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Nyamuragira

Dem o cratic Re pub lic of the Congo, Cen tral Af rica
1.408°S, 29.20°E; sum mit elev. 3,058 m

All times are lo cal (= UTC + 2 hours)

Jacques Durieux, the United Na tions man ager for Vol -
cano Risk Re duc tion for the Goma Vol cano Ob ser va tory
(GVO), re ported that at about 2000 on 26 Oc to ber 2006 the
ob ser va tory be gan to re cord sus tained seis mic ac tiv ity. The
ac tiv ity took place in the Virunga area, lo cated in the cen -
tral part of West ern arm of the East Af ri can rift val ley. The
swarm of long-pe riod earth quakes was lo cated around
Nyamuragira and per sisted for a month, through 1700 on
27 No vem ber 2006. The vol cano was the scene of sev eral
seis mic swarms in mid dle and late 2005 (BGVN 31:01).

GVO ob served the be gin ning of a new erup tion at 2000
on 27 No vem ber 2006 (fig ure 1). Seen from ~ 30 km S of
the vol cano in Goma, the erup tion site ap peared to be lo -
cated on the S flank; in tense red glow sug gested typ i cal
lava foun tains and lava flows.

The lo cal se cu rity sit u a tion pre vented closer field ob ser -
va tions. GVO was at tempt ing to or ga nize he li cop ter over -
flights to col lect more in for ma tion for up dates. One con -
cern was that for ag ing an i mals could fall ill af ter eat ing
ash-coated veg e ta tion. In as sess ing the sit u a tion, au thor i ties 
con sid ered Goma to be safe from any po ten tial lava flows
as Mount Nyiragongo would serve as a buffer.

Based on sat el lite im ag ery, the Toulouse VAAC re -
ported that dur ing 29 No vem ber-2 De cem ber 2006 emis -
sions pro duced ash plumes to al ti tudes of 3-6.1 km. Those
plumes drifted W and NW. By mid-morn ing on 2 De cem -
ber, ash plumes were no lon ger re ported.

Be sides ash and pos si ble lava, the vol cano also re leased
ex ten sive sul fur di ox ide (SO2), a fea ture of this vol cano that 
has been men tioned re peat edly in the lit er a ture (see some
ref er ences be low). The Ozone Mon i tor ing In stru ment
(OMI) on NASA’s Aura sat el lite tracked the emis sion of
this gas from the vol cano from 28 No vem ber to 4 De cem -
ber 2006 (fig ure 2). The SO2 gas was most con cen trated
around the erup tion site and thinned as it moved away. The
plume first trav eled W, then curved along an arc pro gress -
ing in a clock wise di rec tion to ward the NE and then E. It re -

mained clearly de tect able over NW In dia, a dis tance of
~ 9,000 km.

The lat est erup tion of Nyamuragira was its 15th since
1980. Ta ble 1 shows OMI’s es ti mated SO2 load ings dur ing
28 No vem ber to 4 De cem ber 2006 as com puted by Si mon
Carn. Carn also pre sented daily OMI im ages (like fig ure 2)
dur ing the same date range as ta ble 1.

Ref er ences: Carn, S.A., Bluth, G.J.S., and Head, E., (in
prog ress), Virunga Vol ca nic SO2 Emis sions Re search (Vi -
SOR) pro ject (dis cussed at URL: http://userpages.umbc.
edu/~scarn/virunga/in dex.htm).

Carn, S.A., 2004, Erup tive and pas sive de gas sing of
sul fur di ox ide at Nyiragongo vol cano (D.R. Congo): the 17
Jan u  ary 2002 erup t ion and i ts  af  ter  math: Acta
Vulcanologica, v. 14-15, p. 75-86.

Carn, S.A., and Bluth, G.J.S., 2003, Pro di gious sul fur
di ox ide emis sions from Nyamuragira vol cano, D.R. Congo: 
Geophys. Res. Lett., v. 30, no. 23, p. 2211, doi:10.1029/
2003GL018465.

Bluth, G.J.S, and Carn, S.A., (in prog ress), Ex cep tional
sul phur de gas sing from Nyamuragira vol cano, 1979-2005:
Int. J. Re mote Sens ing.
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James F. Luhr

Jim Luhr, di rec tor of our vol cano pro gram since 1995, passed away un ex pect edly in his sleep on 1 Jan u ary 2007. He 
was 53 years of age, and died of com pli ca tions from in flu enza. He leaves be hind his wife Ka ren Prestegaard, a pro fes -
sor at the Uni ver sity of Mary land, and their two school-aged daughters.

One of Jim's leg a cies is the greatly ex panded pub lic ac cess to Smith so nian vol cano data re sult ing from his pro mo -
tion of the growth of our widely used website. In the mid-1990s, he helped cre ate a new ex hibit hall ex pos ing mil lions
of vis i tors each year to dis plays with sig nif i cant em pha sis on geo phys ics, plate tec ton ics, and vol ca nol ogy (giv ing vis i -
tors elec tronic ac cess to geo logic and geo phys i cal in for ma tion).

Jim acted as chief ed i tor of the graph i cally stun ning book Earth. He also co-ed ited the book "Paricutín: The Vol cano 
Born in a Mex i can Cornfield," an out growth of his many de tailed field and lab o ra tory stud ies of Mex i can vol ca noes.
Jim was well known for his work on the pe trol ogy of young vol ca nic rocks and the at mo spheric im pact of erup tions.

More de tailed in for ma tion about Jim can be found on the Global Vol ca nism Pro gram website (http://www.vol cano.
si.edu/).

Fig ure 1. Ae rial pho to graph of Nyamuragira in vig or ous erup tion with
fire foun tains vent ing along a broad lin ear zone, as seen from above the
city of Goma. The photo was taken 27 No vem ber 2006 at 2300, one hour
af ter the be gin ning of the erup tion. Copy righted photo pro vided by J.
Durieux.



Tedesco, D., Vaselli, O., Papale, P., Carn, S.A.,
Voltaggio, M., Saw yer, G.M., Durieux, J., Kasereka, M.,
and Tassi, F., (in prog ress), The Jan u ary 2002 Erup tion of
Nyiragongo vol cano, Dem o cratic Re pub lic of Congo: J.
Geophys. Res.

Geo logic Sum mary. As Af rica’s most ac tive vol cano,
Nyamuragira is clas si fied as a mas sive high-po tas sium ba -
saltic shield vol cano that rises about 25 km N of Lake Kivu
across  the broad East  Af  r i  can r i f t  val  ley (NW of
Nyiragongo vol cano). Nyamuragira, also known as
Nyamulagira, has a vol ume of 500 cu km, and ex ten sive
lava flows from the vol cano blan ket 1,500 sq km of the East 
Af ri can rift. The broad low-an gle shield vol cano con trasts
dra mat i cally with its steep-sided neigh bor Nyiragongo. The 
3,058-m-high sum mit of Nyamuragira is trun cated by a
small 2 x 2.3 km cal dera which pos sesses walls ap prox i -
mately 100 m in height. His tor i cal erup tions have oc curred
within the sum mit cal dera (fre quently mod i fy ing the mor -
phol ogy of the cal dera floor) as well as from the nu mer ous
fis sures and cin der cones on the vol cano’s flanks. Ac tive
since about 1921, the lava lake in the sum mit crater drained
in 1938 (which seems to be con tem po ra ne ous with the oc -

cur rence of a ma jor flank erup tion). His tor i cal lava flows
ex tend down the flanks more than 30 km from the sum mit,
reach ing as far as Lake Kivu.

