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Fuego

Gua te mala
14.47°N, 90.88°W; sum mit elev. 3,763 m

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

Ex plo sive and ef fu sive ac tiv ity, last re ported through
Jan u ary 2003 (Bul le tin v. 28, no. 1) has con tin ued through
Oc to ber 2003. Plumes iden ti fied on sat el lite im ag ery be -
tween April and Sep tem ber 2003 were de scribed in avi a tion 
ad vi so ries is sued by the Wash ing ton Vol ca nic Ash Ad vi -
sory Cen ter (VAAC). Reg u lar re ports of daily ac tiv ity pro -
vided by the  Ins t i tu to  Nacional  de Sismologia ,
Vulcanologia, Meteorologia e Hidrologia (INSIVUMEH)
on their website have been sum ma rized for many days in
the sec ond half of Oc to ber.

Ac tiv ity dur ing April-Sep tem ber 2003. The Wash ing -
ton VAAC re ported that on 28 April 2003 Fuego gen er ated
in ter mit tent ash erup tions. One cloud was ob served at ~ 7
km al ti tude mov ing SW at 19-29 km/hour. On 2 May the
VAAC re ported pos si ble ash around the sum mit, but as of
1515, none was vis i ble. INSIVUMEH in di cated that al -
though Fuego was ac tive with ex plo sions, most ash was
con fined to near the sum mit.

On 29 June INSIVUMEH re ported a mod er ate erup tion
dur ing 1745-2200 that con sisted mainly of lava ef fu sion.
Lava flows were ob served on the E flank, in the Lajas, Jute, 
and Barranca Honda ra vines. Av a lanches gen er ated sounds
sim i lar to a lo co mo tive, with strong rum blings and acous tic
waves. Fuego’s Ob ser va tory 2, on the SW flank, re ported 2
cm of ashfall .  Ashfall  also oc curred in San Pedro
Yepocapa, Patulul Suchitepequez, Cocales, and vil lages W
and SW of the vol cano. At about 2335 there was a re duc -
tion in seis mic ac tiv ity at the Fuego 3 sta tion.

INSIVUMEH re ported on 1 July that ex plo sive ac tiv ity
con tin ued with weak to some times strong ex plo sions eject -
ing gray ish ash up to 900 m above the crater, with oc ca -
sional de gas sing sounds and rum blings. Pyroclastic-flow
ma te rial moved into the W-flank Seca and Santa Teresa
val leys, 1.5 km from the vil lage of Sangre de Cristo. A
pyroclastic flow was re ported by the Wash ing ton VAAC at
1130 on 9 July. INSIVUMEH re ported strong ex plo sions
with ash to 2 km above the sum mit, a plume ex tend ing 5-7
km W, and ashfall to the W and SW. GOES-12 im ag ery
showed a 3.7-km-wide plume ex tend ing ~ 11 km W.

The Wash ing ton VAAC re ported on 7 Au gust that a
brief puff of ash was ejected at about 1600; the small plume 
moved to the NW and dis si pated by 1745. On 28 Sep tem ber 
the Wash ing ton VAAC, based on vis i ble and multi-spec tral 
IR tech niques, re ported an ash erup tion at about 1100. This
plume, which was ~ 5 x 5 km, moved S to ward the coast
and was no lon ger discernable on im ag ery by 1400. A sec -
ond ash emis sion be tween 1415 and 1432, with an ap prox i -
mate al ti tude of 6 km, was par tially ob scured by clouds.

Ac tiv ity dur ing 15-30 Oc to ber 2003. On 15 Oc to ber
INSIVUMEH re ported the con tin u a tion of erup tive ac tiv -
ity, with de gas sing and small rum bling sounds. In can des -
cence was seen above the crater at night. The ejected ash
was dis persed around the vol ca nic ed i fice. A small erup tion 
that be gan at 0007 on 17 Oc to ber ended at 0040 af ter five
mod er ate ex plo sive pulses, each 2-3 min utes in du ra tion,
gen er ated thick col umns of gray ish ash ~ 1,500 m high. Be -
fore and af ter this erup tive event mod er ate and strong ex -

plo sions caused rum bling and shock waves felt at the
OVFGO and FG2 ob ser va to ries. Small in can des cent av a -
lanches moved to wards the Santa Teresa val ley.

Har monic tremor was reg is tered at the FG3 sta tion at
1630 on 20 Oc to ber. On 21 Oc to ber, INSIVUMEH re -
ported ex plo sions af ter 0350. The ma jor ity were strong, ex -
pel ling abun dant in can des cent ma te rial. Ash col umns
caused small and mod er ate av a lanches, mainly in the Santa
Teresa and Trin i dad val leys, and oc ca sion ally in the
Taniluyá. Shock waves were felt by com mu ni ties around
the vol cano. Slight ashfall oc curred in the Morelia and
Santa Lu cia vil lages lo cated 7 and 10 km, re spec tively,
SSW of the ac tive crater.

On 23 Oc to ber, INSIVUMEH re ported mod er ate, weak
and oc ca sion ally strong ex plo sions pro duc ing gray ish and
blackish plumes up to one km high. Mod er ate and strong
ex plo sions gen er ated rum bling and lava flows that trav eled
to ward the Santa Teresa and Trin i dad val leys. Ashfall oc -
curred in the up per por tion of the Fuego-Acatenango com -
plex. At 0945 a strong ex plo sion, last ing 1.5 min utes, pro -
duced a thick ash cloud that reached a height of ~ 1 km and
dis persed to the SW. Two short pulses last ing 45-60 min -
utes be tween 1200-1300 and 1800-1900 on 23 Oc to ber
gen er ated a se ries of 7-9 mod er ate ex plo sions that pro duced 
a gray ish col umn to ~ 1 km over the cen tral crater.

A strong ex plo sion at 0910 on 27 Oc to ber was pre ceded 
by five mod er ate ex plo sions at in ter vals of 3-7 min utes that
pro duced gas clouds and ash 700 m high. The first event
pro duced a heavy ash col umn of a height of ~ 1 km which
dis persed to the SW. An ex plo sion at 0625 caused a
pyroclastic flow to ward the Trin i dad and Santa Teresa val -
leys, and pro duced light ashfall in the vil lage of Sangre de
Cristo. On 29 Oc to ber INSIVUMEH re ported pre dom i -
nantly weak and mod er ate ex plo sions 1-3.5 min utes long
with gas-and-ash col umns up to 1 km high. The last of these 
pro duced ashfall, shock waves felt at OVFGO, and av a -
lanches of in can des cent ma te rial to ward the Santa Teresa
and Trin i dad val leys.

On 30 Oc to ber an ef fu sive erup tion dur ing 2300-0600
pro duced in can des cent lava foun tains 75-100 m high with
pulses of 5-6 min utes, chang ing to foun tains ~ 50 m high
and 15-20 min utes long. A short lava flow de scended SW
from the crater rim, reach ing ~ 250 m in length and split ting 
into three short branches. Short av a lanches and pyroclastic
flows de scended to the top of the Santa Teresa val ley. The
erup tion pro duced mod er ate to weak sounds last ing ~ 2
min utes. At dawn, a thick fumarolic plume was ob served
blow ing NW. There was no ash emis sion dur ing this ac tiv -
ity, but at 0625 hours a small ex plo sion sent a col umn of
gas and ash ~ 400 m high. The seis mic sta tion at FG3 reg is -
tered har monic tremor (2-4 mm am pli tude).

Back ground. Volcan Fuego, one of Cen tral Amer ica’s
most ac tive vol ca noes, is one of three large stratovolcanoes
over look ing Gua te mala’s for mer cap i tal, Antigua. The
scarp of an older ed i fice, Meseta, lies be tween Fuego and
its twin vol cano to the north, Acatenango. Col lapse of the
an ces tral Meseta vol cano about 8500 years ago pro duced
the mas sive Escuintla de bris-av a lanche de posit, which ex -
tends about 50 km onto the Pa cific coastal plain. Growth of
the mod ern Fuego vol cano fol lowed, con tin u ing the south -
ward mi gra tion of vol ca nism that be gan at Acatenango.
Fre quent vig or ous his tor i cal erup tions have been re corded
since 1524, and have pro duced ma jor ashfalls, along with
oc ca sional pyroclastic flows and lava flows.
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In for  ma t ion Con tacts:  Ins t i tu to  Nacional  de
Sismologia, Vulcanologia, Meteorologia e Hidrologia
(INSIVUMEH) ,  Minis tero  de  Communicaciones ,
Transporto, Obras Públicas y Vivienda, 7a. Av. 14-57, zona 
13,  Gua te  mala City 01013,  Gua te  mala (URL:
http://www.insivumeh.pagina.de).

Santa María

Gua te mala
14.756°N, 91.552°W; sum mit elev. 3,772

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

Long term erup t ive ac  t iv i ty at  the Santiaguito
lava-dome com plex of Santa María has con tin ued dur ing
2003 fol low ing lahars, ex plo sions, and pyroclastic flows
re ported dur ing much of 2002 (Bul le tin v. 28, no. 5).
Plumes iden ti fied on sat el lite im ag ery be tween Feb ru ary
and Sep tem ber 2003 were de scribed in avi a tion ad vi so ries
is sued by the Wash ing ton Vol ca nic Ash Ad vi sory Cen ter
(VAAC). Reg u lar re ports of daily ac tiv ity pro vided by the
Inst itu to  Nacional  de Sismologia ,  Vulcanologia ,
Meteorologia e Hidrologia (INSIVUMEH) on their website 
have been sum ma rized for many days in the sec ond half of
Oc to ber.

Sat el lite ob ser va tions, Feb ru ary-Sep tem ber 2003.
Based on GOES-8 im ag ery the Wash ing ton VAAC re -
ported that ex plo sions oc curred dur ing the eve ning of 16
Feb ru ary 2003 and the fol low ing morn ing. Plumes rose to
600 m above the sum mit, form ing an ash plume that was
vis i ble on sat el lite im ag ery. Im ag ery from GOES-12 in di -
cated an erup tion at about 1330 on 23 July. The plume
moved W and had largely dis si pated by 1615 af ter ex tend -
ing ~ 80 km. Wash ing ton VAAC re ported that the vol cano
had been ac tive in re cent days and that INSIVUMEH had
re ported an ash col umn ris ing to ~ 4.6 km al ti tude, caus ing
ashfall on farms W of the sum mit.

The Wash ing ton VAAC iden ti fied an other ash cloud in
GOES-12 im ag ery on 14 Au gust from 0715 through 0745
that was ~ 25 km long and 5 km wide. On 28 Sep tem ber the 
Wash ing ton VAAC re ported an ash emis sion, again based
on GOES-12 im ag ery, that reached an es ti mated 4.3 km al -
ti tude. By 1532 the plume ap peared to have de tached from
the sum mit and be gun to slowly dis si pate.

Ac tiv ity ob served dur ing Oc to ber 2003. Weak and
mod er ate ex plo sions on 15 Oc to ber con tin ued to ex pel gray 
ash to heights of 300-600 m, dis pers ing to the W and SW.
At night blocks of in can des cent lava were seen down to the
base of the Caliente dome. On 17 Oc to ber, as dur ing 16 Oc -
to ber, most of the nearly 50 ex plo sions were con sid ered
mod er ate, gen er at ing av a lanches of block lava and ash on
the SSW flanks and NE of the Caliente cone. How ever, at
1745 on 16 Oc to ber, a strong ex plo sion caused the col lapse
of a sec tor of the SW flank of the crater, form ing a
pyroclastic flow that lasted more than 3 min utes and
stopped as it neared the front of the ac tive lava flow ~ 4 km
S of Santiaguito.

