that time, the
vis i ble SO2 gas emis sions were the low est seen, a con di tion
at trib uted to the land slide of 2-3 March 2005 block ing the
de gas sing vent. MODIS/MODVOLC data revealed only
one pixel on 24 April 2006.

Ac tiv ity dur ing 2005-2006. The level of tremor slowly
de creased from 20 RSAM units in April 2005 to 10 RSAM
units a few months later. A short INETER re port noted that
there were no mi cro-earth quakes reg is tered in Oc to ber
2005. Tremor then stood at 15 RSAM (Real-time Seis mic
Am pli tude Mea sure ment) units, oc cur ring with fre quen cies
of 1.5 Hz. Gas fumes re mained steady and strong. No ac tiv -
ity was re ported from April 2005 un til 25-30 April 2006
when there was a small in crease in emis sions, with col umns 
of gases ris ing ~ 100 m from the crater; there was also a
strong odor of sul fur. Dur ing May, in creased pre cip i ta tion
re sulted in acid rains that burned the veg e ta tion. In June, an
ob server re ported a wall col lapse in San ti ago crater.
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Fig ure 28. Spec tro scopic mea sure ments of SO2 taken by the Aura/OMI
sat el lite on 9 No vem ber 2009 from erup tions at Reventador. The smaller
plume to the N is from Galeras. Cour tesy of Si mon Carn and the OMI
Sul fur Di ox ide Group.



On the eve ning of 3 Au gust 2006 seis mic tremor be gan
to in crease, reach ing ap prox i mately 130 RSAM units. This
level was main tained through out the next day; typ i cally
RSAM lev els are at about 5 units. INETER vol ca nol o gists
trav eled to the vol cano on 4 Au gust and around 1030 ob -
served two small phreatomagmatic ex plo sions from the
crater with dark gray ash. From the crater rim in can des -
cence was seen at the bot tom of the crater, and jet en gine
sounds could be heard. Civil De fense also re ported that res -
i dents of Leon saw ash and gas emis sions in the morn ing.
Small amounts of ash fell in Cristo Rey, W of the vol cano
and in Las Marías to the N. Gas emis sions re mained strong
on 4 Au gust. Small ex plo sions on the morn ing of 6 Au gust
again ejected ash. Ac tiv ity de creased af ter wards, with no
fur ther ash emis sions and a drop in seis mic ity to 20 RSAM
units. Mi nor gas emis sions con tin ued.

Over all dur ing Au gust 2006 the fre quency of tremor
shifted slightly from 1.5 to 2.0 Hz, which re mained con -
stant through Au gust. Gas emis sions in creased in Au gust
2006 at a point ~ 800 m from the cone. Gas emis sions were
re leased from the old crater as well. Tem per a tures at the
San Fernando and Comalito cones re mained un changed.
On 20 Au gust, Mar tha Navarro (INETER) and Gustavo
Chigna (INSIVUMEH, Gua te mala), mea sured SO2 emis -
sions with a COSPEC near El Crucero, (16 km W of the
sum mit) and noted a level of ~ 900 tons of SO2 per day.

On 4 Sep tem ber 2006 tremor re mained at 15 RSAM
units, with fre quen cies of 1.5 Hz, a level that con tin ued
through Oc to ber. Gas emis sions re mained con stant, steady
and strong. INETER re port ing on 25 Oc to ber 2006 dis -
cussed a new vent that opened on the floor of San ti ago
crater with a small lava lake. It dis played in tense de gas sing. 
Fol low ing heavy rains, land slides spilled down the crater
walls. In sta bil ity was noted at an over look park ing area.

Ac tiv ity dur ing 2007-2008. The Wash ing ton Vol ca nic
Ash Ad vi sory Cen ter (VAAC) pro vided oc ca sional re ports
of plumes from 26 April 2007 to 17 De cem ber 2008, pre -
dom i nately from GOES-12 sat el lite ob ser va tions. Pi lots
and lo cal res i dents also con trib uted ob ser va tions through
the VAAC and INETER.

A steam plume that drifted WSW on 26 April 2007 was
vis i ble on sat el lite im ag ery and a web cam era. Ad di tional
plumes on 9 and 12 June, with lit tle or no ash, were noted.
No fur ther plumes were re ported un til 24 De cem ber 2007,
when a small dif fuse plume, pos si bly con tain ing ash,
moved SW; a change in seis mic ity cor re sponded to the
emis sion.

Pi lots re ported an ash plume on 29 April 2008 that was
also seen in sat el lite im ag ery mov ing SW at 2.1 km al ti tude. 
An ex plo sion on 18 June 2008 reg is tered on the seis mom e -
ter E of the vol cano. The event dis charged mod er ate quan ti -
ties of gas and vol ca nic ash, and the re sult ing cloud was
dark in color. Nearby inhabitants felt the ex plo sion.