In for ma tion Con tacts: Jacques Durieux, Observatoire
Volcanologique de Goma, Departement de Geophysique,
Cen tre de Re cher che en Sci ences Naturelles, Lwiro, D.S.
Bukavu, DR Congo (Email: jdurieux@chello.fr;); NASA,
Earth Ob ser va tory Nat u ral Haz ards website (URL: http://
earthobservatory.nasa.gov/NaturalHazards); Si mon Carn,
Joint Cen ter for Earth Sys tems Tech nol ogy (JCET), Uni -
ver sity of Mary land Bal ti more County (UMBC), 1000 Hill -
top Cir cle, Bal ti more, MD, USA (Email: Http://www.
volcvarno.com; URL: http://www.toms.umbc.edu); and
Toulouse Vol  ca nic  Ash Ad vi sory  Cen ter  (VAAC) ,
Météo-France, 42 Av e nue Gaspard Coriolis, F-31057
Toulouse cedex, France (Email: vaac@meteo.fr; URL:
http://www.meteo.fr/aeroweb/info/vaac/).

Karthala

Grand Comore Is land, West ern In dian Ocean
11.75°S, 43.38°E; sum mit elev. 2,361 m

Karthala, in the Como ros Is lands (fig ure 3), was a scene 
of el e vated seis mic ity from Oc to ber 2006 to Jan u ary 2007.
The last time an erup tion of Karthala caused sig nif i cant
dam age was in the 1970s when it de stroyed a vil lage S of
the cap i tal, Moroni. Pres ently, Karthala is mon i tored using
seis mic and ground de for ma tion sur veys. The seis mic ac -
tiv ity that be gan 28 May 2006 (BGVN 31:07) ap peared to
have been a sin gu lar event. Re newed seis mic ity on 29 Oc -
to ber 2006 prompted au thor i ties to warn is land residents
that one of the two vol ca noes on the main is land of Grand
Comore (Karthala or La Grille) could erupt within the next

few weeks.
Fol low ing earth quakes (which 

mea sured M 4 and larger on the
Rich ter scale) that oc curred on 12
Jan u ary 2007, au thor i ties again
alerted the lo cal pop u la tion about
haz ards due to Karthala and ac ti -
vated a Na tional Emer gency Pre -
pared ness Plan. Ac cord ing to
news re por ts ,  Hamidi Soule
Saadi, di rec tor of the Karthala
Vol cano Ob ser va tory (KVO),
warned that magma and gas were
trapped inside the mountain.

Ac cord ing to a 15 Jan u ary
news ar ti cle ob tained from the
ReliefWeb News, sci en tists from
the KVO re ported that an erup tion 
oc curred dur ing the eve ning of 12 
Jan u ary. The news ar ti cle noted
Moroni res i dents ob serv ing jets
of red flames above the sum mit
(on the night of 12-13 Jan u ary). A 
low erup tive tremor was de tected
13 Jan u ary and was ac com pa nied
by a num ber of M 4 earth quakes.
An ash plume was ob served
above the vol cano. Ae rial ob ser -
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Date Sul fur di ox ide, Tg (tetragram = 1012 g)

28 Nov 2006 0.21

29 Nov 2006 0.46

30 Nov 2006 0.68

01 Dec 2006 0.77

02 Dec 2006 0.78

03 Dec 2006 0.71

04 Dec 2006 0.59

To tal 4.20

Ta ble 1. Daily SO2 flux at Nyamuragira, mea sured by OMI dur ing 28
No vem ber to 4 De cem ber 2006. Cour tesy of Si mon Carn.

Fig ure 2. OMI mea sure ments for 28 No vem ber-4 De cem ber 2006 look ing at SO2 emit ted by Nyamuragira. OMI
(which is ba si cally a spec trom e ter) mea sured the at mo spheric col umn daily, as sess ing the re gion be tween the
sat el lite and the sur face of the Earth, and this graphic de picts the av er age val ues of SO2 thick ness-con cen tra tion
prod uct dur ing the multi-day in ter val. The thick ness-con cen tra tion prod ucts are shown on a log a rith mic color
scale which uti lizes Dobson Units (DU) [(1 milli-atm-cm = 1 DU = 10 ppm at STP (0E C, 1013.25 hPa). If all SO2

in the air col umn were flat tened into a thin layer at the Earth’s sur face at a tem per a ture of 0E C, one Dobson Unit
would make a layer of SO2 0.01 mil li me ters thick.] On the col ored ver sion of this fig ure, the great est
con cen tra tions ap pear in red and the small est con cen tra tions ap pear in pale pink ish-lav en der. Cour tesy of NASA
Earth Ob ser va tory and Si mon Carn.



vers on 15 Jan u ary saw a lava lake form ing within the
crater.

The KVO said there was no im me di ate risk of a lava
flow, and that there were three sce nar ios to con sider: (1)
seis mic ac tiv ity could de crease, re flect ing di min ished vol -
ca nic ac tiv ity; (2) cracks or fis sures could oc cur on the
flanks, re sult ing in lava flow ing down the side of the moun -
tain; or (3) seis mic ity could in ten sify and in crease lava pro -
duc tion, which could flow over the crater rim. On 18 Jan u -
ary, the vol cano shook twice more but the trem ors seemed
to be weak en ing.

No evac u a tions of the is land’s 300,000 peo ple oc curred
dur ing the el e vated seis mic ity; how ever, fright ened
residents were sleep ing out side on foot ball fields and in
their gar dens, fear ing col lapse of their homes. UN Res i dent
Co or di na tor in the Como ros, Giuseppina Mazza, later re -
ported that “There are now fewer earth quakes and their
intensity has reduced, the population is not panicking.”

The IRIN news ar ti cle noted that vol ca nic ac tiv ity is
com mon to Grande Com oro Is land. Karthala erupted twice
in 2005, af fect ing 40,000 peo ple in April and 175,000 more 
in No vem ber. Af ter an erup tion on 28 May 2006 (BVGN
32:07), vol ca nic dust and de bris cov ered large ar eas of the
is land. Vol ca nic ash con tam i nated wa ter sup plies, rais ing
con cerns about the health of peo ple and live stock, along
with its ef fects on ag ri cul ture.

Ac cord ing to the UN Of fice for the Co or di na tion of Hu -
man i tar ian Af fairs (OCHA), since the 12 Jan u ary vol ca nic
ac tiv ity, the au thor i ties kept the haz ard sta tus at “red alert”
and “have ac ti vated the na tional emer gency re sponse pre -
pared ness plan. They es tab lished a cri sis man age ment cell
(CMC) which in cludes gov ern ment de part ments, UN agen -
cies, the Como ros Red Cres cent So ci ety, as well as lo cal
NGOs and dip lo matic mis sions ... [and the] part ners are
reviewing preparedness arrangements.”

Geo logic  Sum mary.  The
south ern most and larg est of the
two shield vol ca noes form ing
Grand Comore Is  land (a lso
known as  Ngazidja Is  land),
Karthala con tains a 3 x 4 km sum -
mit cal dera gen er ated by re peated
col lapse. Elon gated rift zones ex -
tend to the NNW and SE from the 
sum mit of the Ha wai ian-style ba -
saltic shield, which has an asym -
met ri cal pro file that is steeper to
the S. The lower SE rift zone
forms the Mas sif du Badjini, a
pen in sula at the SE tip of the is -
land. His tor i cal erup tions have
mod i fied the mor phol ogy of the
com pound, ir reg u lar sum mit cal -
dera. More than twenty erup tions
have been re corded since the 19th
cen tury from both sum mit and
flank vents. Many lava flows
have reached the sea on both sides 
of the is land, in clud ing dur ing
many 19th cen tury erup tions from 
the sum mit cal dera and vents on
the north ern and south ern flanks.
An 1860 lava flow from the sum -
mit cal dera trav eled ~ 13 km to

the NW, reaching the western coast N of the capital city of
Moroni.

In for ma tion Con tacts: Hamidi Soule Saadi, Karthala
Vol  cano Ob ser  va  tory (KVO),  Observatoire
Volcanologique du Karthala, Cen tre Na tional de Doc u men -
ta tion et de la Re cher che Scientifique des Comores, BP 169 
Moroni, République Fédérale Islamique des Comores;
Giuseppina Mazza, UN Res i dent Co or di na tor in Como ros,
BP 648, Moroni, Como ros (Email: fo.com@undp.org);
Hamidou Nassor, Université de la Réun ion, BP 7151, 15
Av e nue, René Cassin, 97715 Saint-Denis, La Réunion,
France (Email: hamidou.nassor@univ-re union.fr); United
Na tions Of fice for the Co or di na tion of Hu man i tar ian Af -
fairs–In te grated Re gional In for ma tion Net works (IRIN),
3rd Floor, Sandton 2146, PO Box 1617, Park lands, 2121,
Jo han nes  burg,  Re pub lic  of  South Af  r ica  (Emai l:
irin-sa@irirn.org.sa); Reuters.