On 21 Oc to ber, ex plo sions sent gas-and-ash col umns
200-700 m high, which were dis persed by winds to the W,
caus ing slight ashfall of very fine par ti cles to fall in the
dome com plex. Dur ing the night of 22-23 Oc to ber in can -
des cence on the edge of the crater rim of Caliente cone was
ob served. Av a lanches last ing 3-4 min utes con tin ued with

abun dant block lava and ash de scend ing pri mar ily down the 
SSW flank with a mi nor com po nent to the NE. The ash col -
umns tended to be car ried W, caus ing fine ashfall in
sparsely pop u lated moun tain ous ar eas. On 24 Oc to ber there 
were 26 mod er ate ex plo sions, 41 weak ones, and about 20
av a lanches of lava blocks and ash orig i nat ing from the S
edge of the lava dome in the Caliente cone crater and from
the edge of the ac tive lava flow.

Dur ing the night of 27 Oc to ber in can des cence along the 
edge of the lava dome was ob served, and weak white
fumarolic emis sions reached ~ 200 m above the crater in
the morn ing; ex plo sions and av a lanches per sisted. On 29
Oc to ber, pre dom i nantly mod er ate and weak ex plo sions
pro duced col umns 200-700 m high, and very fine ash fell in 
nearby moun tain ous ar eas. Many of the mod er ate ex plo -
sions pro duced av a lanches of block lava and ash to the NE
and SW. On 30 Oc to ber, three small col lapses of large
blocks oc curred from the crater rim, and more than a dozen
av a lanches, each pre ceded by ex plo sions and last ing 2-3
min utes, pro duced abun dant fine ash that par tially cov ered
the S flank.

Back ground. Sym met ri cal, for est-cov ered Santa María
vol cano is one of the most prom i nent of a chain of large
stratovolcanoes that rises dra mat i cally above the Pa cific
coastal plain of Gua te mala. The 3772-m-high stratovolcano 
has a sharp-topped, con i cal pro file that is cut on the SW
flank by a large, 1.5-km-wide crater. The oval-shaped
crater ex tends from just be low the sum mit of Volcán Santa
María to the lower flank and was formed dur ing a cat a -
strophic erup tion in 1902. The re nowned plinian erup tion
of 1902 that dev as tated much of SW Gua te mala fol lowed a
long re pose pe riod af ter con struc tion of the large ba -
saltic-an de site stratovolcano. The mas sive dacitic
Santiaguito lava-dome com plex has been grow ing at the
base of the 1902 crater since 1922. Com pound dome
growth at Santiaguito has oc curred ep i sod i cally from four
west ward-younging vents, ac com pa nied by al most con tin u -
ous mi nor ex plo sions and pe ri odic lava ex tru sion, larger
ex plo sions, pyroclastic flows, and lahars.

In for  ma t ion Con tacts:  Ins t i tu to  Nacional  de
Sismologia, Vulcanologia, Meteorologia e Hidrologia
(INSIVUMEH), Unit of Vol ca nol ogy, Geo logic De part ment 
of In ves ti ga tion and Ser vices, 7a Av. 14-57, Zona 13, Gua -
te mala City, Gua te mala (URL: http://www.insivumeh.
gob.gt); Wash ing ton VAAC, Sat el lite Anal y sis Branch
(SAB), NOAA/NESDIS E/SP23, NOAA Sci ence Cen ter
Room 401, 5200 Auth Road, Camp Springs, MD 20746,
USA (URL: http://www.ssd.noaa.gov/).

Pacaya

south ern Gua te mala
14.38°N, 90.60°W; sum mit elev. 2,552 m

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

Al though in can des cence from the long-term lava lake
ended af ter June 2001, SO2 emis sion rates re mained high
when mea sured in Jan u ary 2002 (Bul le tin v. 27, no. 7). On
30 May 2002, the Wash ing ton Vol ca nic Ash Ad vi sory
Cen ter (VAAC) re ceived a re port from Gua te mala City in -
di cat ing that Pacaya was ac tive. Sat el lite im ag ery showed
pos si ble low-level ash near the sum mit. A very thin
SW-drift ing plume was again vis i ble in sat el lite im ag ery on 
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17 June 2002, but the com po si tion of the plume was un -
known. A faint hotspot at the sum mit was also vis i ble on in -
fra red im ag ery. Vi sual ob ser va tion on the af ter noon 24 Au -
gust 2002 from the SW showed co pi ous white steam
emissions from the summit crater (figure 1).

The Wash ing ton VAAC re ported that on 5 July 2003 at
0715, a very thin ash and/or gas plume was vis i ble on sat el -
lite im ag ery at an al ti tude of ~ 3 km ex tend ing ~ 7.5 km
SW. By 1430 the plume was no lon ger vis i ble, pos si bly ob -
scured by thun der storm clouds in the area. INSIVUMEH
re ported that only steam was emit ted. Vis i ble im ag ery on 9
Au gust 2003 showed a nar row plume be low 3 km al ti tude
ex tend ing SW from the vol cano, but its composition was
unknown.

Re ports pro vided by INSIVUMEH dur ing the lat ter half 
of Oc to ber 2003 in di cated that dur ing 15-21 Oc to ber con -
stant steam and abun dant emis sions of wa ter and gas were
be ing blown to the NNW and W of the vol cano. These
emis sions con tin ued through the end of the month. On 23
Oc to ber, during pe ri ods of vis i bil ity, ob serv ers saw a line
of off-white smoke across the S flank, which was dis persed
in the area of the lava field near the Chupadero and the
Caracol rivers. The next day ob serv ers saw a heavy col umn
of off-white smoke ris ing ~ 600 m over the MacKenney
crater. The plume con tin ued through 27 Oc to ber, but only
to a height of ~ 400 m. The heavy gas eous cloud con tin ued
at the same height through 30 Oc to ber.

Back ground. Erup tions from Pacaya, one of Gua te -
mala’s most ac tive vol ca noes, are fre quently vis i ble from
Gua te mala City, the na tion’s cap i tal. Pacaya is a com plex
ba saltic vol cano con structed just out side the south ern top o -
graphic rim of the 14 x 16 km Pleis to cene Amatitlán cal -
dera. A clus ter of dacitic lava domes oc cu pies the south ern
cal dera floor. The post-cal dera Pacaya mas sif in cludes the
Cerro Grande lava dome and a youn ger vol cano to the SW.
Col lapse of Pacaya vol cano about 1100 years ago pro duced 
a de bris-av a lanche de posit that ex tends 25 km onto the Pa -
cific coastal plain and left an ar cu ate somma rim in side
which the mod ern Pacaya vol cano (MacKenney cone)
grew. A sub sid iary crater, Cerro Chino, was con structed on
the NW somma rim and was last ac tive in the 19th cen tury.
Dur ing the past sev eral de cades, ac tiv ity at Pacaya has con -
sisted of fre quent strombolian erup tions with in ter mit tent
lava flow ex tru sion that has par tially filled in the cal dera
moat and ar mored the flanks of MacKenney cone, punc tu -
ated by oc ca sional larger explosive eruptions that partially
destroy the summit of the cone.

In for  ma t ion Con tacts:  Ins t i tu to  Nacional  de
Sismologia, Vulcanologia, Meteorologia e Hydrologia
(INSIVUMEH), 7a Av. 14-57, Zona 13, Gua te mala City,
Gua te mala (URL: http://www.insivumeh.gob.gt/); Wash -
ing ton Vol ca nic Ash Ad vi sory Cen ter (VAAC), Sat el lite
Anal y sis Branch (SAB), NOAA/NESDIS E/SP23, NOAA
Sci ence Cen ter Room 401, 5200 Auth Rd., Camp Springs,
MD 20746 USA (URL: http://www.ssd.noaa.gov/);
Jacquelyn Gluck, Global Vol ca nism Pro gram, Smith so nian
Institiution, Wash ing ton DC, 20560, USA (Email:
gluck@volcano.si.edu).

San Cristóbal

Nic a ra gua
12.702°N, 87.004°W; sum mit elev. 1,745 m

This re port sum ma rizes the re corded ac tiv ity at San
Cristóbal dur ing Au gust 2002-Sep tem ber 2003. Re ports
from Instituto Nicaragüense de Estudios Territoriales
(INETER) in clude ob ser va tions from fre quent vis its to the
volcano.

Au gust-De cem ber 2002. Dur ing Au gust-De cem ber
2002, abun dant gas em a na tions were ac com pa nied by small 
gas ex plo sions. In can des cence was fre quently ob served.
Seis mic ity was rel a tively high, but fluc tu ated from month
to month (ta ble 1). On 12 Au gust, ash emis sions with col -
umns up to 800 m high were ob served. More ash ex plo sions 
were re ported on 17 and 21 Au gust. Gas emis sions and
small ash ex plo sions con tin ued in Sep tem ber, and in can -
des cence was ob served dur ing 1-7 Sep tem ber. A strong ex -
plo sion was re ported on 6 Oc to ber, and a dark gas col umn
was ob served. Through out the month gas emis sions were
abun dant, oc ca sion ally with col umns to 600 m high. Tem -
per a tures at the South Point and El Zopilote fumaroles in -
creased in Oc to ber from the pre vi ous month. Gas emis sions 
and ash ex plo sions con tin ued in No vem ber and De cem ber,
with in creased ac tiv ity on 22 No vem ber and 16 De cem ber.
Trees and fruit plants were af fected by the gases in the com -
mu nity of Las Banderas. At the end of De cem ber, a vol cano 
ob server discovered that the path to the volcano was
blocked by a deposit of sand-sized material.

Jan u ary-March 2003. Ac tiv ity de creased in the first
few months of 2003. No changes were ob served in the
crater in Jan u ary, and tem per a tures in creased only at two
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Fig ure 1. View of Pacaya look ing NNE on 24 Au gust 2002. Only white
steam emis sions were vis i ble. Cour tesy of Jacquelyn Gluck.

Month Num ber of earth quakes

Aug 2002 2,183

Sep 2002 2,792

Oct 2002 1,017

Nov 2002 tech ni cal prob lems–no earth quakes re corded

Dec 2002 200-250 per day

Jan 2003 5,671

Feb 2003 2,595

Mar 2003 5,329

Apr 2003 1,713

May 2003 5,491

Jun 2003 4,855

Ta ble 1. Num ber of earth quakes at San Cristóbal be tween Au gust 2002
and June 2003. Cour tesy of INETER.



fumaroles; those tem per a tures were low again in Feb ru ary.
On 19 Feb ru ary the ob server heard loud sus tained noises
and noted that the crater walls were col ored green and yel -
low, in di cat ing the pres ence of sul fur.

April-Sep tem ber 2003. Be tween April and Sep tem ber,
fumarole tem per a tures were mea sured on each of the
monthly vis its to San Cristóbal, and showed very lit tle
change. The high est tem per a tures were gen er ally found at
South Point and were be tween 91 and 95°C. At El
Munecho tem per a tures var ied be tween 81 and 91°C, and at
El Conejo be tween 77 and 86°C. Tem per a tures re mained
mod er ate at the other fumaroles.

