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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)

Ac cord ing to the Sakurajima Vol cano Re search Cen ter
(SVRC) at Kyoto Uni ver sity, an erup tion started on 4 June
2006 at the Showa crater, a spot that dif fers from vents ac -
tive in re cent de cades at the sum mit of Minami-dake
(“south moun tain”; BGVN 31:06 and many pre vi ous re -
ports). The Showa crater re sides on the E slope of
Minami-dake at an el e va tion of ~ 800 m (fig ures 1, 2, and
3). Showa crater was formed in a 1946 erup tion; the 1946
vent was the source of lava flows that spread E and then
branched to travel S and ENE (fig ure 3).

Un for tu nately, at press time many de tails still re mained
un avail able to Bul le tin ed i tors re gard ing the du ra tion and
char ac ter of the re turn of vent ing at Showa crater. It is also
un clear to what ex tent the Minami-dake sum mit crat ers
con tin ued to par tic i pate in the emis sions. 

The 4 June 2006 erup tion con tin ued in ter mit tently, in -
clud ing an eve ning erup tion on 7 June which sent an ash
col umn ~ 1 km above the crater. Fig ure 4 shows one such
erup tion on 6 June.

A se ries of plots de scribe the short- and long-term seis -
mic ity and vol ume of magma sup plied at Sakura-jima (fig -
ures 5 and 6). The num ber of shal low earth quakes had in -
creased since the mid dle of March 2006 (fig ures 4 and 5),
and small vol ca nic trem ors with a du ra tion shorter than 2
min utes had in creased since the mid dle of May 2006. GPS
data showed con tin ued in fla tion in the N part of the Aira
cal dera, an ob ser va tion at trib uted to in com ing magma.
Kazuhiro Ishi hara, di rec tor of SVRC, com mented that the
pres ent erup tion was con sid ered to be re lated to magma ac -
cu mu lat ing in the Aira cal dera and search ing for an exit.

Ta ble 1 pres ents a chro nol ogy of ash-plume ob ser va -
tions made since the pre vi ous Bul le tin re port (BGVN
31:06). The ta ble is based pri mar ily on re ports from To kyo
Vol ca nic Ash Ad vi sory Cen ter (VAAC) and cov ers the in -
ter val 7 June 2006 to 20 March 2007. Most of the plumes
de scribed did not ex ceed 3 km al ti tude. The tall est plume
re corded on the ta ble, an ash plume on 20 March 2007, rose 
to 3.7 km al ti tude.

Vol ca nic haz ards re search. Lee and oth ers (2005) re -
ported the suc cess ful re mote mea sure ment of sig nif i cant
amounts of ClO (as well as BrO and SO2) in a vol ca nic
plume from Sakura-jima dur ing May 2004. Near the vol -
cano they also ob served halo gen-cat a lyzed, lo cal sur face
ozone de  ple t ion.  The in  ves t i  ga  tors  em ployed
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Fig ure 1. Map im ages show ing Sakura-jima stratovolcano and en vi rons on Ja pan’s Kyushu is land (~ 1,000 km S of To kyo). (left) Im age from Google Earth
show ing the S end of Kyushu Is land. Pop u la tion cen ters are la beled. Sakura-jima forms the dom i nant top o graphic fea ture in Kagoshima Bay. The Osumi
Pen in sula is to the E; the Sat suma Pen in sula to the W. (right) Im age from Google Earth show ing ter rain fea tures look ing NW to wards the up per por tions of
Kagoshima Bay. Cour tesy of Google Earth.

Fig ure 2. A sketch map fo cused on the geo logic con text of Sakura-jima,
the Aira cal dera, and ad ja cent cal de ras. The Kagoshima graben forms the
Bay of the same name. The graben also lies co in ci dent with sev eral
cal dera mar gins. Sakura-jima re sides at the S por tion of Aira cal dera.
Mod i fied slightly from Okuno and oth ers (1998).



ground-based, multi-axis, dif fer en tial op ti cal ab sorp tion
spec tros copy. Their re sults help doc u ment the pres ence of a 
wide range of chem i cal spe cies that have po ten tial health
implications for populations living nearby.

The cen ter of Kagoshima City (pop u la tion ~ 550,000)
sits ~ 10 km from Minami-dake’s sum mit and ~ 4 km from
Sakura-jima’s E shore (just off fig ure 2, but along the trend
of the ar row la beled KC). Ac cord ing to Durand and oth ers
(2001), “Since 1955 the city has been sub jected to ashfall
from Sakura-jima. Un til 1990 ashfalls oc curred up to twice
per week, al though this has de creased in fre quency in
recent years.”

Durand and oth ers (2001) com ment that “[Kagoshima
City] pres ents a good op por tu nity to study the im pacts of
vol ca nic ash on key ser vices, or ‘life lines.’ In ad di tion, the
city pro vides a chance to see how life lines have been
adapted to coun ter any prob lems pre sented by ashfalls.”
They also noted that, “The ad vice from Kagoshima would
seem to be that dur ing an ashfall event, peo ple should bring
in the wash ing and shut the doors and win dows. Peo ple
who have to go out and work in ashfall should wear gog gles 
and a face mask. In Kagoshima, um brel las are the only
form of pro tec tion for many peo ple go ing to work during
ashfall events.”

Ref er ences: Durand, M.; Gordon, K .; Johnston, D. ;
Lorden, R. ; Poirot ,T. ; Scott, J. ; and Shephard, B.; 2001;
Im pacts of, and re sponses to ashfall in Kagoshima from

Sakurajima Vol cano–les sons for New Zea land. Sci ence re -
port 2001/30, In sti tute of Geo log i cal & Nu clear Sci ences;
Lower Hutt, New Zea land, No vem ber 2001 53p. (ISSN
1171-9184, ISBN 0-478-09748-4).

Fukuyama, H. and Ono, K., 1981, Geo log i cal Map of
Sakura-jima, scale 1:25,000

Kobayashi,  Tetsuo,  1988,  Geo log i  ca l  Map of
Sakurajima Vol cano, A Guide -
book for Sakura-jima Vol cano, in
Kagoshima In ter na tional Con fer -
ence on Vol  ca  noes ,  1988
(1:50,000).

Lee, C., Kim, Y. J., Tanimoto, 
H., Bobrowski, N., Platt ,  U.,
Mori, T., Yamamoto, K., and
Hong, C. S., 2005, High ClO and
ozone de ple tion ob served in the
plume of Sakurajima vol cano, Ja -
pan, Geo phys i cal Re search Let -
ters, v. 32, L21809, doi:10.1029/
2005GL023785.

Okuno, Mitsuru; Nakamura,
Toshio, and Kobayashi, Tetsuo,
1998, AMS 14C dat ing of his toric
erup t ions  of  the Kir ishima,
Sakura-jima and Kaimon-dake
vol ca noes, South ern Kyushu, Ja -
pan. Pro ceed ings of the 16th In -
ter na tional 14C Con fer ence, ed ited 
by W. G.  Mook and van der
Plicht, RA DIO CAR BON, Vol.
40, No. 2, 1998, P. 825,832.

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
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Fig ure 3. A geo log i cal map of Sakura-jima shown with sev eral key fea tures and erup tive dates la beled.
Top o graphic highs from N to S in clude Kita-dake (K), Nika-dake (N), and Minami-dake (M). Crat ers at the
sum mit of Minami-dake have been the ac tive in past de cades, but the erup tion that started on 4 June erup tion
vented at Showa crater (S). An E flank lava flow (the Taisho Lava of 1914-1915) joined what had been an is land’s
SE side to the shore (ar row at lower right la beled “j” aims at the zone of con tact). Fring ing the roughly cir cu lar
for mer is land are sev eral ar eas of sub ma rine vol ca nic and in tru sive de pos its (la beled here with the ab bre vi a tion
“subm.”). For ex am ple, the large area bud ding NE from the is land con sists of sub ma rine and in tru sive rocks of
1779-1780. Many of the Ho lo cene erup tive de pos its are dacites and andesites. They com monly bear pyroxene
(and also some times, ol iv ine). Be sides lava flows, de pos its in clude welded air-fall and pyroclastic-flow de pos its
(in some cases show ing rheomorphosed tex tures in dic a tive of move ment downslope af ter form ing a welded
mass). From the Geo logic Sur vey of Ja pan, AIST website (af ter Fukuyama and Ono, 1981 and Kobayashi, 1988).

Fig ure 4. A pho to graph of Sakura-jima erupt ing at 1231 on 6 June 2006
from Showa crater. Cour tesy of SVRC, Di sas ter Pre ven tion Re search
In sti tute, Kyoto Uni ver sity.



Ho lo cene in the NE cor ner of the Aira cal dera, along with
sev era l  post -cal  dera  cones .  The con s t ruc t ion of
Sakura-jima be gan about 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 4,850 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
largest historical eruption took place during 1471-76.

In for ma tion Con tacts: Sakura-jima Vol cano Re search
Cen ter, Di sas ter Pre ven tion Re search In sti tute (DPRI),
Kyoto Uni ver sity, Gokasho, Uji, Kyoto 611-0011, Ja pan
(URL: http://www.dpri.kyoto-u.ac.jp/~kazan/de fault_e.
html); To kyo Vol ca nic Ash Ad vi sory Cen ter (VAAC), Ja pan
Me te o ro log i cal Agency (JMA) (URL: http://ds.data.jma.
go.jp/svd/vaac/data/index.html).
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Fig ure 5. A multi-year (1995 to mid-2006) view of Sakura-jima’s activity:
(top) monthly A-type earth quakes, (mid dle) monthly num ber of
ex plo sions (de ter mined geophysically, ex act method un dis closed), and
(bot tom) the cu mu la tive vol ume of magma sup plied. Cour tesy of SVRC,
Di sas ter Pre ven tion Re search In sti tute, Kyoto Uni ver sity.

Fig ure 6. Plot of the daily num ber of vol ca nic earth quakes at Sakura-jima
for the pe riod 1 Jan u ary-7 June 2006. Cour tesy of SVRC, Di sas ter
Pre ven tion Re search In sti tute, Kyoto Uni ver sity.

Date(s) Plume al ti tude (km)/drift Other ob ser va tions

07-12 Jun 2006 3.4 km —

10 Jun 2006 — SVRC re ported in crease in low-fre quency earth quakes since mid-March and in small
trem ors with a less than 2-min ute du ra tion since mid-May 2006; ther mal anom aly at the
vol cano grew in size af ter Feb ru ary 2006.

14, 16, 19 Jun 2006 2.1 km —

02 Aug 2006 2.4 km/SW ex plo sion 

09 Aug 2006 2.4 km/straight up erup tion 

22, 23, and 26 Aug 2006 2.4 km/SW erup tions

03-04 Sep 2006 2.7 km/NW and N erup tions

06 Sep 2006 — ex plo sion gen er ated erup tion cloud

19 Sep 2006 3 km/straight up erup tion

20, 21 Sep 2006 2.4 km erup tions

07, 08, and 10 Oct 2006 1.8-2.4 km/W, S, and SW erup tions

21 Oct 2006 3.4 km/straight up ex plo sions

25 and 27 Oct 2006 2.1-2.4 km/SW and NE ash plumes

04-05 Nov 2006 2.1-2.4 km/NE, SE, E erup tions

22 Nov 2006 2.1 km/W ex plo sions

26 Nov 2006 un known erup tion

12 Dec 2006 2.1 km/NE erup tion

13 Dec 2006 — ex plo sion

02 Jan 2007 3.4 km/SW erup tion

10 Feb 2007 not re ported ex plo sion

13 Feb 2007 2.1 km ex plo sion

15 Feb 2007 1.5 km ash plume

20 Mar 2007 3.7 km ash plume

Ta ble 1. Heights and drift of plumes and their char ac ter at Sakurajima from June 2006-March 2007. Some of the data dur ing mid-June 2006 were pre vi ously
re ported, but new in for ma tion has emerged. Cour tesy of SVRC and To kyo Vol ca nic Ash Ad vi sory Cen ter.



Bulusan

Luzon, Phil ip pines
12.770°N, 124.05°E; sum mit elev. 1,565 m

Ac tiv ity de clined at Bulusan in late June 2006 af ter a se -
ries of 10 ex plo sions that be gan on 19 March 2006 (BGVN
31:09). Be tween 30 Au gust and 1 Sep tem ber steam plumes
reached up to 350 m above the sum mit; the plumes drifted
NW and SE. This re port sum ma rizes Bulusan’s ac tiv ity
from 10 Oc to ber 2006 through 12 May 2007 (ta ble 2). Haz -
ard maps cre ated by the Phil ip pine In sti tute of Vol ca nol ogy 
and Seis mol ogy (PHIVOLCS) il lus trate the risks to the
large num bers of cummunities in the vi cin ity of the vol cano 
(fig ure 7). Re view of the avail able MODIS data in di cates
no ther mal alerts during the year prior to 31 May 2007.

