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Epi

Vanuatu (SW Pa cific)
16.68°S, 168.37°E; sum mit elev. 833 m

This is the first Bul le tin re port on Epi, a group of vol ca -
nic cen ters most con spic u ously ac tive at a shal low
seamount in for mally known as Epi B. What fol lows is a
brief sum mary of the ge og ra phy and the his tor i cal erup tions 
plau si bly or clearly at trib uted to Epi B (Eissen and oth ers,
1991), lead ing into a syn op sis of re cent re search and ac tiv -
ity. The re cords of the last cen tury and re cent ob ser va tions
sug gest that Epi B rep re sents a po ten tial haz ard for the in -
hab it ants of the coastal vil lages of east ern Epi Is land
(roughly 2,000 peo ple).

The is land of Epi lies along the Vanuatu is land chain
be tween the neigh bor ing is lands that in clude Malekula,
Ambrym, and Lopevi to the N, and Efate and Shep herd to
the S. The is land con tains two ad ja cent Qua ter nary
stratovolcanoes and a smaller cone, as well as the mar gin of 
an in ferred sub ma rine cal dera. The sub ma rine cones Epi A,
B, and C lie off shore, 10-16 km NNE from the sum mit of
the is land (16.73°S, 168.28°E). The top of Epi B is 13 km
NNE of the sum mit (fig ure 1).

Vi o lent ac tiv ity be tween the is lands of Lopevi and Epi
was re ported in 1920 (Wil liam and War den, 1964). In 1953

a ma jor erup tion ejected vol ca nic ma te rial to about 100 m
above the sea sur face and pro duced rafts of float ing pum ice 
over an area of about 1,000 km2. A cone may have formed
above wa ter, but it would have been quickly de stroyed
(War den, 1967). In 1958 dis col ored sea wa ter was ob served 
in this area (fig ure 2; Priam, 1958). An other ma jor erup tion
was ob served in July 1960. Un til early 2004, the only re -
corded ev i dence of ac tiv ity fol low ing the 1960 erup tion
was dis col ored wa ter. Ac tiv ity at Epi B was also con firmed
by the Brit ish hy dro graphic ves sel HMS Hy dra in 1974, the 
French re search ves sel Machias in 1981, the SOPAC cruise 
of the S.P. Lee in 1984, the Rus sian ves sel Akademik Al ex -
an der Nesmayanov in 1990, the French CALIS pro ject us -
ing re search ves sel N.O. Alis in 1991, ae rial ob ser va tions in
1997 (fig ure 3), and the Aus tra lian VAVE pro ject us ing the 
re search ves sel Frank lin in 2001. Their col lec tive ob ser va -
tions showed that the depth of the cone’s sum mit area re -
mained sta tion ary at -34 m. un til early 2004 when Epi Is -
land res  i  dents ob served ex plo  sions  and sur  face
dis tur bances (fig ure 3).

While ad ja cent to Lopevi, the crew of the fish ing ves sel
Azur re ported and pho to graphed an ex plo sion ris ing above
the sea sur face on 19 Feb ru ary 2004 (fig ure 4), prompt ing
Vanuatu’s De part ment of Ge ol ogy, Mines, and Wa ter Re -
sources (DGMWR) to gather eye wit ness ac counts from the
in hab it ants of Epi’s very iso lated E coast about ac tiv ity.
Eye wit nesses told of ex plo sions heard in early 1999(?), fur -

2    Epi Smithsonian Institution — Bulletin of the Global

Fig ure 1. Shaded re lief map of the seafloor E of Epi is land dis clos ing Epi A, Epi B, and Epi C seamounts. The map was cre ated from data gath ered us ing a
multi-beam swath sounder (on re search ves sel Alis dur ing the VATATERM cruise) on 14 March 2004 (Ballu and oth ers, 2004). Con tour in ter val is 20 m.
Cour tesy of IRD.



ther ex plo sions and the ap pear ance of float ing pum ice rafts
in March 2002, and an erup tion be tween 16 and 24 Feb ru -
ary 2004. The lat ter Epi B erup tion was con firmed by the
in fra sonic re cord ings of the CEA/DASE (Département

d’Analyse et de Sur veil lance de l’Environnement) geo -
phys ics sta tion, lo cated in New Cal edo nia, more than 600
km away.

In March 2004 the Institut de Re cher che pour le
Développement  (IRD) un der  took a  cruise (called
VATATERM) aboard their re search ves sel N.O. Alis. Us -
ing the ship’s Simrad EM1002 multi-beam sounder, the
pro ject pro duced the first de tailed bathymetric map of the
area E of Epi Is land (fig ure 1). The Epi A, B, and C cones
(Exon and Cronan, 1983; Crawford and oth ers, 1988) have
been in ter preted by Crawford and oth ers (1988) as be ing
aligned along the N rim of a vast cal dera E of Epi. The new
map clearly re vealed those dis tinct cones, and a num ber of
smaller cones and crat ers be tween them and Epi Is land’s
NE coast.

The 2004 bathymetric data re vealed that Epi B is a
~ 300-m-tall cone with a di am e ter of ~ 1.8 km at the base
(fig ure 5). The high est point is on the NW rim of the sum -
mit crater, at a depth of -34 m, with a broad rim area around 
35-40 m depth ex tend ing from the NW around the S to the
SE side of the crater. The crater is about 150 m in di am e ter,
the crater floor ly ing at a depth of 90 m. This crater is
breached to the N by a ~ 60 m wide gap.

Data re corded in 1974 and 1984 in di cated that the Epi B 
crater was open to the S (Exon and Cronan, 1983) or to the
SSE (Crawford and oth ers, 1988). The map re sult ing from a 
2001 hy dro graphic cruise did not show ev i dence of a sum -
mit crater (McConachy and oth ers, 2001). It is not known if 
these ob ser va tions rep re sent real mod i fi ca tions to the
crater, be cause the qual ity of the ear lier mea sure ments, us -
ing tra di tional echo-sound ers, is ques tion able.

Ob ser va tions dur ing Sep tem ber 2001. Sci en tists on the
Vanuatu Aus tra lia Vents Ex pe di tion (VAVE) aboard the
RV Frank lin (McConachy and oth ers, 2001) in ves ti gated
the area im me di ately SE of the Epi B seamount dur ing Sep -
tem ber 2001. On 18 Sep tem ber a lim ited echosounding sur -
vey was done, along with a sin gle dip CTD/hydrocast fol -
lowed by a grab. The lat ter sample re turned an 8-cm-thick
layer of pum ice (dacite-rhyodacite, 69-72% SiO2, in com -
po si tion) on top of 3 cm of brown mud. The hydrocast
found high con cen tra tions of meth ane gas, 68-93 nl/l, in
three sam ples be tween 250 and 337 m deep. A weak but

 Volcanism Network, Volume 29, Number 4, April 2004 Epi    3

Fig ure 2. The Epi B area seen emit ting a cir cu lar re gion of dis col ored
wa ter in De cem ber 1958. Copy right Roland Priam; pro vided cour tesy of
IRD.