Gas emis sions were noted in par tic u lar be tween 20 and
23 April, days on which there were small in creases in
tremor; on 10 May gas emis sions were strong enough to im -
pede a visit. Ac tiv ity in creased in June, with abun dant ash
and gas emis sions noted on 17 and 21 June. On 21 June in -
can des cence was noted, and strong rum bling was heard in
the eve ning. On 13 July gas emis sions were dense, fol -
lowed dur ing 14-23 July by a dark col umn. Seis mic ity
drop ped from more than 350 events per day to 69 events on
3 July. By 9 July, only eight events per day were re corded;
tremor re mained con stant at 35 RSAM units.

Gas emis sions re mained con stant through Au gust and
Sep tem ber, with re ports of gas ex plo sions dur ing a visit on
10 Au gust and abun dant gases dur ing the 17 Sep tem ber
visit. The strong noises and sounds of gas pres sure be ing
re leased de creased over these months, and no noise was
noted on the Sep tem ber visit. Seis mic ity was very low in
Au gust and Sep tem ber, with no earth quakes and very low
trem ors in Au gust, and only six earthquakes in September.

Back ground. The San Cristóbal vol ca nic com plex, con -
sist ing of five prin ci pal vol ca nic ed i fices, forms the NW
end of the Marrabios Range. The sym met ri cal 1745-m-high 
youn gest cone, named San Cristóbal (also known as El
Viejo), is Nic a ra gua’s high est vol cano and is capped by a
500 x 600 m wide crater. El Chonco, with sev eral flank lava 
domes, is lo cated 4 km to the west of San Cristóbal; it and
the eroded Moyotepe vol cano, 4 km to the NE of San
Cristóbal, are of Pleis to cene age. Volcán Casita, con tain ing
an elon gated sum mit crater, lies im me di ately east of San
Cristóbal and was the site of a cat a strophic land slide and
lahar in 1998. The Plio-Pleis to cene La Pelona cal dera is lo -
cated at the east ern end of the San Cristóbal com plex. His -
tor i cal erup tions from San Cristóbal, con sist ing of
small-to-mod er ate ex plo sive ac tiv ity, have been re ported
since the 16th cen tury. Some other 16th-cen tury erup tions
at trib uted to Casita vol cano are un cer tain and may pertain
to other Marrabios Range volcanoes.

In for ma tion Con tact: Vir ginia Tenorio, Emilio
Talavera, and Mar tha Navarro, Instituto Nicaragüense de

Estudios Territoriales (INETER), Apartado Postal 2110,
Managua, Nic a ra gua (Email: ineter@ibw.com.ni; URL:
http://www.ineter.gob.ni/geofisica/).

Masaya

Nic a ra gua
11.95°N, 86.15°W; sum mit elev. 625 m

This re port sum ma rizes the ac tiv ity at Masaya dur ing
June-Sep tem ber 2003. Ac tiv ity was gen er ally con stant,
with fumarole tem per a ture mea sure ments sim i lar to those
from pre vi ous months (Bul le tin v. 28, no. 8). In June, July,
and Au gust, dur ing vis its made ev ery two weeks, Jaime
Cárdenas of Masaya Vol cano Na tional Park mea sured the
fumarole tem per a tures at the Comalito and San Fernando
crat ers (ta ble 2). No changes were ob served from pre vi ous
months. Dur ing these months, seis mic tremor re mained
con stant with 20 units RSAM. No earth quakes were reg is -
tered, but on both 21 June and 21 July land slides were re -
ported in the San ti ago crater. In Sep tem ber, tem per a tures
ob tained from the San ti ago crater with a Py rom e ter were
187ºC and 123ºC. It was noted dur ing this visit that the lava 
sounded like ocean waves, and in can des cence was ob -
served at night. Temperatures at El Comalito remained
moderate.

Back ground. Masaya is one of Nic a ra gua’s most un -
usual and most ac tive vol ca noes. It is a broad, 6 x 11 km ba -
saltic cal dera with steep-sided walls up to 300 m high. The
cal dera is filled on its NW end by more than a dozen vents
erupted along a cir cu lar, 4-km-di am e ter frac ture sys tem.
Masaya lies within the mas sive Pleis to cene Las Si er ras
pyroclastic shield vol cano. The twin vol ca noes of Nindirí
and Masaya, the source of his tor i cal erup tions, were con -
structed at the south ern end of the frac ture sys tem and con -
tain mul ti ple sum mit crat ers. A ma jor ba saltic plinian
tephra was erupted from Masaya about 6500 years ago.
His tor i cal lava flows cover much of the cal dera floor and
have con fined a lake to the far east ern end of the cal dera. A
lava flow from the 1670 erup tion over topped the north cal -
dera rim. Masaya has been fre quently ac tive since the time
of the Span ish Con quis ta dors, when an ac tive lava lake
prompted several attempts to extract the volcano’s molten
“gold.”

In for ma tion Con tact: Vir ginia Tenorio, Instituto
Nicaragüense de Estudios Territoriales (INETER),
Apartado Postal 2110, Managua, Nic a ra gua (Email:
ineter@ibw.com.ni; URL: http://www.ineter.gob.ni/
geofisica/).
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Date (2003) EC #1 EC #2 EC #3 EC #4 EC #5 EC #6 SF #1 SF #2 SF #3 SF #4

10 Jun 65.4 74.5 76.8 72.5 73.4 60.2 59.2 54.8 57.2 55.8

28 Jun 66.4 75.4 78.4 73.6 73.8 60.4 60.2 55.6 58.8 56.7

12 Jul 55 76 78.2 74 73.6 60 60 60.2 59.5 57

26 Jul 66.8 78.4 79.4 75.6 74.2 61 61.2 61.4 60.2 58.2

15 Aug 66.6 78.2 79.5 76 74.5 61.5 59.7 59.7 57.2 56.2

29 Aug 67.8 75.6 76.6 74.8 76.4 64.2 59.3 57.4 56.9 57

22 Sep 68.6 72.3 68.3 65.2 — — — — — —

Ta ble 2. Tem per a tures re corded at the El Comalito (EC) and San Fernando (SF) fumaroles of Masaya, 10 June-22 Sep tem ber 2003. All tem per a tures are in
de grees Cel sius. Cour tesy INETER.



Shiveluch

Kamchatka Pen in sula, Rus sia
56.653°N, 161.360°E; sum mit elev. 3,283 m

Erup tive ac tiv ity con tin ued dur ing Au gust-Oc to ber
2003, in clud ing growth of a lava dome in the ac tive crater.
Seis mic ity re mained above back ground lev els, and weak,
shal low earth quakes were re corded through out the pe riod.
Slightly higher seis mic ac tiv ity was re corded on 30 Oc to ber 
with mag ni tudes in the range of 2.0-2.4. Short-lived erup -
tions each week sent ash-and-gas plumes to heights of
100-1,500 m above the dome. Ther mal anom a lies were of -
ten re corded by US and Russian satellites.

Weak vol ca nic tremor was de tected dur ing 22-31 Au -
gust. Tremor was ac com pa nied by gas-and-steam plumes as 
high as 800 m dur ing 26-27 Au gust, and 2-4-pixel ther mal
anom a lies on 26-30 Au gust. Small ther mal anom a lies (1-4
pix els) and 500-800-m-high steam plumes were com mon
through 19 Sep tem ber, with an 11-pixel anom aly on the
18th. Sim i lar small ther mal anom a lies and plumes ap peared 
again dur ing 25-30 Sep tem ber. Ther mal anom a lies con tin -
ued to be de tected dur ing 1-4, 7-8, 10-12, 16-20, 26, and
29-30 Oc to ber. Steam plumes were also com mon, with
vary ing heights of 100-800 m. Small steam plumes and a
1-pixel anomaly occurred 2-3 November.

Back ground. The high, iso lated mas sif of Shiveluch
vol cano (also spelled Sheveluch) rises above the low lands
NNE of the Kliuchevskaya vol cano group. The 1300 cu km 
Shiveluch is one of Kamchatka’s larg est and most ac tive
vol ca nic struc tures. The sum mit of roughly 65,000-year-old 
Strary Shiveluch is trun cated by a broad 9-km-wide
late-Pleis to cene cal dera breached to the south. Many lava
domes dot its outer flanks. The Molodoy Shiveluch lava
dome com plex was con structed dur ing the Ho lo cene within 
the large horse shoe-shaped cal dera; Ho lo cene lava dome
ex tru sion also took place on the flanks of Strary Shiveluch.
At least 60 large erup tions of Shiveluch have oc curred dur -
ing the Ho lo cene, mak ing it the most vig or ous andesitic
vol cano of the Kuril-Kamchatka arc. Wide spread tephra
lay ers from these erup tions have pro vided valu able time
mark ers for dat ing vol ca nic events in Kamchatka. Fre quent
col lapses of dome com plexes, most re cently in 1964, have
pro duced de bris av a lanches whose de pos its cover much of
the floor of the breached caldera.

In for ma tion Con tacts: Olga 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., Suite 200, Fair banks, AK 99709, USA (Email:
cnye@giseis.alaska.edu).

Bezymianny

Kamchatka Pen in sula, Rus sia
55.978°N, 55.978°N; sum mit elev. 2,882 m

A large ex plo sive erup tion of Bezymianny on 26 July
2003 sent an ash plume 8-11 km high and 86 km long (Bul -
le tin v. 28, no. 7). A later KVERT re port noted that the ac -
tive erup tion phase lasted ~ 4 hours af ter be gin ning on
2057. Lon ger plumes on 27 July ex tended to 192 km, 217
km and ~ 250-300 km W of the vent. Prob a ble pyroclastic
de pos its were iden ti fied on the SE flank.

No seis mic ity was reg is tered dur ing 27 July-3 Au gust.
The Color Code was low ered from Red to Or ange on 28
July, and re duced to Yel low on 1 Au gust. A 1-2-pixel ther -
mal anom aly was de tected on 1 Au gust, and ob serv ers saw
gas-and-steam plumes ex tend ing ~ 15 km NW on 2 Au gust. 
On 8 Au gust the haz ard sta tus was re turned to Green.
Clouds fre quently ob scured the vol cano, but an other
gas-and-steam plume ex tended SE on 19 Au gust when a
2-pixel ther mal anom aly was also noted on sat el lite im ag -
ery. No fur ther seis mic ity was re corded through 22 Au gust, 
al though large vol ca nic tremor at nearby Kliuchevskoi
volcano would have masked smaller events.

Back ground. Prior to its noted 1955-56 erup tion,
Bezymianny vol cano had been con sid ered ex tinct. The
mod ern Bezymianny vol cano, much smaller in size than its
mas sive neigh bors Kamen and Kliuchevskoi, was formed
about 4700 years ago over a late-Pleis to cene lava-dome
com plex and an an ces tral vol cano that was built be tween
about 11,000-7000 years ago. Three pe ri ods of in ten si fied
ac tiv ity have oc curred dur ing the past 3000 years. The lat -
est pe riod, which was pre ceded by a 1000-year qui es cence,
be gan with the dra matic 1955-56 erup tion. This erup tion,
sim i lar to that of Mount St. Hel ens in 1980, pro duced a
large horse shoe-shaped crater that was formed by col lapse
of the sum mit and an as so ci ated lat eral blast. Sub se quent
ep i sodic but on go ing lava-dome growth, ac com pa nied by
in ter mit tent ex plo sive ac tiv ity and pyroclastic flows, has
largely filled the 1956 crater.