Sat el lite im ag ery dur ing Au gust 2008 re vealed plumes
de scribed as steam on 12 Au gust and gas on 18 Au gust,
both pos si bly con tain ing ash. Sim i lar plumes on 10 and 12
Sep tem ber drifted ENE. Pi lots re ported that on 9 Oc to ber
an ash plume rose to an al ti tude of 4.6 km and drifted NNE.
Anal y sis of sat el lite im ag ery through the rest of 2008
showed pos si ble dif fuse ash and steam plumes to the SW
and S on 4-5 No vem ber, a plume with pos si ble ash on 2 De -
cem ber that moved SW, and a gas plume with pos si ble ash
to an al ti tude of 5.3-6.1 km on 17 De cem ber.

Geo logic Sum mary. Masaya is one of Nic a ra gua’s most 
un usual and most ac tive vol ca noes. Masaya lies within the
mas sive Pleis to cene Las Si er ras pyroclastic shield vol cano
and is a broad, 6 x 11 km ba saltic cal dera with steep-sided
walls up to 300 m high. The cal dera is filled on its NW end
by more than a dozen vents erupted along a cir cu lar,
4-km-di am e ter frac ture sys tem. The twin vol ca noes of
Nindirí and Masaya, the source of his tor i cal erup tions, were 
con structed at the south ern end of the frac ture sys tem and
con tain mul ti ple sum mit crat ers, in clud ing the cur rently ac -
tive San ti ago crater. A ma jor ba saltic plinian tephra was
erupted from Masaya about 6,500 years ago. His tor i cal lava 
flows cover much of the cal dera floor and have con fined a
lake to the far east ern end of the cal dera. A lava flow from
the 1670 erup tion over topped the N cal dera rim. Masaya
has been fre quently ac tive since the time of the Span ish
Con quis ta dors, when an ac tive lava lake prompted at tempts 
to ex tract the vol cano’s mol ten “gold.” Pe ri  ods of
long-term vig or ous gas emis sion at roughly quar ter-cen tury 
in ter vals caused health haz ards and crop dam age.

In for ma tion Con tacts: Wilfried Strauch, Vir ginia
Tenorio, and Mar tha Navarro, Instituto Nicaragüense de
Estudios Territoriales (INETER), Apartado Postal 2110,
Managua, Nic a ra gua (Email: ineter@ibw.com.ni); Jaime
Cardenas Masaya Vol cano Na tional Park, Gustavo Chigna
(INSIVUMEH, Gua te mala); Wash ing ton Vol ca nic Ash Ad -
vi sory Cen ter (VAAC), 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/).

Popocatépetl

México
19.023°N, 98.622°W; sum mit elev. 5,426 m

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

Our most re cent re port on Popocatépetl (BGVN 32:04)
de scribed mi nor ex plo sions, spo radic ash plumes, and lava
dome growth dur ing 2006 through April 2007. The cur rent
re port dis cusses ac tiv ity from April 2007 through April
2009, when many small ash plumes were noted.

From April 2007 through April 2009, the Centro
Nacional de Prevencion de Desastres (CENAPRED) re -
ported mod est ac tiv ity at Popocatépetl, con sist ing largely of 
nu mer ous low in ten sity earth quakes and trem ors (fig ures
29 and 30), and con stant de gas sing of low in ten sity steam
and gas, of ten ac com pa nied by ash emis sions of vari able in -
ten sity. Based on in for ma tion from the Mex ico City Me te o -
ro log i cal Watch Of fice (MWO), and the Wash ing ton Vol -
ca nic Ash Ad vi sory Cen ter (VAAC), there were 17
oc ca sions when ash plumes rose at least 1 km above
Popocatépetl’s 5.4 km sum mit (ta ble 3).

Ac cord ing to in for ma tion pro vided by the Mex i can Na -
tional Uni ver sity ge ol o gist Julie Roberge, the trem ors
lasted from min utes to hours and var ied in fre quency and
am pli tude, but were mostly of low am pli tude. The
microearthquakes were also of low mag ni tude (M 2-3) with 
vari able depths; epi cen ters were typ i cally within 10 km of
the crater. Plumes con sist ing of gas, and gas and ash, and
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seis mic ity con sist ing of earth quakes and tremor var ied dur -
ing 2007 through April 2009 (fig ure 30).

Ac cord ing to Roberge and oth ers (2009), the deep de -
gas sing ob served in the on go ing erup tion of Popocatépetl
may in di cate an es sen tially in tru sive event, rather than a
con vec tive pro cess. The hy poth e sis of deep magma de gas -
sing be neath Popocatépetl is con sis tent with ob ser va tions
re gard ing de gas sing at the sum mit that sug gest sep a ra tion
of magma and gas at depth be neath the vol cano. Ac cord ing
to ad di tional in for ma tion pro vided us by Roberge, the high
gas flux is not as so ci ated with pro cesses in the cen tral con -
duit. The vol cano has an el lip ti cal crater (600 m by 800 m).
Most of the lava that formed domes was ex truded through
the crater’s ma jor cen tral vent (about 30 m wide). How ever, 
sev eral other vents were formed in the crater dur ing the ex -
plo sive events of 1995. These vents are aligned N-S, and
the larg est has been the site of long term de gas sing but only
rare ex tru sion of lava. The smaller sec ond ary vents are
ephem eral and their ac tiv i ties de pend on the ex plo sive
events that re open them. Of ten, the most vig or ous re lease
of gas oc curs from the E vent, and thus much of the de gas -
sing seems un re lated to the cen tral vent and con duit from
which the lava domes form.