Fig ure 3. As seen from an oblique ae rial per spec tive, the yel low
sub ma rine plume emit ted from Epi B as seen in No vem ber 1997 (source
area at the up per part of the photo). The plume broad ened and dif fused
with dis tance from the source (to wards the bot tom of the photo).
Copy right Vanair, An drew Dwyer; pro vided cour tesy of IRD.

Fig ure 4. The 19 Feb ru ary 2004 erup tion of Epi B as seen from the fish ing
boat Azur. The erup tion clearly broke the wa ter sur face, but is only vis i ble
here in the dis tance as a light-col ored dis tur bance in the di rec tion of the
man’s arm. Copy right Azur; pro vided cour tesy of IRD.



def i nite light trans mis sion anom aly was also seen at the
lowest point of the cast.

Two days later, on 20 Sep tem ber, a more ex ten sive
echosounding sur vey was made in the area noted on nau ti -
cal maps as hav ing a shoal at 38 m and dis col ored wa ter.
The sur vey showed a peak at 34 m depth and two smaller
struc tures to the S around 220 m depth. Com par i son of this
2001 bathymetric map with the map cre ated by the 2004
VATATERM cruise (fig ure 1) shows a cor re la tion of this
34-m peak with the sum mit of Epi B; the deeper peaks cor -
re spond to the smaller cones at about 16.70°S. The team “... 
ob tained a re duc tion in light trans mis sion at the sur face
(cor re spond ing to the dis col oured wa ter) of around 6% as -
so ci ated with low sa lin ity and higher tem per a ture, an other
near bot tom (be low 210 m) of up to 1%, and a nar row up per 
plume sig nal at 100 m, with a trans mis sion anom aly of ap -
prox i mately 0.2%.” Bot tles fired and sam pled for geo chem -
i cal stud ies re vealed a large meth ane anom aly of up to 80
nl/l near the bot tom.

Ref er ences: Ballu, V., Calmant, S., and oth ers, 2004,
Campagne VATATERM du N.O. Alis au Vanuatu, mars
2004.

Crawford, A.J., Greene, H.G., and Exon, N.F., 1988,
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En ergy and Min eral Resources, p. 301-327.
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de l’éruption du 16-24 février 2004 du volcan sous marin
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Fig ure 5. De tailed bathymetry (5 m con tour in ter val) of Epi B seamount ac quired by RV Alis us ing a multi-beam swath map per (Simrad EM1002 sounder) on 14
March 2004. For rough scale, the crater is ~ 150 m in di am e ter and the nar row N-trending can yon is ~ 60 m wide. The VATATERM cruise and the de tails of
cre at ing and in ter pret ing this map are dis cussed in Ballu and oth ers (2004).
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Back ground. Epi Is land, lo cated slightly W of the main
New Hebrides vol ca nic arc, largely con sists of two Qua ter -
nary vol ca noes, Mount Allombei on the W and Pomare
(Tavani Kutali) on the E. Tavani Ruro, an elon gated east ern 
ex ten sion of Epi Is land, is re lated to Kuwae cal dera to the
E. Pomare vol cano is the high est point on the is land and has 
three well-pre served sub sid iary cones to the E with youth -
ful sum mit crat ers. Sub ma rine cones NE of the is land have
been the source of all his tor i cal erup tions. Ephem eral is -
lands were formed during eruptions in 1920 and 1953. 

In for ma tion Con tacts: Ber nard Pelletier, Michel
Lardy, and Philipson Bani, IRD, BP A5, Noumea, New
Cal edo nia (URL: http://www.mpl.ird.fr/suds-en-ligne/fr/
volcan/vanuatu/epi1.htm; Email: Ber nard.Pelletier@
noumea.ird.fr, Michel.Lardy@noumea.ird.nc, Philipson.
Bani@noumea.ird.nc); Stéphane Calmant, IRD-LEGOS
Toulouse, France (Email: Stephane.Calmant@notos.cst.
cnes.fr); Valérie Ballu ,  IPG Paris,  France (Email:
ballu@ipgp.jussieu.fr); Esline Garaebiti, Sylvain Todman,
Douglas Char ley, De part ment of Ge ol ogy, Mines and Wa -
ter Re sources, Port Vila, Vanuatu (Email: esline@vanuatu.
com.vu, charleyd@vanuatu.com.vu, sylvain.todman@free.
fr); Tim o thy F. McConachy, CSIRO Di vi sion of Ex plo ra -
tion and Min ing, P.O. Box 136, North Ryde, NSW 1670,
Aus tra lia (Email: Tim.McConachy@csiro.au).

Rabaul

New Brit ain, Pa pua New Guinea
4.271°S, 152.203°E; sum mit elev. 688 m

The Rabaul Vol cano Ob ser va tory has re ported that
erup tive ac tiv ity from the Tavurvur crater at Rabaul, which

be gan in early Oc to ber 2002, ceased on 17 Feb ru ary 2004.
Ac tiv ity dur ing 1-17 Feb ru ary was char ac ter ized by emis -
sions of light pale ash clouds with oc ca sional mod er ate ex -
plo sions pro duc ing thick ash plumes. The plumes rose 1-2
above the sum mit, re sult ing in ashfall to the E and NE, in -
clud ing in Duke of York. A slight change in wind di rec tion
on 6 and 13-15 Feb ru ary re sulted in fine ashfall to the NW
over Rabaul city and vil lages down wind. Oc ca sional weak
roar ing noises were heard with some of the ex plo sions on 5
and 11 Feb ru ary.

Seis mic ac tiv ity was con sis tent with the ash emis sions,
with one high fre quency event NE of the cal dera on 5 Feb -
ru ary. The real-time GPS and elec tronic tilt site on Matupit
Is land, in the cen ter of the cal dera, showed a de fla tion ary
trend since the mid dle of the month, a re ver sal of the
long-term trend of slow grad ual up lift re ported ear lier (Bul -
le tin v. 28, nos. 3, 9 and 11). Dur ing 18-29 February
Tavurvur released weak white, and occasional blue, vapor.

A re view of MODIS data for the year to 11 May 2004
showed ther mal alerts re corded at Tavurvur cone, Rabaul,
on 12, 21, and 29 Oc to ber; 1, 8, 15, and 24 No vem ber; 1
and 26 De cem ber 2003; and 9 and 25 Jan u ary 2004.

Back ground. The low-ly ing Rabaul cal dera on the tip
of the Ga zelle Pen in sula at the NE end of New Brit ain
forms a broad shel tered har bor uti lized by what was the is -
land’s larg est city prior to a ma jor erup tion in 1994. The
outer flanks of the asym met ri cal pyroclastic shield vol cano
are formed by thick pyroclastic-flow de pos its. The 8 x 14
cal dera is widely breached on the E, where its floor is
flooded by Blanche Bay. Two ma jor Ho lo cene cal -
dera-form ing erup tions at Rabaul took place about 7,100
and 1,400 years ago. Three small stratovolcanoes lie out -
side the N and NE cal dera rims. Post-cal dera erup tions built 
ba saltic-to-dacitic pyroclastic cones on the cal dera floor
near the NE and W cal dera walls. Sev eral of these, in clud -
ing Vul can cone, which was formed dur ing a large erup tion
in 1878, have pro duced ma jor ex plo sive ac tiv ity dur ing his -
tor i cal time. A pow er ful ex plo sive erup tion in 1994 oc -
curred si mul ta neously from Vul can and Tavurvur vol ca -
noes and forced the temporary abandonment of Rabaul city.