PHIVOLCS re ported an ex plo sion from Bulusan on 10
Oc to ber that pro duced an ash-and-steam plume that rose to
4.5 km al ti tude and drifted mainly SE and SSW. Light
ashfall (1.5-5.0 mm thick) was re ported in neigh bor ing
towns down wind. Based on seis mic data, the ac tiv ity lasted
for 9 min utes. On 11 and 12 Oc to ber, steam plumes drifted
SW and SSW. An other ex plo sion oc curred on 19 Oc to ber.
The fol low ing day, steam plumes drifted W and WSW. On
23 Oc to ber, an ex plo sion pro duced a brown ish ash plume
that rose to about 2.6 km and drifted SE and SW. Light
ashfall (trace to 0.5 mm thick) from the 19 and 23 Cctober
ex plo sions was re ported from neigh bor hoods in the mu nic i -
pal ity of Irosin, about 7 km S of the summit.

Dur ing 25-26 Oc to ber, PHIVOLCS re ported a lahar
that de pos ited sed i ments 15 cm thick along a trib u tary lead -
ing to the Gulang-gulang River. Ac cord ing to news ar ti cles, 
the lahar mo bi lized boul ders as large as trucks and caused
at least 96 peo ple to evac u ate. Dur ing 30-31 Oc to ber, ash
ex plo sions gen er ated a light gray ash-and-steam plume that
rose to 2.3 km and drifted NNE. Later field in spec tion re -
vealed ashfall (trace to 1 mm) N of the vol cano, as well as
in the mu nic i pal i ties of Casiguran and Gubat, about 12 km
SSE and 18 km NNE, re spec tively, from the sum mit. Two
ex plo sion-type earth quakes re corded late on 31 Oc to ber
were fol lowed by ashfall in Casiguran, Malapatan, and
Irosin.

News ar ti cles and wire ser vices re ported that Bulusan
emit ted ash ac com pa nied by rum bling noises and light ning
flashes on 20 De cem ber. Clouds hin dered a view of the
sum mit. Ash de pos its up to 4 mm thick were noted in sev -
eral vil lages in the foot hills. A news re port in News Balita
noted a plume of gas and “white ash” on 22 December.

In Jan u ary 2007, PHIVOLCS re ported that an ex plo sion 
from the sum mit on 24 Jan u ary lasted about 10 min utes,
based on seis mic in ter pre ta tion. Ob ser va tion was in hib ited
due to cloud cover. Ashfall was re ported SW of the
volcano.

On 15 March, news me dia re ported that ash fell on
Bulusan’s SW slopes and nearby vil lages. A res i dent vol ca -
nol o gist stated that ashfall was caused by vo lu mi nous
steam ing dur ing 12-15 March, not ex plo sions. Other news
ar ti cles stated that erup tions on 8 April pro duced ash
plumes that rose to al ti tudes of 3.1-6.6 km.
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Fig ure 7. Haz ards maps for Bulusan show ing sus cep ti bil ity to pyroclastic flows and surges (left), and lava flows and lahars (right). Cour tesy of PHIVOLCS.



PHIVOLCS re ported an other ash ex plo sion on 12 May
2007 with an erup tion col umn reach ing a max i mum height
of 4 km above the sum mit be fore drift ing to the WSW and
WNW. The ac tiv ity was ac com pa nied by rum bling sounds
and was re corded by the seis mic net work as an ex plo sion
type earth quake that lasted for about 35 min utes. Prior to
the ex plo sion, dur ing 9-12 May, an in crease in the daily
num ber of vol ca nic earth quakes was no ticed, with 42, 65
and 97 events recorded.

Geo logic Sum mary. Luzon’s south ern most vol cano,
Bulusan, was con structed along the rim of the 11-km-di am -
e ter dacitic-to-rhyolitic Irosin cal dera, which was formed
about 35,000-40,000 years ago. Bulusan lies at the SE end
of the Bicol vol ca nic arc oc cu py ing the pen in sula of the
same name that forms the elon gated SE tip of Luzon. A
broad, flat moat is lo cated be low the top o graph i cally prom -
i nent SW rim of Irosin cal dera; the NE rim is bur ied by the
andesitic Bulusan com plex. Bulusan is flanked by sev eral
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Date
Col umn
al ti tude 

Drift di rec tion(s) Ar eas af fected by ashfall or lahars Re marks

10 Oct 2006 3 km SSW and SE Irosin: San Benon, Sto. Domingo, and Patag,
Bulusan: Bulusan Proper, San Roque, San
Rafael, San Fran cisco, and Dangkalan.

Ac com pa nied by rum bling sound.

19 Oct 2006  — — Irosin: Monbon, Gulang-Gulang, Cogon
(traces of ash); Tinampo (0.5 mm thick ash).

Not  ob served,  but  re  corded as
ex plo sion-type earth quake last ing for 2
min utes.

23 Oct 2006 1 km SE and SW Irosin: Monbon and Tinampo (0.5 mm thick
ash); Gulang-Gulang, and Tinampo (trace).

Ac com pa nied by rum bling sounds.

25-26 Oct 2006 — — Irosin: Cogon (sed i ments 15 cm thick);
Lahar (chan nel-con fined muddy stream
flow).

—

30 Oct 2006 ~ 1 km N and NW Light ashfalls (trace to 1.0 mm): Casiguran:
Inlagadian, San Juan, Casay, and Escuala;
Gubat-Bentuco, Tugawe, Benguet, Rizal,
Buenavista, Ariman, Tabi, Bulacao,
Naagtan, Panganiban, Carriedo, and Gubat
proper.

Se ries of three ex plo sion ex plo sion-type
earth  quakes  las t  ing 35 min utes ,
ac com pa nied by rum bling sounds.

31 Oct 2006 0.7 km N and NE Casiguran: Inlagadian. Small tremor that lasted for ~ 8 min utes.

31 Oct 2006 — — Irosin: Patag and Mapaso. Not ob served due to thick cloud cover;
re corded as ex plo sion type earth quake.

21-28 Nov 2006 — — — Seis mic swarm - to tal of 170 events in three
days; ma jor ity of epi cen ters more than 2 km
away from the sum mit; 16-87 earth quakes
daily.

20 Dec 2006 — — Irosin: ashfall at Monbon (1.5 mm),
Buenavista (1.5 mm), Salvacion (2.5 mm),
Casini (4.0 mm), Patag (trace), Santo (Sto.)
Dmingo (trace), Tulay (3.0 mm), Poblacion
(0.5 mm), and Bulan-Trece and Gate (trace).

Ex plo sion-type earth quake for 20 min utes,
ac com pa nied by rum bling sound and
light ning flashes.

24 Jan 2007  —  — Traces of ash in Irosin: Cogon, Monbon, San
Benon, Gulang-Gulang (in clud ing Sito
Omagom) and Tinampo.

Ex plo sion-type earth quake for 10 min utes.

26 Jan 2007 1.0 km  SW  Irosin: Barangay Monbon. Ex plo sion-type earth quake last ing for 10
min utes.

Feb-Mar 2007  —  — Ar eas SW of the vol cano. Dirty white mod er ate to vo lu mi nous steam
emis sion, no seis mic re cord of ash ex plo sion.

07 Apr 2007 — — — In crease in num ber of vol ca nic earth quakes;
to tal of 68 events for two days.

08 Apr 2007 4.0 SW Irosin:  Mombon,  Tinampo,  Cogon,
Gulang-Gulang (in clud ing Sitio Omagom),
Bo los, and Sangkayon; Juban: Bura-bu ran
and Bacolod; Magallanes: Siuton; Bulan:
Cadandanan, Busay, Palale, San Fran cisco,
and Sumagongsong.

Ex plo sion-type earth quake for 27 min utes.

09 Apr 2007 — — — Not seen, but re corded as ex plo sion-type
earth  quake las t  ing for  20 min utes ,
ac com pa nied by rum bling sounds.

09 Apr 2007 — — — Not ob served,  but  re  corded as
ex plo sion-type earth quake for 20 min utes.

17 Apr 2007 — — — In crease in num ber of vol ca nic earth quakes;
to tal of 35 events for 24 hours.

12 May 2007 4.0 WSW, WNW Trace to 2 mm of ashfall. Irosin: Cogon,
Gulang-Gulang, Tinampo, Bo los of Irosin.
Juban: Bura-bu ran, Sangkayon, Bacolod,
Puting Sapa, Aniog, and Sitio Cawayan
(Bgy. Guruyan).

Event ac com pa nied by rum bling sounds;
re corded as ex plo sion-type earth quake
last ing for 35 min utes; el e vated num bers of
vol ca nic earth quakes.

Ta ble 2. An over view of Bulusan’s ac tiv ity, as noted by PHIVOLCS dur ing 10 Oc to ber 2006 through 12 May 2007. Cour tesy of PHIVOLCS.



other large intracaldera lava domes and cones, in clud ing the 
prom i nent Mount Jormajan lava dome on the SW flank and
Sharp Peak to the NE. The sum mit of 1,565-m-high
Bulusan vol cano is  unvegeta ted and con ta ins  a
300-m-wide, 50-m-deep crater. Three small crat ers are lo -
cated on the SE flank. Many mod er ate ex plo sive erup tions
have been re corded at Bulusan since the mid-19th century.

In for ma tion Con tacts: Phil ip pine In sti tute of Vol ca nol -
ogy and Seis mol ogy (PHIVOLCS), Uni ver sity of the Phil ip -
pines Cam pus, Diliman, Quezon City, Phil ip pines (URL:
http://www.phivolcs.dost.gov.ph); To kyo Vol ca nic Ash Ad -
vi sory Cen ter, To kyo, Ja pan (URL: http://www.jma.go.jp/
jma/jma-eng/jma-cen ter/vaac/in dex/html); In quirer.net,
Phil ip pines (URL: http://www.in quirer.net/); As so ci ated
Press (http://www.ap.org/); News Balita, Phil ip pines (http:/
/news.balita.ph/).

Manam

NE of New Guinea, Pa pua New Guinea
4.080°S, 145.037°E; sum mit elev. 1,807 m

Erup tive ac tiv ity at Manam has gen er ally been low fol -
low ing a sig nif i cant ex plo sion in late Feb ru ary 2006
(BGVN 31:02). Be tween March and July 2006 the Rabaul
Vol cano Ob ser va tory (RVO) re ported in ter mit tent, milder,
ash ex plo sions (BGVN 31:06). Sim i lar vari able ac tiv ity has
con tin ued into early May 2007, with plumes fre quently
iden ti fied on sat el lite im ag ery by the Dar win Volcanic Ash
Advisory Centre (VAAC).

RVO re ceived a re port that four peo ple were swept
away by a mud flow in the early hours of 13 March fol low -
ing heavy rain fall on the north ern part of the is land. A 5th
per son was re port edly crit i cally wounded and in a hospital.

Ac tiv ity dur ing Au gust-De cem ber 2006. On 4 and 5
Au gust, an ash plume was vis i ble on sat el lite im ag ery ex -
tend ing 30 km NW. Ash plumes were emit ted again dur ing
14-15August. Over the next cou ple of days, the emis sions
be came more dif fuse and weak in can des cence was ob -
served at night. Based on pi lot re ports and sat el lite im ag ery, 
con tin u ous emis sions dur ing 17-21 Au gust eached al ti tudes 
of 3.7 km and drifted NW. Erup tive ac tiv ity from Main
Crater dur ing 22-23 Au gust con sisted mainly of dark
brown-to-gray ash plumes that rose 1-2 km above the sum -
mit and drifted W and NW. The Dar win VAAC re ported
that erup tion plumes were vis i ble on sat el lite im ag ery on 23 
and 26 Au gust, ex tend ing NW. South ern Crater continued
to release only diffuse white vapor.

From the end of Au gust to 5 Sep tem ber 2006, the Dar -
win VAAC re ported that ash-and-steam plumes reached al -
ti tudes of 4.6 km and drifted W. Steam plumes with pos si -
ble ash were vis i ble on im ag ery be low 3 km and drifted NE. 
RVO re ported mild erup tive ac tiv ity dur ing 15-17 Oc to ber
that con sisted of steam and ash plumes. White va por
plumes were vis i ble from South ern Crater and in ter mit -
tently from Main Crater. Main Crater pro duced gray ash
plumes on 19 Oc to ber. Weak in can des cence was seen
during 15-17 and 29 October.

Dur ing 1-13 No vem ber, white va por plumes rose from
South ern and Main crat ers. In can des cence was noted from
both crat ers dur ing 8-10 No vem ber and from Main Crater
on 12 No vem ber. On 13 No vem ber a dif fuse plume seen on 

sat el lite im ag ery drifted W. Steady in can des cence was
again ob served from Main Crater dur ing 8-10 De cem ber
and blu ish white va por emis sions dur ing 6-9 De cem ber
changed to a darker gray on 10 De cem ber. Weak glow con -
tin ued from Main Crater dur ing 14-18 De cem ber and a
white va por plume rose just above 2 km al ti tude. Based on
sat el lite im ag ery, dif fuse plumes drifted mainly W dur ing
13-15 De cem ber .  The dai ly  num ber  of  vol ca  nic
earthquakes fluctuated between 700 and 1,000.

