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Tungurahua

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

The Instituto Geofísico (IG) pro vided Tungurahua re -
ports dis cuss ing the year 2003. Ash-bear ing erup tions sent
plumes as high as 9.4 km al ti tude, with re sult ing no tice able
ashfall 40 km dis tant. Lahars were com mon and oc ca sion -
ally in can des cent ma te rial de scended the up per flanks. Ac -
tiv ity was low dur ing Jan u ary and Feb ru ary, and in creased
slightly in March and again in June. In Au gust ac tiv ity in -
creased again, and for the rest of the year it gen er ally re -
mained el e vated. IG rec og nized a new phase of erup tive ac -
tiv ity be gin ning 20 Au gust. That phase con sisted of
long-pe riod earth quakes fol lowed by emis sions reach ing up 
to 3 km above the vol cano (~ 8 km al ti tude).

Ac tiv ity dur ing Jan u ary-Feb ru ary 2003. Dur ing these
months vol ca nism gen er ally re mained low, with oc ca sional
emis sions of gas and ash that pro duced low-level plumes.
In can des cence was some times vis i ble in the crater at night.
Seis mic ity was low and was char ac ter ized by spo radic
long-pe riod earth quakes and low in ten sity emis sions. Ac -
tiv ity in creased slightly be gin ning 12 Feb ru ary with an
emis sion that rose to low lev els and drifted W. A mod er ate
ex plo sion on 19 Feb ru ary de pos ited a small amount of ash
on the ENE flanks (Cerro de Ulba and the Ulba val ley).
Seis mic ity in creased slightly dur ing the erup tion, but re -
turned to low lev els af ter wards. Vol ca nic and seis mic ac tiv -
ity re mained low through early March with con tin u ing gas
and ash emis sions.

Ac tiv ity dur ing March 2003. Ac tiv ity be gan to in ten -
sify on 5 March when lahars de scended the gorges on
Tungurahua’s NW flank, ob struct ing the road be tween the
towns of Baños (~ 8 km N of the sum mit) and Pelileo (~ 13
km NNW of the sum mit). Around 7 March ash rose to ~ 7
km al ti tude and drifted SW. No ash was vis i ble on sat el lite
im ag ery. By 9 March sev eral low-to-mod er ate ex plo sions
had oc curred and this ac tiv ity con tin ued. On 11 March
three small-to-mod er ate ex plo sions de pos ited ash in the
W-flank vil lage of Pillate (8 km from the sum mit). That day 
a pi lot re ported ash to ~ 8.2 km al ti tude.

On 16 March a fine layer of ash ac cu mu lated in Baños.
Spo radic ex plo sions con tin ued for the rest of the month,
with one on 19 March that sent in can des cent ma te rial ~ 1
km down the flanks. Ex plo sions dur ing this pe riod were ac -
com pa nied by Strombolian ac tiv ity, gas-and-ash emis sions, 
and loud roar ing. Seis mic ity was dom i nated by tremor and
long-pe riod earth quakes, with tremor start ing to de crease
af ter 13 March.

Ac tiv ity dur ing April-May 2003. Dur ing early April,
ex plo sions oc ca sion ally oc curred at the vol cano. A pi lot re -
ported see ing ash at a height of around 2.3 km over
Tungurahua on 6 April. No ash was de tected on sat el lite
im ag ery, how ever. Three ex plo sions oc curred on 7 April,
with the larg est plume ris ing to ~ 3 km above the vol cano.
Very lit tle ash was vis i ble in the plume. Ac tiv ity dropped
slightly for a few days, with spo radic ex plo sions, un til a
large ex plo sion oc curred on 10 April, pro duc ing a plume
with low ash con tent to ~ 2 km above the vol cano. Vol ca nic 
ex plo sions, gen er ally small, con tin ued the fol low ing week;
mi nor va por col umns were also noted. Cloud cover ob -
scured the vol cano on some days, but an avi a tion re port on

16 April men tioned that IG staff re ported an ash cloud ris -
ing up to ~ 7 km al ti tude (~ 2 km above the sum mit). On 17
April two ash col umns rose 1.5 and 2 km above the sum mit
and blew SW and W, re spec tively. The vol cano gen er ally
ap peared rel a tively placid, but con cern about mudflows and 
sud den in creases in erup tive out put re mained. Lim ited vis i -
bil ity of ten pre vailed, but it was noted that Tungurahua’s
be hav ior al ter nated be tween days of tran quil ity and those
with small to mod er ate ex plo sions. Few earth quakes
oc curred.