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

Alaid

Kurile Is lands, Rus sia
50.858°N, 155.55°E; sum mit elev. 2,339 m

On 4 No vem ber 2003 the Level of Con cern Color Code
was raised to Yel low due to vol ca nic tremor that be gan on
31 Oc to ber. Weak seis mic ity con tin ued through 7 No vem -
ber. Vol ca nic tremor dur ing this time was 0.5-3.3 x 10-6

mps, and a large num ber of weak lo cal events were reg is -
tered. On sat el lite im ages the vol cano was ob scured by
clouds all week.

The Kamchatkan Vol ca nic Erup tion Re sponse Team
notes that Alaid is char ac ter ized by two types of erup tions:
cen tral crater erup tions and lat eral erup tions. Cen tral crater
erup tions are stron ger and more dan ger ous then the lat eral
ones. The stron gest cen tral crater erup tions of Alaid were in 
Feb ru ary 1793, June 1854, July 1860, 1894, and April
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1981. The April 1981 erup tion
sent an ash plume to 8,000-9,000
m al ti tude that ex tended for more
than 1,500 km (Bul le tin v. 6, nos.
4-5). Two erup tions in 1933-1934 
and 1972 (CSLP Cards nos. 1405, 
1406, 1410, and 1518) ejected ash 
columns 3 km high.

Sat el lite im ag ery in di cated
pos si ble ac tiv ity in March 1982
(Bul le tin v. 7, no. 3, and v. 12, no. 
4), 3 De cem ber 1996 (Bul le tin v.
21, no. 12), and 23 Au gust 1997
(Bul le tin v. 22, no. 9).

Back ground. The high est and
north ern most  vol  cano of  the
Kurile Is lands, Alaid is a sym met -
ri cal stratovolcano when viewed
from the  north ,  but has  a
1.5-km-wide sum mit crater that is 
breached widely to the south.
Alaid is the north ern most of a
chain of vol ca noes con structed
west of the main Kuril ar chi pel -
ago and rises 3,000 m from the
floor of the Sea of Okhotsk. Nu -
mer ous pyroclastic cones dot the
lower flanks of Alaid, par tic u larly 
on the NW and SE sides, in clud -
ing an off shore cone formed dur -
ing the 1933-34 erup tion. Strong
ex plo sive erup tions have oc -
curred from the sum mit crater be -
gin ning in the 18th cen tury. Ex -
plo sive erup tions in 1790 and
1981 were among the larg est dur -
ing historical time in the Kurile
Islands.

In for  ma t ion Con tacts:
Anastasia  Tranbenkova ,
Kamchatka Vol ca nic Erup tions
Re sponse Team (KVERT);
Alaska Vol cano Ob ser va tory
(AVO) (see Shiveluch).

Miyake-jima

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

Vol ca nic  ac t iv  i ty  at
Miyake-jima since the erup tion
dur ing the sum mer of 2000 (Bul -
le tin v. 25, no. 7) has con tin ued at
lower lev els through Au gust
2003. The flux of SO2 gas re -
mained high (~ 4, 000-9, 000
tons/day), and has been nearly
con stant since Oc to ber 2002 (fig -
ure 2). A com pi la tion of seis mic
data and plume ob ser va t ions
through April 2003 (ta ble 3) doc -
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Fig ure 2. SO2 flux at Miyake-jima dur ing Au gust 2000-Au gust 2003. Tri an gles along the timeline in di cate
ex plo sions. Cour tesy of the Geo log i cal Sur vey of Ja pan and the Ja pan Me te o ro log i cal Agency.

Month Vol ca nic earth quakes
Max. Plume Height (km)

(date)
Plume Color (date)

Jan 2000 2 - -

Feb 2000 4 - -

Mar 2000 1 - -

Apr 2000 5 - -

May 2000 3 - -

Jun 2000 > 13,840 - -

Jul 2000 > 24,494 1.5 (8, 14) W (8) col ored (14, 15)

Aug 2000 > 10,175 14 (18) Mix of white and col ored al -
most daily all af ter 10th

Sep 2000 146 3.5 (26), fre quently >1 W (al most daily), C (3, 24, 27)

Oct 2000 16 2.7(10) W

Nov 2000 5 2.5(26) W

Dec 2000 6 2.0 (22, 27) W 

Jan 2001 214 1.8 (22, 31) W, GW (11)

Feb 2001 260 2.0 (17) W

Mar 2001 299 2.0 (2, 16, 24) W, GW (19)

Apr 2001 191 2.0 (4) W

May 2001 707 2.2 (6) W, G (27)

Jun 2001 192 2.2 (10) W, G (3, 10)

Jul 2001 249 1.6 (16, 21) W, G (10)

Aug 2001 306 2.0 (24, 25, 27, 28) W

Sep 2001 234 3.0 (16) W

Oct 2001 116 1.5 (16, 21, 22, 24, 29, 31) W, GW

Nov 2001 124 2.0 (20) W, GW (1)

Dec 2001 123 1.7 (29) W

Jan 2002 41 2.0 (6) W, GW

Feb 2002 88 1.7 (14) W, GW

Mar 2002 No JMA re port re ceived this month

Apr 2002 104 1.0 (10) W, GW (2, 3)

May 2002 265 1.5 (29) W

Jun 2002 176 0.8 (9) W, GW (15)

Jul 2002 78 0.8 (27) W

Aug 2002 45 1.0 (3) W

Sep 2002 57 1.5 (4) W

Oct 2002 47 1.0 (6, 30) W, GW (8)

Nov 2002 55 1.0 (6, 29) W

Dec 2002 66 0.8 (28) W 

Jan 2003 202 1.0 (25) W

Feb 2003 313 0.8 (13) W

Mar 2003 212 1.2 (28) W

Apr 2003 450 1.0 (28) W

Ta ble 3. Sum mary of seis mic ity and plume ob ser va tions at Miyake-jima, Jan u ary 2000-April 2003. All re ported
plumes orig i nated from the sum mit crater, and were de scribed as ei ther white (W), light white (LW), gray ish
white (GW), or gray (G). No months dur ing this time had more than six plumes ob served on any sin gle day. Data
cour tesy of JMA.



u ments this con tin u ing ac tiv ity. Plume heights fol low ing
the June-Sep tem ber 2000 ac tiv ity have not been greater
than 2.2 km above the sum mit (ta ble 3), and their color has
been described as white or grayish white.

The num ber of monthly earth quakes was very low
(1-4/month) un til late June through early Sep tem ber 2000.
Ex cept for 5 May 2001 when 447 vol ca nic earth quakes oc -
curred, daily to tals have been less than 50. Monthly earth -
quake to tals since Au gust 2000 have been less than 300, ex -
cept for May 2001 (707) and April 2003 (450). Vol ca nic
tremor also be gan in July 2000 and be came con tin u ous in
Sep tem ber 2000. Tremor through April 2003 to taled less
than 500 events per month, ex cept for May 2001, when 1,
362 events were re corded (444 on the 22nd). The un usu ally 
high seis mic ity noted in May 2001 cor re sponded to a pe -
riod of con tin u ous steam plumes with abun dant SO2 con -
tent (Bul le tin v. 27, no. 3), af ter which SO2 flux declined
(fig ure 2).

Seis mic ity at Miyake-jima is re corded by three seis mo -
graphs main tained by the Ja pan Meterological Agency
(JMA): sta tion “A” is ~ 1.9 km NNE of the sum mit at 530
m el e va tion, sta tion “AKOC” is ~ 4.6 km W at 42 m el e va -
tion, and sta tion “RST” is ~ 1.9 km SSE at 463 m elevation.

Back ground. The cir cu lar, 8-km-wide is land of
Miyake-jima forms a low-an gle stratovolcano that rises
about 1100 m from the sea floor in the north ern Izu Is lands
about 200 km SSW of To kyo. The ba saltic vol cano is trun -
cated by two sum mit cal de ras, the youn gest of which, 3.5
km wide, was formed dur ing a ma jor erup tion about 2500
years ago. A cen tral cone, Oyama, rises 120 m from the
floor of a nested 1.5-km-wide cal dera at the east ern end of
the larger cal dera. Par a sitic crat ers and vents, in clud ing
maars near the coast and ra di ally ori ented fis sure vents, dot
the flanks of the vol cano. Fre quent his tor i cal erup tions
have oc curred since 1085 AD at vents rang ing from the
sum mit to be low sea level, caus ing much dam age on this
small pop u lated is land. Af ter a three-cen tury-long hi a tus
end ing in 1469, ac tiv ity has been dom i nated by flank fis -
sure erup tions some times ac com pa nied by mi nor sum mit
erup tions. A 1.6-km-wide sum mit cal dera was slowly
formed by sub si dence dur ing an erup tion in 2000; by Oc to -
ber of that year the crater floor had dropped to only 230 m
above sea level.

In for ma tion Con tacts: Ja pan Me te o ro log i cal Agency
(JMA),  Volcanological Di vi sion, 1-3-4 Ote-machi,
Chiyoda-ku, To kyo 100, Ja pan (URL: http://www.
kishou.go.jp/eng lish/); Akihiko Tomiya, Geo log i cal Sur vey
of Ja pan, AIST, 1-1 Higashi, 1-Chome Tsukuba, Ibaraki
305-8567, Ja pan (URL: http://staff.aist.go.jp/a.tomiya/
tomiyae.html; Email: a.tomiya@aist.go.jp).

Aso

Kyushu, Ja pan
32.881°N, 131.106°E; sum mit elev. 1, 592 m

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

Re cent note wor thy ac tiv ity at Aso con sisted of el e vated
tremor in Au gust 2002 and a phreatic erup tion in July 2003. 
Seis mic ity re corded by the Ja pan Me te o ro log i cal Agency
(JMA) be tween Jan u ary 2000 and April 2003 (ta ble 4) was
gen er ally con stant, with con tin u ous vol ca nic tremor ev ery

month in ad di tion to iso lated tremor events. The num ber of
tremor events was high through Oc to ber 2000, dur ing April 
2002, and from Au gust 2002 through March 2003. Also
dur ing this ex tended pe riod, white plumes were ob served
ap prox i mately once a month, with two or more plumes oc -
cur ring in July, Oc to ber, and De cem ber 2002, and Feb ru ary 
and March 2003. These plumes were usually less than 500
m high.