Pi ton de la Fournaise

Réun ion Is land, West ern In dian Ocean
21.231°S, 55.713°E; sum mit elev. 2,632 m

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

This re port ex tends re port ing of the Observatoire
Volcanologique du Pi ton de la Fournaise (OVPF) and cov -
ers the pe riod from 28 July 2006 to 22 Feb ru ary 2007.

At 0400 on 28 July a tremor re corded by the Bory seis -
mic sta tion was in ter preted as the start of an erup tion. Sub -
se quent ob ser va tion noted a fis sure had opened be tween
2,380 m and 2,250 m el e va tion on the SW flank. A lava
flow went down E of Ri vals crater. At 0540 a sec ond 50-m
long fis sure opened at the 2,150 m el e va tion on the S flank
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Fig ure 3. Map il lus trat ing the re gional set ting of Karthala vol cano in the Como ros Is lands with com ments
rel e vant to the Jan u ary 2007 cri sis. Cour tesy of ReliefWeb, a part of the United Na tions Of fice for the
Co or di na tion of Hu man i tar ian Af fairs - In te grated Re gional In for ma tion Net works (IRIN).



be tween Ri vals crater and “Château Fort” that be gan build -
ing a small cone, and pro duc ing a 2-km-long lava flow.

Fif teen days af ter the ini tial erup tion be gan on 20 July,
ac tiv ity at the cone which was slowly de vel op ing at 2,150
m el e va tion on the S flank al most ceased; how ever it con -
tin ued to emit a vis i ble plume and the OVPF re ported “a
con sid er able” de gasi fi ca tion. The erup tion, which had
started on 20 July, stopped at 2300 lo cal time on 14 Au gust. 
The to tal lava out put was es ti mated to be 2-3 x 106 m3.

On 30 Au gust, a small seis mic event oc curred at 1000
hours, and a sum mit erup tion started from the SSE edge of
Dolomieu Crater at 1135. A fis sure opened on the crater
floor, and a large por tion of the crater floor was cov ered
with lava by the af ter noon. A sec ond fis sure opened just
out side of the crater and pro duced a lava flow on the E
flank. On 9 Oct, a sec ond vent, formed about 100 m SW of
the first one, which was still ac tive.

The erup tion con tin ued through the mid dle of Oc to ber,
within the Dolomieu Crater. A new cone about 20-25 m
high was formed in the SE part of Dolomieu, and lava flows 
up to 10 m thick filled up 75% of the crater floor. The E
part of the crater was filled up to the rim and lava flowed
over and down the flank for hun dreds of me ters.

Be tween 25-26 No vem ber a hor ni to grew in the cen ter
of Dolomieu crater. Af ter 27 No vem ber, a new over flow of
the Dolomieu crater started and a 4 to 5 m di am e ter lava
tube drained lava to the Pi ton de la Fournaise east flank and
fed a ~ 2.5 km long lava flow that passed south of crater
Jean, but did not reach the “Grandes Pentes.”

As of 14 De cem ber, OVPF re ported that the erup tion,
which had started on Au gust 30, was con tin u ing (then 3.5
months). A sec ond 25-m-high crater,  named Pi ton
Moinama, formed within Dolomieu about 100 m SSW of
the first crater, Pi ton Wouandzani. Abun dant lava flows to -
tally cov ered Dolomieu crater floor again with a 10-30 m
deep and reached the east ern bor der of the crater. Sev eral
small lava flows over flowed the rim but never reached
more than 100-200 m long.

On 22 De cem ber, tremor sig nals in creased, and a third
erup tive vent opened on the eve ning of 27 De cem ber be -
tween Pi ton Wouandzani and the Pi ton Moinama. On 2 Jan -
u ary 2007 OVPDLF re ported that the erup tion of Pi ton de
la Fournaise that be gan on 30 Au gust 2006 was be lieved to
have ceased on 1 Jan u ary.

On 18 Feb ru ary, af ter a “seis mic event” that be gan at
1611, and which lasted only a few min utes, the sum mit in -
cli nom eters in di cated strong in fla tion. A new erup tive
phase be gan at 1638 that af ter noon. The ex act lo ca tion of
the erup tion was not de ter mined; how ever, the sig nals re -
corded at the ob ser va tory most prob a bly place it at the sum -
mit. The ces sa tion of vol ca nic tremor the next day at 0155
marked the end of the erup tion. A fis sure that crossed
Dolomieu crater from the west was seen during an aerial
observation on 18 February.

On 19 Feb ru ary, seven small (M 0.7) seis mic trem ors
were re corded at the sum mit. On 22 Feb ru ary, a fis sure was
ob served halfway up the E side of the sum mit cone.

Geo logic Sum mary. The mas sive Pi ton de la Fournaise
ba saltic shield vol cano on the French is land of Réun ion in
the west ern In dian Ocean is one of the world’s most ac tive
vol ca noes. Much of its > 530,000 year his tory over lapped
with erup tions of the deeply dis sected Pi ton des Neiges
shield vol cano to the NW. Three cal de ras formed at about
250,000, 65,000, and less than 5000 years ago by pro gres -

sive east ward slump ing of the vol cano. Nu mer ous
pyroclastic cones dot the floor of the cal de ras and their
outer flanks. Most his tor i cal erup tions have orig i nated from 
the sum mit and flanks of Dolomieu, a 400-m-high lava
shield that has grown within the youn gest cal dera, which is
8 km wide and breached to be low sea level on the east ern
side. More than 150 erup tions, most of which have pro -
duced fluid ba saltic lava flows, have oc curred since the
17th cen tury. Only six erup tions, in 1708, 1774, 1776,
1800, 1977, and 1986, have orig i nated from fis sures on the
outer flanks of the cal dera. The Pi ton de la Fournaise Vol -
cano Ob ser va tory, one of sev eral op er ated by the Institut de 
Phy sique du Globe de Paris, monitors this very active
volcano.

In for  ma t ion Con tacts:  Thomas Staudacher ,
Observatoire Volcanologique du Pi ton de la Fournaise,
Institut de Phy sique du Globe de Paris, 14 route nationale 3, 
27 ème km, 97418 La Plaine des Cafres, La Réun ion,
France (URL: http://www.ovpf.univ-re union.fr/); Serge
Gélabert, 85, rue juliette Dodu, 97400 Saint-Denis, Ile de
La Réun ion, France (Email: gelabert.serge@wanadoo.fr;
URL: http://www.gelabert.com).

Talang

Su ma tra, In do ne sia
0.978°S, 100.679°E; sum mit elev. 2,597 m

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

In do ne sian vol ca nol o gists with the Cen ter of Vol ca nol -
ogy and Geo log i cal Haz ard Mit i ga tion (CVGHM) (pre vi -
ously known by other names, in clud ing the Volcanological
Sur vey of In do ne sia) main tain an ob ser va tion post and seis -
mic net work at Talang. Af ter in ter mit tent ac tiv ity dur ing
Sep tem ber 2001 (BGVN 26:10) un til June 2002 (BGVN
27:06), there was no ad di tional reported activity until 2005
and 2006.

Ac tiv ity dur ing April 2005. On 12 April 2005 an erup -
tion at Talang dur ing 0340-0600 pro duced an ash plume
that rose to ~ 1 km above the crater. About 4 mm of ash fell
in the vil lage of Bukit Sileh, NE of the crater. On the af ter -
noon of 10 April ob serv ers had noted a “grey ash cloud”
ris ing ~ 100 m, fol lowed the next day by a dif fuse white
cloud around the sum mit. Vol ca nol o gist Dalipa, who heads
the Batu Bajanjang ob ser va tion post, told The Ja karta Post
that there had been five large erup tions and hun dreds of
small erup tions be fore 1200 on 12 April that caused ashfall
as far as 10 km away. He added that be tween the eve ning of 
12 April and 0600 the next morn ing there were only six
small eruptions.