In for ma tion Con tacts: Ima Itikarai and Herman Patia,
Rabaul Vol cano Ob ser va tory (RVO), P.O. Box 386,
Rabaul, Pa pua New Guinea (Email: hguria@global.net.pg); 
Rob Wright, Luke Flynn, and Eric Pilger; MODIS Ther mal
Alert Sys tem, Ha waii In sti tute of Geo phys ics and Plan e tol -
ogy (HIGP), School of Ocean and Earth Sci ence and Tech -
nol ogy, Uni ver sity of Ha waii at Manoa (URL: http://modis.
hgip.ha waii.edu/; Email: wright@higp.ha waii.edu,
flynn@higp.ha waii.edu, and pilger@higp.hawaii.edu).

Ulawun

New Brit ain, Pa pua New Guinea
5.05°S, 151.33°E; sum mit elev. 2,334 m

The Rabaul Vol cano Ob ser va tory (RVO) re ported that
ac tiv ity at Ulawun re mained quiet dur ing Feb ru ary 2004.
The main vent emit ted white va por at weak to mod er ate
rates. No emis sions were re ported from the two north val ley 
vents. No noise or night time glow was re ported, and seis -
mic ity was at a low level. RVO re ported in sim i lar terms for 
the pe riod 15 March-1 April, not ing also that tiltmeter mea -
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sure ments re corded a long-term in fla tion ary trend. Ac cord -
ing to Dar win VAAC, on 12 and 13 April thin ash plumes
from Ulawun were vis i ble on sat el lite im ag ery at a height of 
-~ 700 m above the vol cano ex tend ing ~ 75 E and NE. On
14 April the ash plume rose ~ 3 km al ti tude and ex tended
~ 37 km NE. No HIGP-MODIS ther mal alerts were re -
corded at Ulawun over the year to 11 May 2004.

Note that a 16 Jan u ary 2001 VAAC re port of Ulawun
emit ting a cloud, ashes, and ‘flames’ ~ 10.6 km al ti tude,
which was not con firmed by sat el lite im ag ery or RVO, has
not pre vi ously been men tioned in the Bul le tin. 

Back ground. The sym met ri cal ba saltic-to-andesitic
Ulawun stratovolcano is the high est vol cano of the Bis -
marck arc, and one of Pa pua New Guinea’s most fre quently 
ac tive. Ulawun, also known as the North Son, rises above
the N coast of New Brit ain across a low sad dle NE of
Bamus vol cano, the South Son. The up per 1,000 m of the
vol cano is unvegetated. A prom i nent E-W-trending es carp -
ment on the south may be the re sult of large-scale slump -
ing. Satellitic cones oc cupy the NW and east ern flanks. A
steep-walled val ley cuts the NW side of Ulawun vol cano,
and a flank lava-flow com plex lies to the south of this val -
ley. His tor i cal erup tions date back to the be gin ning of the
18th cen tury. Twen ti eth-cen tury erup tions were mildly ex -
plo sive un til 1967, but af ter 1970 sev eral larger erup tions
pro duced lava flows and ba saltic pyroclastic flows, greatly
modifying the summit crater.

In for ma tion Con tacts: Ima Itikarai and Herman Patia,
Rabaul Vol cano Ob ser va tory (see Rabaul); Dar win Vol ca -
nic Ash Ad vi sory Cen tre (VAAC), Com mon wealth Bu reau
of Me te o rol ogy, North ern Ter ri tory Re gional Of fice, PO
Box 40050, Ca sua rina, NT, 0811, Aus tra lia (URL: http://
www.bom.gov.au/info/vacc/; Email:dar win.vaac@bom.
gov.au).

Pago

New Brit ain, Pa pua New Guinea
5.58°S, 150.52°E; sum mit elev. 742 m

A mes sage in mid-April from Rabaul Vol cano Ob ser va -
tory’s as sis tant di rec tor, Ima Itikarai, to Dan Shackelford
in di cated that their pre vi ous Pago re port (Bul le tin v. 29, no.
2), which noted two erup tions on 24 Feb ru ary 2004, was no 
lon ger be lieved to be true. De scribed ac tiv ity, es pe cially
felt trem ors, con tra dicted in stru men tal data. After dis cus -
sions with lo cal ob serv ers Itikarai con cluded that "the
reported ac tiv ity may not be true." Al though no ex pla na tion 
was given for the re ports of ashfall or glow, the mes sage
noted that the "jet-like noises" may have been low-fre -
quency sounds from lo cal thun der storms.

(A few days  af  ter  con vey ing th is  in  for  ma t ion
Shackelford, who had fought both heart dis ease and thy roid 
can cer, was found dead of nat u ral causes in his suburban
apart ment in Los An geles, Cal i for nia). 

RVO re ports for 15 March-1 April noted that Pago’s
vol ca nic and seis mic ac tiv ity re mained at low lev els. All
vents gently re leased small vol umes of ‘thin white va por,’
with small amounts of ‘blue va por’ from the lower vents on
some days. A dull glow was ob served on 17 March.

Back ground. Pago is a young post-cal dera cone that
was con structed within the 5.5 x 7.5 km Witori cal dera. Ex -

ten sive pyroclastic-flow de pos its are as so ci ated with for -
ma tion of the cal dera about 3300 years ago. The gently
slop ing outer flanks of Witori vol cano con sist pri mar ily of
dacitic pyroclastic-flow and airfall de pos its pro duced dur -
ing a se ries of five ma jor ex plo sive erup tions from about
5600 to 1200 years ago. The Buru cal dera, which may have
formed around the same time, cuts the SW flank of Witori
vol cano. The post-cal dera cone of Witori, Mount Pago,
may have formed less than 350 years ago. Pago has grown
to a height above that of the Witori cal dera rim. A se ries of
ten dacitic lava flows from Pago cov ers much of the cal dera 
floor. The youn gest of these was erupted dur ing 2002-2003
from vents ex tend ing from the summit nearly to the NW
caldera wall.

In for ma tion Con tacts: Ima Itikarai and Herman Patia,
Rabaul Vol cano Ob ser va tory (see Rabaul).

Manam

NE of Pa pua New Guinea
4.10°S, 145.061°E; sum mit elev. 1807 m

The Rabaul Vol cano Ob ser va tory re ported that ac tiv ity
at Manam’s two main sum mit crat ers re mained low to mild
dur ing Feb ru ary-April 2004. No HIGP-MODIS ther mal
alerts were re corded at Manam over the year to 11 May
2004. While RVO noted that the sum mit was cov ered in
cloud for most of Feb ru ary, when it was clear the crat ers
were re leas ing white va por at weak to mod er ate rates. They
re ported that Feb ru ary’s sin gle ex plo sion oc curred at the
South ern Crater on the 14th; it was ac com pa nied by a thick
gray ash cloud and weak roar ing noises. The ash cloud rose
sev eral hun dred me ters above the sum mit and drifted NW
pro duc ing fine ashfall. There was no night-time glow
observed during the month.