Ac tiv ity dur ing Jan u ary-May 2007. RVO re ported that
mild erup tive ac tiv ity and emis sions of white va por plumes
from Main Crater were ob served dur ing 1-14 Jan u ary.
Brown-to-gray ash plumes ac com pa nied emis sions on 6
and 9-11 Jan u ary; and night time in can des cence was ob -
served in ter mit tently. White va por clouds were oc ca sion -
ally re leased from South ern Crater. Seis mic ac tiv ity was at
low to mod er ate lev els; the daily num ber of low-fre quency
earth quakes fluctuated between 500 and 1,000.

Sat el lite im ag ery showed dif fuse plumes drift ing WSW
on 15 Feb ru ary. South ern Crater emit ted gray ash plumes
dur ing 15-19 Feb ru ary and white va por plumes on 21 Feb -
ru ary. Con tin u ous gray ash plumes from Main Crater rose
to an al ti tude of 2.3 km and drifted SE dur ing 19-21 Feb ru -
ary. The daily num ber of low-fre quency earth quakes fluc -
tu ated be tween 400 and 500 dur ing 22-24 Feb ru ary be fore
the seis mo graph de vel oped tech ni cal prob lems.

Mild erup tive ac tiv ity con tin ued dur ing 22 Feb ru ary-10
March. Main Crater force fully re leased vari able gray ash
clouds on 22 Feb ru ary that rose less than 1 km above the
sum mit be fore be ing blown SE. In can des cence was also
vis i ble that day. Poor weather pre vented ob ser va tions for
the re main der of the month. When the clouds cleared on 3
March, Main Crater was seen send ing ash clouds less than
500 m high. Glow was vis i ble dur ing 2-5 and 9-10 March.
South ern Crater re leased oc ca sional dif fuse gray ash clouds 
on 3-4 and 6 March, but only white vapor on 5 and 7-11
March.

Main Crater con tin ued to re lease oc ca sional low-level
ash clouds through 6 April. In can des cence was vis i ble dur -
ing clear weather on the nights of 11-12 and 16-18 March.
South ern Crater re leased dif fuse white va por on 11-12 and
15 March; how ever, dif fuse ash clouds were re ported on
16-20 March. Weak roar ing noises were heard on 24
March, and on 7, 12, and 26 April. Low-level plumes were
seen dur ing 25-26 April, and a small plume was blow ing W 
on 28 April. Weak in can des cence was again vis i ble from
Main Crater on 2 and 4 May. Dif fuse plumes were seen in
sat el lite im ag ery on 6 and 23 May. Seis mic ac tiv ity was at a 
low level, with the daily num ber of vol ca nic earth quakes
between 800 and 1,000 events.

Ther mal sat el lite data. Ther mal anom a lies were not de -
tected by Mod er ate Res o lu tion Im ag ing Spectroradiometers 
(MODIS) for 9 months af ter events re lated to the 27-28
Feb ru ary 2006 ex plo sion. Anom a lies re ap peared in De cem -
ber, with hot pix els de tected on 5, 7, 9, 10, 12, and 14 De -
cem ber 2006. An other anom aly was re corded on 19 April
2007. Ad di tional ther mal anom a lies were pres ent on 16 and 
23 May 2007. Most of the pix els were lo cated near the sum -
mit, or slightly to wards the NE. The May anom a lies were
the furthest down the NE Valley.

Geo logic Sum mary. The 10-km-wide is land of Manam, 
ly ing 13 km off the north ern coast of main land Pa pua New
Guinea, is one of the coun try’s most ac tive vol ca noes. Four
large ra dial val leys ex tend from the unvegetated sum mit of
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the con i cal 1,807-m-high ba saltic-andesitic stratovolcano
to its lower flanks. These “av a lanche val leys,” reg u larly
spaced 90 de grees apart, chan nel lava flows and pyroclastic 
av a lanches that have some times reached the coast. Five
small satellitic cen ters are lo cated near the is land’s shore -
line on the north ern, south ern and west ern sides. Two sum -
mit crat ers are pres ent; both are ac tive, al though most his -
tor i cal erup tions have orig i nated from the south ern crater,
con cen trat ing erup tive prod ucts dur ing the past cen tury into 
the SE av a lanche val ley. Fre quent his tor i cal erup tions have
been re corded at Manam since 1616 and it has erupted at
least 30 times since. A ma jor erup tion in 1919 pro duced
pyroclastic flows that reached the coast, and in 1957-58
pyroclastic flows de scended all four radial valleys. Lava
flows reached the sea in 1946-47 and 1958.

In for ma tion Con tacts: Herman Patia and Steve
Saunders, Rabaul Vol cano Ob ser va tory (RVO), P.O. Box
386, Rabaul, Pa pua New Guinea; 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,
North ern Ter ri tory 0811, Aus tra lia (URL: http://www.bom.
gov.au/info/vaac/); Hawai’i In sti tute of Geo phys ics and
Plan e tol ogy (HIGP) Hot Spots Sys tem, Uni ver sity of
Hawai’i, 2525 Cor rea Road, Ho no lulu, HI 96822, USA
(URL: http://hotspot.higp.ha waii.edu/); NASA Earth Ob -
ser va tory (URL: http://earthobservatory.nasa.gov/).

Sulu Range

New Brit ain, Pa pua New Guinea
5.50°S, 150.942°E; sum mit elev. 610 m

New and re vised in for ma tion has emerged re gard ing the 
be hav ior of the Sulu Range (John son, 1971), a vol ca nic
field ad ja cent to and im me di ately E of Walo hot springs
along the coast in the N-cen tral part of New Brit ain Is land
(BGVN  31:07 and 31:09;  f ig ure 8) .  Ini t ial  Rabaul
Volcanological Ob ser va tory (RVO) re ports men tioned ap -
par ent steam and ash emis sion dur ing mid-July 2006, but
al though weak-to-mod er ate va por emis sion occured, and a
later sec tion of this re port dis -
cusses height ened hot spring ac -
tiv ity, the re ported “force ful dark
emis sions” have been in stead
l inked to  dust  dur  ing mass
wast ing.

In a 12 April Email mes sage,
Steve Saunders clar i fied the lat est 
RVO views on Sulu’s be hav ior.
He noted that “. . . Sulu did not
erupt! It was purely a se ries of
seis mic cris[es]. The ‘emis sions’
which were re ported be fore we
got there turned out to be dust
from land slides.”

Un usu al ly  v ig  or  ous hot
springs, de clin ing seis mic ity.
Fol low ing the first two weeks of
un rest dur ing mid-July at Sulu
Range, an RVO re port dis cuss ing
31 July to 2 Au gust ac tiv ity stated 
that area hot springs such as those 

at Walo were un der go ing un usu ally strong ac tiv ity. This in -
cluded ex pelled mud, the emer gence of gey sers, and
ab nor mal quantities of steam.

RVO noted wan ing seis mic ity in late July. Seis mic ity
had de clined to rel a tively low lev els, al though small vol -
cano-tec tonic events con tin ued to be re corded. The small
earth quakes were cen tered around the set tle ments of
Silanga, Sege, and Sale (fig ure 9; re spec tively, from Mt.
Ruckenberg’s sum mit, lo cated 12.7 km to the SW; 7.2 km
SW, and 5.5 km S). The 31 July to 2 Au gust earth quakes
were de scribed as more ir reg u lar and less fre quent than
those in preceeding weeks.

The pat tern of lo cated earth quakes de fined an ir reg u lar
el lipse, with ma jor axis 9 km E-W. Two earth quakes rep re -
sented a 1-2 km ex ten sion N from the el lipse un der Bangula 
Bay. There were also two earth quakes off shore about 4-5
km due N of Cape Reilnitz, a broad prom on tory the most
ex treme point of which lies 18 km to the W of Mt.
Ruckenberg’s sum mit. As of the end of July an area de void
of earth quakes re mained; it was 2-3 km in di am e ter and
cen tered on Walo vil lage.

The RVO es ti mated that the top of the un der ly ing
magma body was 10-15 km deep when vol cano-tec tonic
earth quakes be gan on 6 July 2006. They judged that
volatiles or heat es cap ing from the magma were re spon si ble 
for on set of the mud and wa ter ejec tions at the once quiet
hot springs.

Pos tu lated in tru sion. Randy White (US Geo log i cal
Sur vey) analyzed the July seis mic cri sis, which in his in ter -
pre ta tion did not fol low the pat tern of a tec tonic earth quake
with a main shock and as so ci ated after shocks, but did fol -
low be hav ior of many earth quakes ac com pa ny ing the on set
of vol ca nic un rest. He at trib uted the seis mic ity to a dike in -
truded to shal low depth (and con fined to the subsurface).
Ac cord ing to White, the epi cen ters well out board of, but
sur round ing the area of in tru sion, oc curred in a pat tern
similar to those accompanying many shallow intrusions.

The el e vated seis mic ity be gan af ter a vol cano-tec tonic
earth quake, M ~ 6 on 19 July (BGVN 31:07). It was lo cated
on the N side of New Brit ain, slightly off shore, and a few
ten’s of ki lo me ters from the Sulu Range. The fo cal depth
was thought to be in the 10-20 km range. White noted that
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Fig ure 8. A sketch map of New Brit ain is land show ing a small por tion of the main is land of Pa pua New Guinea
(lower left) and New Ire land (up per right). Vol ca noes on or ad ja cent New Brit ain are la beled. Vol ca noes ac tive
and erupt ing fre quently in the last de cade in clude (from the SW) Langila, Ulawun, and Rabaul. Volcanoes that
have erupted or un der gone anom a lous un rest in the past few years in clude (from the SW) Ritter Island, the
Garbuna group, Pago, Sulu Range, and Bamus.



soon after the 19 July earth quake, Aus tra lia pro vided por ta -
ble seis mom e ters. Once those ar rived and be gan recording
data, com puted mo ment ten sors indicated that sub se quent
earth quakes were very shal low. Epicenters oc curred
slightly W of the Sulu Range.

Short level-lines in stalled by RVO in Au gust 2006
showed, by No vem ber, ~ 2 cm of de fla tion of the Kaiamu
area in re la tion to a da tum ~ 1 km E on the Kaiamu-Sulu
track. By April 2006 the mea sured lev els had re turned to
ap prox i mately the Au gust datum line.

To the W of the area at Lasibu a sim i lar pat tern ex isted,
with over 2.5 cm of de fla tion lo cally mea sured by No vem -
ber and an ap prox i mate re turn to the da tum-line by April
2006. The cen ter of the area de lim ited by seis mic ity is
swamp and dif fi cult to ac cess. Google sat el lite im ages
show an in ter est ing se ries of raised shorelines W of
Kaiamu.

Upon prompt ing from White, Chuck Wicks ac quired
sat el lite ra dar (L-band im ag ery) from Jap a nese col lab o ra -
tors for the Sulu Range. The ra dar data were taken weeks
be fore and weeks af ter the July seis mic ity. When pro cessed 
to ob tain ra dar in ter fer om e try, the data in di cated over 80

cm of ver ti cal sur face de for ma tion. The de for ma tion was
centered in a re gion W of the Sulu Range along an area
along the coast ~ 5 km W of Lava Point (Lara Point on
some maps). It trends ENE. The data were in ter preted as a
shal low dike in tru sion on the or der of ~ 8 m wide trending
out be neath Bangula Bay.

Wick's pre lim i nary anal y sis sug gests the in tru sion’s
vol ume may be on the or der of one cu bic ki lo me ter.
White’s qual i ta tive es ti mate of the vol ume, from the in ten -
sity, style, and du ra tion of the seis mic ity, were consistent
with that anal y sis. In ad di tion, the strike-slip fo cal mech a -
nisms seen in the seis mic data sug gested the dike-in tru sion
ep i sode caused move ment along a nearby strike-slip fault.

Geo log i cal in ves ti ga tions con ducted in the past sev eral
months by Herman Patia and Chris McKee in di cated that
Sulu Range has been quite ac tive ‘re cently.’ The lat est
erup tive phase at Kaiamu maar was ra dio car bon-dated at
1,300 BP. Since that time at least seven erup tions have
taken place at other vents, no ta bly Voko, in volv ing
phreatomagmatic erup tions. Ruckenberg (Karai) ap pears to 
be the source of the most re cent ac tiv ity. Within the last 200 
years it pro duced lava flows.

Ref er ence: John son, RW.,
1971,  Bamus volcano,  Lake
Hargay area, and Sulu Range,
New Brit ain: Vol ca nic geology
and pe trol ogy: Aus tra lia De part -
ment of Na tional De vel op ment,
Bu reau of Min eral Re sources,
Ge ol ogy and Geo phys ics, Record
1971/55.