On 1 May an ex plo sion sent ash to 2 km above the sum -
mit; in can des cent ma te rial fell onto the flanks up to 0.8 km
from the crater. Based on in for ma tion from IG, the Wash -
ing ton VAAC re ported that a small 6 May ex plo sion
yielded a cloud com posed mainly of gas, with some ash.
The cloud drifted W and seis mic ac tiv ity de creased af ter the 
ex plo sion.

Ac tiv ity dur ing June-July 2003. Vol ca nic ac tiv ity in -
creased in early June. On 6 June, strong Strombolian ac tiv -
ity hurled in can des cent vol ca nic blocks ~ 500 m from the
sum mit; plumes of mainly steam rose to around 2 km above 
the vol cano and drifted W. Ash fell in the set tle ments of
Pillate (8 km W of the sum mit), San Juan (~ 40 km WSW
of the sum mit), and Riobamba (32 km SW of the sum mit),
with ac cu mu la tions of less than 1 mm. There were re ports
of air borne ash in ter fer ing with main flight routes across
Ec ua dor. Emis sions on 9 June reached 3-6 km above the
vol cano. On 10 June vi bra tions from an ex plo sion were felt
in Baños, ex plo sions could be heard in towns near the vol -
cano, and ash fell in sev eral vil lages. 

On 15 June in can des cent blocks were hurled to ~ 150 m
above the crater and rolled ~ 1 km down the N flank. Dur -
ing the eve ning of 17 June, Strombolian ac tiv ity was vis i ble 
at the sum mit, and an ex plo sion on 18 June de pos ited ash
on the set tle ments of Cusúa (~ 8 km NW of the sum mit),
Juive (7 km NNW), and Pillate. Gas emis sions with small
amounts of ash oc curred reg u larly, and on 19 June ob serv -
ers saw ash rise to 3 km above the sum mit. 

Dur ing the last week of June, sev eral ex plo sions pro -
duced ash clouds; on 25 June ash fell in Pillate and in the
town of Mo cha (25 km W). Ash was vis i ble on sat el lite im -
ag ery, with the high est-ris ing ash cloud reach ing ~ 9.4 km
al ti tude on 27 June. Emis sions on 29 June de pos ited ash in
Pillate, and in the towns of Cotaló (8 km NW of sum mit)
and Cevallos.

On 1 and 2 July ash plumes rose to ~ 2 km above the
vol cano and ash fell in sev eral towns near the vol cano.
Strombolian ac tiv ity also oc curred, and ash from the erup -
tions dam aged crops and live stock near the vol cano. A state 
of emer gency was de clared on 3 July, and food ra tions were 
dis trib uted to res i dents of the town of Chimborazo. Af ter 2
July, erup tive vigor re mained rel a tively low through the
rest of the month and into Au gust. Re ports noted mainly
steam and gas emis sions and low plumes.

Ac tiv ity dur ing Au gust 2003. Tungurahua en tered a
new phase of ac tiv ity on 20 Au gust. The new phase was
char ac ter ized by a short se quence of long-pe riod earth -
quakes fol lowed by gas-and-ash emis sions that reached a
max i mum height of 3 km above the vol cano. 

A small amount of ash fell in Cusúa on 20 Au gust. Dur -
ing the eve ning the vol cano hurled in can des cent blocks
~ 300 m above the sum mit and some trav eled ~ 1 km
downslope. On 21 Au gust emis sions of mostly steam and
small amounts of ash rose ~ 1 km above the vol cano and
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drifted W; ash fell in the Riobamba, Ambato (~ 33 km
NW), and Santa Fé de Galán areas. On 23 Au gust plumes
rose to 0.5-2.5 km above the vol cano, and ash fell in the
town of Guaranda. On 24 Au gust an ex plo sion, heard in the 
town of Baños, ejected blocks that trav eled ~ 1 km down
the vol cano’s flanks. An emis sion on 27 Au gust de pos ited
ash in Ambato and caused flight re stric tions to and from the 
air port there. Dur ing this week, vol ca nic block-and-ash
emis sions con tin ued, with ash plumes ris ing to heights of
~ 4 km above the vol cano. These drifted pri mar ily W and
SW and de pos ited ash in sev eral towns.