Mild erup tive ac tiv ity oc curred at the South ern Crater
over the pe riod 15 March-1 April, with emis sions of brown
ash on 17, 18, 27, and 28 March. The ash clouds rose
~ 100-300 m above the sum mit and drifted SE, de pos it ing
small amounts of ash in the vil lages of Boakure and Warisi. 
Va por was also emit ted from Main Crater. Small low-fre -
quency earth quakes oc curred over the re port pe riod, with a
slight in crease in the am pli tude of vol ca nic earth quakes on
24 March. Over all the level of seis mic ity re mained low.
RVO con tin ued to ad vise peo ple to stay away from the four
main valleys near the volcano.

Back ground. The 10-km-wide is land of Manam, ly ing
13 km off the north ern coast of 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 the con i cal
1807-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. A ma jor erup tion in 1919
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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: Ima Itikarai and Herman Patia,
Rabaul Vol cano Ob ser va tory (see Rabaul).

Dukono

Halmahera, In do ne sia
1.70°N, 127.87°E; sum mit elev. 1,185 m

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

Dukono, one of In do ne sia’s most ac tive vol ca noes,
erupts nearly con tin u ally. Un for tu nately, sat el lite-based
ther mal alerts from MODVOLC pro cess ing and NASA’s
Terra sat el lite have thus far only oc ca sion ally dis closed
Dukono ac tiv ity. MODVOLC data ap pear on a ded i cated
website main tained by the Uni ver sity of Ha waii HIGP
MODIS Ther mal Alerts team. Coppola and Rothery pre vi -
ously re ported a sig nif i cant ther mal event on Dukono dur -
ing 26 Au gust-7 Sep tem ber 2002 (Bul le tin v. 28 no. 3).
This was the first sign of Dukono ac tiv ity in di cated by
MODVOLC data since the re mote-sens ing sys tem be gan
data col  lec t ion in  May 2000.  Re por ts  f rom the
Volcanological Sur vey of In do ne sia and the Dar win VAAC 
(Bul le tin v. 28 nos 6, 9, 11, and 12) doc u mented ash erup -
tions dur ing Feb ru ary and June 2003, with activity
continuing to at least January 2004.

An up dated anal y sis of MODVOLC data for the ob ser -
va tional pe riod Au gust 2000-April 2004 in cluded ther mal
alerts from NASA’s Aqua sat el lite. Alerts were triggerd for
26 Au gust and 6 and 7 Sep tem ber 2002. They con firmed
the Au gust-Sep tem ber 2002 event, but found very lit tle
sign of sub se quent ac tiv ity through the end of April 2004.
Af ter Sep tem ber 2002 the only ther mal alerts were sin gle
pixel events only slightly above the MODVOLC de tec tion
thresh old. They took place on 1 March and 10 No vem ber
2003. In spec tion of raw MODIS data re vealed an ad di tional 
anom aly on 17 No vem ber 2003, but the alert ra tio was
slightly below the MODVOLC detection threshold. 

For an ex pla na tion of MODVOLC anom a lies see Bul le -
tin v. 28 no. 1 or the MODVOLC website. The scar city of
ther mal alerts at Dukono, de spite the re cur rent ash erup -
tions, in di cates the gen eral in vis i bil ity (or small size) of any 
hot fea ture(s) there. Small to mod er ate sized ash col umns
would be un likely to trig ger an alert since they oc cur in a
narrow time window.

Back ground. Re ports from this re mote vol cano in
north ern most Halmahera are rare, but Dukono is cur rently
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, have oc curred since 1933. 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
active during historical time.

In for ma tion Con tacts: MODIS Ther mal Alerts team,
Ha waii In sti tute of Geo phys ics and Plan e tol ogy (HIGP),

School of Ocean and Earth Sci ence and Tech nol ogy, Uni -
ver sity of Ha waii at Manoa (URL: http://modis.hgip.
ha waii.edu/; Email: wright@higp.ha waii.edu, flynn@higp.
ha waii.edu, and pilger@higp.ha waii.edu); Da vid A .
Rothery and Char lotte Saunders, De part ment of Earth Sci -
ences, The Open Uni ver sity, Mil ton Keynes, MK7 6AA

Anatahan

Mariana Is lands, cen tral Pa cific Ocean
16.35°N, 145.67°E; sum mit elev. 788 m

Lo cal times are = UTC + 10 hours

The first re corded his tor i cal erup tion at Anatahan be gan 
on 10 May 2003. Activity through early Oc to ber 2003 was
re ported in sev eral is sues of the Bul le tin (vol. 28, nos. 4, 5,
6, and 9). This re port, in large part con trib uted by sci en tists
of the Com mon wealth of the North ern Mariana Is lands
Emer gency Man age ment Of fice (CNMI/EMO) dis cusses
Anatahan dur ing Oc to ber 2003 to early May 2004. Dur ing
Oc to ber-Feb ru ary, Anatahan’s tremor and vol ca nic seis -
mic ity were con sis tently low, with no ap par ent erup tion
sig nals or pre cur sory events. Later, in March, April, and
May clear emis sions be gan, and in April-May 2004 small
dome ex tru sions oc curred. There were sev eral peaks in
seis mic ity, such as 2-8 Feb ru ary and shorter ep i sodes on
13-14 Feb ru ary. Much larger peaks in seis mic ity, the larg -
est in 2004, took place in late April. Many de tails on the
dome ex tru sions re main un dis closed; how ever, near the end 
of this re port there are a va ri ety of data from sev eral con tri -
bu tors, in clud ing one clear Modis alert (28 April) and a
VAAC reports based on satellite observations of a thin
plume (24 April).

Dur ing over flights in early Oc to ber 2003 ob serv ers saw
no ash emis sions. The crater vents con tin ued to emit steam
and SO2, and the floor of the crater was in great flux. Dur -
ing pe ri ods of rain, the crater floor was cov ered by sed i -
ment-laden wa ter and (or) de bris flows. The E crater con -
tin ued to have an ac tive geo ther mal sys tem that con sisted of 
mud pots, mini-gey sers, and steam jets from the crater
walls. In gen eral, emis sions continued at a low level.

Dur ing early No vem ber 2003, re gional seis mic ity was
low. For the week of 9-15 De cem ber, nu mer ous tiny
long-pe riod earth quakes (LPs) were re corded only on the
sta tion near the crater, at a rate of ~ 1 ev ery 10 sec. All of
these LP events were much smaller than M 0.5, with dom i -
nant fre quen cies of 4-5 Hz. Af ter sev eral months of only
very low mag ni tude LP events, on 1 Feb ru ary 2004 larger
ones again be gan to oc cur. Af ter in creas ing slowly in size,
they reached M ~ 2, and they took place several times per
hour.