Ac tiv ity dur ing Au gust 2002. For the first time since
1992, iso lated vol ca nic tremor events oc curred at a rate of
more than 300 events/day in Naka-dake Crater 1. These
events were re corded be tween 5 and 21 Au gust and to talled 
nearly 4,000 (ta ble 5), with the high est num ber, 340 events, 
on 15 Au gust. Dur ing this pe riod, the wa ter tem per a ture of
the pool in the crater re mained be tween 57 and 60°C. On 14 
Au gust, in fra red cam eras mea sured the max i mum tem per a -
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Month
Num ber of vol ca nic 

earth quakes
Num ber of vol ca nic 

trem ors

Jan 2000 19 1,466

Feb 2000 16 926

Mar 2000 73 1,232

Apr 2000 39 732

May 2000 39 537

Jun 2000 30 802

Jul 2000 29 1,234

Aug 2000 21 2,104

Sep 2000 36 1,445

Oct 2000 38 1,448

Nov 2000 43 202

Dec 2000 33 129

Jan 2001 51 60

Feb 2001 161 739

Mar 2001 76 537

Ap 2001 40 81

May 2001 40 85

Jun 2001 99 188

Jul 2001 84 282

Aug 2001 60 471

Sep 2001 40 86

Oct 2001 91 32

Nov 2001 52 17

Dec 2001 45 5

Jan 2002 38 5

Feb 2002 59 20

Mar 2002 No JMA re port re ceived this month

Apr 2002 114 1,138

May 2002 91 14

Jun 2002 191 36

Jul 2002 238 37

Aug 2002 153 4,413

Sep 2002 144 1,438

Oct 2002 103 1,440

Nov 2002 652 3,391

Dec 2002 154 8,496

Jan 2003 122 6,981

Feb 2003 178 4,183

Mar 2003 92 1,965

Apr 2003 70 474

Ta ble 4. Seis mic ity at Aso be tween Jan u ary 2000 and April 2003. The
seis mo graph sta tion is lo cated ~ 13 km W of the sum mit. Cour tesy of
JMA.



ture of the south ern crater wall at 307°C; this in creased to
314°C the fol low ing week.

Ac tiv ity dur ing July 2003. JMA re ported on 11 July
2003 that tephra had fallen at Aso that morn ing. Ac cord ing
to the re port, a tremor event with an in ter me di ate am pli tude
was re corded at 1718 on 10 July. Staff from the Aso
Weather Sta tion con firmed that small amounts of tephra
had been newly de pos ited at Hakoishi-Toge (Hakoishi
Pass), ~ 6 km ENE of the Nakadake crater. Kazunori
Watanabe (Kumamoto Uni ver sity) and other ge ol o gists
sur veyed the de posit on 11 July and es ti mated the to tal
mass of ejected ma te rial at roughly 130 tons. Ash was de -
pos ited as far as 14 km from the crater. A small amount of
fresh ve sic u lar glass par ti cles were noted in the ejecta un der 
the mi cro scope.  Ac cord ing to Yasuaki  Sudo (Aso
Volcanological Lab o ra tory, Kyoto Uni ver sity), who in -
spected the crater area, the event was a small phreatic erup -
tion of mud. The de posit con sisted of wet ash ag gre gates
and was ~ 1 mm thick, even at the crater rim. A spray of
mud was blown off the crater rim by strong winds to 10 km
from the crater.

Seis mic sig nals im plied a se ries of small phreatic erup -
tions be tween 12 and 14 July. Then on 27 July con tin u ous
vol ca nic tremor started around 1400. Ob ser va tions that day
noted that the wa ter in Crater 1 was gray and boil ing in the
cen ter; the tem per a ture of the wa ter was 76°C.

Back ground. The 24-km-wide Aso cal dera was formed
dur ing four ma jor ex plo sive erup tions from 300, 000 to 80,
000 years ago. These pro duced
vo lu mi nous pyroclastic flows that 
cov ered much of  Kyushu.  A
group of 17 cen tral cones was
con structed in the mid dle of the
cal dera, one of which, Naka-dake, 
is one of Ja pan’s most ac tive vol -
ca noes. It was the lo ca tion of Ja -
pan’s first doc u mented his tor i cal
erup t ion in  553 AD. The
Naka-dake com plex has re mained 
ac tive through out the Ho lo cene.

Sev eral other cones have been ac tive dur ing the Ho lo cene,
in clud ing the Kometsuka sco ria cone as re cently as about
210 AD. His tor i cal erup tions have largely con sisted of ba -
saltic to ba saltic-an de site ash emis sion with pe ri odic
strombolian and phreatomagmatic ac tiv ity. The sum mit
crater of Naka-dake is ac ces si ble by toll road and ca ble car,
and is one of Kyushu’s most popular tourist destinations.

In for ma tion Con tacts: Volcanological Di vi sion, 1-3-4
Ote-machi,  Chiyoda-ku,  To kyo 100,  Ja pan (URL:
http://www.kishou.go.jp/eng lish/); Vol cano Re search Cen -
ter, Earth quake Re search In sti tute (ERI), Uni ver sity of To -
kyo, Yayoi 1-1-1, Bunkyo-ku, To kyo 113, Ja pan (Email:
nakada@eri.u-to kyo.ac.jp; URL: http://hakone.eri.u-to -
kyo.ac.jp/vrc/VRC.html); Kazunori Watanabe, Kumamoto
Uni ver  s i ty ,  40-1,  Kurokami 2-chome,  Kumamoto
860-8555, Ja pan (Email: wittoku@gpo.kumamoto-u.ac.jp); 
Hitoshi Yamasato and N. Uchida, Ja pan Me te o ro log i cal
Agency (JMA), Fukuoka Dis trict Me te o ro log i cal Ob ser va -
tory, 1-2-36 Oohori, Chuo-ku, Fukuoka 810-0052, Ja pan
(Email:  yamasato@met .kishou.go. jp ,  n-uchida@
met.kishou.go.jp); Tomoki Tsutsui and Yasuaki Sudo, Aso
Volcanological Lab o ra tory, Kyoto Uni ver sity, Choyo, Aso, 
Kumamoto, 869-1404, Ja pan (Email: tom@aso.kugi.
kyoto-u.ac.jp, yas@aso.vgs.kyoto-u.ac.jp).

Karangetang

Sangihe Is lands, In do ne sia
2.78°N, 125.48°E; sum mit elev. 1,784 m

Ex plo sive ac tiv ity has been com mon at Karangetang in
re cent years, pro duc ing ashfall and lava av a lanches as re -
cently as May and June 2003 (Bul le tin v. 28, nos. 5 and 7).
How ever, Karangetang was not in cluded in re ports by the
Volcanological Sur vey of In do ne sia (VSI) be tween 16 June 
and 28 Sep tem ber 2003. A re port for the week of 29 Sep -
tem ber-5 Oc to ber in di cated that there had been a de crease
in multiphase and emis sions earth quakes com pared to the
pre vi ous week (ta ble 6). At that time white gas emis sions
were ob served ris ing 400 m above the S crater and 50 m
above the N crater. Red glow was seen at night over the S
crater that week. No lava av a lanches oc curred. Sim i lar ob -
ser va tions were re ported through 19 Oc to ber. Al though
sur face ob ser va tions of ac tiv ity were con sis tent, seis mic
data showed that shal low vol ca nic earth quakes in creased
and emis sion events de creased dur ing 6-19 Oc to ber. The
haz ard sta tus re mained at Alert Level 2 (on a scale of 1-4)
through at least 19 October.

Back ground. Karangetang (Api Siau) vol cano lies at
the north ern end of the is land of Siau, north of Sulawesi.
The 1784-m-high stratovolcano con tains five sum mit crat -
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Date (2002) Num ber of iso lated tremor events

05 Aug 129

06 Aug 238

07 Aug 241

08 Aug 137

09 Aug 244

10 Aug 304

11 Aug 315

12 Aug 335

13 Aug 299

14 Aug 336

15 Aug 340

16 Aug 287

17 Aug 257

18 Aug 208

19Aug 162

20 Aug 104

21 Aug 37 as of 1100

Ta ble 5. Daily num ber of iso lated vol ca nic tremor events at Aso, Au gust
2002. Cour tesy of Ja pan Me te o ro log i cal Agency.

Date (2003)
Deep

Vol ca nic

Shal low

Vol ca nic
Multiphase Emis sion Tec tonic

02 Jun-08 Jun 11 348 233 46 26

09 Jun-15 Jun 32 438 228 21 20

16 Jun-28 Sep No data avail able

29 Sep-05 Oct 15 84 50 121 38

06 Oct-12 Oct 19 103 33 74 32

13 Oct-19 Oct 18 135 5472 33

Ta ble 6. Seis mic ity at Karangetang dur ing 2 June-19 Oc to ber 2003. Cour tesy of VSI.



ers along a N-S line. Karangetang is one of In do ne sia’s
most ac tive vol ca noes, with more than 40 erup tions re -
corded since 1675 and many ad di tional small erup tions that
were not doc u mented in the his tor i cal re cord (Cat a log of
Ac tive Vol ca noes of the World). Twen ti eth-cen tury erup -
tions have in cluded fre quent ex plo sive ac tiv ity some times
ac com pa nied by pyroclastic flows and lahars. Lava dome
growth has oc curred in the sum mit crat ers; col lapse of lava
flow fronts has also produced pyroclastic flows.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI), Jalan Diponegoro No. 57, Bandung 40122, In -
do ne  s ia (Emai l:  dali@vsi .dpe.go. id ; URL:
http://www.vsi.dpe.go.id).

Lokon-Empung

Sulawesi, In do ne sia
1.358°N, 124.792°E; sum mit elev. 1,580 m

The haz ard sta tus at Lokon-Empung through out the re -
port pe riod of 2 June-19 Oc to ber was at Alert Level 2 (on a
scale of 1-4). Be tween 2 June and 5 Oc to ber a white gas
plume con sis tently rose 25-50 m above Tompaluan crater.
The gas plume rose slightly higher, to 75 m, dur ing the fol -
low ing two weeks. Seis mic ity re mained above nor mal
back ground lev els dur ing this time, with some vari a tion (ta -
ble 7). Shal low vol ca nic earth quakes in creased in late July,
but by Sep tem ber the weekly count was lower than in early
July, even tu ally reach ing a low the week of 15-21 Sep tem -
ber when no such events were de tected. Seis mic ity quickly
re turned to high val ues of 138-209 shallow events per week 
in October.

Back ground. The twin vol ca noes Lokon and Empung,
ris ing about 800 m above the plain of Tondano, are among
the most ac tive vol ca noes of Sulawesi. Lokon, the higher of 
the two peaks ( whose sum mits are only 2.2 km apart), has a 
flat, craterless top. The mor pho log i cally youn ger Empung
vol cano has a 400-m-wide, 150-m-deep crater that erupted
last in the 18th cen tury, but all sub se quent erup tions have
orig i nated from Tompaluan, a 150 x 250 m wide dou ble
crater sit u ated in the sad dle be tween the two peaks. His tor i -

cal erup tions have pri mar ily pro duced small-to-mod er ate
ash plumes that have oc ca sion ally dam aged croplands and
houses, but lava-dome growth and pyroclastic flows have
also occurred.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang).

Soputan

Sulawesi, In do ne sia
1.108°N, 124.725°E; sum mit elev. 1,784 m

In creased ac tiv ity dur ing 18-22 July 2003 at Soputan
con sisted of fre quent ash ex plo sions and large glow ing lava 
av a lanches (Bul le tin v. 28, no. 8). Seis mic ity from Au gust
through mid-Oc to ber was dom i nated by av a lanche events,
with a few tec tonic earth quakes (ta ble 8). White gas emis -
sions in this pe riod were com monly seen ris ing 25-50 m
above the crater, but were also re ported as high as 1,000 m
in late Au gust and Sep tem ber. On 31 Au gust there was ash
ex plo sion ac com pa nied by ejec tion of in can des cent ma te -
rial. The ash col umn reached 1,000 m above the sum mit.
Lava flowed 750 m down the SW slope, and some de -
scended to the N. Vol ca nic tremor that week (18-31 Au -
gust) had an am pli tude of 10-38 mm. The haz ard sta tus re -
mained at Alert Level 2 (on a scale of 1-4) through 19
October.