Geo logic Sum mary. The Sulu 
Range con sists of a clus ter of par -
t ia l ly over  lap  ping small
stratovolcanoes and lava domes in 
N-cen t ra l  New Brit  a in  off
Bangula Bay. The 610-m Mount
Malopu at the south ern end forms
the high point  of  the ba  -
sal t ic- to- rhyoli t ic  com plex .
Kaiamu maar forms a pen in sula
with a small lake ex tend ing about
1 km into Bangula Bay at the NW
side of the Sulu Range. The Walo
hy dro ther mal area, con sist ing of
sol fa ta ras and mud pots, lies on
the coastal plain W of the SW
base of the Sulu Range. No his -
tor i cal erup tions are known from
the Sulu Range, al though some of 
the cones dis play a rel a tively
undissected mor phol ogy. At least
eight erup tions have oc curred
dur ing the past 1,300 years, and
the most re cent erup tion pro duced 
lava f lows from Mount
Ruckenberg (Karai) within the
past 200 years.

In for ma tion Con tacts: Steve
Saunders, Herman Patia, and
Chris  McKee ,  Rabaul
Volcanological Ob ser  va tory
(RVO), De part ment of Min ing,
Pri vate Mail Bag, Port Moresby
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Fig ure 9. Geo log i cal map show ing the clus ter of over lap ping cones of the Sulu Range.  Walo vil lage lies just off
the map near the coast within a few ki lo me ters of the map 's W mar gin.  The ther mal area by the same name lies ~ 5
km SW of Lava Point. The prom i nent cone on the N edge of the Range is called Mount Ruckenberg or Mount
Karai. The ini tial “vent lo ca tion” was 2 km SW of Mount Karai be tween Ubia and Ululu vol ca noes. Part of that
area is crossed by two par al lel, closely spaced faults. The nar row zone be tween those faults was down-thrown. A
SW-di rected de bris flow was also mapped near this area. Three cen ters in the N, Ruckenberg (Karai), Kaiamu
maar, and Voku, are spe cif i cally men tioned in the text as ar eas with re cently doc u mented Ho lo cene ac tiv ity.
Mod i fied from a map by Chris McKee, RVO.



Post Of fice, Na tional Capitol Dis trict, Pa pua New Guinea
(Email: hguria@global.net.pg); USGS Earth quakes Haz ard 
Pro gram (URL: http://earth quakes.usgs.gov/); Randy
White and Chuck Wicks, US Geo log i cal Sur vey, 345
Middlefield Rd., MS 977, Menlo Park, CA 94025, USA;
United Na tions Of fice for the Co or di na tion of Hu man i tar -
ian Af fairs (URL: http://www.reliefweb.int/).

Bagana

Bougainville Is land, SW Pa cific
6.140°S, 155.195°E; sum mit elev. 1,750 m

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

Brief pe ri ods of ef fu sive ac tiv ity took place dur ing Jan -
u ary to mid-April 2006 (BGVN 31:05), with ash-and-steam
emis sions re ported as late as 18 June 2006. Ac tiv ity has
con tin ued since that time through early June 2007, with ev i -
dence com ing from ei ther MODIS ther mal sat el lite data,
ob ser va tions of glow, or plume ob ser va tions from the
ground or sat el lites (fig ure 10). It ap pears that there were
three ep i sodes of in creased plume gen er a tion, two pe ri ods
of fre quent glow ob ser va tions, and al most daily MODIS
anomalies over that one-year time frame.

The Rabaul Vol cano Ob ser va tory (RVO) noted that be -
tween 18 Sep tem ber and 4 De cem ber 2006 only white va -
por was re leased; some of these emis sions were force ful.
Jet en gine-like roar ing noises were heard on 11 and 20 No -
vem ber. Vari able glow was vis i ble on 25-26 Sep tem ber, 15, 
20, and 29 Oc to ber, 15-21 No vem ber, and 4 De cem ber.
The lava flow on the S flank was active only on 15 October.

There were no avi a tion warn ings af ter June un til a dif -
fuse plume be came vis i ble on sat el lite im ag ery on 22 No -
vem ber. Based on sat el lite im ag ery, the Dar win Vol ca nic
Ash Ad vi sory Cen tre (VAAC) re ported sub se quent plumes
on 5 De cem ber (ash), 21-22 De cem ber (ash-and steam),
and 9 January 2007.

RVO re ported that white va por emis sions from the sum -
mit crater con tin ued dur ing 10 Jan u ary-21 May 2007.
Emis sions were oc ca sion ally force ful and were ac com pa -
nied by ash clouds on 3 and 17 March, as well as 1 and 3-5
April. Sum mit in can des cence was vis i ble on 7, 8, 20, and
24 March, and 17 May. Based on sat el lite im ag ery, the Dar -
win VAAC re ported dif fuse plumes to al ti tudes of 2.4 and 3 
km on 10 March and 20 May, re spec tively. Force ful, white
emis sions on 21 May pro duced plumes that rose to an al ti -

tude of 2.3 km and drifted W. Dif fuse ash-and-steam
plumes were seen in sat el lite im ages again on 22 and 28
May, ris ing to altitudes of 3.7 and 3 km, respectively.

Mod er ate Res o lu tion Im ag ing Spectroradiometers
(MODIS) sat el lite ther mal anom aly data re ported by the
Hawai’i In sti tute of Geo phys ics and Plan e tol ogy (HIGP)
re vealed fre quent ther mal anom a lies dur ing 20 June-24
July 2006, 16 Au gust-3 Oc to ber 2006, 9 No vem ber
2006-23 Jan u ary 2007, and 13 February-2 June 2007.

Geo logic Sum mary. Bagana vol cano, oc cu py ing a re -
mote por tion of cen tral Bougainville Is land, is one of Mel a -
ne sia’s youn gest and most ac tive vol ca noes. Bagana is a
mas sive sym met ri cal, roughly 1750-m-high lava cone
largely con structed by an ac cu mu la tion of vis cous andesitic 
lava flows. The en tire lava cone could have been con -
structed in about 300 years at its pres ent rate of lava pro -
duc tion. Erup tive ac tiv ity at Bagana is fre quent and is char -
ac ter ized by non-ex plo sive ef fu sion of vis cous lava that
main tains a small lava dome in the sum mit crater, al though
ex plo sive ac tiv ity oc ca sion ally pro duc ing pyroclastic flows 
also oc curs. Lava flows form dra matic, freshly pre served
tongue-shaped lobes up to 50-m-thick with prom i nent
levees that descend the volcano’s flanks on all sides.

In for ma tion Con tacts: Herman Patia, Rabaul Vol cano
Ob ser va tory (RVO), P.O. Box 386, Rabaul, Pa pua New
Guinea; 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, North ern Ter ri tory 0811,
Aus tra lia (URL: http://www.bom.gov.au/info/vaac/);
Hawai’i In sti tute of Geo phys ics and Plan e tol ogy (HIGP)
Hot Spots Sys tem, Uni ver sity of Hawai’i, 2525 Cor rea
Road, Ho no lulu, HI 96822, USA (URL: http://hotspot.higp.
hawaii.edu/).

Raoul Is land

Kermadec Is lands, New Zea land
29.27°S, 177.92°W; sum mit elev. 516 m
All times are lo cal (= UTC +12 hours)

This re port dis cusses ev i dence for the end of the March
2006 erup tion, and press re leases an nounc ing newly ac -
quired multibeam bathymetry that dis closed sub ma rine cal -
de ras on the flanks of Raoul Is land and some ad ja cent
volcanoes.
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Fig ure 10. Sum mary of daily ac tiv ity at Bagana, 18 June 2006-5 June 2007. Plumes are all va ri et ies (steam or ash) re ported by RVO or Dar win VAAC; glow as
re ported by RVO; MODIS data in di cates days with at least one ther mal pixel de tected. Com piled from MODIS/HIGP data, Dar win VAAC re ports, and RVO
re ports.



End of the March 2006 erup tion. Af ter the 17 March
2006 erup tion (BGVN 31:03), vol ca nic ac tiv ity de creased
sig nif i cantly. On 18 Sep tem ber 2006 the Alert Level was
low ered to 0.

GeoNet Sci ence (GNS) summarized the de creased ac -
tiv ity in their Vol cano Alert Bul le tin of 18 Sep tem ber 2006.
The re port noted an ab sence of sig nif i cant earth quakes
within ~ 30 km of Raoul Is land. The wa ter level in Green
Lake had con tin ued to drop and was close to the pre-erup -
tion level by 18 Sep tem ber. On 27 Au gust the lake tem per a -
ture was 20.3°C, well within the sea sonal range. The level
of on go ing hy dro ther mal ac tiv ity (upwelling in Green
Lake, nearby hot pools, and steam ing ground) was com -
men su rate with that ex pected six months af ter an erup tion
like that seen in March. Chem i cal anal y ses of sam ples re -
cently col lected from some of the ther mal fea tures were
typ i  ca l  of  volcano-hydrothermal  features  in  th is
environment.

GNS re ported that the wa ter level in Green Lake, which
had risen sig nif i cantly dur ing the week af ter the March
2006 erup tion and had drowned sev eral new steam vents,
still re mained above pre-erup tion lev els as of July 2006, but 
there af ter dropped slowly. Upwelling and bub bling of
springs in di cated the vol ca nic-hy dro ther mal sys tem was
still weakly ac tive 3 months af ter the erup tion. The wa ter
tem per a ture, ob tained from a ther mal in fra red sat el lite im -
age taken on 11 April 2006, was 39.2 ºC, was 7 ºC above
the av er age wa ter tem per a ture in April, but had re turned to
seasonal temperatures by August 2006.

Only 1 to 5 earth quakes were re corded per day in the
months fol low ing the erup tion. The num ber of earth quakes
30-40 km off shore was slightly higher than normal.

New sub ma rine vol ca noes dis cov ered. Ma rine ge ol o -
gists who had in ves ti gated two vol ca noes in the Kermadec
Arc dur ing May 2007, dis cov ered two new sub ma rine vol -
ca noes near Raoul Is land. The ge ol o gists were on a sci en -
tific ex pe di tion mounted by New Zea land’s Na tional In sti -
tute of Wa ter & At mo spheric Re search (NIWA) and the
Uni ver sity of Auckland aboard NIWA’s deep water re -
search ves sel Tangaroa. They in ves ti gated vol ca noes on
the two larg est Kermadec Is lands (Raoul and Macauley)
and their submerged flanks.

A 22 May 2007 press re lease by NIWA re ported that
new seafloor ob ser va tions re vealed for the first time the
pres ence of two sub merged cal de ras. Both cal de ras were
rel a tively small, ~ 4 km in di am e ter. One cal dera was very
deep, mea sur ing ~ 1 km from the rim to the crater floor.
Both vol ca noes ap peared geo log i cally young, on the or der
of thou sands of years old, but lab o ra tory anal y sis of sed i -
ments will be needed to better quantify their age.

The ex pe di tion took sed i ment sam ples and mapped the
con tours of the vol ca noes both above and be low sea level
(the lat ter us ing multibeam so nar). A se ries of sed i ment
cores taken from E and W of both is lands re vealed at least
six erup tions from the two is lands, re corded as cen ti me -
ter-thick lay ers up to 100 km from the islands.

Geo logic Sum mary. An vil-shaped Raoul Is land is the
larg est and north ern most of the Kermadec Is lands. Dur ing
the past sev eral thou sand years vol ca nism has been dom i -
nated by dacitic ex plo sive erup tions. Two Ho lo cene cal de -
ras are found at Raoul. The older cal dera cuts the cen ter of
Raoul Is land and is about 2.5 x 3.5 km wide. Den ham cal -
dera, formed dur ing a ma jor dacitic ex plo sive erup tion
about 2,200 years ago, trun cated the west ern side of the is -

land and is 6.5 x 4 km wide. Its long axis is par al lel to the
tec tonic fab ric of the Havre Trough that lies west of the vol -
ca nic arc. His tor i cal erup tions at Raoul dur ing the 19th and
20th cen tu ries have some times oc curred si mul ta neously
from both cal de ras, and have con sisted of small-to-mod er -
ate phreatic erup tions, some of which formed ephem eral is -
lands in Den ham cal dera. A 240-m-high un named sub ma -
rine cone, one of sev eral lo cated along a fis sure on the
lower NNE flank of Raoul vol cano, has also erupted dur ing 
his  tor  i  cal  t ime,  and  satel l i t ic  vents  a t  Raoul  are
concentrated along two parallel NNE-trending lineaments.

In for ma tion Con tacts: Steve Sherburn, GeoNet Sci -
ence (GNS), Wairakei Re search Cen tre, Pri vate Bag 2000,
Taupo, New Zea land; Ian Wright, Ocean Ge ol ogy group,
Na tional In sti tute of Wa ter & At mo spheric Re search
(NIWA), PO Box 14901, Wellington, New Zea land (URL:
http://www.niwascience.co.nz); Roger Matthews, North
Shore City Coun cil, 1 The Strand, Takapuna Pri vate Bag
93500, Takapuna, North Shore City, New Zea land (URL:
http://www.northshorecity.govt.nz/).