Anatahan’s seis mic ity peaked just be fore 1600 lo cal
time on 7 Feb ru ary 2004, with a swarm con sist ing of up to
15 events oc cur ring per hour. The seis mic ity then de creased 
dra mat i cally but re mained well above lev els of the pre vi ous 
few months. By 1000 on 8 Feb ru ary the max i mum mag ni -
tude of vol ca nic earth quakes had di min ished greatly from
their peak mag ni tude two days be fore, but the earth quakes
were oc cur ring more of ten, some times as fre quently as 1
per min ute. The am pli tude of low-fre quency tremor had
also in creased con sid er ably. The com bined ef fect was that

 Volcanism Network, Volume 29, Number 4, April 2004 Anatahan    7



the level of seis mic en ergy re lease around 7-8 Feb ru ary, av -
er aged over hours, remained nearly constant at its peak.

By 9 Feb ru ary the mag ni tude of the vol ca nic earth -
quakes de creased sig nif i cantly and were no lon ger vis i ble
on the re cords. The am pli tude of low-fre quency tremor re -
mained high but de creased some from its peak on 8 Feb ru -
ary. The to tal daily seis mic en ergy re lease de creased some -
what from its peak dur ing the pre vi ous few days. From 10
Feb ru ary to 29 March 2004, Anatahan vol ca nic seis mic ity,
tremor, and en ergy re lease were all very low, with no
apparent eruption signals.

Vol ca nic seis mic ity oc curred again 13 Feb ru ary dur ing
a 6-hour pe riod, the first such seis mic ity since the ep i sode
of 2-7 Feb ru ary. Short tremor ep i sodes be gan at 0543 and
oc curred ev ery 8-12 min utes un til 1130 on 14 Feb ru ary, the 
larg est be ing ap prox i mately equiv a lent to a mag ni tude M 2
earth quake. From 15 Feb ru ary through 30 March 2004,
Anatahan tremor and vol ca nic seis mic ity stood at low back -
ground lev els, with no ap par ent eruption signals or
precursory events.

A seis mic swarm be gan be neath Anatahan Is land on 31
March, the third such swarm since the erup tion of
May-June 2003. The larg est earth quakes in the swarm were 
all smaller than those that oc curred dur ing the pre vi ous
swarm in early Feb ru ary 2004. Dur ing 2-3 April the swarm
in ten si fied sig nif i cantly. Most earth quakes were fol lowed
by long, tremor-like sig nals that CNMI sci en tists be lieved
in di cated small emis sions of steam, pos si bly bear ing ash
and thought to rise to al ti tudes much less than 1,000 m,
though they had no vi sual con fir ma tion of such emissions
at the time.

On 6-7 April, Anatahan vol ca nic seis mic ity was the
high est since the erup tion of May-June 2003, with events as 
large as M ~ 2.5 usu ally fol lowed by tremor-like sig nals.
That swarm’s level of seis mic ac tiv ity re mained high
through 23 April.

With re gard to the rise in seis mic ity dur ing early 2004,
Sci en tists of the Com mon wealth of the North ern Mariana
Is lands Emer gency Man age ment Of fice (CNMI/EMO)
opined that these events were likely the re sult of magma de -
gas sing and/or mov ing be neath the re cently ac tive crater.
The Of fice of the Gov er nor, CNMI, placed Anatahan Is land 
off-lim its and con cluded that, al though the vol cano was not
cur rently dan ger ous to air craft, pi lots should ex er cise due
caution in Anatahan’s vicinity.

Dome, ejecta, and lavas. On 12 April, the pres ence of a
new, rather flat lava dome within a cres cent-shaped crater
lake was con firmed, as was the oc cur rence of fresh ejecta
within the low est reaches of the crater. The Ha waii In sti tute 
of Geo phys ics and Plan e tol ogy (HIGP) web site for
MODIS hot-spot sat el lite im ag ery showed a ther mal anom -
aly for the vol cano on 12 April at 1545 UTC. High seis mic -
ity through 23 April sug gested con tin u ing ef fu sion of rel a -
tively small vol umes of new lava onto the crater floor.

At 1052 on 24 April, Anatahan’s seis mic ac tiv ity in -
creased abruptly, ris ing to lev els un seen since sum mer 2003 
(3 to 4 times as high as those ob served in April 2004).
About that time a low-level erup tion be gan pro duc ing
steam and ash to ~ 600 m and an over flight re ported in can -
des cent cracks in a fresh lava flow or dome within the in ner
crater. The pres ence of a “cow-pie-shaped” dome within
the in ner crater was verified later.

The seis mic ity level in creased slowly and fairly con -
stantly on 24-25 April to a level sim i lar to that of the erup -

tion of mid-June 2003. Dur ing an over flight on 26 April be -
tween 1030 and 1100, Juan Camacho (CNMI/EMO) and
Erik Hauri (Car ne gie, Mar gins group) ob served reg u lar
puffs of yel low-brown steam and ash ev ery 1-2 min, a rate
al most iden ti cal to that of seis mic events re corded dur ing
that time. The max i mum height of the steam and ash plume
was estimated at ~ 600 m.

Ac cord ing to the Wash ing ton Vol ca nic Ash Ad vi sory
Cen ter (VAAC), at 0725 UTC on 24 April 2004 a thin
plume from Anatahan was vis i ble on sat el lite im ag ery ~ 1
km above the vol cano and ex tend ing ~ 460 km NW; this
plume was not ob serv able on sat el lite im ages taken at 1502
UTC, later in the same day. The HIGP web site for Modis
hot-spot sat el lite im ag ery showed a ther mal anom aly for the 
vol cano on 28 April at 1545 UTC. On 28 April the seis mic -
ity level in creased still fur ther, a level ~ 25% more en er -
getic than the pre vi ous high of 25 April 2004.

In ac cord with the el e vated seis mic ity, the dome in -
creased in size, and ex plo sions also ap par ently in creased in
size and rate. The seis mic ity then slowly de creased ~ 25%
over the next 5 days un til 3 May, when it dropped off sud -
denly but smoothly by an other 40%. Sub se quently, over
sev eral days, the seis mic ity re cov ered some what to ~ 50%
of the high est level of 28 April. On 5 May 2004 small ex -
plo sions con tin ued to oc cur ev ery min ute or two, and steam 
and ash still rose hundreds of meters.

Back ground. The elon gated, 9-km-long is land of
Anatahan in the cen tral Mariana Is lands con sists of two co -
alesc ing vol ca noes with a 2.3 x 5 km, E-W-trending sum -
mit de pres sion formed by over lap ping sum mit cal de ras.
The larger west ern cal dera is 2.3 x 3 km wide and ex tends
east ward from the sum mit of the west ern vol cano, the is -
land’s 788 m high point. Ponded lava flows over lain by
pyroclastic de pos its fill the cal dera floor, whose SW side is
cut by a fresh-look ing smaller crater. The sum mit of the
lower east ern cone is cut by a 2-km-wide cal dera with a
steep-walled in ner crater whose floor is only 68 m above
sea level. Sparse ness of veg e ta tion on the most re cent lava
flows on Anatahan in di cated that they were of Ho lo cene
age, but the first his tor i cal erup tion of Anatahan did not oc -
cur un til May 2003, when a large ex plo sive erup tion took
place forming a new crater inside the eastern caldera.