Back ground. 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 ma jor lava flows until 1924.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang).

Gamalama

Halmahera, In do ne sia
0.80°N, 127.325°E; sum mit elev. 1,715 m

A se ries of ex plo sive erup tions on 31 July 2003 pro -
duced ashfall and pyroclastic flows (Bul le tin v. 28, no. 7).
Sev eral small ash ex plo sions oc curred through out Au gust
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Date (2003)
Deep

Vol ca nic

Shal low

Vol ca nic
Tec tonic

02 Jun-08 Jun 13 45 20

09 Jun-15 Jun 25 88 27

30 Jun-06 Jul 18 81 19

07 Jul-13 Jul 17 48 15

14 Jul-20 Jul 9 91 19

21 Jul-27 Jul 25 232 21

28 Jul-03 Aug 16 157 10

01 Sep-07 Sep 11 44 11

08 Sep-14 Sep 7 36 20

15 Sep-21 Sep 12 0 22

22 Sep-28 Sep 34 22 20

29 Sep-05 Oct 33 209 24

06 Oct-12 Oct 5 159 14

13 Oct-19 Oct 24 138 14

Ta ble 7. Seis mic ity at Lokon-Empung, 2 June-19 Oc to ber 2003. Data was
not avail able for 16-29 June and 04-31 Au gust. Cour tesy of VSI.

Date (2003)
Av a lanche

Earth quakes

Tec tonic

Earth quakes

18 Aug-31 Aug 71 —

29 Sep-05 Oct 80 12

06 Oct-12 Oct 30 8

13 Oct-19 Oct 62 9

Ta ble 8. Seis mic ity at Soputan, 18 Au gust-19 Oc to ber 2003. Cour tesy of
VSI.



and Sep tem ber (Bul le tin v. 28, no. 9). Ac tiv ity was sim i lar
dur ing 29 Sep tem ber-5 Oc to ber 2003, with white gas emis -
sions ris ing 25-100 m and some small ash ex plo sions. Vol -
ca nic seis mic ity con sisted of one deep earth quake, two
shal low earth quakes, and 24 emis sion events. Ac tiv ity re -
mained low the fol low ing week, 6-12 Oc to ber, with gas
emis sions ris ing 25-50 m. The num ber of daily seis mic
events this week had re turned to nor mal lev els, so the haz -
ard sta tus was down graded to Alert Level 1 (on a scale of
1-4) on 13 October.

Back ground.  Gamalama (Peak of Ternate) is a
near-con i cal stratovolcano that com prises the en tire is land
of Ternate off the west ern coast of Halmahera and is one of
In do ne sia’s most ac tive vol ca noes. The is land of Ternate
was a ma jor re gional cen ter in the Por tu guese and Dutch
spice trade for sev eral cen tu ries, which con trib uted to the
thor ough doc u men ta tion of Gamalama’s his tor i cal ac tiv ity.
Three cones, pro gres sively youn ger to the north, form the
sum mit of Gamalama, which reaches 1715 m. Sev eral
maars and vents de fine a r if t  zone,  par al  lel  to the
Halmahera is land arc, that cuts the vol cano. Erup tions, re -
corded fre quently since the 16th cen tury, typ i cally orig i -
nated from the sum mit crat ers, al though flank erup tions
have occurred in 1763, 1770, 1775, and 1962-63.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang).

Lewotobi

Lesser Sunda Is lands, In do ne sia
8.53°S, 122.775°E; sum mit elev. 1,703 m

Ex plo sive ash erup tions from the sum mit crater of
Lewotobi sent dark gray plumes 300-350 m high be tween 2 
June and 13 July. Det o na tion sounds ac com pa nied ex plo -
sions on 3, 5, and 6 June. Ash fell in the vil lages of
Bawalatang, Duang, and Boru in early June, and was re -
ported at the vol cano ob ser va tory post in early July. Ash
ex plo sions con tin ued dur ing 14-20 July with plumes ris ing
150 m above the sum mit. Poor weather con di tions pre -
vented ob ser va tions in late July, al though seis mic re cords
in di cated con tin ued ac tiv ity; no re ports were avail able for
Au gust. In early Sep tem ber an ash plume was reported to
rise 25 m above the crater.

Seis mic ity dur ing June and July was dom i nated by
emis sions events, but in cluded tremor, ex plo sion, and shal -
low vol ca nic earth quakes (ta ble 9). Early Sep tem ber seis -

mic ity con sisted of a high num ber of shal low vol ca nic
events and some deep vol ca nic earth quakes, but all seis mic -
ity ceased af ter 3 Sep tem ber. Only four tec tonic earth -
quakes were de tected af ter this date, dur ing 6-19 Oc to ber.
The 29 Sep tem ber-5 Oc to ber re port noted an ash plume ris -
ing to 25 m above the crater, but over the next two weeks
the 25-m-high plume was de scribed as gas emis sions. The
haz ard sta tus was down graded to Alert Level 1 (on a scale
of 1-4) the week of 13-19 October.

Back ground. The Lewotobi “hus band and wife” twin
vol cano (also known as Lewetobi) in east ern Flores Is land
is com posed of the Lewotobi Lakilaki and Lewotobi
Perempuan stratovolcanoes. Their sum mits are less than 2
km apart along a NW-SE line. The con i cal 1584-m-high
Lewotobi Lakilaki has been fre quently ac tive dur ing the
19th and 20th cen tu ries, while the taller and broader
1703-m-high Lewotobi Perempuan has erupted only twice
in his tor i cal time. Small lava domes have grown dur ing the
20th cen tury in the cres cen tic sum mit crat ers of both vol ca -
noes, which are open to the north. A prom i nent flank cone,
Iliwokar, oc curs on the east flank of Lewotobi Perampuan.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang).

Ijen

Java, In do ne sia
8.058°S, 114.242°E; sum mit elev. 2,799 m

The haz ard sta tus of Ijen was up graded to Alert Level 2
(on a scale of 1-4) on 8 Oc to ber. Seis mic ity the week of
6-12 Oc to ber com prised four deep vol ca nic earth quakes, 21 
shal low vol ca nic earth quakes, one emis sion event, and con -
tin u ous tremor (0.5-2 mm am pli tude). Only 16 shal low vol -
ca nic earth quakes were re corded the fol low ing week, along 
with con tin u ous tremor (0.5-2 mm am pli tude). Con tin u ous
tremor (0.5-4 mm am pli tude) was re corded dur ing 20-26
Oc to ber, a week when the num ber of shal low vol ca nic
events in creased to 30. Gas plumes emit ted from the crater
rose up to 150 m high dur ing Oc to ber. El e vated seis mic ity
at Ijen was last re ported dur ing De cem ber 2002-Jan u ary
2003 (Bul le tin v. 28, no. 3).

Back ground. The Ijen vol cano com plex at the east ern
end of Java con sists of a group of small stratovolcanoes
con structed within the large 20-km-wide Ijen (Kendeng)
cal dera. The north cal dera wall forms a prom i nent ar cu ate
ridge, but else where the cal dera rim is bur ied by post-cal -

dera  vol  ca noes ,  in  c lud ing
Gunung Merapi stratovolcano,
which forms the 2799 m high
point of the Ijen com plex. Im me -
di ately west of Gunung Merapi is
the re nowned his tor i cally ac tive
Kawah Ijen vol cano, which con -
tains a nearly 1-km-wide, tur -
quoise-col ored, acid crater lake.
Pic tur esque Kawah Ijen is the
world’s larg est highly acidic lake
and is the site of a la bor-in ten sive
sul fur min ing op er a tion in which
sul fur-laden bas kets are hand-car -
ried from the crater floor. Many
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Date (2003)
Deep

Vol ca nic

Shal low

Vol ca nic
Ex plo sion Emis sion Tremor Tec tonic

02 Jun-08 Jun 0 13 7 29 20 12

09 Jun-15 Jun 0 24 — 40 33 9

30 Jun-06 Jul 0 8 14 26 11 3

07 Jul-13 Jul 0 16 10 52 4 1

14 Jul-20 Jul 4 17 19 24 10 4

21 Jul-27 Jul 1 10 5 25 5 4

28 Jul-03 Aug 0 9 8 20 6 3

01 Sep-03 Sep* 27 257 0 0 0 5

Ta ble 9. Seis mic ity at Lewotobi, 2 June-19 Oc to ber 2003. Note that no seis mic ity was re corded af ter 3 Sep tem ber
2003. Cour tesy of VSI.



other post-cal dera cones and crat ers are lo cated within the
cal dera or along its rim. The larg est con cen tra tion of
post-cal dera cones forms an E-W-trending zone across the
south ern side of the cal dera. Cof fee plan ta tions cover much
of the Ijen cal dera floor, and tour ists are drawn to its
waterfalls, hot springs, and dramatic volcanic scenery.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang).

Semeru

Java, In do ne sia
8.108°S, 112.92°E; sum mit elev. 3,676 m

Fre quent ash ex plo sions at Semeru dur ing 29 Sep tem -
ber-26 Oc to ber 2003 pro duced white-gray ash plumes
400-500 m over the sum mit. The haz ard sta tus re mained at
Alert Level 2 (on a scale of 1-4) dur ing this time. Al though
tec tonic earth quakes, tremor events, shal low vol ca nic
earth quakes, and av a lanches were all de tected seis mi cally,
the re cord was dom i nated by ex plo sions (ta ble 10). Ex plo -
sions over this 4-week pe riod av er aged 95 per day, or one
every 15 minutes.

Back ground. Semeru, the high est vol cano on Java, and
one of its most ac tive, lies at the south ern end of a vol ca nic
mas sif ex tend ing north to the Tengger cal dera. The
steep-sided vol cano, also re ferred to as Mahameru (Great
Moun tain), rises abruptly to 3676 m above coastal plains to
the south. Gunung Semeru was con structed south of the
over lap ping Ajek-ajek and Jambangan cal de ras. A line of
lake-filled maars was con structed along a N-S trend cut ting
through the sum mit, and cin der cones and lava domes oc -
cupy the east ern and NE flanks. Sum mit to pog ra phy is
com pli cated by the shift ing of crat ers from NW to SE. Fre -
quent 19th and 20th cen tury erup tions were dom i nated by
small-to-mod er ate ex plo sions from the sum mit crater, with
oc ca sional lava flows and larger ex plo sive erup tions ac -
com pa nied by pyroclastic flows that have reached the lower 
f lanks of  the vol  cano.  Semeru has been in almost
continuous eruption since 1967.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang).

Cereme

Java, In do ne sia
6.892°S, 108.40°E; sum mit elev. 3,078 m

Data from the Volcanological Sur vey of In do ne sia
(VSI) in di cated a tec tonic and vol ca nic earth quake at

Cereme on 25 March, fol lowed by one more vol ca nic event
on 28 March. Ac tiv ity picked up on 2 April with three more 
vol ca nic events, with 17 events through 14 April. Daily
highs of 8 and 11 events were re corded on 24 April and 3
May, re spec tively (2-4 May had 22). Seis mic ity re mained
gen er ally low (0-3/day) un til 29 events occurred on 7
October.