Be tween April 2007 and April 2009, ther mal anom a lies
at Popocatépetl were de tected ev ery month by MODVOLC. 
The num ber of ther mal anom a lies per month ranged from
three to sev en teen, mostly one pixel, but oc ca sion ally two
pix els, and once three pix els.

As re ported in BGVN 32:04, a lava dome ir reg u larly
grow ing since July 2005 cov ered the floor of the in ter nal
crater. Peo ple study ing the vol cano have lacked an im age of 
the dome and crater since 2007, leav ing its later sta tus and
vol ume un cer tain.

Ref er ence. Roberge, J., Delgado-Granados, H., and
Wallace, P. 2009. Mafic magma re charge sup plies high
CO2 and SO2 gas fluxes from Popocatépetl vol cano, Mex -
ico: Ge ol ogy v. 37, no. 2, pp. 107-110.

Geo logic Sum mary. Volcán Popocatépetl, whose name
is the Az tec word for smok ing moun tain, tow ers to 5,426 m
70 km SE of Mex ico City to form North Amer ica’s
2nd-high est vol cano. The gla cier-clad stratovolcano con -
tains a steep-walled, 400 x 600 m wide crater. The gen er -
ally sym met ri cal vol cano is mod i fied by the sharp-peaked
Ventorrillo on the NW, a rem nant of an ear lier vol cano. At
least three pre vi ous ma jor cones were de stroyed by grav i ta -
tional fail ure dur ing the Pleis to cene, pro duc ing mas sive de -
bris-av a lanche de pos its cov er ing broad ar eas south of the
vol cano. The mod ern vol cano was con structed to the south
of the late-Pleis to cene to Ho lo cene El Fraile cone. Three
ma jor plinian erup tions, the most re cent of which took
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Fig ure 29. Popocatépetl up per flanks seen look ing SSE in Oc to ber 2008.
Dur ing the re port ing in ter val, steam plumes of ten hung over
Popocatépetl’s sum mit. The sum mit area is steep and gla cial cov ered. The
vol cano’s crater is deep and con tains a grow ing dome of un cer tain
vol ume. Photo taken by Julie Roberge, UNAM.

Fig ure 30. His to gram of se lected an nual ac tiv ity at Popocatépetl. The
num ber of earth quakes, trem ors, gas, and gas + ash ep i sodes per month
be tween Jan u ary 2007 and 1 April 2009. The amount of ash in the
erup tions was mod est, com pared to to tal gas emis sions. Cour tesy of Julie
Roberge.



place about 800 AD, have oc curred from Popocatépetl
since the mid Ho lo cene, ac com pa nied by pyroclastic flows
and vo lu mi nous lahars that swept bas ins be low the vol cano. 
Fre quent his tor i cal erup tions, first re corded in Az tec co di -
ces, have oc curred since precolumbian time.

In for ma tion Con tacts: Centro Nacional de Prevencion
de Desastres (CENEPRED), Av. Delfín Mad ri gal No.665.
Coyoacan, México D.F. 04360, México (URL: http://www.
cenapred.unam.mx/es/); Wash ing ton Vol ca nic Ash Ad vi -
sory Cen ter (VAAC), 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/); Julie Roberge, Instituto
de Geología, Dept. Geoquimíca, Universidad Nacional
Autonóma de México (UNAM), Ciudad Universitaria,
Coyoacán D.F.(Fed eral Dis trict of Mex ico City) 04510,
Mex ico.

18    Popocatépetl Smithsonian Institution — Bulletin of the Global

Date Plume al ti tude (km) Plume di rec tion

01 Apr 2007 7.6 NE

28 Jun 2007 6.4 SSW

28 Jul 2007 7 WSW

01 Dec 2007 7.4-9.1 N, NE

31 Dec 2007 7.4 E, SE

05 Jan 2008 7.3 E, NE

28 Jan 2008 8.6 NW

12 Feb 2008 7 NE

21-22 Feb 2008 7.4 NE

08-09 Mar 2008 6.4 NE

17 Mar 2008 7.4-7.9 NE

17 Nov 2008 6.1 NW, WSW 

21 Jan 2009 7 E, NE

22 Jan 2009 7.4 —-

13 Feb 2009 7.2 NE

23 Mar 2009 6.7 SE

01 Apr 2009 6.4 —-

Ta ble 3. Tab u la tion of ash plumes ris ing at least 1 km above
Popocatépetl’s sum mit be tween 1 April 2007 and 1 April 2009. Data
pro vided by the Mex ico City Me te o ro log i cal Watch Of fice (MWO), and
the Wash ing ton Vol ca nic Ash Ad vi sory Cen ter (VAAC) and a web cam era 
op er ated by the Centro Nacional de Prevención de Desastres
(CENAPRED).