In for ma tion Con tacts: Ha waii Vol cano Ob ser va tory
(HVO), U.S. Geo log i cal Sur vey (USGS), Ha waii Na tional
Park, HI 96718 USA (URL: http://hvo.wr.usgs.gov/cnmi/
up date.html); Juan Takai Camacho and Ramon Chong,
Com mon wealth of the North ern Mariana Is lands Emer -
gency Man age ment Of fice (CNMI/EMO), Saipan, MP
96950 USA (URL: http://www.cnmiemo.org; Email:
juantcamacho@hotmail.com and rcchongemo@hotmail.
com); Frank Trusdell, HVO/USGS, P.O. Box 51, Ha waii
Na tional Park, HI 96718-0051 USA (URL: http://hvo.wr.
usgs.gov/cnmi/; Email: trusdell@usgs.gov); Wash ing ton
Vol ca nic Ash Ad vi sory Cen ter, Sat el lite Anal y sis Branch
(SAB), NOAA/NESDIS E/SP23, NOAA Sci ence Cen ter
Room 401, 5200 Auth Rd., Camp Springs, MD 20746 USA 
(URL: http://www.ssd.noaa.gov/); MODIS Ther mal Alerts
team, Ha waii In sti tute of Geo phys ics and Plan e tol ogy
(HIGP), School of Ocean and Earth Sci ence and Tech nol -
ogy, Uni ver sity of Ha waii at Manoa (URL: http://modis.
hgip.ha waii.edu/); Erik Hauri, Car ne gie In sti tu tion of
Wash ing ton, 5241 Broad Branch Road, NW, Wash ing ton,
DC 20015-1305, USA (Email: hauri@dtm.ciw.edu, URL:
http://www.ciw.edu/DTM.html).
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Ebeko

Paramushir Is land, North ern Kuriles, Rus sia
50.68°N, 156.02°E; sum mit elev. 1,156 m

All times lo cal (= UTC + 11 hours)

The last re corded erup tion of Ebeko vol cano was in
1991. Ta ble 1 sum ma rizes ac tiv ity on Ebeko from Feb ru -
ary-April 2004 as re ported by ob serv ers Leonid and Tatiana 
Kotenko (ob ser va tions made on days when clouds did not
ob scure the volcano).

On 14 April 2004 a fish ing craft re ported a white gas
plume emerg ing from Tatarinov vol cano. That vol cano lies
near the op po site (south ern) end of Paramushir Is land. The
plume came from Tatarinov’s fumarolic field and re mained
at low al ti tude fol low ing the Tukharka river. Also in the
south ern part of Paramushir is  land, the vol ca noes
Chikurachki (last ac tive 17-18 April 2003, Bul le tin, v. 28,
no. 7) and Fuss Peak (Bul le tin, v. 12, no. 4) were both re -
ported quiet.

Back ground. The flat-topped sum mit of the cen tral
cone of Ebeko vol cano, one of the most ac tive in the Kurile
Is lands, oc cu pies the north ern end of Paramushir Is land.
Three sum mit crat ers lo cated along a SSW-NNE line form
Ebeko vol cano proper, at the north ern end of a com plex of
five vol ca nic cones. Blocky lava flows ex tend W from
Ebeko and SE from the neigh bor ing Nezametnyi cone. The
east ern part of the south ern crater of Ebeko con tains strong
sol fa ta ras and a large boil ing spring. The cen tral crater of
Ebeko is filled by a lake about 20 m deep whose shores are
lined with steam ing sol fa ta ras; the north ern crater lies
across a nar row, low bar rier from the cen tral crater and con -
tains a small, cold, cres cent-shaped lake. His tor i cal ac tiv ity, 
re corded since the late-18th cen tury, has been re stricted to
small to mod er ate ex plo sive erup tions from the sum mit
crat ers. In tense fumarolic ac tiv ity oc curs in the sum mit
crat ers of Ebeko, on the outer flanks of the cone, and in
lateral explosion craters. 

In for ma tion Con tacts: Leonid and Tatiana Kotenko,
Severo-Kurilsk, Paramushir Is land; Olga A. Girina,
Kamchatka Vol ca nic Erup tions Re sponse Team (KVERT),

a co op er a tive pro gram of the In sti tute of Vol ca nic Ge ol ogy
and Geo chem is try, Far East Di vi sion, Rus sian Acad emy of
Sci ences, Piip Ave. 9, Petropavlovsk-Kamchatskii 683006,
Rus sia (Email: girina@kcs.iks.ru), the Kamchatka Ex per i -
men tal and Me thod i cal Seis mo log i cal De part ment
(KEMSD), GS RAS (Rus sia), and the Alaska Vol cano Ob -
ser va tory (USA); Alaska Vol cano Ob ser va tory (AVO), a
co op er a tive pro gram of the U.S. Geo log i cal Sur vey, 4200
Uni ver sity Drive, An chor age, AK 99508-4667, USA
(URL: http://www.avo.alaska.edu/; Email: tlmurray@ usgs.
gov), the Geo phys i cal In sti tute, Uni ver sity of Alaska, P.O.
Box 757320, Fair banks, AK 99775-7320, USA (Email:
eisch@dino.gi.alaska.edu), and the Alaska Di vi sion of
Geo log i cal and Geo phys i cal Sur veys, 794 Uni ver sity Ave.,
Sui te  200,  Fair  banks ,  AK 99709, USA (Email:
cnye@giseis.alaska.edu).

Karymsky

Kamchatka Pen in sula, Rus sia
54.05°N, 159.43°E; sum mit elev. 1,536 m

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

 Intermittent ex plo sions and seis mic ity above back -
ground lev els, as also re ported in Bul le tin v. 28, no. 11,
con tin ued from 1 Jan u ary to mid-April 2004, a time in ter val 
when the Level of Concern re mained at Or ange. Oc ca sional 
ex plo sions oc curred with out warn ing, send ing ash as high
as ~ 7000 m al ti tude and yield ing ashfall lo cally and be -
yond the vol cano. Ash de pos its were de tected ex tend ing in
es sen tially all di rec tions on var i ous days dur ing the re port
pe riod. Clouds fre quently ob scured vi sual ob ser va tion of
the vol cano.

Dur ing Jan u ary 2004 the daily num ber of lo cal shal low
earth quakes var ied from lows of 40-80 to highs of 200-300. 
Sim i larly, in Feb ru ary, shal low events var ied from lows of
30-40 to highs of 160-200. How ever, in March, par tic u larly 
af ter the early part of the month, the high est daily num bers
rose to 240-380. The high est daily num bers reached still
higher dur ing April, to as high as 300-470.

Up to five ash-gas ex plo sions
oc curred on spe cific days dur ing
each month. These ex plo sions
sent plumes to al ti tudes of ~ 3-5
km dur ing Jan u ary (al though pi lot 
re ports some times es t i  mated
higher plumes, to 5.5 to 7 km al ti -
tude). Plumes rose to ~ 2.5-6.5
km dur ing Feb ru ary and March,
and drop ping to ~ 2.5-3.5 km dur -
ing April. Thus, al though more
daily earth quakes oc curred dur ing 
April, the plume heights then ap -
peared  lower than in
January-March.