Home Reef

Tonga Is lands, SW Pa cific
18.992°S, 174.775°W; sum mit elev. -2 m

The new is land at Home Reef that was con structed by
the 8-11 Au gust 2006 fel sic shal low ma rine ex plo sive erup -
tion (BGVN 31:09) was vis ited on 18 Feb ru ary 2007 by
Scott Bryan (Kingston Uni ver sity, United King dom), Alex
Cook (Queensland Mu seum, Aus tra lia), and Pe ter Colls
(Uni ver sity of Queensland, Aus tra lia). The ini tial aim of
field re search was to map and de scribe the vol ca nic ge ol -
ogy of the new is land at Home Reef and to col lect sam ples
for com par i son to float ing pum ice gen er ated by the
eruption (Bryan, 2007).

Is land ob ser va tions. Sat el lite im ag ery on 4 Oc to ber
2006 showed an 800-m-long elon gate is land (0.23-0.26
km2), which was be ing rap idly mod i fied by wave ero sion
(BGVN 31:10). An over flight by the RNZAF on 7 De cem -
ber 2006 re vealed a roughly cir cu lar is land, 450 m in di am -
e ter and up to 75 m above the wa ter line (BGVN 31:12).
Upon ar rival on 18 Feb ru ary 2007, the sci en tists found that
only a small (50-75 m di am e ter) <5 m high low-re lief
wave-re worked “pum ice mound” re mained at the south ern
wind ward end of the Home Reef shoal (fig ure 11). Due to
strong winds and large swells, land ing on the tid ally-ex -
posed mound was not pos si ble and it could only be viewed
from a cou ple of hun dred me ters off shore. The lo ca tion of
the mound (18.993°S 174.758°W) is close to that re ported
for the cir cu lar is land ob served on 7 De cem ber 2006.
Swells 2-m high or greater were strongly im pact ing the
mound, with the larg est waves al most completely engulfing 
and sweeping over the mound at half-tide.

The mor phol ogy of the is land sug gests that no pri mary
subaerial is land-build ing de pos its re main from the erup tion
and that com plete re work ing has oc curred of the pre vi ously 
ob served cone. On the south ern side of the pum ice mound
were scat tered large (>1 m di am e ter), out sized blocks
(10-20 in num ber) on the mound sur face (fig ure 11) that
were largely im mo bile in the waves. Slopes of the mound
re flected wave run-up and the pumiceous ma te rial com pris -
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ing the mound ap peared to be rel a tively coarse and
well-sorted. There was lit tle en trained par tic u late ma te rial
in the wa ter col umn down wind and downcurrent, but con -
sid er able amounts of ma te rial within the surf zone sur -
round ing the is land, col or ing the wa ter brown. A con sid er -
able area of dis col ored wa ter (green, trans lu cent milky)
ex tended N of the mound for more than 500 m. Sev eral
smaller lobes or plumes extended off the W side of the main 
body of discoloration.

A strong sul fu rous odor was de tected down wind (NW)
of the mound, in di cat ing that magma was con tin u ing to
cool and de gas at shal low lev els in the seamount seven
months af ter the erup tion; no sur face plume was vis i ble.
Sur face wa ter tem per a ture mea sure ments did not de tect any 
ther mal anom a lies, re cord ing am bi ent wa ter tem per a tures
(28-29°C).

Lo cal pum ice sight ings. Down wind and downcurrent
of the mound were small scat tered pum ice string ers form -
ing or ange-brown slicks a few me ters to tens of me ters
long, char ac ter ized by low pum ice clast abun dance and size 
(usu ally 0.5-1 cm di am e ter). The pum ice frag ments were
gen er ally mod er ate to high sphe ric ity grains, but some
more platy pum ice frag ments were also sam pled. Some
clasts had or ange to brown sur face stains, re flect ing hy dro -
ther mal al ter ation since the erup tion. Most grains showed
some signs of abra sion. Or ange-brown al gal clumps or co -
ag u lates float ing on the ocean surface were associated with
the stringers.

Small pum ice rafts were also en coun tered around some
of the is lands at the SW end of the Vava’u Group dur ing the 
week of 17-24 Feb ru ary (fig ure 12). The pum ice rafts had
lat eral ex tents of tens of me ters, but other flot sam (leaf,
twig, sea grass and plas tics) was also pres ent. Pum ice clast
sizes ranged from ~ 2 mm up to 6 cm, and some of the gray
pum ice pos sessed or ange-brown sur face hy dro ther mal
stain ing. Some rafts had abun dant at tached fauna, dom i -
nated bygoose bar na cles (Lepas sp.) ~ 2-7 mm long. Much
of these pum ice rafts re flected remobilization of pre vi ously
stranded ma te rial from neigh bor ing beaches, and many
SE-fac ing beaches had been stripped of pumice by strong
SE trade winds.

Many beaches had sev eral pum ice strand line de pos its,
the low er most of which re flected tidal sort ing. Dom i nantly

lapilli-sized gray pum ice formed the de pos its, whereas a
black glassy, mod er ately ve sic u lar pum ice of higher den sity 
was a no ta ble fea ture of the high est strand lines. There were
also abun dant pum ice clasts with an or ange-brown stain ing
on clast surfaces. 

Float ing pum ice reaches Aus tra lia. Pum ice rafts and
beach strandings were re ported pre vi ously as the pum ice
drifted west ward past the Lau and Fiji is lands and on to
Vanuatu in No vem ber 2006. A ma jor in flux of pum ice
reached the E coast of north east ern Aus tra lia dur ing March
and April 2007, seven to eight months af ter the erup tion.
Pum ice was first no ticed pass ing the off shore is lands of
Wil lis Is land (16.30°S, 149.98°E) in early Feb ru ary, and
Liz ard Is land (14.66°S 145.47°E) the last week of Feb ru -
ary. Pum ice strandings along the east ern Aus tra lian coast
be gan in March in north ern Queensland, with a sub stan tial
strand ing oc cur ring in mid-April cor re spond ing to a change 
to east erly and north east erly on shore wind con di tions and
king tides. This strand ing event ex tended for more than
1,300 km along the Queensland and north ern New South
Wales coast.

Most stranded pum ice clasts ranged in size from 1-4 cm
di am e ter, with the larg est clasts up to 17 cm di am e ter. Pum -
ice clasts were fouled by a va ri ety of or gan isms, pri mar ily
goose bar na cles (Lepas sp.) up to 2.7 cm long, molluscs,
bryozoa, and dark green al gae (fig ure 13), with serpulids,
oys ters and other spe cies of al gae (e.g., Halimeda) less
abun dant. A sub stan tial pro por tion of stranded pum ice ma -
te rial re mains on beaches in shore from the Great Bar rier
Reef. How ever, lit tle stranded ma te rial has re mained on ex -
posed beaches south of 25°S, to the ex tent that some
beaches still have more pum ice pre served from the 2001
erup tion of an un named Ton gan seamount about 85 km
NW of Home Reef.

Seis mic ity. Al though no seis mic ity has been re ported
that was de tected dur ing the erup tion, Rob ert Dziak iden ti -
fied seis mic sig nals from Home Reef in March 2006. The
East Pa cific hydrophone ar ray main tained by NOAA re -
corded 52 earth quakes over a 12-hour pe riod be gin ning at
1700 UTC on 12 March 2006. The ar riv als were all very
clear and had me dium to low T-wave amplitudes.

Ref er ence: Bryan, S.E., 2007, Pre lim i nary Re port:
Field in ves ti ga tion of Home Reef vol cano and Un named
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Fig ure 11. View to the NW of the wave-re worked pum ice mound at Home
Reef, as seen on 18 Feb ru ary 2007. The di am e ter of the mound is ~ 75 m.
Note the scat tered large blocks on the up per sur face of the mound. Late
Is land is in the back ground at right. Cour tesy of Scott Bryan.

Fig ure 12. Pum ice slick from Home Reef found on the W side of Nuatapu
Is land, 21 Feb ru ary 2007. Note other flot sam (leaves, plas tic) within the
slick. Cour tesy of Scott Bryan.



Seamount 0403-091: Un pub lished Re port for Min is try of
Lands, Sur vey, Nat u ral Re sources and En vi ron ment,
Tonga, 9 p.

Geo logic Sum mary. Home Reef, a sub ma rine vol cano
mid way be tween Me tis Shoal and Late Is land in the cen tral
Tonga is lands, was first re ported ac tive in the mid-19th
cen tury, when an ephem eral is land formed. An erup tion in
1984 pro duced a 12-km-high erup tion plume, co pi ous
amounts of float ing pum ice, and an ephem eral is land 500 x
1500 m wide, with cliffs 30-50 m high that en closed a wa -
ter-filled crater. An other is land-form ing erup tion in 2006
pro duced wide spread dacitic pumice rafts.

In for ma tion Con tacts: Scott Bryan, School of Earth
Sci ences & Ge og ra phy, Kingston Uni ver sity, Kingston
Upon Thames, Sur rey KT1 2EL, United King dom (Email:
s.bryan@kingston.ac.uk); Pe ter Colls, School of Phys i cal
Sci ences, Uni ver sity of Queensland, St Lu cia, Queensland
4072, Aus tra lia (Email: p.colls@mail box.uq.edu.au); Rob -
ert Dziak, NOAA Pa cific Ma rine En vi ron men tal Lab o ra -
tory (PMEL), Hat field Ma rine Sci ence Cen ter, 2115 SE Or -
e gon State Uni ver sity Drive, New port, OR 97365, USA
(Email: Robert.p.dziak@noaa.gov).

Tungurahua

Ec ua dor
1.467°S, 78.442°W; sum mit elev. 5,023 m

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

This re port cov ers the time in ter val early Jan u ary to 2
March 2007, based on Spe cial Re ports of the Ec ua dor ian
Geo phys i cal In sti tute (IG). This re port ing in ter val was
mainly one of rel a tive quiet. In con trast, our pre vi ous re port 
(BGVN 32:12), cov ered IG re ports de scrib ing en er getic
erup tions of July and Au gust 2006. Those IG re ports also
men tioned erup tion-re lated fa tal i ties and the dis cov ery of a
new grow ing bulge on the vol cano’s N flank. A map and
geo graphic back ground were tab u lated in BGVN 29:01.

Rel a tive quiet pre vails and some res i dents re turn. As
touched on in BGVN 32:12, af ter Au gust 2006, the vol ca nic 

vigor at Tungurahua was min i mal and of low en ergy. The
de crease in ac tiv ity was grad ual through mid-De cem ber
2006. The vigor re mained low un til mid-Jan u ary 2007. Ash 
emis sions did oc cur but were consistently minor.

IG re ports noted that the rel a tive tran quil ity at
Tungurahua could re flect a pat tern sim i lar to that seen there 
in 1918. That was a case when var i ous months of vol ca nic
quiet oc curred, only to be fol lowed by ex plo sive erup tions
of large size. The lat ter gen er ated pyroclastic flows.

Dur ing the quiet that fol lowed the July and Au gust 2006 
erup tions, res i dents who had evac u ated from the mar gins of 
the vol cano re turned to their prop er ties. The IG noted that,
un for tu nately, these re turn ing res i dents be came more vul -
ner a ble to vol ca nic haz ards and made emer gency response
more difficult.

Vigor in creases. Be tween 20 Jan u ary and 5 Feb ru ary
2007 in ter nal seis mic ac tiv ity re sumed, be hav ior con sist ing
of a few earth quakes in ferred as as so ci ated with frac tures
(vol cano-tec tonic earth quakes, VTs). On 13 Feb ru ary the
vol cano emit ted an erup tive col umn with mod er ate ash con -
tent. Af ter 19 Feb ru ary there was a re oc cur rence of seis mic
VTs. These were of shorter du ra tion but higher in ten sity
than those that occurred during the previous period.

Dur ing 23-24 Feb ru ary 2007, vol ca nic trem ors and seis -
mic LP’s were reg is tered at the Vol ca nic Ob ser va tory of
Tungurahua (VOT). At 0310 on 24 Feb ru ary, VOT staff
and lo cal ob serv ers re ported con tin u ous roars of mod er ate
in ten sity, and dis charge of in can des cent ma te rial that both
rose to ~ 800 m above the sum mit and de scended ~ 1000 m
down the volcano’s flanks.

The emis sion col umn headed NW. Fine tephra fell, fol -
lowed by a thick ashfall that was black in color. It left a de -
posit 3 mm thick in the towns of Pillate and San Juan. Re -
ports re ceived from Cotaló, Bilbao, Manzano, and
Choglontús that in di cate a thick, dark ashfall in those spots
left a de posit 2 mm thick. Ashfall was also re ported in the
area of Quero.

Seis mic ac tiv ity de creased on 24 Feb ru ary as well as the 
in ten sity and fre quency of the roars. As of 2 March, spo -
radic ex plo sions of ash and in can des cent ma te rial had been
ob served. Around this time some bad weather pre vented
clear views of the up per vol cano; how ever, some re port ers
noted mi nor ashfall along the SW por tion of the crater. Ad -
di tion ally, the SO2 flux in creased to ~ 2,000 met ric tons a
day for the first time since the be gin ning of the year. The
IG’s “Seis mic Ac tiv ity In dex” in di cated an in crease of the
volcano’s internal activity.