An in fra red im age (GOES-9) taken at 0425 on 12 April
2005, an a lyzed by the Dar win VAAC, showed the erup tion
plume. There was a weak ash sig na ture in the small cloud
for a cou ple of hours be fore it be came dif fi cult to track.
Plume height was es ti mated to be 7.5 km be cause the up per
part of the cloud went NW, and winds be low that were
more or less west erly. The height of the cloud would have
been dif fi cult to see from the ground dur ing the peak
activity before dawn.

Si mon Carn re ported that the Ozone Mon i tor ing In stru -
ment (OMI) on EOS/Aura de tected an SO2 plume from
Talang on 12 April at 1402, and pos si ble much weaker
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emis sions on 13 April. The plume on 12 April ex tended
roughly ESE to wards cen tral Su ma tra, so was pre sum ably
at a lower el e va tion than the up per part of the ash cloud im -
aged ear lier by the Dar win VAAC. The pre lim i nary es ti -
mated SO2 mass was around 1,000 met ric tons. Weak emis -
sions were re ported sev eral days prior to the 12 April event, 
but OMI data only showed SO2 emis sions from nearby
Kerinci volcano.

A lo cal gov ern ment of fi cial told news me dia on 14
April that 25,150 res i dents from five vil lages in Lembang
Jaya and Gunung Talang dis tricts, lo cated within a 5-km ra -
dius from the dan ger zone, had been evac u ated. Winds
were re port edly car ry ing ash downslope along with
volcanic gases.

On 13 April vol ca nic and seis mic ac tiv ity de creased in
com par i son to the pre vi ous day. A “white-gray ash plume”
rose 250 m from three points in side Kawah Mati crater, and 
white gas was emit ted from Gabuo Atas crater. There was a
de crease in the num ber of deep vol ca nic, shal low vol ca nic,
and ex plo sion earth quakes. By 0600 on 14 April the only
re ported ac tiv ity was a dif fuse “white ash” plume ris ing
250-300 m above the crater. How ever, news me dia quot ing
a gov ern ment ge ol o gist re ported that Talang “sent out fresh 
clouds of dust and continued to rumble” on 15 April.

By 17 April, ac tiv ity had de creased and vol ca nol o gists
low ered the haz ard sta tus to 3 (on a scale of 1-4). Peo ple
were per mit ted to re turn their homes near the vol cano, but
no one could en ter within 1 km of the sum mit. Due to a con -
tin ued de crease in seis mic ity dur ing 24-28 April (less than
10 vol ca nic events per day), the Alert Level was dropped to 
2 on 28 April. Due to the haz ards of mi nor phreatic erup -
tions, un sta ble land, and toxic gases, the area within a 1-km
ra dius of the crater remained closed.

Ac tiv ity dur ing July 2005. Small phreatic erup tions oc -
curred on 2 and 3 July 2005. The erup tions oc curred at the
main crater and a crater on the S slope. Ash col umns
reached 300-500 m above the vol cano and caused 0.5-1 mm 
of ashfall around Kampung Batu, 2 km S of the sum mit. On 
the N slope, the Gabuo Atas, Gabuo Bawah, and Kapundan
Panjang crat ers emit ted “white-brown steam” to low al ti -
tudes. The tem per a ture of Batu Bajanjang hotspring, lo -
cated be low the sum mit, was 41.9-61.3°C. The haz ard sta -
tus re mained un changed at Alert level 2 (on a scale of 1-4).

In creased seis mic ity on 18 July prompted an change in
the Alert Level to 3. Dur ing 15-18 July, the seis mic net -
work re corded 93 deep vol ca nic earth quakes, one low-fre -
quency tremor, and three “felt shocks” around the N slope
of the crater. Mi nor phreatic ac tiv ity oc curred at the S and
N slope crat ers, with dark gray ash plumes ris ing 0.5-1.5
km above the crater on 18 July.

Ac tiv ity dur ing Sep tem ber 2006. In creas ing seis mic ity
and gas emis sions led to the haz ard sta tus be ing raised to
Alert Level 3 on 9 Sep tem ber 2006. The next day “brown -
ish smoke” was be ing emit ted to heights of 250 m. The
daily num ber of vol ca nic earth quakes and tremor fluc tu ated 
over the next few months, reach ing a high of 33 events on
23 No vem ber. Af ter that date seis mic ity showed a de creas -
ing trend through late Jan u ary 2007. Weak gas emis sions
con tin ued dur ing this pe riod from both South Crater and
Main Crater. Due to the low ered lev els of ac tiv ity, the haz -
ards sta tus was once again dropped to Alert Level 2 on 27
January.

Geo logic Sum mary. Talang, which forms a twin vol -
cano with the ex tinct Pasar Arbaa vol cano, lies ESE of the

ma jor city of Padang and rises NW of Dibawah Lake.
Talang has two crater lakes on its flanks; the larg est of these 
is 1 x 2 km wide Danau Talang. Most his tor i cal erup tions
have not oc curred from the sum mit of the vol cano, which
lacks a crater. His tor i cal erup tions from Gunung Talang
vol cano have mostly in volved small-to-mod er ate ex plo sive
ac tiv ity first doc u mented in the 19th cen tury that orig i nated
from a se ries of small crat ers in a valley on the upper NE
flank.

In for ma tion Con tacts: Cen tre of Vol ca nol ogy and
Geo log i cal Haz ard Mit i ga tion, Diponegoro 57, Bandung,
Jawa Barat 40122, In do ne sia (URL: http://por tal.vsi.esdm.
go.id/joomla/); An drew Tupper, Dar win Vol ca nic Ash Ad -
vi sory Cen tre, Bu reau of Me te o rol ogy, Aus tra lia (URL:
http://www.bom.gov.au/info/vaac/; Email: andrewt@bom.
gov.au); Si mon Carn, Joint Cen ter for Earth Sys tems Tech -
nol ogy (JCET), Uni ver sity of Mary land Bal ti more County
(UMBC), 1000 Hill top Cir cle, Bal ti more, MD 21250,
USA; Agence France-Presse (AFP) (URL: http://www.afp.
com/eng lish/home/); Indahnesia.com (URL: http://news.
indahnesia.com/); The Ja karta Post, In do ne sia (URL: http:/
/www.thejakartapost.com/); As so ci ated Press (URL: http://
www.ap.org/).

Soputan

Sulawesi, In do ne sia
1.108°N, 124.73°E; sum mit elev. 1,784 m

All times are lo cal (= UTC + 8 hours)

Growth of the lava dome at Soputan be gan in 1991
(BGVN 16:06), even tu ally over top ping the crater rim and
gen er at ing rockfalls to dis tances of 2-4 km downslope.
Phreatic erup tions since that time have been trig gered dur -
ing the rainy sea son, and ash ex plo sions have been fre quent 
since 2000. An erup tion and dome col lapse in July 2005
sent a pyroclastic flow to a dis tance of 3 km from the sum -
mit. The near est res i dents are at a dis tance of 8 km, so none
of these events cre ated haz ards to the lo cal pop u la tion. Fol -
low ing pyroclastic av a lanches and Strombolian ac tiv ity in
late De cem ber 2005 (BGVN 31:04), the Cen tre of Vol ca -
nol ogy and Geo log i cal Haz ard Mit i ga tion (CVGHM) did
not re port further activity at Soputan until December 2006.

Lava dome vol ume in early De cem ber 2006 was re -
ported to be 34 mil lion cu bic me ters. Rockfall sig nals from
the lava dome typ i cally oc cur at a rate of about 75 per day,
but the num ber of these events in creased to 153 on 11 De -
cem ber, and re mained high over the next two days: 120 on
12 De cem ber and 126 on the 13th. Vol ca nic tremor am pli -
tude also in creased on 11 De cem ber. Al though thick fog
ham pered ob ser va tions, “white smoke” was seen ris ing
25-30 m above the sum mit. At 1400 on 14 De cem ber a
“thun der ous” erup tion was heard at the CVGHM ob ser va -
tion post 8 km from the sum mit. Gray ash plumes ris ing 250 
m above the sum mit caused ashfall within a 15-km ra dius.
On 15 De cem ber the Alert Level was raised from 2 to 3 (on
a scale of 1-4) due to this increase in activity.