Dur ing the week end ing 16
Jan u ary, an ash plume ob served
by pi lots of a lo cal air line rose to
7 km al ti tude and ex tended to the
S-SW. Pi lots also re ported ash
plumes ris ing up to 5.5 km al ti -
tude on 9 and12 Feb ru ary. On 11
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2004 Ac tiv ity level Wind di rec tion
Gas-steam plume

(me ters above crater)
Com ment

08 Feb Quiet — — —

12 Feb Quiet — — —

23 Feb —  NW — Strong smell of H2S

03 Mar-04 Mar — Weak to N <150-200 —

12 Mar — — <150 —

16 Mar-17 Mar — — < 200 —

26 Mar — Strong to S — —

29 Mar Quiet — — —

31 Mar — N  <150 —

02 Apr Quiet — — —

12 Apr — Strong to NE — —

15 Apr — N <100 —

19 Apr — — <100 —

28 Apr — — <100 —

29 Apr — Strong to N — —

Ta ble 1. A sum mary show ing Ebeko ac tiv ity for Feb ru ary-April 2004. Cour tesy of Leonid and Tatiana Kotenko.



Feb ru ary, an ash cloud rose to 10 km al ti tude and drifted 60 
km from the vol cano. Re ports de scrib ing 20 Feb ru ary noted 
ash de pos its extending about 35 km S.

Ac cord ing to sat el lite data from the USA and Rus sia,
ther mal anom a lies of 1-4 pix els were ob served dur ing Jan u -
ary and 1-6 pix els dur ing Feb ru ary and March. How ever,
the num ber of pix els in creased from 1 to 10 dur ing early
April, the same pe riod when the num ber of shal low earth -
quakes was increasing.

In for ma tion Con tacts: Olga Girina, Kamchatka Vol ca -
nic Erup tions Re sponse Team (KVERT) (see Ebeko);
Alaska Vol cano Ob ser va tory (AVO) (see Ebeko). 

Kliuchevskoi

Kamchatka Pen in sula, Russia
56.057°N, 160.638°E; sum mit elev. 4835 m

All times are lo cal (UTC + 12 hours)

Un rest at Kliuchevskoi con tin ued, with oc ca sional and
re peated ex plo sions con tain ing ash, gas, and steam that rose 
as high as 7.8 km al ti tude dur ing Jan u ary-April 2004. The
alert level re mained at orange.

Strombolian ac tiv ity was re ported in the cen tral crater
on 11-12 Jan u ary and may have oc curred again dur ing
22-26 Jan u ary. Gas-steam plumes ex tended up to 15 km in
var i ous di rec tions dur ing the re port pe riod; al though one
con tain ing small amounts of ash, ex tended 75 km to the SW 
on 25 Jan u ary.

Ta ble 2 pres ents seis mic ity re ported by KVERT in clud -
ing the num ber of large shal low earth quakes, their lo cal
mag ni tudes (Ml), and the range of tremor ve loc ity. Many
weak, shal low earth quakes also oc curred each week. In
over view, seis mic ity stood above back ground un til about
March, when it dropped to back ground, re main ing there
through 29 April. Af ter Feb ru ary, in stru men tal mea sure of
tremor (tremor ve loc ity, ta ble 2) de clined. The de tails on
the num ber and mag ni tude of large shal low earth quakes
(which on the week end ing 6 Feb ru ary had risen to ~ 430
Ml 1.2-2.0) ceased be ing a re ported topic af ter Feb ru ary, al -
though these earth quakes con tin ued to be men tioned as oc -
cur ring. Be gin ning in late Feb ru ary, earth quakes at depths
up to 30 km were re ported in mod er ate num ber (“deeper
earth quakes”; ta ble 2).

Gas plumes fre quently rose as high as 5.8 km al ti tude
each week, with gas plumes ris ing 5.8-7.8 km al ti tude dur -
ing 24-25 Jan u ary. Seis mic ac tiv ity con tin ued to be above
back ground level through out Jan u ary and Feb ru ary (as it
was in De cem ber 2003, Bul le tin v. 28, no. 12), but in
mid-March, seis mic ac tiv ity re turned to back ground lev els
and re mained there through April. Ash ex plo sions and
plumes ris ing to 4.9-5.8 km al ti tude oc curred dur ing Jan u -
ary but none were re ported sub se quently, al though sat el lite
data in di cated an ash plume ex tend ing N-NE on 8 April. US 
and Rus sian sat el lites re ported weak ther mal anom a lies
(1-7 pix els) dur ing Jan u ary and Feb ru ary, but no anom a lies
were re ported sub se quent to 20 Feb ru ary. Weak fumarolic
activity was reported weekly after mid-March.

In for ma tion Con tacts: Olga Girina, Kamchatka Vol ca -
nic Erup tions Re sponse Team (KVERT) (see Ebeko);
Alaska Vol cano Ob ser va tory (AVO) (see Ebeko). 
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Period

end ing

Seis mic ity

level

Shal low earth quakes

(Num ber / lo cal mag ni tude)

Deeper earth quakes

(Daily num ber / mag ni tude / depth)

Tremor

ve loc ity (µm/s)

09 Jan 04 above bkgd ~115 / 1.9-2.3 — 4-8

16 Jan 04 above bkgd ~175 / 1.9-2.5 — 7-8 (11-13 Jan);
15-20 (12-15 Jan)

23 Jan 04 above bkgd ~130 / 1.9-2.3 — 6-13

30 Jan 04 above bkgd ~130 / 1.9-2.3 — 3-16

06 Feb 04 above bkgd ~430 / 1.2-2.0 1-5 / Ml = 1.2-2.0 / 3-6 km 1-2

13 Feb 04 above bkgd ~225 / 1.25-2.0 1-5 / Ml < 2.25 / 3-6 km 0.5-1

20 Feb 04 above bkgd ~135 / 1.25-1.7 1-6 / Ml = 1.25-1.85 / 3-6 km 0.4-0.9

27 Feb 04 above bkgd ~160 / 1.25-1.75 ~2 / Ml = 1.25-2.25 / 3-7 km
22-25 Feb: ~7 / Ml? / 30 km

0.4-0.6

06 Mar 04 slightly above bkgd n.r. 26-7 Feb: 6 / Ml = 1.25-2.2 / 3-7 km
26 Feb-1 Mar: ~2 / Ml? / 30 km

0.2-0.5

12 Mar 04 at bkgd n.r. 38 / Ml = 1.25-1.6 / 30 km 0.2

19 Mar 04 at bkgd n.r. ~7 / Ml = 1.2-1.7 / 30 km
11-14 Mar: 1 / Ml = 1.5-2.0 / 3-7 km

0.2-0.3

26 Mar 04 at bkgd n.r. ~2 / Ml = 1.25-1.6 / 30 km
25, 26, 30 Mar: 1 / Ml = 1.2-2.1 / 3-12 km

0.2-0.4

02 Apr 04 at bkgd n.r. 26, 28, 30 Mar: 1 / Ml = 1.2-2.1 / 3-12 km
25, 26, 30 Mar: ~2 / Ml = 1.25-1.6 / 30 km

0.2-0.4

09 Apr 04 at bkgd n.r. ~3 / Ml = 1.25-1.85 / 30 km 0.2-0.4

16 Apr 04 at bkgd n.r. ~10 / Ml = 1.25-1.8 / 30 km 0.2-0.4

22 Apr 04 at bkgd n.r. ~8 / Ml = 1.25-1.7 / 30 km 0.2-0.4

29 Apr 04 at bkgd n.r. ~5 / Ml = 1.25-1.75 / 30 km 0.21-0.25

Ta ble 2. Weekly seis mic ac tiv ity at Kliuchevskoi re corded 9 Jan u ary to 29 April 2004. Some changes in re port ing prac tices shifted around the week end ing 27
Feb ru ary. The depth cut offs for the two earth quake cat e go ries (shal low vs. deeper) were not dis closed; n.r. means not re ported; Ml re fers to lo cal mag ni tude, and
Ml? sig ni fies an un stated mag ni tude. Cour tesy of KVERT.