Two sce nar ios en vi sioned. Given the avail able data, the 
IG con cluded that the vol cano had re ceived a new in flux of
magma. They pro posed two po ten tial sce nar ios: (1) the cur -
rent lev els of ac tiv ity will con tinue and con stant emis sions
of ash, (po ten tially more in tense) will be gen er ated. Ash
clouds will be blown by winds that at this time of the year
are pre dom i nantly west erly, with oc ca sional S and NW
vari a tions. These ash clouds could gen er ate heavy ashfall in 
the towns down wind from the vol cano; or (2) the vol ume
and speed of as cent of the mag matic gases orig i nat ing from
the new magma will in crease dra mat i cally, in which case,
new ex plo sive erup tions of pyroclastic flows sim i lar to
those on 14 July and 16 August could occur.

Geo logic Sum mary.  Tungurahua, a steep-sided
andesitic-dacitic stratovolcano that tow ers more than 3 km
above its north ern base, is one of Ec ua dor’s most ac tive
vol ca noes. Three ma jor vol ca nic ed i fices have been se -
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Fig ure 13. Closeup of a pum ice clast from Home Reef that reached
Marion Reef (19.095°S, 152.390°E), Aus tra lia, fouled by goose
bar na cles (Lepas sp.), bryozoa, and mol lusc. Coin is 2 cm in di am e ter.
Cour tesy of Scott Bryan.



quen tially con structed since the mid-Pleis to cene over a
base ment of meta mor phic rocks. Tungurahua II was built
within the past 14,000 years fol low ing the col lapse of the
ini tial ed i fice. Tungurahua II it self col lapsed about 3000
years ago and pro duced a large de bris-av a lanche de posit
and a horse shoe-shaped cal dera open to the W, in side
which the  mod ern  gla  c ier-capped s t ratovolcano
(Tungurahua III) was con structed. His tor i cal erup tions
have all orig i nated from the sum mit crater. They have been
ac com pa nied by strong ex plo sions and some times by
pyroclastic flows and lava flows that reached pop u lated ar -
eas at the vol cano’s base. Prior to a long-term erup tion be -
gin ning in 1999 that caused the tem po rary evac u a tion of the 
city of Baños at the foot of the vol cano, the last ma jor erup -
tion had oc curred from 1916 to 1918, although minor
activity continued until 1925.

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/).

Santa Ana

El Sal va dor
13.853°N, 89.630°W; sum mit elev. 2,381 m

Our last re port (BGVN 31:01) dis cussed post-erup tion
lahars fol low ing the sud den 1 Oc to ber 2005 erup tion
(BGVN 30:09). This re port con tains two sec tions. The first
sec tion ad dresses re gional pro cesses such as veg e ta tion
loss, ash ac cu mu la tion, and lahars on and be yond the E
flank of Santa Ana (also known as Ilamatepec) to the shores 
of Lake Coatepeque. Those lahars be gan soon af ter the 1
Oc to ber 2005 erup tion. The in for ma tion on these lahars
chiefly came from a re port (SNET, 2006) authored by El
Sal va dor’s Servicio Nacional de
Estudios Territoriales (SNET).

The sec ond sec tion ad dresses
mon i tor ing and observations such 
as ex ten sive steam ing and drop in
the sur face el e va tion of the lake in 
the sum mit crater. Ma te rial for
this sec tion, pri mar ily found on
the SNET website, cov ers Jan u -
ary-April 2006, when activity was 
fumarolic with no large erup tions.

 The 1 Oc to ber 2005 erup tion
was pos si bly fol lowed by a sec -
ond one two days later on 3 Oc to -
ber (SNET, 2006). A 3 Oc to ber
erup tion was not men tioned in
pre vi ous Bul le tin re ports.Carlos
Pullinger ex plained that the ev i -
dence for the sec ond erup tion was 
tremor that day, but that could
stemmed from other causes such
as gey sers in the sum mit crater
lake, so the ev i dence for a 3 Oc to -
ber erup tion re mains equiv o cal.

 E-flank is sues. Oc to ber 2005
vol ca nism took place co in ci dent
with un usu ally high rains dur ing
trop i cal storm Stan (1-10 Oc to ber

2005). On the E flank, the Oc to ber 2005 erup tive ep i sode
killed ex ten sive veg e ta tion and left loose ash de pos its cov -
er ing the up per slopes (fig ure 14).

Based on a rain gauge 5 km W of the crater (na tional
me te o ro log i cal sta tion Los Naranjos), rain fall in Oc to ber
av er ages 193 mm; the yearly av er age is 2,155 mm. In the
months prior to Oc to ber 2006, rain fall at that sta tion
remained at nor mal val ues, al ways be low 460 mm per
month. In con trast, rain fall reached 865 mm dur ing Oc to ber 
2006. Dur ing the peak of the storm, 3-6 Oc to ber 2005, the
Los Naranjos rain gauge col lected more than 100 mm per
day; the high est read ing of 320 mm was on 5 Oc to ber.
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Fig ure 14. A No vem ber 2005 photo look ing south ward show ing Santa
Ana in the fore ground, along with de nuded, ash-laden veg e ta tion. A wisp
of steam es capes the sum mit crater, a ba sin host ing an acidic crater lake.
Santa Ana’s plumes and Oc to ber 2005 ash de pos its, cou pled with other
fac tors such as steep slopes, stress to veg e ta tion, the lack of sur viv ing
per me able soils, and re gional rain fall have led to a rash of new E-flank
lahars. Peaks be yond Santa Ana in clude its satellitic cone Cerro Verde and 
then Izalco (sharp peak be yond the notch). Photo from SNET (2006).

Fig ure 15. Lahars dis played as trains of heavy dots on a top o graphic base map of the E-cen tral side of Santa Ana
and the ad ja cent W side of Lake Coatepeque. (N is to wards the top; light grid-lines are 1 km apart, so the dis tance
from the sum mit on the W to the large lake on the E is ~ 6.5 km.) In gen eral, the lahars de scended from W to E.
Coatepeque is a 7 x 10 km cal dera and the se ries of dashed lines across the map in di cate the cal dera’s steep-sided
top o graphic mar gin in. Sev eral cal dera domes are la beled, in clud ing Cerro Pacho and Cerro Afate. Note the lahar
en ter ing the set tle ment ad ja cent Lake Coatepeque ("Caserío El Javillal"). From SNET (2006).



The lahars on Santa Ana’s E slope con sisted of both ma -
te rial from the Oc to ber 2005 erup tion as well as pre vi ous
de pos its. The first lahar seen by lo cal wit nesses took place
on the night of 2 Oc to ber 2005. It car ried ma te rial up to 2 m 
in di am e ter. The lahars that pro duced most of the dam age
were those that oc curred im me di ately af ter the erup tion and 
reached a max i mum thick ness of 1.5 m. Other lahars de -
scended later in the storm, per sist ing well into 2006.

The 2006 rainy sea son did not gen er ate dam ag ing
lahars, just heavy run off with mi nor sed i ment. In all, SNET
seis mi cally reg is tered 22 lahar events, all of which were
con firmed by lo cal res i dents. The com mu ni ties used trac -
tors used to keep the main drainages open and to build lev -
ees, which con fined the lahars in side main drain age ar eas.
The SNET website men tioned sev eral lahar ep i sodes dur ing 
2006. Some of these ep i sodes oc curred in May, June, and
July 2006.

A large scal  lop in  the  top o  graphic  mar  gin  of
Coatepeque cal dera re sults in Planes de la Laguna (an area
of ~ 10 km2), which was where lahars even tu ally de pos ited
(fig ures 15 and 16). This area of less steeply sloped, and in
places com par a tively level, ground con tains nu mer ous cof -
fee plan ta tions and small set tle ments. The larg est set tle ment 
is El Javillal (fig ure 15, ad ja cent Lake Coatepeque).

The upslope ar eas con tained nu mer ous chan nels car ry -
ing lahars (fig ure 15). Sev eral ki lo me ters into the cal dera
the chan nels merge as they cross the less steeply sloped
Planes de Laguna. The chan nels even tu ally grow into two
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Fig ure 16. An E-W top o graphic pro file with Santa Ana on the W across to
the E side of Lake Coatepeque on the E. Dashed lines in di cate the lo ca tion
of Coatepeque’s cal dera wall. From SNET (2006).

Fig ure 17. An no tated ae rial photo at un known date show ing part of
Coatepeque’s Planes de Laguna, W of Santa Ana, taken look ing roughly
S. The view il lus trates lahars in and around El Javillal.The lahars en tered
the area along two drainages (Quebradas La Mina and El Javillal), both
flow ing from right to left (ar rows). Ad ja cent to the domes and set tle ments, 
the flow pat terns be come quite com plex (as in di cated by flow di rec tions
A, B, C, and D). Lake Coatepeque ap pears at the up per left. The steep
cal dera wall lies along the photo’s mar gin from the up per cen ter to right
cor ner. The large cir cu lar dome is Cerro Pacho; the smaller dome to the
right is Cerro Guacamayero. Photo from SNET (2006).

Fig ure 18. Photos show ing Oc to ber 2005 lahar deposits from Santa Ana in 
El Javillal. De pos its in cluded lava blocks of dif fer ing sizes, and a mix ture
of soil, tree parts, mud, and wa ter. Pho tos from SNET (2006).

Fig ure 19. Photo show ing the crater lake at Santa Ana vol cano. The
de crease in the wa ter level has re vealed an is land of rocks and sed i ments
that was pre vi ously cov ered by the crater lake. Photo taken on 17
Feb ru ary 2006 and pro vided cour tesy of SNET.



pri mary chan nels, La Mina on the S and El Javillal on the N 
(fig ure 17). The La Mina chan nel led di rectly towards the
Cerro Pacho dome, where the lahars pro ceeded to branch
into mul ti ple routes (A, B, C, and D) be fore en ter ing El
Javillal (fig ure 18).

Given the lack of soils and the state of veg e ta tion, lahars 
were viewed as a po ten tial on go ing haz ard. To con trol
lahars, SNET (2006) pro posed ex ca vat ing two chan nels
from the vi cin ity of the domes to Lake Coatepeque, to carry 
sed i ment far ther to wards the lake. The pro posed ar ti fi cial
chan nels are 2 m deep, with sides that slope at 45° out -
wards, and with a flat floor 5 m across. One pro posed chan -
nel fol lows the S mar gin of the Cerro Pacho dome, the other 
fol lows a path sim i lar to ar row A on fig ure 17.

Pullinger noted that the jocote de co rona crop har vest
was not af fected because it came out just af ter the erup tion.
How ever, cof fee was damaged wher ever ash fell. Lahars
did not di rectly hurt cof fee plan ta tions, but ac cess roads
were dam aged and la bor for har vest ing was min i mal, af ter
much of the pop u la tion had fled.

Mon i tor ing. Mod er ate seis mic ac tiv ity and steam emis -
sions con tin ued dur ing 2006. Dur ing 2006, seis mic ity was
slightly above nor mal lev els. Small earth quakes were in ter -
preted as be ing as so ci ated with gas pulses.

De gas sing con tin ued in Jan u ary 2006 with spo radic
gas-and-steam emis sions which rose ap prox i mately 200 m
be fore dis pers ing. The SO2 flux ranged be tween 163 and
1,578 met ric tons/day.

On 2 Feb ru ary, there was an in crease in seis mic ity, pos -
si bly re lated to an earth quake on the coast of Gua te mala.
From 1-7 Feb ru ary the SO2 flux av er aged 2,000 met ric tons 
per day. A drop in the wa ter level of the steam ing,
green-col ored acidic lake in the sum mit crater re vealed a lo -
cal top o graphic high in the lake’s cen ter, which took the
form of an ir reg u lar is land (fig ure 19).

Intense bub bling and fumarole ac tiv ity dur ing 27 Feb ru -
ary-23 March dis turbed the lake’s sur face and made it dif fi -
cult to as sess the level of the wa ter. Dur ing April, in sta bil ity 
in the crater led to pe ri odic land slides. One sig nif i cant land -
slide de pos ited ma te rial in the SW sec tion of the beach of
the crater lake.

Ref er ence: Servicio Nacional de Estudios Territoriales
(SNET), 2006, Flujos de escombros en la Ladera Oriente
del Volcán Ilamatepec, Departamento de Santa Ana: Perfil
de Obras de Mitigacion, Enero de 2006, 12 p.