Ac tiv ity dur ing Sep tem ber-Oc to ber 2003. Mod er ate ash 
emis sions and ashfall con tin ued dur ing Sep tem ber and Oc -
to ber, ac com pa nied in mid-Sep tem ber by tremor re lated to
gas dis charge. Seis mic ity ranged from mod er ate lev els in
Sep tem ber to a se ries of long-pe riod earth quakes and
explosions in early October. 

In can des cence was ob served in the crater on the eve -
ning of 7 Sep tem ber. On 15 Sep tem ber two emis sions pro -
duced gas-and-ash plumes that reached a max i mum height
of 2 km above the vol cano; ash fell pre dom i nately W of the
vol cano. On 22 Sep tem ber ash clouds reached a height of 3
km above the vol cano and drifted W. On 24 Sep tem ber ash
emis sions pro duced plumes that drifted NW, de pos it ing
small amounts of ash in the towns of Quero (~ 20 km
WNW of the sum mit), Puela (~ 8 km SW), Juive, and
Cusúa. Vol ca nic blocks emit ted dur ing the erup tion rolled
~ 1 km down the NW flank.

On 1 Oc to ber gas-and-ash emis sions reached a height of 
~ 4 km and drifted NE and NW, de pos it ing ash in San Juan
(~ 40 km WSW), Pillate, and Valle del Patate. On 9 Oc to -
ber ash fell on north erly sec tors near the vol cano, in clud ing
Runtún (~ 6 km NNE of the sum mit), Juive, and Baños.
Strombolian ac tiv ity was seen dur ing the eve ning of 12 Oc -
to ber. As so ci ated gas-and-ash plumes up to 2 km high
drifted NNE and ash fell in Ambato. On the night of 18 Oc -
to ber in can des cent blocks rolled down the crater’s W side.
In can des cence and Strombolian ac tiv ity were ob served the
fol low ing night. Ac tiv ity de creased slightly on 20 Oc to ber
with fewer ex plo sions and no ma jor gas-and-ash erup tions
re corded. Ash plumes were fre quently vis i ble on sat el lite
im ag ery dur ing 15-20 Oc to ber. 

Ac t iv  i ty  dur ing  No vem ber-De cem ber 2003.
Tungurahua main tained gen er ally low ac tiv ity in early No -
vem ber, in creas ing to wards month’s end. Fol low ing a week 
of small-to-mod er ate erup tions of gas and ash, an erup tion
on 2 No vem ber pro duced a plume that rose to ~ 3 km above 
the vol cano and drifted W. Over the next few days, oc ca -
sional ash-poor plumes rose to less than 1 km above the
sum mit; a few ash-bear ing emis sions did oc cur, in clud ing
ashfalls of low in ten sity on 5, 6, and 7 No vem ber to the E.
Also on 6 No vem ber seis mic sta tions re corded two
larger-than-av er age ex plo sions, one as so ci ated with an ash
col umn ris ing to 2 km. Seis mic ity re turned to low lev els,
with rel a tively few earthquakes, but tremor con tin ued. 

Dur ing 12-18 No vem ber, small-to-mod er ate erup tions
of steam, gas, and some ash con tin ued; plumes rose to ~ 2.5 
km above the vol cano, but there were no re ports of ashfall
in nearby towns. Strombolian ac tiv ity was vis i ble at the
crater and av a lanches of in can des cent vol ca nic ma te rial
rolled ~ 1 km down the vol cano’s flanks. Ac tiv ity in creased 
to high lev els be gin ning 19 No vem ber; nu mer ous mod er ate 
ex plo sions pro duced plumes that were fre quently vis i ble on 
sat el lite im ag ery and rose up to 2 km above the crater. Ash

was dis persed SSW and SW on 19 and 20 No vem ber and
WNW and NW on 23 and 24 No vem ber, re spec tively.
Through out the week Strombolian activity was visible at
night.

Dur ing 22 No vem ber to 1 De cem ber, a large num ber of
emis sions of gas, steam, and ash oc curred, de pos it ing ash to 
the SW, W, and NW. Plumes were vis i ble on sat el lite im ag -
ery at a max i mum of ~ 7 km al ti tude.

Dur ing 11-16 De cem ber, vol ca nic ac tiv ity re mained rel -
a tively high with sev eral ex plo sions pro duc ing ash-and-gas
plumes to a max i mum of 9 km al ti tude. There were also
many long-pe riod earth quakes, oc cur ring with nearly con -
stant gas-and-ash emis sions. Ex plo sions on 11 De cem ber
de pos ited ash in the towns of Quero, Santa Fe de Galán,
and lesser amounts in Bilbao. Ash-and-gas plumes were
vis i ble on sat el lite im ag ery several times during the week. 