Nyamuragira

Dem o cratic Re pub lic of Congo, Cen tral Af rica
1.408°S, 29.20°E; sum mit elev. 3058 m
All times are lo cal (+ UTC + 2 hours)

The Observatoire Volcanologique de Goma (Goma
Vol cano Ob ser va tory, GVO) re ported that a new erup tion
at Nyamuragira be gan at 0548 on 8 May 2004. Ac tiv ity
started in the sum mit cal dera and later prop a gated to the N
flank. Since July 2003 Nyamuragira had shown ab nor mal
be hav ior, hav ing an av er age of 3 dis tinct seis mic swarms
per month (see Bul le tin, v. 28, no. 9, 10, and 12). The last
of these swarms oc curred dur ing 4-6 May 2004. The erup -
tion was also pre ceded by an im por tant high fre quency
(HF) earth quake felt in the Virunga area at 0144 on 8 May,
lo cal ized be low the N part of Lake Kivu. This event was
fol lowed at 0315 on 8 May by a high-am pli tude long-pe -
riod earth quake lo cated N of Virunga. Un usual and sig nif i -
cant fumarolic ac tiv ity from the Nyamuragira cal dera was
seen from Goma (~ 40 km S) on 2 May 2004.

On its over pass of Nyamuragira at 1056 on 8 May 2004, 
the Earth Probe To tal Ozone Map ping Spec trom e ter (EP
TOMS) de tected large SO2 clouds re leased by the cur rent
erup tion of Nyamuragira. How ever, the sit u a tion was com -
pli cated by the fact that EP TOMS has re corded SO2 emis -
sions from Nyiragongo (~ 15 km SSE of Nyamuragira)
since Oc to ber 2002, and there fore some SO2  from
Nyiragongo was also likely to be pres ent. Daily SO2

amounts ob served at Nyiragongo over the past month have
been in the range of ~ 5-30 ki lo tons (kt). An SO2 cloud was
de tected ex tend ing in sev eral di rec tions from Nyamuragira, 
con tain ing ~ 30 kt of SO2. A data gap over east ern Dem o -
cratic Re pub lic of Congo (DRC) pre vented mea sure ments
on 9 May, al though there was ev i dence for some SO2 drift -
ing over north ern Tanzania, ~ 720 km from Nyamuragira.

On 10 May at 1055 a broad SO2 cloud ex tended up to
~ 180 km W, ~ 360 km S, and ~ 260 km ESE of the vol -
cano, com pletely cov er ing Rwanda and Bu rundi, with the
high est SO2 con cen tra tions de tected in a zone di rected SSE
across Rwanda. This cloud con tained ~ 190 kt of SO2. An -
other data gap on 11 May pre vented mea sure ments di rectly
over east ern DRC, but a large SO2 mass (~ 116 kt) was
pres ent W of the data gap, ~ 560 km S of Nyamuragira at its 
max i mum ex tent. No ash was de tected in the vol ca nic
clouds by EP TOMS as of 12 May, and the max i mum al ti -
tude reached by the SO2 was un clear. A num ber of anom a -
lous pix els in di cat ing a hot spot just N of Nyamuragira
were ob served at 1030 on 9 May from the MODIS (Mod er -
ate Res o lu tion Im ag ing Spectroradiometer) ther mal sat el lite 
imagery (URL: http://modis.higp.hawaii.edu/).

Over flights at tempted by GVO on 8 May failed be cause 
of the rainy sea son’s bad weather, but the quick glimpse

sug gested a sig nif i cant lava flow de scend ing the N slope.
On 9 and 12 May GVO plane over flights and a field mis -
sion in the area lo cated to the vol cano’s N re vealed that one
ac tive lava lake ap peared an un stated dis tance NNE of the
Nyamuragira cal dera. This lake, ~ 300 m in di am e ter, was
lo cated in a pit ~ 15 m deep and fed by 4 strong lava foun -
tains. Ac tiv ity was much re duced by 12 May. The sur face
was a solid crust with three vents open through it. All vents
displayed Strombolian ac tiv ity with spat ter splash ing and
short lava over flows; ac cu mu la tion of spatter tends to build
low cones.

An erup tive frac ture, ~ 2 km long, was found on the
N-NW flank of the vol cano. Sev eral lava foun tains were
very ac tive all along the frac ture and 4 main cones were
build ing up to heights es ti mated as 30-50 m. Lava poured
from many vents and turned into a main flow di rected to -
wards the N-NW, al ways within the Virunga Na tional Park
bound aries. Flows made an in tri cate delta be low the lower
cone, turn ing onto a very wide lava flow that cov ered an
area with a to tal length es ti mated to be ~ 12 km. Al though
this flow con tin ued to move, it failed to threaten any pop u -
lated ar eas. Ashfalls were ob served in sev eral vil lages on
the W and N sides of the vol cano. The ac tiv ity re mained
quite strong and ap par ently sta ble in com par i son with other
documented Nyamuragira eruptions.

Back ground.  Af  r ica’s  most  ac  t ive vol  cano,
Nyamuragira is a mas sive ba saltic shield vol cano that rises
about 25 km N of Lake Kivu across a broad val ley NW of
Nyiragongo vol cano. Nyamuragira,  also known as
Nyamulagira, has a vol ume of 500 cu bic ki lo me ters, and
ex ten sive lava flows from the vol cano blan ket 1500 square
ki lo me ters 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 3058-m-high sum mit of
Nyamuragira is trun cated by a small 2 x 2.3 km cal dera that
has walls up to about 100 m high. 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. A 
lava lake in the sum mit crater, ac tive since at least 1921,
drained in 1938, at the time of a ma jor flank erup tion. His -
tor i cal lava flows ex tend down the flanks more than 30 km
from the summit, reaching as far as Lake Kivu.

In for ma tion Con tacts: Kasereka Mahinda and Jacques 
Durieux, Observatoire Volcanologique de Goma (Goma
Vol cano Ob ser va tory), De part ment de Geophysique, Cen -
tre de Re cher che en Sci ences Naturelles, Lwiro, D.S.
Bukavu, DR Congo (Email: ovggoma@rwanda1.com); Si -
mon Carn, TOMS Vol ca nic Emis sions Group, Uni ver sity
of Mary land, 1000 Hill top Cir cle, Bal ti more, MD 21250,
USA (Email: scarn@umbc.edu; URL: http://skye.gsfc.
nasa.gov/).
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