Back ground. Santa Ana, El Sal va dor’s high est vol cano, 
i s  a mas s ive,  2 ,381-m-high andesit ic- to-ba sa lt ic
stratovolcano that rises im me di ately W of Coatepeque cal -
dera. Col lapse of the vol cano dur ing the late Pleis to cene
pro duced a vo lu mi nous de bris av a lanche that swept into the 
Pa cific Ocean, form ing the Acajutla Pen in sula. Re con struc -
tion of the vol cano sub se quently filled most of the col lapse
scarp. The broad sum mit of the vol cano is cut by sev eral
cres cen tic crat ers, and a se ries of par a sitic vents and cones
have formed along a 20-km-long fis sure sys tem that ex -
tends from near the town of Chalchuapa NNW of the vol -
cano to the San Marcelino and Cerro la Olla cin der cones
on the SE flank. His tor i cal ac tiv ity, largely con sist ing of
small-to-mod er ate ex plo sive erup tions from both sum mit
and flank vents, has been doc u mented since the 16th cen -
tury. The San Marcelino cin der cone on the SE flank pro -
duced a lava flow in 1722 that trav eled 13 km to the E.

In for ma tion Con tacts: Carlos Pullinger, Servicio
Nacional de Estudios Territoriales (SNET), Alameda Roo -

se velt y 55 Avenida Norte, Edificio Torre El Sal va dor,
Quinta Planta, San Sal va dor, El Sal va dor (URL: http://
www.snet.gob.sv).

Popocatépetl

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

Centro Nacional  de Prevencion de Desastres
(CENAPRED) reported only spo radic, mod est ac tiv ity at
Popocatépetl dur ing early 2006 through April 2007. 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 five oc ca sions when
ash plumes rose sub stan tially. On 25 and 27 July 2006 ash
plumes rose to an al ti tude of ~ 9.8 km. On 18 and 20 De -
cem ber 2006, ash plumes rose to an al ti tude of ~ 6.7 km and 
7.9 km, re spec tively. In April 2007, ash plumes rose to ~ 7.
6 km on the 1st, and to ~ 7.3 km on the 3rd.

In Au gust 2006, the lava dome that had been ir reg u larly
grow ing since July 2005 cov ered the floor of the in ter nal
crater and be gan a pis ton-like growth on the top of the pre -
vi ous dome. The en larged dome can be seen in an ae rial
pho tog ra phy taken in 24 No vem ber 2006 (fig ure 20). This
for ma tion of the dome was the twenty-sixth such event
since 1996.

On 4-5 Au gust and 1-3 No vem ber 2006 ep i sodes of
large-am pli tude har monic tremor (fig ure 21) were be lieved
to re flect an in creased rate of dome growth. The ac cu mu -
lated vol ume of the lava dome be tween No vem ber of 2005
and No vem ber of 2006 was es ti mated to be 1,299,000 m³.
The av er age rate growth over that in ter val is around 0.04
m³/s. As sum ing that the dome grows only dur ing the tremor 
ep i sodes, the rate would be ~ 6.75 m3/s.

In can des cence at the sum mit was re corded by the
CENAPRED cam era on 3 Au gust and 4-5 Sep tem ber 2006. 
Over 27-29 Oc to ber 2006, eigth small ex plo sions ejected
in can des cent de bris on the slopes sur round ing the crater.
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Fig ure 20. Ae rial photo taken 24 No vem ber 2006 show ing the grow ing
lava dome at Popocatépetl.The dashed white line de fines the dome edge.
The lava dome that started grow ing in July 2005 has cov ered the floor of
the in ter nal crater and be gan grow ing on the top of the pre vi ous dome. The 
white ar eas out side the in ner-crater rim are snow cover. Cour tesy of the
gov ern ment of the State of Puebla, Mex ico.



Dur ing No vem ber and De cem ber 2006, more ep i sodes of
low am pli tude trem ors were re corded. From Au gust to De -
cem ber 2006, 77 vol cano-tec tonic mi cro-earth quakes were
de tected, with mag ni tudes rang ing be tween 2.0 and 3.0.
From these, 66 were lo cated be low the crater at depths
ranging between 3 and 7 km (fig ure 22).

Hot spots at the sum mit were de tected on sat el lite im ag -
ery by the Wash ing ton Vol ca nic Ash Ad vi sory Cen ter
(VAAC) on 7-8 Jan u ary 2007. Ac cord ing to the Wash ing -
ton VAAC, a puff with lit tle ash con tent emit ted from
Popocatépetl was re ported from the MWO and vis i ble from 
the cam era op er ated by CENEPRED on 14 Feb ru ary 2007.
A very dif fuse plume was seen drift ing to the E on sat el lite
im ag ery. Base on an ae rial pho to graph taken on 24 Jan u ary
2007, CENEPRED re ported that the lava-dome di men sions
have slightly increased since 24 November 2006.

Geo logic Sum mary. Volcán Popocatépetl, whose name
is the Az tec word for smok ing moun tain, tow ers to 5426 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
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 recorded in Aztec
codices, have occurred since precolumbian time.

In for ma tion Con tacts: Centro Nacional de Prevención
de Desastres (CENAPRED), Av. Delfín Mad ri gal No.665.
Coyoacan,  México D.F.  04360,  México  (Email :
amb@cenapred.unam.mx gvazquez@cenapred.unam.mx;
(URL: http://www.cenapred.unam.mx/), Alicia Mar ti nez
Bringas and An gel Gómez Vázquez, CENAPRED (see
above); Servando de la Cruz Reyna, Insituto de Geofisica
UNAM. Ciudad Universitaria, s/n. Circuito Institutos .
Coyoacan México D.F. México; 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/).

Soufrière Hills

Montserrat, West In dies
16.72°N, 62.18°W; sum mit elev. 915 m

All times are lo cal (= UTC - 4 hours)

Ac tiv ity re turned to nor mal lev els fol low ing the strong
ex plo sive ep i sode of 10 Sep tem ber 2006 (BGVN 31:09).
Ac tiv ity after Sep tem ber in cluded an oc ca sional mi nor ex -
plo sions, rockfalls, mi nor pyroclastic flows, vent ing of ash
and gases and steam with emis sions reach ing up to 3 km al -
ti tude, mi nor ashfalls, and mudflows dur ing heavy rains. In
Sep tem ber and Oc to ber, the mi nor pyroclastic flows pri -
mar ily moved down the N and NE flanks of the dome. In
Jan u ary, pyroclastic flows trav eled down the Gages Val ley, 

Tyres Ghaut, Belham Val ley,
Tuits Ghaut, Farrells Plain, and
es pe cially the lower Tar River
Val ley E of the vol cano.

Lava-dome growth slowed in
March, and by the end of April it
ap peared to have ceased. On 1
June Montserrat Vol cano Ob ser -
va tory (MVO) (fig ure 23) warned 
that, while the lava ex tru sion had
ceased and the dome may not be
ac tively grow ing, it re mains as a
large mass of par tially mol ten
lava ca pa ble of col laps ing or ex -
plod ing. Ac cord ing to MVO, the
amount of ma te rial above Tyres
Ghaut to the NW was suf fi cient to 
gen er ate pyroclastic flows and
surges ca pa ble of af fect ing the
lower Belham Val ley and other
ar eas.
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Fig ure 21. Ev i dence of a large-am pli tude, multiband har monic tremor,
show ing clear fre quency peaks in its spec trum de tected in Au gust 2006 at
Popocatépetl. The com bi na tion of the fre quen cies ap pear as moiré
shad ows in the pa per re cord ing.Cour tesy of CENAPRED.

Fig ure 22. Lo ca tion and depth of mi cro-earth quakes on Popocatépetl re corded dur ing Au gust to De cem ber 2006.
Cour tesy of CENAPRED.



Data pro vided by MVO (ta ble 3) shows the el e vated
seis mic ity (hy brid earth quakes and rockfall sig nals) re lated
to the in creased ac tiv ity in late Au gust and early Sep tem ber
(BGVN 31:09). The high num ber of long-pe riod earth -
quakes in late June re flects the dome col lapse at that time
(BGVN 31:05). The dra matic de crease in long-pe riod
events and rockfalls in mid-March cor re sponds to the ob -
served re duc tion in dome growth.

Strong ac tiv ity dur ing mid-Sep tem ber 2006. On 9 and
10 Sep tem ber, vig or ous ash vent ing from the Gages Wall
was ac com pa nied by small ex plo sions. Pyroclastic flows
from foun tain col lapse oc curred on all sides of the dome
and reached 1 km W down Gages val ley. On 11 Sep tem ber, 
the col lapse of an over hang ing lava lobe pro duced
pyroclastic flows NE down the Tar River val ley. One

pyroclastic flow in the same area on 13 Sep tem ber reached
the sea. On 14 Sep tem ber, vig or ous ash vent ing re sumed.
Con tin u ous ash and gas emis sions dur ing 13-19 Sep tem ber
pro duced plumes that reached al ti tudes of 2.4-3.7 km. The
Gages Wall vent con tin ued to pro duce ash and gas emis -
sions into mid-Oc to ber. 

Ac tiv ity dur ing Sep tem ber-De cem ber 2006. Dur ing 15
Sep tem ber-6 Oc to ber the lava dome con tin ued to grow at a
mod er ate rate in the sum mit area and on the S and E sides
of the dome. On 22 Sep tem ber the vol ume of the dome was
about 80 mil lion cu bic me ters. Lava-dome growth was con -
cen trated on the NE part of the ed i fice from 6 Oc to ber un til
15 De cem ber, when growth moved to the SW part of the
dome. A new E-fac ing shear lobe with a smooth, curved
back en larged dur ing 13-20 Oc to ber.

Dur ing 24 No vem ber-1 De -
cem ber, the two cracks in the
curved back of the shear E-fac ing
lobe on the sum mit prop a gated
down ward and di vided the lobe
into three blocks. The dome over -
topped the NE crater wall and
fresh rock and boul der de pos its
were ob served in that re gion.
Dur  ing 22-29 De cem ber ,
lava-dome growth was fo cused on 
the W, where gas-and-ash vent ing 
oc curred. A high whaleback lobe
di rected SW was observed on 26
December.

Avi a tion no tices re ported con -
tin u ous ash and gas emis sions al -
most ev ery day from 15 Sep tem -
ber through 14 No vem ber, with
plumes ris ing above 2 km to a
max i mum of 4.6 km al ti tude.
Plumes ex tended 140 km W on
2-3 Oc to ber. Dur ing 17-24 No -
vem ber, ash vent ing orig i nated
from the wes tern most of two
cracks in the curved back of the
shear E-fac ing lobe on the sum -
mit. An ex plo sion pro duced an
ash plume that rose to altitudes of
1.5-1.7 km.

Pyroclastic flows oc curred
reg u larly as col lapses from the
dome sent ma te rial in all di rec -
tions. Pyroclastic flows reached
both the up per re gion of Tuitts
Ghaut (N) and the sea via the Tar
River  Val  ley (E)  on  23
No vem ber. 

Ac t iv  i ty  dur  ing Jan u -
ary-March 2007.  Rapid
lava-dome growth, pyroclastic
flows, and ash vent ing in creased
dur ing 3-9 Jan u ary. Dome growth 
was con cen trated in the NW, the
high es t  par t  of  the dome.
Pyroclastic flows were ob served
in Tyres Ghaut (NW), Gages Val -
ley (W), and N, be hind Gages
Moun tain and ac com pa nied by
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Fig ure 23. Map of Montserrat show ing the pre-erup tion to pog ra phy of Soufrière Hills. The black cir cle shows the
lo ca tion of the MVO. The ap prox i mate out line of the Tar River delta in July 2004 is shown. Cour tesy of Wadge
and oth ers (2005).



ash vent ing. On 4 Jan u ary, si mul ta neous pyroclastic flows
de scended Tyres Ghaut and Gages Val ley, and a re sul tant
ash cloud reached an al ti tude of 2.5 km. The max i mum dis -
tance for the Gages Val ley flow was 4 km. Dur ing 6-9 Jan -
u ary, dis tances of pyroclastic flows in creased in Tyres
Ghaut and pos si bly ex ceeded 1.5 km.