Af ter a felt earth quake on 7 Oc to ber, vol ca nic earth -
quakes in creased. This in creased seis mic ity was ac com pa -
nied by el e vated vi su ally ob served ac tiv ity, re sult ing in the
haz ard sta tus be ing up graded to Alert Level 2 on 13 Oc to -
ber. Seis mic ac tiv ity dur ing 6-12 Oc to ber con sisted of 46
deep vol ca nic earth quakes and 15 shal low vol ca nic earth -
quakes; 36 deep vol ca nic events oc curred the fol low ing
week of 13-19 Oc to ber. There was a felt earth quake on 19
Oc to ber that lasted for 95.5 sec onds (35 mm am pli tude).
Seis mic ac tiv ity de clined dur ing 20-26 Oc to ber, when only
seven deep vol ca nic earth quakes were re corded. The tem -
per a ture mea sured at the Sangkan Hurip hotspring in late
Oc to  ber  was 48°C,  un changed f rom pre  vi  ous
mea sure ments.

Ref er ence: Newhall C G, Dzurisin D, 1988. His tor i cal
un rest at large cal de ras of the world. U S Geol Surv Bull,
1855: 1108 p, 2 vol.

Back ground. The sym met ri cal stratovolcano Cereme,
also known as Ciremai, is lo cated closer to the north ern
coast than other cen tral Java vol ca noes. A steep-sided dou -
ble crater elon gated in an E-W di rec tion caps 3078-m-high
Gunung Cereme, which was con structed on the north ern
rim of the 4.5 x 5 km Geger Halang cal dera. A large land -
slide de posit to the north may be as so ci ated with the or i gin
of the cal dera, al though col lapse may rather be due to a vo -
lu mi nous ex plo sive erup tion (Newhall and Dzurisin, 1988). 
Erup tions, rel a tively in fre quent in his tor i cal time, have in -
cluded ex plo sive ac tiv ity and lahars, pri mar ily from the
sum mit crater. The most recent eruption occurred in March
1951.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang).; Dar win Vol ca nic Ash Ad vi -
sory Cen tre (VAAC), Bu reau of Me te o rol ogy, North ern
Ter ri tory Re gional Of fice, PO Box 40050, Ca sua rina, NT
0811, Aus tra lia (URL: http://www.bom.gov.au/info/vaac/;
Email: a.tupper@bom.gov.au).

Krakatau

In do ne sia
6.102°S, 105.423°E; sum mit elev. 813 m

A re port of ac tiv ity at Krakatau for the pe riod 18-24
Au gust was pro vided by the Volcanological Sur vey of In -
do ne sia. There was in crease in vol ca nic earth quakes dur ing 

this time, while tec tonic earth -
quakes de creased. No vi sual ob -
ser va t ions were made due to
foggy weather. Seis mic ity con -
sisted of 12 deep vol ca nic earth -
quakes,  56 shal low vol ca nic
earth quakes, and three tec tonic
events. The haz ard sta tus was at
Alert Level 2 (on a scale of 1-4).
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Date (2003) Ex plo sion Av a lanches Tremor Tec tonic

29 Sep-05 Oct 636 20 9 4

06 Oct-12 Oct 567 10 — 7

13 Oct-19 Oct 687 19 22 4

20 Oct-26 Oct 768 16 3 11

Ta ble 10. Seis mic ity at Semeru, 29 Sep tem ber-26 Oc to ber 2003. Four shal low vol ca nic earth quakes were also
de tected dur ing 6-12 Oc to ber. Cour tesy of VSI.



Back ground. The re nowned vol cano Krakatau (fre -
quently mis stated as Krakatoa) lies in the Sunda Strait be -
tween Java and Su ma tra. Col lapse of the an ces tral Krakatau 
ed i fice, per haps in 416 AD, formed a 7-km-wide cal dera.
Rem nants of this an ces tral vol cano are pre served in
Verlaten and Lang Is lands; sub se quently Rakata, Danan
and Perbuwatan vol ca noes were formed, co alesc ing to cre -
ate the pre-1883 Krakatau Is land. Cal dera col lapse dur ing
the cat a strophic 1883 erup tion de stroyed Danan and
Perbuwatan vol ca noes, and left only a rem nant of Rakata
vol cano. This erup tion, the 2nd larg est in In do ne sia dur ing
his tor i cal time, caused more than 36,000 fa tal i ties, most as
a re sult of dev as tat ing tsu na mis that swept the ad ja cent
coast lines of Su ma tra and Java. Pyroclastic surges trav eled
40 km across the Sunda Strait and reached the Su ma tra
coast. Af ter a qui es cence of less than a half cen tury, the
post-col lapse cone of Anak Krakatau (Child of Krakatau)
was con structed within the 1883 cal dera at a point be tween
the for mer cones of Danan and Perbuwatan. Anak Krakatau 
has been the site of frequent eruptions since 1927.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
and Nia Haerani, Volcanological Sur vey of In do ne sia
(VSI) (see Karangetang).

Un named

NW of Vava’u, Tonga Is lands, Pa cific Ocean
18.325°S, 174.365°W; sum mit elev. -300? m

A fel sic shal low ma rine ex plo sive erup tion from a pre -
vi ously un known vol cano along the Tofua vol ca nic arc
(Tonga) in Sep tem ber-Oc to ber 2001 (Bul le tin v. 26, no. 11, 
and v. 27, no. 1) pro duced float ing pum ice rafts in Fiji in

No vem ber 2001, ap prox i mately one month af ter i t
oc curred. These sea-rafted pum ice are the only re corded
out put of this sub aque ous erup tion at a re mote lo ca tion
where direct observations are limited.

A new in flux of sea-rafted pum ice reached the east ern
coast of Aus tra lia in Oc to ber 2002 (fig ure 3), ap prox i -
mately one year af ter the erup tion was first in di cated by
seis mic ac tiv ity and pum ice strand ing in Fiji. Pum ice was
stranded along at least two-thirds (>2,000 km) of the coast -
line of east ern Aus tra lia, ex tend ing from N of Townsville to 
Syd ney. Typ i cal amounts of pum ice ini tially stranded on

beaches were 500-4,000 in di vid -
ual clasts per m2; a min i mum vol -
ume es ti mate of pum ice de pos ited 
along the east  ern Aus tra l ian
coast line is 1.25 x 105 m3. Most
stranded pum ice clasts are 1-5 cm 
di am e ter, al though some out sized
clasts are up to 10 cm. Many
clasts were fouled by a va ri ety of
or gan isms, and dark al gal cov er -
ings were com mon to all clasts
that con cealed the pri mary char -
ac ter of the pum ice (fig ure 4).
This is  in con trast  to pum ice
stranded on beaches in Fiji ~ 1
month af ter the erup tion, which
were clean of foul ing or gan isms.
Foul ing or gan isms in clude al gae,
Bryozoa, serpulid worms, corals
and, oysters with goose barnacles
particularly abundant.

The pum ice have a  low
phenocryst con tent (<5% modal)
with the phenocryst as sem blage
con sist ing of calcic plagioclase
(An88-74), pigeonite (En45 Fs46

Wo9), augite (En35 Fs29 Wo36),
and titanomagnetite. Pre lim i nary
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Fig ure 3. Map of the south west Pa cific Ocean show ing the lo ca tion of the un named vol cano in the Tofua vol ca nic
arc that erupted in Sep tem ber-Oc to ber 2001 pro duc ing the pum ice rafts. The gen eral dis persal tra jec tory of the
sea-rafted pum ice is shown by the dashed line, and the pum ice reached the east ern Aus tra lian coast line ~ 1 year
af ter the erup tion. Cour tesy of Scott Bryan.

Fig ure 4. Closeup of beached pum ice clasts from the un named vol cano in
the Tofua vol ca nic arc fouled by al gae and goose bar na cles (Lepas
pectinata). Cour tesy of Scott Bryan.



petrographic ob ser va tions in di cate that the pum ice is
compositionally ho mog e nous, al though there is con sid er -
able vari a tion in vesicularity within and be tween clasts.
Tubed pum ice is a mi nor but dis tinc tive clast type. The
pum ice, like pre vi ously stranded pum ice on the Great Bar -
rier Reef (Bryan, 1968, 1971), is low-K dacite in com po si -
tion (ta ble 11), char ac ter ized by low al ka lis and high iron
and sil ica. This com po si tion is sim i lar to other pum -
ice-form ing eruptions from the Tonga region (Bryan,
1968).

Ref er ences: Bryan, W.B., 1968, Low-pot ash dacite
drift pum ice from the Coral Sea: Geo log i cal Mag a zine, v.
105, p. 431-439.

Bryan, W.B., 1971, Coral Sea drift pum ice stranded on
Eua Is land, Tonga, in 1969: Geo log i cal So ci ety of Amer ica
Bul le tin, v. 82, p. 2799-2812.

Back ground. A sub ma rine vol cano along the Tofua
vol ca nic arc was first ob served in Sep tem ber 2001. The
newly dis cov ered vol cano lies NW of the is land of Vava’u
about two-thirds of the way be tween Late and Fonualei vol -
ca  noes .  The s i te  of the  erup t ion is  along a
NNE-SSW-trending sub ma rine pla teau south of Fonualei
with an ap prox i mate bathymetric depth of 300 m. T-phase
waves were re corded on Sep tem ber 27-28, and on the 27th
lo cal fish er men ob served an ash-rich erup tion col umn that
rose above the sea sur face. No erup tive ac tiv ity was re -
ported af ter the 28th, but wa ter dis col or ation was doc u -
mented dur ing the fol low ing month. In early No vem ber
pum ice rafts and strandings were re ported along the coast
of Kadavu and Viti Levu in the Fiji Is lands. The depth of
the sub ma rine vent following the eruption is not known.

In for ma tion Con tact: Scott Bryan, De part ment of Ge -
ol ogy & Geo phys ics, Yale Uni ver sity, PO Box 208109,
New Ha ven CT 06520 8109 USA (Email:
scott.bryan@yale.edu ); Alex Cook, Queensland Mu seum,
PO Box 3300, South Bris bane, Queensland 4101 AUS -
TRA LIA (Email: alexC@qm.qld.gov.au).

Nyiragongo

DR Congo, cen tral Af rica
1.52°S, 29.25°E; sum mit elev. 3,469 m

Dur ing the 3-month pe riod from 2 Au gust to 8 No vem -
ber 2003, vol ca nic ac tiv ity was con cen trated in side the
Nyiragongo crater. An al most per ma nently boil ing lava
lake oc cu pies the crater at the depth of 700 m. Al though the 
level of the lake in side the crater seems to re main con stant,
its size is slowly grow ing due to col lapses of the pit walls.
De gas sing has been sig nif i cant, marked by a large gas
plume above the crater which is gen er ally blown W by the
pre vail ing winds and ex tends sev eral tens of ki lo me ters.
The im pact of this ac tiv ity on the en vi ron ment is grow ing;
in side the Na tional Park, a 50 km2 area of for est was to tally
de stroyed by vol ca nic gases and acid rains, and a zone with
50% de struc tion cov ers more than 700 km2, af fect ing crops
such as po ta toes, corn, beans, and ba nanas. In the same ar -
eas sig nif i cant flu o ride pol lu tion has been de tected, and
tanks col  lect  ing rain  wa ter  are  show ing f luor ide
concentrations up to 23 mg/l (WHO tolerance = 1.5 mg/l).