A pre cau tion ary avi a tion ad vi sory was is sued by the
Dar win VAAC on 18 De cem ber based on in for ma tion from 
the CVGHM. A few hours later a plume was de tected on an 
MTSAT im age taken at 1933. The high-level erup tion may
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have reached an al ti tude of 12 km al ti tude with the plume
ex tend ing 37 km to the W.

Geo logic Sum mary. The small Soputan stratovolcano
on the south ern rim of the Qua ter nary Tondano cal dera on
the north ern arm of Sulawesi Is land is one of Sulawesi’s
most ac tive vol ca noes. The youth ful, largely unvegetated
vol cano rises to 1784 m and is lo cated SW of Sempu vol -
cano. It was con structed at the south ern end of a SSW-NNE 
trending line of vents. Dur ing his tor i cal time the lo cus of
erup tions has in cluded both the sum mit crater and Aeseput,
a prom i nent NE-flank vent that formed in 1906 and was the
source of in ter mit tent major lava flows until 1924.

In for ma tion Con tacts: Cen tre of Vol ca nol ogy and
Geo log i cal Haz ard Mit i ga tion (CVGHM), Diponegoro 57,
Bandung, Jawa Barat 40122, In do ne sia (URL: http://por tal.
vsi.esdm.go.id/joomla/); Jenny Farlow, Dar win Vol ca nic
Ash Ad vi sory Cen tre, Bu reau of Me te o rol ogy, Aus tra lia
(URL: http://www.bom.gov.au/info/vaac/; Email: j.
farlow@bom.gov.au).

Dukono

Halmahera, In do ne sia
1.68°N, 127.88°E; sum mit elev. 1,335 m

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

Sit u ated on Halmahera Is land in north ern In do ne sia,
Dukono re leased an ash plume 5 De cem ber 2006. The
Mod er ate Res o lu tion Im ag ing Spectroradiometer (MODIS) 
fly ing onboard NASA’s Terra sat el lite cap tured the 5 De -
cem ber plume (fig ure 4) drift ing E away from me te o ro log i -
cal clouds. NASA af fil i ate Jesse Allen has in ter preted the
plume as ash bear ing.

As of early 2007, the Dar win Vol ca nic Ash Ad vi sory
Cen ter (VAAC) re ported that plumes from Dukono were
vis i ble on sat el lite im ag ery sev eral times dur ing 2006, and
once in Jan u ary 2007 (see ta ble 2). Sat el lite im ages sug -
gested mod est suc ces sive plumes with ash con cen tra tions
vary ing from diffuse to dense.

Ther mal anom a lies were de tected by MODIS (ta ble 3)
on 13 De cem ber 2006 and then on four days in Feb ru ary

2007. These were the first anom a lies de tected by the
MODVOLC sys tem since Oc to ber 2004 (BGVN 31:06).

Geo logic Sum mary. Re ports from this re mote vol cano
in north ern most Halmahera are rare, but Dukono has been
one of In do ne sia’s most ac tive vol ca noes. More-or-less
con tin u ous ex plo sive erup tions (some times ac com pa nied
by lava flows) oc curred from 1933 un til at least the
mid-1990s, when rou tine ob ser va tions were cur tailed. Dur -
ing a ma jor erup tion in 1550, a lava flow filled in the strait
be tween Halmahera and the N flank cone of Gunung
Mamuya. Dukono is a com plex vol cano pre sent ing a broad, 
low pro file with mul ti ple sum mit peaks and over lap ping
crat ers. Malupang Wariang, 1 km SW of Dukono’s sum mit
crater com plex, con tains a 700 x 570 m crater that has also
been historically active.

In for ma tion Con tacts: Cen ter of Vol ca nol ogy and
Geo log i  cal Haz ard Mit i  ga t ion (CVGHM),  Ja lan
Diponegoro 57, Bandung 40122, In do ne sia (URL: http://
www.vsi.esdm.go.id/); Dar win Vol ca nic Ash Ad vi sory
Cen ter (VAAC), Bu reau of Me te o rol ogy, Dar win, Aus tra lia
(URL: http://www.bom.gov.au/); Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem,
School of Ocean and Earth Sci ence and Tech nol ogy
(SOEST), Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu,
HI 96822, USA (URL: http://hotspot.higp.ha waii.edu/).

Taal

Luzon, Phil ip pines
14.002°N, 120.993°E; sum mit elev. 400 m

All times are lo cal (= UTC + 8 hours)

On 26 Sep tem ber 2006, the Phil ip pine In sti tute of Vol -
ca nol ogy and Seis mol ogy (PHILVOLCS) an nounced on -
go ing seis mic un rest at Taal (a low ly ing cal dera ~ 45 km S
of Ma nila). The Main Crater Seis mic Sta tion re corded 29
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Date (UTC) Time (UTC) Pix els Sat el lite

04 Oct 2004 1350 2 Terra

13 Dec 2006 1350 1 Terra

13 Feb 2007 1405 1 Terra

13 Feb 2007 1700 1 Aqua

15 Feb 2007 1350 1 Terra

18 Feb 2007 1715 1 Aqua

24 Feb 2007 1345 1 Terra

Ta ble 3. Ther mal anom a lies at Dukono based on MODIS-MODVOLC
re triev als and pro cess ing from Oc to ber 2004 through Feb ru ary 2007.
Cour tesy of Hawai’i In sti tute of Geo phys ics and Plan e tol ogy Ther mal
Alerts Sys tem.

Date
Plume top
(al ti tude)

Plume drift
di rec tion

Com ment

12 Jan 2006 3 km SW ash

23 Aug 2006 — NNE dif fuse ash

05 Dec 2006 3 km ENE ash

22 Dec 2006 — SE dif fuse ash

16 Jan 2007 — SSE dif fuse

Ta ble 2. Sum mary of plumes re ported from Dukono, Jan u ary
2006-Jan u ary 2007. Cour tesy of the Dar win VAAC.

Fig ure 4. In ferred ash plume of Dukono vol cano stream ing E and then S
on 5 De cem ber 2006. NASA im age cre ated by Jesse Allen, Earth
Ob ser va tory, us ing data pro vided cour tesy of the MODIS Rapid
Re sponse team.



vol ca nic earth quakes dur ing the 24 hours af ter 0600 on 25
Sep tem ber 2006. Five (5) of these oc curred at 0233, 0234,
0242, 0247, and 0249 and were felt at In ten si ties II to III by 
res i dents on Vol cano Is land (fig ure 5 and 6). These earth -
quakes were ac com pa nied by rum bling sounds. Ini tial com -
pu ta tions showed epi cen ters gen er ally dis persed to ward
north erly lo ca tions in the vi cin ity of Daang Kastila (NE),
Tibag (N), Tab las (NE), Mataas na Gulod (NE), and
Panikihan (NW).

This seis mic ac tiv ity was no ta bly higher than usual,
which dur ing quiet pe ri ods is gen er ally only five or less
events de tected in 24 hours. Sur face ther mal ob ser va tions,
how ever, did not in di cate sig nif i cant change in the thermal
and steam emission manifestations in the Main Crater Lake
area. The in crease in seis mic ity re flected a low-level ep i -

sode of un rest. How ever, there is still no in di ca tion of an
im pend ing erup tion. 