Dur ing 10-16 Jan u ary, lava-dome growth was fo cused
on the  NW quad rant .  Dur  ing 10-11 Jan u  ary,  one

pyroclastic flow was ob served to the W in Gages Val ley
and one to the NW in Tyres Ghaut. On 15 Jan u ary, a rel a -
tively large pyroclastic flow trav eled E down the Tar River
Val ley. After 15 Jan u ary, mea sur able ac tiv ity was low. Gas
and ash vent ing that orig i nated from the W side of the dome 
con tin ued. A clear view on 22 Jan u ary re vealed that the col -
lapse scar from the 8 Jan u ary event was filled in. A small
spine was noted on the W side. On 23 Jan u ary, a large
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Re port Date
(2006-2007)

Hy brid Earth quakes VT Earth quakes LP Earth quakes Rockfall Sig nals
Av er age SO2 Flux
(met ric tons/day)

16 Jun-23 Jun — — 32 51 —

23 Jun-30 Jun 54 4 1236 100 —

30 Jun-07 Jul 17 6 448 194 593

07 Jul-14 Jul 2 1 49 61 468

14 Jul-21 Jul 9 — 341 293 523

21 Jul-28 Jul 12 — 190 144 —

28 Jul-04 Aug — 2 162 166 120

04 Aug-11 Aug 5 1 100 165 230

11 Aug-18 Aug 8 1 69 253 222

18 Aug-25 Aug 142 — 124 280 150

25 Aug-01 Sep 30 12 61 588 351

01 Sep-08 Sep 154 1 39 366 160

08 Sep-15 Sep 210 5 38 413 405

15 Sep-22 Sep 17 1 11 279 232

22 Sep-29 Sep 1 — 21 383 450

29 Sep-06 Oct — 3 83 616 144

06 Oct-13 Oct — 1 107 585 150

13 Oct-20 Oct — 2 107 807 —

20 Oct-27 Oct 2 2 88 732 356

27 Oct-03 Nov 1 — 110 487 420

03 Nov-10 Nov 1 — 162 346 520

10 Nov-17 Nov — 1 209 565 332

17 Nov-24 Nov 1 1 124 452 845

24 Nov-01 Dec — 2 101 298 465

01 Dec-08 Dec — — 81 121 524

08 Dec-15 Dec — — 9 100 574

15 Dec-22 Dec — — 29 257 —

22 Dec-29 Dec 3 6 163 396 200

29 Dec-05 Jan 3 3 22 231 152

05 Jan-12 Jan — 2 24 348 159

12 Jan-19 Jan 1 1 2 52 156

19 Jan-26 Jan — 7 22 53 204

26 Jan-02 Feb — 2 101 57 213

02 Feb-09 Feb — 3 69 108 153

09 Feb-16 Feb — 3 127 370 —

16 Feb-23 Feb — 2 219 353 271

23 Feb-02 Mar 1 1 189 608 157

02 Mar-09 Mar — — 141 594 150

09 Mar-16 Mar — 3 61 383 157

16 Mar-23 Mar 1 3 1 124 135

23 Mar-30 Mar — 8 5 16 158

30 Mar-05 Apr — 17 1 45 1035

06 Apr-13 Apr — — 1 8 3114

13 Apr-20 Apr — — 3 8 203*

20 Apr-27 Apr — — 1 3 476

27 Apr-04 May — — — 9 223

04 May-11 May — — — 4 125

11 May-18 May — — — 2 143

18 May-25 May — 1 — 1 216

Ta ble 3. Seis mic ity at Soufrière Hills be tween 16 June 2006 and 25 May 2007. * Data for the first 4 days only. VT: vol ca nic tec tonic; LP: long-pe riod. Cour tesy
of MVO.



pyroclastic flow trav eled down Gages Val ley. The Wash -
ing ton VAAC re ported that ash plumes were vis i ble dur ing
26-27 Jan u ary. On 28 Jan u ary, a large pyroclastic flow
trav eled down the Tar River Val ley and reached the sea. A
dif fuse plume rose to an al ti tude of 1.5 km on 31 January.

Dur ing 7-13 Feb ru ary, growth of the lava dome con tin -
ued on the W side, then was con cen trated on the E and N
sides for the rest of the month. The lava-dome vol ume in
mid-Feb ru ary was es ti mated at 200 mil lion cu bic me ters
based on LIDAR data. Pre vi ous mea sure ments over-es ti -
mated the lava-dome vol ume due to the per ceived lo ca tion
of the dome and the lack of data from in side the crater.
Small pyroclastic trav eled in mul ti ple di rec tions through out 
Feb ru ary. Mod er ate pyroclastic flows trav eled down the
Tar River Val ley dur ing 24-25 and 27 Feb ru ary. Con tin u -
ous ash emis sions were re ported dur ing 14 Feb ru ary-6
March, with plumes to al ti tudes of 2.1-6.1 km.

Lava-dome growth dur ing 2-9 March was con cen trated
on an E-fac ing lobe topped with blocky, spine-like pro tru -
sions. Rockfalls af fected the E and NE flanks. Pyroclastic
flows trav eled 2 km in the Tar River Val ley. Height ened
pyroclastic ac tiv ity on 7 March re sulted in an ash plume
that rose to an es ti mated 2.4 km. On 11 March, a pyroclastic 
flow trav eled down the NE flank into White’s Ghaut.

Dur ing 9-26 March, lava-dome growth was con cen -
trated on the NE side. In ter mit tent pyroclastic flows trav -
eled E down the Tar River val ley and pro duced ash plumes. 
One plume on 12 March rose to 3 km altitude. Pyroclastic
flows were ob served NW in Tyre’s Ghaut and ashfall was
re ported from the Sa lem /Old Towne ar eas. Dur ing 23
March-3 April, dome growth ap par ently stopped. 

MODIS ther mal data in di cated hot pix els at the dome
and from pyroclastic flows on 24 March. An other ther mal
anom aly from a pyroclastic flow Tar River was de tected on
29 March. No futher anom a lies had been re corded by the
HIGP Hotspot sys tem through May. How ever, the Wash -
ing ton VAAC re ported that a SW-drift ing, dif fuse plume
and a hotspot were vis i ble on sat el lite im ag ery on 2 April.

Dur ing 30 March-13 April ,  small ,  in ter mit tent
pyroclastic flows from the E-fac ing shear lobe oc curred in
the Tar River val ley (fig ure 24). In can des cent rockfalls
were seen at night dur ing 5-9 April. On 17 April, a small
pyroclastic flow was ob served to the NW in the up per part

of Tyres Ghaut. In mid-April MVO es ti mated that the
lava-dome vol ume was about 208 mil lion cu bic me ters.

The sul fur di ox ide (SO2) flux rate dur ing 6-13 April
was high, with an av er age value of 3,114 met ric tons per
day (t/d), well above the long-term av er age for the erup tion. 
The pre vi ous week av er aged 1,035 t/d, from a low of 71 to
a high of 3,818 t/d. The three days from 8 to 10 April
showed mark edly el e vated emis sions: 3,550, 7,396 peak ing 
at 7,471 t/d, whereas the re main ing days’ emis sions were
ex tremely low, some be low 100 t/d.

Dur ing 13-20 April, ma te rial orig i nat ing from the lava
dome’s E-fac ing shear lobe was shed down the Tar River
Val ley. A blu ish haze con tain ing sul fur di ox ide was ob -
served flow ing down the N flanks on 18-20 April .
Pyroclastic ac tiv ity was on go ing on the E and NE sides of
the dome dur ing 27 April-4 May. Af ter 4 May the over all
struc ture of the dome changed very lit tle. Low-level
rockfall and pyroclastic-flow ac tiv ity continued into late
May.

Geo logic Sum mary.  The com plex, dom i  nantly
andesitic Soufrière Hills vol cano oc cu pies the south ern half 
of the is land of Montserrat. The sum mit area con sists pri -
mar ily of a se ries of lava domes emplaced along an
ESE-trending zone. Eng lish’s Crater, a 1-km-wide crater
breached widely to the east, was formed dur ing an erup tion
about 4000 years ago in which the sum mit col lapsed, pro -
duc ing a large sub ma rine de bris av a lanche. Block-and-ash
flow and surge de pos its as so ci ated with dome growth pre -
dom i nate in flank de pos its at Soufrière Hills. Non-erup tive
seis mic swarms oc curred at 30-year in ter vals in the 20th
cen tury, but with the ex cep tion of a 17th-cen tury erup tion
that pro duced the Cas tle Peak lava dome, no his tor i cal
erup tions were re corded on Montserrat un til  1995.
Long-term small-to-mod er ate ash erup tions be gin ning in
that year were later ac com pa nied by lava-dome growth and
pyroclastic flows that forced evac u a tion of the south ern
half of the is land and ul ti mately de stroyed the cap i tal city of 
Plymouth, causing major social and economic disruption.

Ref er ence: Wadge, G., Macfarlane, D.G., Rob ert son,
D.A., Hale, A.J., Pinkerton, H., Bur rell, R.V., Norton, G.E., 
and James, M.R., 2005, AVTIS: a novel milli metre-wave
ground based in stru ment for vol cano re mote sens ing: J.
Vol ca nol ogy and Geo ther mal Re search, v. 146, no. 4, p.

307-318.
In for  ma t ion Con tacts:

Montserrat Vol cano Ob ser va tory
(MVO), Flem ing, Montserrat,
West In dies (URL: http://www.
mvo.ms/); 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/); Hawai’i In sti tute
of Geo phys ics and Plan e tol ogy,
MODIS Ther mal Alert Sys tem,
School of Ocean and Earth Sci -
ences and Tech nol ogy (SOEST),
Uni ver sity of Hawai’i, 2525 Cor -
rea Road, Ho no lulu, HI, USA
(URL: http://modis.higp.ha waii.
edu/).
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Fig ure 24. Pho to graph taken 4 April 2007 of south ern Montserrat and Soufrière Hills from the NE, show ing from
left the Tar River Delta and the de bris fans spill ing from Tuitts and Whites Ghauts. Cour tesy MVO.



Stromboli

It aly
38.789°N, 15.213°E; sum mit elev. 924 m

All times are lo cal (= UTC + 1 hour)

Ac cord ing to Sonia Calvari of Istituto Nazionale di
Geofisica e Vulcanologia (INGV-CT), a flank erup tion
started on Stromboli vol cano on 27 Feb ru ary 2007 and con -
tin ued to at least 15 March. Com pared to the pre vi ous flank
erup tion dur ing 2002-2003, lava ef fu sion was about an or -
der of mag ni tude greater. Ini tially, a NE fis sure opened on
the NE flank of the NE-crater, and lava emit ted from the
fis sure formed three branches and rap idly reached the sea
(fig ure 25).

Late on the erup tion’s first day, the three ini tial flows
stopped and a new vent opened at the E Mar gin of the
Sciara del Fuoco at about 400 m elevation. In a few days,
this vent emit ted suf fi cient lava to build a lava bench sev -
eral tens of me ters wide, which sig nif i cantly mod i fied the
coast line. These lava emis sions stopped for a few hours on
9 March, af ter which an other vent opened at about 550 m
elevation on the N flank of the NE-crater, al most in the
same po si tion as one of the vents of the 2002-2003 erup -
tion. The 550-m vent was ac tive for less than 24 hours and,
when it ceased emit ting lava, the 400-m vent re opened,
again feed ing lava to the sea.

On 15 March 2007, while the ef fu sion from the 400-m
vent con tin ued, a ma jor ex plo sion oc curred at 2137 (2037
UTC). This event, sim i lar to that on 5 April 2003 (BGVN
28:04), was re corded by all the INGV-CT mon i tor ing web
cams. As in 2003, the 2007 event oc curred dur ing a flank
ef fu sive erup tion, when the sum mit crat ers were ob structed
by de bris fallen from the crater rims. Still im ages and vid -
eos can be down loaded from the INGV-CT webpage ded i -
cated to the 2007 Stromboli erup tion.

Sat el lite im ag ery. Sat el lite im ag ery re vealed an ash
plume fan ning SSE from the erup tion site be gin ning at
1215 UTC on 27 Feb ru ary 2007. An other erup tion was ob -
served on MET-8 split-win dow IR (in fra red) im ag ery on
the same day at 1830 UTC. Ash then blew SSE at 46-56
km/hour.

Geo logic Sum mary. Spec tac u lar in can des cent night -
time ex plo sions at Stromboli vol cano have long at tracted
vis i tors to the “Light house of the Med i ter ra nean.”

Stromboli, the NE-most of the Ae olian Is lands, has lent its
name to the fre quent mild ex plo sive ac tiv ity that has char -
ac ter ized its erup tions through out much of his tor i cal time.
The small, 924-m-high is land of Stromboli is the emer gent
sum mit of a vol cano that grew in two main erup tive cy cles,
the last of which formed the west ern por tion of the is land.
The Neostromboli erup tive pe riod from about 13,000 to
5,000 years ago was fol lowed by for ma tion of the mod ern
Stromboli ed i fice. The ac tive sum mit vents are lo cated at
the head of the Sciara del Fuoco, a prom i nent horse -
shoe-shaped scarp formed about 5,000 years ago as a re sult
of the most re cent of a se ries of slope fail ures that ex tend to
be low sea level. The mod ern vol cano has been con structed
within this scarp, which fun nels pyroclastic ejecta and lava
flows to the NW. Es sen tially con tin u ous mild strombolian
ex plo sions, some times ac com pa nied by lava flows, have
been re corded at Stromboli for more than a mil len nium.

In for ma t ion Con tacts:  Sonia Calvari ,  Is ti tuto
Nazionale di Geofisica e Vulcanologia Sezione di Catania,
Pi azza Roma 2, 95123 Catania, It aly (Email: calvari@ct.
ingv.it; URL: http://www.ct.ingv.it/); INGV-CT 2007
Stromboli erup tion website (URL: http://www.ct.ingv.it/
stromboli2007/main.htm); U.S. Air Force Weather Agency
(AFWA)/XOGM, Offutt Air Force Base, NE 68113, USA
(Email: Charles.Holliday@afwa.af.mil).
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Fig ure 25. Lava from Stromboli reach ing the sea on 27 Feb ru ary 2007.
Cour tesy of the INGV-CT 2007 Stromboli erup tion web site.