In the Nyiragongo area, long-pe riod events are com -
monly de tected but at re duced num ber and are mainly lo -
cated NW and SW of the vol cano. Seis mic ity is largely
dom i nated by per ma nent tremor gen er ated by the ac tiv ity of 
the lava lake. Earth quakes re lated to frac tur ing con tinue,
mainly S of Nyiragongo and NE of Nyamuragira (~ 15 km
NW of Nyiragongo). No no tice able de for ma tion change
has been re corded along the frac ture sys tem between the
two volcanoes.

Back ground. One of Af rica’s most no ta ble vol ca noes,
Nyiragongo con tained a lava lake in its deep sum mit crater
that was ac tive for half a cen tury be fore drain ing cat a -
stroph i cally through its outer flanks in 1977. In con trast to
the low pro f i le  of  its  neigh bor ing shield vol cano,
Nyamuragira, 3470-m-high Nyiragongo dis plays the steep
slopes of a stratovolcano. Benches in the steep-walled,
1.2-km-wide sum mit crater mark lev els of for mer lava
lakes, which have been ob served since the late-19th cen -
tury. Two older stratovolcanoes, Baruta and Shaheru, are
par tially over lapped by Nyiragongo on the north and south.
About 100 par a sitic cones are lo cated pri mar ily along ra dial 
fis sures south of Shaheru, east of the sum mit, and along a
NE-SW zone ex tend ing as far as Lake Kivu. Many cones
are bur ied by vo lu mi nous lava flows that ex tend long dis -
tances down the flanks of the vol cano. The ex tremely fluid
1977 lava flows caused many fa tal i ties, as did lava flows
that in un dated por tions of the major city of Goma in
January 2002.

In for ma tion Con tact: Observatoire Volcanologique de
Goma, Departement de Geophysique, Cen tre de Re cher che
en Sci ences Naturelles, Lwiro, D.S. Bukavu, DR Congo
(Email: ocha.volcan@wfp.org).
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Element HI1A GC1A P1B (n=3) P2B (n=3)

SiO2 71.30 65.90 66.84 67.33

TiO2 0.36 0.58 0.51 0.50

Al2O3 12.80 12.31 12.29 12.16

Fe2O3
T 5.50 9.88 -- --

FeOT -- -- 8.05 8.04

MnO 0.10 0.18 0.16 0.15

MgO 1.07 1.43 0.93 0.92

CaO 4.34 5.77 5.40 5.23

Na2O 3.45 3.20 2.71 2.80

K2O 0.90 0.60 0.71 0.72

P2O5 0.18 0.15 0.18 0.20

BaO -- -- 0.03 0.05

SrO -- -- 0.17 0.16

LOI 0.92 1.87 -- --

Raw To tal 99.50 99.80 97.99 98.27

Ta ble 11. Ma jor el e ment data on sea-rafted pum ice clasts from east ern
Aus tra lia, 2002. A, ma jor el e ment data for whole pum ice clasts
de ter mined by the atomic ab sorp tion method of sil i cate rock anal y sis
us ing In duc tively-Cou pled Plasma-Atomic Emis sion Spec tros copy
(ICP-AES) at the Uni ver sity of Queensland. B, av er aged pum ice glass
com po si tions ana lysed at the Cen tre for Mi cros copy & Microanalysis,
Uni ver sity of Queensland, us ing a JEOL 8800-L (wave length dispersive)
elec tron microprobe. Anal y ses were per formed with an ac cel er at ing
volt age of 15 kV and with a probe cur rent of 15 nA and a probe di am e ter of 
10 mi crons to avoid vo lati li sa tion of al kali el e ments. Cour tesy of Scott
Bryan and Alex Cook.



Nyamuragira

DR Congo, cen tral Af rica
1.408°S, 29.20°E; sum mit elev. 3,058 m

Dur ing the 3-month pe riod from 2 Au gust to 8 No vem -
ber 2003, seis mic ity in the Nyamuragira area was dom i -
nated by long-pe riod (LP) events lo cal ized along a main
NNE-SSW frac ture be tween Nyamuragira and Nyiragongo
vol ca noes. In ter mit tent swarms of LP events (60-80 events
each time) oc curred on Nyamuragira two to three times per
week. A larger swarm was ob served on 23 July (100 LP
events). This ac tiv ity re mained fairly sta ble for the whole
pe riod. Earth quakes re lated to frac tur ing con tin ued, mainly
S of  Nyiragongo (N of  Lake Kivu )  and NE of
Nyamuragira. No no tice able de for ma tion change has been
recorded along the fracture system.

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 north of Lake Kivu across a broad val ley NW
of Nyiragongo vol cano. Nyamuragira has a vol ume of 500
km3, and ex ten sive lava flows from the vol cano blan ket
1500 km2 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 tact: Observatoire Volcanologique de
Goma, Departement de Geophysique, Cen tre de Re cher che
en Sci ences Naturelles, Lwiro, D.S. Bukavu, DR Congo
(Email: ocha.volcan@wfp.org).

Soufriére Hills

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

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

Ac tiv ity at Soufriére Hills re mained at a rel a tively low
level from mid-Sep tem ber into early No vem ber 2003. Seis -
mic ity con sisted mostly of hy brid earth quakes and rockfall
sig nals (ta ble 12). Ac cess con tin ues to be pro hib ited to
some ar eas af ter the ma jor dome col lapse and ex plo sive ac -
tiv ity of 12-13 July 2003 (Bul le tin v. 28, no. 8), and there is
a mar i time ex clu sion zone around the S part of the is land
ex tend ing 3.7 km be yond the coast line from Trant’s Bay in
the E to Isles Bay on the W coast.

Dur ing the week of 12-19 Sep tem ber, no growth of the
new lava dome was ob served. Ac tiv ity was at a slightly
higher level dur ing the week of 26 Sep tem ber-3 Oc to ber,
es pe cially hy brid earth quakes, most of which oc curred in a
swarm be tween 1100 and 2100 on 27 Sep tem ber. Some of
the hy brids could be lo cated at 2-4 km depth. A pe riod of
low-am pli tude tremor was also re corded be tween 0800 on

30 Sep tem ber and 0400 on 1 Oc to ber co in ci dent with vig -
or ous ash vent ing, which re sulted in ash clouds reach ing
2,000-2,500 m al ti tude and drift ing W over Plym outh. Ob -
ser va tions on 30 Sep tem ber and 3 Oc to ber suggested that
no new dome growth had occurred.

From 3 Oc to ber to 7 No vem ber, ac tiv ity re turned to a
low level. A pe riod of low-am pli tude tremor was re corded
be tween 3 and 8 Oc to ber, and some mud flow sig nals were
also re corded dur ing pe ri ods of heavy rain. The tremor co -
in cided with light ash vent ing. Vis i bil ity was poor dur ing
this pe riod, so no di rect ob ser va tions of the sum mit area
were pos si ble. The dome was ob served clearly on 23 Oc to -
ber and a vol ume sur vey was car ried out from Galways and
Perches Moun tains. The small dome that ex truded in July
2003 had not grown fur ther and ap peared to be stag nant,
with al ter ation and deg ra da tion oc cur ring such that it ap -
pears to be break ing up. The pit crater as so ci ated with the
ex plo sions of July 2003 had wid ened slightly, al though this 
was thought to be due to pas sive slump ing of ma te rial. Sul -
fur di ox ide and hy dro gen chlo ride emis sion rates were high 

 Volcanism Network, Volume 28, Number 10, October 2003 Soufriére Hills    15

Date (2003)
Rockfall

sig nals

Long-pe riod

earth quakes

Hy brid

earth quakes

05 Sep-12 Sep 2 3 27

12 Sep-19 Sep 9 4 20

19 Sep-26 Sep 13 1 20

26 Sep-3 Oct 4 — 241

03 Oct-10 Oct 1 — 15

10 Oct-17 Oct 12 — 9

17 Oct-24 Oct 8 2 12

24 Oct-31 Oct 11 2 19

31 Oct- 07 Nov 8 — 16

Ta ble 12. Sum mary of seis mic ac tiv ity at Soufriére Hills, 5 Sep tem ber-7
No vem ber 2003. No vol cano-tec tonic earth quakes were re corded dur ing
this pe riod, but one long-pe riod rockfall event oc curred 23-31 Oc to ber.
Cour tesy of the Montserrat Vol cano Ob ser va tory.

Date (2003)
SO2 emis sions

(tons/day)
HCI emis sions

(tons/day)

12 Sep-19 Sep 700-900 230-300

19 Sep-26 Sep 500-600 —

26 Sep-28 Sep 400-500 —

28 Sep-01 Oct 900-1,200 —

04 Oct 3,100 —

05 Oct 1,900 —

06 Oct-08 Oct 800-1,200 —

04 Oct & 07 Oct — 600-1,000

10 Oct-12 Oct 600-800 —

13 Oct 1,900 —

16 Oct 720 —

17 Oct-24 Oct 950-1,200 —

22 Oct 1,850 1,500

24 Oct-27 Oct 800-900 —

28 Oct-31 Oct 400-600 —

31 Oct- 07 Nov 800-1,350 —

Ta ble 13. Gas emis sions at Soufriere Hills, 5 Sep tem ber-7 No vem ber
2003. Hy dro gen chlo ride emis sions are cal cu lated from hy dro gen
chlo ride to sul fur di ox ide mass ra tios mea sured in the vol ca nic plume
us ing Fou rier trans form in fra red. Val ues are in met ric tons/day. Cour tesy
of the Montserrat Vol cano Ob ser va tory.



dur ing sev eral days around 13-15 Oc to ber and on 22 Oc to -
ber (ta ble 13). An ob ser va tion flight on 28 Oc to ber yielded
clear views of the scar area and the W scar wall. No
changes were ob served in the morphology of the scar and
no new lava was observed in the vent area.

Ac cord ing to the Wash ing ton VAAC, on 1 No vem ber
re sus pend ed ash was seen in sat el lite im ag ery. The ash was
mov ing N to NNW at ~ 10 km/hour from Montserrat be -
tween Nevis and Antigua, and the re sus pend ed ash was
con cen trated in a nar row plume.

Back ground. The com plex andesitic Soufriére Hills
vol cano oc cu pies the south ern half of the is land of
Montserrat. The sum mit area con sists pri mar ily of a se ries
of lava domes emplaced along an ESE-trending zone. Prior
to 1995, the youn gest dome was Cas tle Peak, which was lo -
cated in Eng lish’s Crater, a 1-km-wide crater breached
widely to the east. Block-and-ash flow and surge de pos its

as so ci ated with dome growth pre dom i nate in flank de pos -
its. Non-erup tive seis mic swarms oc curred at 30-year in ter -
vals in the 20th cen tury, but with the ex cep tion of a
17th-cen tury erup tion, no his tor i cal erup tions were re -
corded on Montserrat un til 1995. Long-term small-to-mod -
er ate ash erup tions be gin ning in that year were ac com pa -
nied by lava dome growth and pyroclastic flows that forced
evac u a tion of the south ern half of the is land and ul ti mately
de stroyed the cap i tal city of Plym outh, caus ing ma jor so cial 
and eco nomic dis rup tion to the is land.

In for ma tion Con tacts: Montserrat Vol cano Ob ser va -
tory (MVO), Mongo Hill, Montserrat, West In dies (URL:
http://www.mvo.ms/); Wash ing ton Vol ca nic Ash Ad vi sory
Cen ter (VAAC),  Sat el l i te 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/).
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