Taal man i fested a sus tained mod er ate level of seis mic
ac tiv ity since 18 No vem ber 2006, char ac ter ized by oc ca -
sional large am pli tude vol ca nic earth quakes. Dur ing one
24-hour pe riod, 10 vol ca nic earth quakes were de tected.
Ground de for ma tion sur veys con ducted during 28 No vem -
ber-6 De cem ber 2006 re vealed the ed i fice in flated 14.0
mm, sug gest ing pos si ble magma in tru sion. The Main Crater 
lake wa ter be came more acidic since 12 Sep tem ber 2006,
and the newly formed mud gey ser, which is now merged
with the Crater Lake due to in crease in wa ter level, con tin -
ues to be very ac tive. The in creas ing acid ity and hy dro ther -
mal ac tiv ity are prob a bly caused by the in jec tion of hot
gases and fluids coming from below the crater floor.
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Fig ure 5. A map of Taal vol cano in di cat ing the lo ca tion of com po nents of the mon i tor ing net work (seis mic sta tions, te lem e try re peater sta tions, re flec tor, and
var i ous kinds of sur vey and mea sur ing points). Vol cano is land (the large is land in the N-cen tral part of the cal dera lake) is the site of all his tor i cal erup tions.
Con tour in ter val is 100 m. Cour tesy of PHIVOLCS.



Ac cord ing to PHIVOLCS in its Taal Vol cano Ad vi sory
of 14 De cem ber 2006, the above ob ser va tions in di cated a
sig nif i cant in crease in ac tiv ity al though no erup tion is im -
mi nent. Alert Level 1 con tin ued, mak ing the Main Crater
off-lim its to the pub lic be cause of the chance of sud den
steam ex plo sions and high toxic gas concentrations.

Geo logic Sum mary. Taal vol cano is one of the most ac -
tive vol ca noes in the Phil ip pines and has pro duced some of
its most pow er ful his tor i cal erup tions. In con trast to Mayon
vol cano, Taal is not top o graph i cally prom i nent, but its pre -
his tor i cal erup tions have greatly changed the to pog ra phy of 
SW Luzon. The 15 x 20 km Taal cal dera is largely filled by
Lake Taal, whose 267 sq km sur face lies 700 m be low the S 
cal dera rim and only 3 m above sea level. The max i mum
depth of the lake is 160 m, and sev eral erup tive cen ters lie
sub merged be neath the lake. The 5-km-wide Vol cano Is -
land in N-cen tral Lake Taal is the lo ca tion of all his tor i cal
erup tions. The is land is a com plex vol cano com posed of co -
alesc ing small stratovolcanoes, tuff rings, and sco ria cones.
Taal has grown about 25% in area dur ing his tor i cal time.
Pow er ful pyroclastic flows and surges from historical
eruptions of Taal have caused many fatalities.

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); Panoramio.com, Calle
Rosa Zaragoza 8, 03360 Callosa de Segura (Alicante),
Spain (URL: http://www.panoramio.com/photo/40914).

Fukutoku-Okanoba

Vol cano Is lands, Ja pan
24.28°N, 141.485°E; sum mit elev. -14 m

Ol i ver Hyvernaud twice no ti fied the Bul le tin of No tice
to Mar i ners re ports of dis col ored sea wa ter ob served on 4
Oc to ber and 15 No vem ber 2006 at about 24°17’N,
141°29’E. Both warn ings re ferred to the same gen eral lo ca -
tion, en com pass ing an area of ocean 93 km SSW of Iwo
Jima. In re al ity, the two po si tions noted be low are ~ 1.3 km

apart, per haps over lap ping each other. The warnings were
as follows:

1) Dis col ored wa ter with sub ma rine vol ca nic ac tiv ity
re ported within 1,700 m of 24°17.5’ N, 141°29.4 E at 0400
UTC on 4 Oc to ber 2006 [ref. No tice to Mar i ners, 14 Oc to -
ber 2006 (no. 41), HYDROPAC Warn ing 1921/06(97)
North Pa cific, is sued 1009 UTC on 4 Oc to ber 2006].

2) Dis col ored wa ter with sub ma rine vol ca nic ac tiv ity
re ported within 2,000 m of 24°17.1’ N, 141°28.8 E at 0236
UTC on 15 No vem ber 2006 [ref. No tice to Mar i ners, 2 De -
cem ber 2006 (no. 48), HYDROPAC Warn ing 2225/06(97)
North Pa cific, is sued 1133 UTC on 16 No vem ber 2006]

For the lo ca tions given for warn ings 1 and 2, the re spec -
tive de vi a tions from co in ci dence with Fukutoku-Okanoba
(at the co or di nates given above) are 1.4 and 0.8 km. That
seamount fre quently pro duces dis col ored sea wa ter and is
known to erupt on oc ca sions as well, and is thus the prob a -
ble source for the dis col ored wa ter.

Ac cord ing to the Ja pan Me te o ro log i cal Agency, ob ser -
va tions on 15 No vem ber 2006 by the Ja pan Mar i time Self
De fense Force and ae rial ob ser va tions on 21 No vem ber
2006 by the Ja pan Coast Guard re vealed ar eas of dis col ored 
wa ter on the sea sur face above the vol cano. Those cases
seemed to be caused by volcanic activities.

Geo logic Sum mary. Fukutoku-Okanoba is a sub ma rine
vol cano lo cated 5 km NE of the py ram i dal is land of
Minami-Iwo-jima. Wa ter dis col or ation from the vol cano is
fre quently ob served and sev eral ephem eral is lands have
formed in the 20th cen tury. The first of these formed
Shin-Iwo-jima (“New Sul fur Is land”) in 1904, and the most 
re cent is land was formed in 1986. Fukutoku-Okanoba is
part of an elon gated ed i fice with two ma jor top o graphic
highs trending NNW-SSE and is a trachyandesitic vol cano
geochemically similar to Iwo-jima.

In for ma tion Con tacts: Olivier Hyvernaud, Laboratoire
de Géophysique, BP 640 Pamatai, Ta hiti, French Poly ne sia
(Email: hyvernaud@labogeo.pf); No tice to Mar i ners, Na -
tional Geospatial-In tel li gence Agency, Na tional Ocean Ser -
vice, and U.S. Coast Guard, Of fice of Cor po rate Re la tions,
Pub lic Af fairs Di vi sion, MS D-54, 4600 Sangamore Road,
Bethesda, MD 20816-5003, USA (URL: http://www.nga.
mil/por tal/site/mar i time/); Ja pan Me te o ro log i cal Agency,
1-3-4 Otemachi, Chiyoda-ku, To kyo 100-8122, Ja pan
(URL: http://www.jma.go.jp/jma/indexe.html).

Pa gan

Mariana Is lands, Cen tral Pa cific
18.13°N, 145.80°E; sum mit elev. 570 m
All times are lo cal (= UTC + 10 hours)

At 1800 on 4 De cem ber 2006 sci en tists from the Ha wai -
ian Vol cano Ob ser va tory (HVO) and Emer gency man age -
ment Of fice (EMO) were ad vised by Pa gan res i dents of
ashfall at their camp. They con tin ued to re port light ashfall
(through an un re ported date), with up to a cen ti me ter per
day ac cu mu lat ing 3 km SW of the sum mit and a plume ris -
ing about 60 m above the vent. There were no felt earth -
quakes or noise from the vol cano, but oc ca sional sul fur
smells wafted through the camp.

Vis i ble sat el lite im ag ery in ter preted by the Wash ing ton
VAAC showed a small gas plume, pos si bly with mi nor ash, 
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Fig ure 6. Pho to graph taken from the top of the N top o graphic mar gin of
Taal, look ing S across Lake Taal and Vol cano Is land, 28 May 2001. The
top o graphic high on the far side of the lake is Mt. Macolod. Copy righted
pho to graph by Franck Landais (pro vided by Panoramio.com).



at 0733 on 5 De cem ber. Cloud cover made sat el lite ob ser -
va tions dif fi cult, but dur ing 5-6 De cem ber plumes could be
dis tin guished ex tend ing as far as 185 km W. A Terra
MODIS im age on 6 De cem ber (fig ure 7) showed the plume
near the is land to be light brown in color, in di cat ing ash
con tent. A ser pen tine-shaped plume at 0833 on 7 De cem ber 
ex tended 140 km WSW from the is land. Later that day, at
1300, a faint nar row plume could still be seen to a dis tance
of about 300 km W. The last vis i ble im ag ery that showed
an ash plume was at 1633 on 8 De cem ber; the plume was
very narrow and at low altitudes.

Al though sig nif i cant erup tive ac tiv ity seemed to have
ended on 8 De cem ber, ob ser va tions from the In ter na tional
Space Sta tion re vealed a plume on 11 Jan u ary 2007 (fig ure
8). The very dif fuse plume was most likely steam. There

were no re ports of ash plumes from the is land or warn ings
to avi a tors based on sat el lite data after 8 December 2006.

Erup tion dur ing 1993-94. The erup tion that be gan
around mid-Jan u ary 1993 (BGVN 18:03) con tin ued through 
at least 30 April 1994 (fig ure 9). Field work by USGS and
EMO sci en tists dur ing April and May 1994 was not pre vi -
ously re ported in the Bul le tin. Trusdell and oth ers (2006)
noted that fol low ing the erup tion in 1981 (SEAN 06:04),
“In ter mit tent light ejec tion of chiefly phreatic ash con tin -
ued un til 1996, with max i mum post-1981 ac cu mu la tion es -
ti mated at as much as 1-2 m on the source cone.”

Geo logic Sum mary. Pa gan Is land, the larg est and one
of the most ac tive of the Mariana Is lands vol ca noes, con -
sists of two stratovolcanoes con nected by a nar row isth mus. 
Both North and South Pa gan stratovolcanoes were con -
structed within cal de ras, 7 and 4 km in di am e ter, re spec -

tively. The 570-m-high Mount
Pa gan at the NE end of the is land
rises above the flat floor of the
north ern cal dera, which prob a bly
formed dur ing the early Ho lo -
cene.  South Pa gan is  a
548-m-high stratovolcano with an 
elon gated sum mit con tain ing four 
dis tinct crat ers. Al most all of the
his tor i cal erup tions of Pa gan,
which date back to the 17th cen -
tury, have orig i nated from North
Pa gan vol cano. The larg est erup -
tion of Pa gan dur ing his tor i cal
t ime took place in  1981 and
prompted the evacuation of the
sparsely populated island.

Ref er  ences:  Sako,  M.K. ,
Trusdell, F.A., Koyanagi, R.Y.,
Kojima, G., and Moore, R.B.,
1995, Vol ca nic in ves ti ga tions in
the Com mon wealth of the North -
ern Mariana is lands, April to May 
1994: U. S. Geo log i cal Sur vey
Open-File Re port 94-705, 57 p.

Trusdell, F.A., Moore, R.B.,
and Sako, M.K., 2006, Pre lim i -
nary geo logic map of Mount Pa -
gan vol cano, Pa gan Is land, Com -
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Fig ure 8. Pho to graph show ing a thin plume ex tend ing SW from Pa gan on 11 Jan u ary 2007. [As tro naut
pho to graph ISS014-E-11872 was ac quired with a Ko dak 760C dig i tal cam era us ing a 180 mm lens.] Cour tesy of
NASA Earth Ob ser va tory, the ISS Crew Earth Ob ser va tions ex per i ment, and the Im age Sci ence & Anal y sis
Lab o ra tory, John son Space Cen ter.

Fig ure 7. Terra MODIS im age show ing a light brown ash plume blow ing
W from Pa gan, 6 De cem ber 2006. Cour tesy of NASA Earth Ob ser va tory
and the MODIS Rapid Re sponse Team at Goddard Space Flight Cen ter.

Fig ure 9. Ash plume erupt ing from Pa gan, 30 April 1994. View is to the S.
Cour tesy of Frank Trusdell, USGS.



mon wealth of the North ern Mariana Is lands: U. S.
Geo log i cal Sur vey Open-File Re port 2006-1386, 32 p.

In for ma tion Con tacts: Emer gency Man age ment Of fice
of the Com mon wealth of the North ern Mariana Is lands
(EMO-CNMI), PO Box 100007, Saipan, MP 96950, USA
(URL: http://www.cnmiemo.org/); U.S. Geo log i cal Sur vey, 
Ha wai ian Vol cano Ob ser va tory (HVO), PO Box 51, Ha -
waii Na tional Park, HI 96718, USA (URL: http://hvo.wr.
usgs.gov/cnmi/; Email: trusdell@usgs.gov); NASA Earth
Ob ser va tory (URL: http://earthobservatory.nasa.gov/).

Monowai Seamount

Kermadec Is lands, SW Pa cific
25.887°S, 177.188°W; sum mit elev. -100 m

Ac cord ing to Dominique Reymond and Olivier
Hyvernaud (af fil i ates of Laboratoire de Geophysique, in
Saint Mar tin d’ Heres, France), ac tiv ity at Monowai from
2005-2006 was re mark able because of the more than 1,650
events re corded as hydroacoustic waves (also called
T-phase waves or T-waves) on the Poly ne sian Seis mic Net -
work (Réseau Sismique Polynésien, or RSP). Such waves
are gen er ated by sub ma rine earth quakes and/or vol ca nic

erup tions that can be mon i tored at great dis tances via seis -
mic sta tions close to the shore and/or by hydrophones. The
am pli tudes of T-waves are related to the strength or in ten -
sity of submarine volcanism at the seamount.

The T-wave ac tiv ity after 2002 ap peared in two main
stages (fig ure 10). The ini tial stage ex tended from early
2003 to Au gust 2004, fol lowed by a pe riod of re pose that
lasted un til March 2005. A sec ond stage of T-wave ac tiv ity
then con tin ued until July 2006, fol lowed by an other six
months of quiet. Reymond and Hyvernaud noted that in di -
vid ual T-wave swarms typ i cally had du ra tions varying
between 1 day and 3 weeks.

It ap pears that an other cy cle started 12 De cem ber 2006
(fig ure 10), con tin u ing at least un til the end of the month.
The av er age num ber of events from the end of 2002 un til
the end of 2006 was about 950 per year. In the last two
years (2005-2006), a slightly lower rate of 825 events per
year was mea sured (figure 11).

The am pli tudes of T-waves re corded dur ing 2005-2006
at the TVO seis mic sta tion in Ta hiti never reached 1/3 of
the am pli tude that was re corded on 24 May 2002. It was
that day when am pli tudes of 350 nm were reached (fig ure
12). The av er age val ues for T-wave am pli tudes dur ing the

pe riod shown in fig ure 12 are in
the 5-50 nm range.

Geo logic  Sum mary.
Monowai seamount, also known
as the Orion seamount,  r ises
within 100 m of the sea sur face,
lo cated roughly half way be tween
the Kermadec and Tonga is land
groups. The vol cano lies at the S
end of the Tonga Ridge and is
slightly off set from the Kermadec 
vol ca noes. Small par a sitic cones
oc cur on the N and W flanks of
the ba saltic sub ma rine vol cano,
which rises from a depth of about
1,500 m and was named for the
New Zea land Navy bathymetric
sur vey ship that doc u mented its
mor phol ogy. A large 8 x 13 km
wide sub ma rine cal dera with a
depth of more than 1,500 m lies to 
the NNE. Nu mer ous erup tions
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Fig ure 10. Cu mu la tive num ber of events re corded by the RSP for
Monowai from 1 No vem ber 2002 to 31 De cem ber 2006. Cour tesy of
Dominique Reymond and Olivier Hyvernaud.

Fig ure 11. Cu mu la tive num ber of T-waves at Monowai re corded by the RSP over the pe riod 2005-2006, with
dates in di cat ing the start and end of each swarm. The du ra tion of the swarms var ied be tween 1 day and 3 weeks.
Cour tesy of Dominique Reymond and Olivier Hyvernaud.

Fig ure 12. Am pli tude (in nanometers of ground mo tion) for Monowai
T-waves re corded at the TVO sta tion over the last 4 years (2002-2006).
While the av er age val ues are in the range of 5- 50 nm, only one
ex cep tional value of 350 nm was re corded on 24 May 2002 (BGVN
27:05). Cour tesy of Dominique Reymond and Olivier Hyvernaud.



from Monowai have been de tected from sub ma rine acous -
tic sig nals since it was first rec og nized as a vol cano in
1977. A shoal that had been re ported in 1944 may have
been a pum ice raft, or al ter na tively, a wa ter dis tur bance
caused by de gas sing. Sur face ob ser va tions have in cluded
wa ter dis col or ation, vig or ous gas bub bling, and ar eas of
upwelling water, sometimes accompanied by rumbling
noises.

In for ma tion Con tacts: Dominique Reymond and
Olivier Hyvernaud, Laboratoire de Géophysique, Com mis -
sar iat à l’Energie Atomique, CEA/DASE/LDG, PO Box
640, Papeete, Ta hiti, French Poly ne sia (Email: reymond.
d@labogeo.pf, hyvernaud@labogeo.pf).

Mac don ald

Aus tral Is lands, Cen tral Pa cific
28.98°S, 140.25°W; sum mit elev. -27 m

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

Af ter more than 17-years in qui es cence, Mac don ald
seamount en tered into a short phase of hydroacoustic ac tiv -
i ty start ing at 1400 UTC on 13 Oc to ber 2005. The
seamount is ~ 6,000 km S of Ho no lulu, Ha waii (fig ure 13).
When hydroacoustic ac tiv ity has been of suf fi cient am pli -
tude and du ra tion, it has of ten been in ferred to sug gest sub -
ma rine erup tions. In this case the sig nals were rel a tively
weak and of mod est du ra tion, in di cat ing seis mic swarms
without a clear as so ci a tion with volcanism.

Over five days the Poly ne sian Seis mic Net work (RSP
for Réseau Sismique Polynésien) re corded 423 small- and
me dium-am pli tude T-wave events from the seamount (fig -
ure 14). The best in land seis mic sta tion re cord ing the event
was at East Tuamotu, ~ 750 km from Mac don ald. The
ground re sponse there was in the range of 50-300
nanometers.

Ac cord ing to Rob ert Dziak, hun dreds of me dium to
large am pli tude T-wave events were also re corded on the
NOAA/PMEL hydrophone ar ray in the east ern Equa to rial
Pa cific lo cated some 2,200 km away from Mac don ald.
There was an ab sence of Pn and
Sn seis mic phases (the P- and
S-wave phases that prop a gate at
the base of ocean crust along the
Moho dis con ti nu ity) sug gest ing
the swarm was com posed of com -
par a tively low-mag ni tude events.
Ac cord ingly, geo phys i cists from
both the RSP and NOAA/PMEL
all in ter preted the activity as a
modest seismic swarm.

Many of the Oc to ber 2005
T-wave sig nals were well lo cated, 
with an er ror el lipse of less than 1
km in di am e ter. The stron gest sig -
nals  were seen on  Ta hi t i ,
Rangiroa, and parts of the East
Tuamotu net works; and con se -
quently, these yielded the smaller
er ror el lip ses. The weak est T
waves were seen on parts of the

East Tuamotu net work, re sult ing in the large NE-trending
error ellipses.

The sig nals stopped at 0700 UTC on 17 Oc to ber 2005.
Dominique Reymond and Olivier Hyvernaud of the RSP
were not aware of any wit nessed erup tive signs or any de -
tected hydroacoustic ac tiv ity at or near Mac don ald fol low -
ing the 2005 ep i sode through 2006.

Ad di tional re search. Our pre vi ous re ports on Mac don -
ald seamount dis cussed ac tiv ity dur ing the 1980s, most re -
cently dur ing Jan u ary 1989 (SEAN 14:01). Since then, sev -
eral pa pers have shed light on the re gion (in clud ing Stoffers 
and oth ers, 1989; McNutt and oth ers, 1997; Sleep, 1997).
McNutt and oth ers (1997) pre sented high-res o lu tion swath
bathymetry in the South ern Aus tral is lands, and noted more 
than one lone seamount in the area of Mac don ald.The
seamounts at Mac don ald were mor pho log i cally dis tinct
from their neigh bors to the W along the Aus tral is land
chain in both their tall form and their slopes, which curved
con cave-up ward.

Ref er ences: Bonneville, A., (un dated-post 2002), The
Cook-Aus tral  vol  ca nic  chain,  URL: h t tp: / /www.
mantleplumes.org/Cook-Aus tral.html.

McNutt, M.K., Ca ress, D.W. Reynolds, J., Jordahl1, K.
A., and Duncan, R.A., 1997, Fail ure of plume the ory to ex -
plain midplate vol ca nism in the south ern Aus tral is lands:
Na ture, v. 389, p. 479-482.

Sleep, N., 1997 (2 Oc to ber), Earth Sci ence: The puz zle
of the South Pa cific: Na ture, v. 389, p. 439-440.

Stoffers, P., Botz1, R., Cheminée, J-L., Devey, C.W.,
Froger, V., Glasby, G.P., Hartmann, M., Hékinian, R.,
Kögler, F., Laschek, D., Larqué, P., Mi chae lis, W., Mühe1,
R.K., Puteanus, D., and Richnow, H.H., 1989, Ge ol ogy of
Mac don ald Seamount re gion, Aus tral Is lands: Re cent
hotspot vol ca nism in the south Pa cific: Jour nal Ma rine
Geo phys i cal Re searches, v. 11, no. 2/June, p. 101-112.

Geo logic Sum mary. Dis cov ered by the de tec tion of
teleseismic waves in 1967, Mac don ald seamount (also
known as Tamarii seamount, and some times in cor rectly
writ ten “Mac Don ald”) rises from a depth of about 1,800 m
to within 27 m of the sea sur face at the east ern end of the
Aus tral Is lands. The al kali-ba saltic sub ma rine vol cano
marks the site of a hotspot that was the source of the Aus -
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Fig ure 13. Shaded view of seafloor to pog ra phy for the Cook-Aus tral is land chains (see up per in set for lo ca tion).
Map pro jec tion is made along di rec tion of the pres ent mo tion of Pa cific plate (which moves from right to the left).
White lines cor re spond to crustal mag netic anom a lies, and their cor re spond ing ages, in mil lions of years (Ma), are 
in white nu mer als. Black di a monds rep re sent places where K-Ar or Ar/Ar ages are known. These ages, in Ma, are
printed in black. From A. Bonneville (un dated, post-2002 website, see Ref er ences be low).



tral-Cook is land chain that ex -
tends to the NW for about 2,200
km from Mac don ald. The sum mit
of the seamount, named af ter vol -
ca nol o gist Gordon Mac don ald,
con sists of a flat pla teau about
100 x 150 m wide with an av er age 
depth of about 40 m. The sum mit
pla teau is capped with spat ter
cones that form steep-sided pin -
na cles. Most erup tions of Mac -
don ald have been seis mi cally de -
tected, but in 1987 and 1989
pum ice emis sion was ob served
from re search ves sels. Pum ice
rafts ob served in the South Pa cific 
in 1928 and 1936 may also have
or iginated f rom Macdonald
seamount.

In for  ma t ion Con tacts:
Dominique Reymond and Olivier
Hyvernaud ,  Laboratoire  de
Géophysique, Com mis sar iat à
l’Energie Atomique, CEA/DASE/
LDG, PO Box 640, Papeete, Ta -
hiti, French Poly ne sia (Email:
r e y m o n d . d @ l a b o g e o . p f ,
hyvernaud@labogeo.pf); Rob ert
P. Dziak, Or e gon State Uni ver -
sity, 2115 SE OSU Drive New -
port OR 97365, USA.
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Fig ure 14. A plot of the cu mu la tive num ber and am pli tude of T-wave events from Mac don ald seamount dur ing
13-17 Oc to ber 2005. The x-axis shows the date. The y-axis scale is on the right and in di cates the cu mu la tive
num ber of events (for the curve la beled Nb), which ul ti mately to taled 423. The y-axis scale is on the left and gives
the am pli tudes of ground mo tion for each of the 423 events (di a monds, some of which may be su per im posed).
Cour tesy of Dominique Reymond and Olivier Hyvernaud, Laboratoire de Géophysique, CEA/DASE/LDG,
Ta hiti.