Back ground. Tungurahua is a steep-sided stratovolcano 
that tow ers 3 km above its north ern base. His tor i cal erup -
tions have orig i nated from the sum mit crater and have in -
cluded strong ex plo sions and some times lava flows, lahars,
and pyroclastic flows that reached pop u lated ar eas at the
vol cano’s base. The vol cano’s com plex his tor i cal re cord in -
cludes sud den, violent eruptions.

In for ma tion Con tact: Geo phys i cal In sti tute (IG),
Escuela Politécnica Nacional, Apartado 17-01-2759, Quito, 
Ec ua dor (URL: http://www.igepn.edu.ec/); 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/);  El
Comercio, Quito, Ec ua dor (URL: http://www.elcomercio.
com/); Agence France-Presse.

Cotopaxi

Ec ua dor
00.677°S, 78.436°W, sum mit elev. 5,911 m

This re port con tains de tails of seis mic ity at Cotopaxi
dur ing Jan u ary through 2 May 2003. The seis mic ity was
gen er ally low (av er ag ing ~ 20 earth quakes per day), as it
has been since 24 No vem ber 2001. De spite the low seis -
mic ity, dur ing Jan u ary seis mic sig nals sug ges tive of emis -
sions reg is tered, al though these lacked vi sual con fir ma tions 
at the vol cano. More over, a clus ter com posed of a va ri ety
of kinds of shal low earth quakes took place in mid-March.
This was the first such cluster since 19 July 2002.

Ac tiv ity dur ing Jan u ary-Feb ru ary 2003. Seis mic ity
was gen er ally low in Jan u ary 2003 and lo cated earth quakes
com monly had fo cal depths down to 5 km be low the sum -
mit. Dur ing the first week of Jan u ary one vol cano-tec tonic
(VT) event oc curred N of the vol cano. Around this time the
rate of en ergy re lease was very low and no un usual ob ser -
va tions were re ported. Seis mic ity de creased af ter the first
week of Jan u ary, al though some long-pe riod (LP) events
oc curred, in clud ing one of high fre quency (10 Hz) on 9
Jan u ary that was fol lowed im me di ately by an other with a
slowly de cay ing coda or tail (a so-called “tornillo” event,
with a dom i nant fre quency of 2.7 Hz). Two LP events were
lo cated at depths of 1 km. The rate of en ergy re lease re -
mained very low, with some peaks on 8 Jan u ary. Seis mic ity 
stayed low through the next week; some hy brid and LP
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events did oc cur. Some sig nals char ac ter is tic of emissions
were received, although these were not visually confirmed.

Dur ing 20-26 Jan u ary the num ber of hy brid events in -
creased slightly, to above av er age. Emis sion sig nals were
again re ceived, sim i lar to the pre vi ous week. No LP earth -
quakes were re corded this week, but a small group of earth -
quakes were lo cated at the head wa ters of the Pita river.
Events such as these were also noted in No vem ber 2001.
Dur ing the last week of Jan u ary, seis mic ity re mained low,
on a par with ac tiv ity seen since 24 No vem ber 2001. How -
ever, the low num ber of events reg is tered or lo cated was
partly be cause ar riv als were not clear at many stations.

Seis mic ity re mained low in Feb ru ary, par tic u larly for
the first week. Dur ing 10-16 Feb ru ary it rose slightly due to 
larger num bers of hy brid events. No other changes in the
vol cano were noted. Al though the third week of Feb ru ary
brought no im por tant vari a tions in seis mic ity, be gin ning in
late Feb ru ary LP events dom i nated the re cord. Still, the
num ber of LP event stayed below the 2002 average.

Ac tiv ity dur ing March-April 2003. Al though low seis -
mic ity gen er ally pre vailed through out this in ter val, there
was some vari a tions in the abun dance of earth quake types
and a mid-March clus ter of earth quakes oc curred. Dur ing
early March hy brid earth quakes in creased to slightly higher 
than the 2002 av er age; in ad di tion an other LP-type tornillo
was re corded on 6 March. On 7 March LP earthquakes
were common.

On 16 March a clus ter of hy brid, VT, and LP earth -
quakes was lo cated 1-3 km be low the vol cano. Fol low ing
eight months of low seis mic ity (av er ag ing ~ 20 events per
day), this was the first seis mic swarm reg is tered at
Cotopaxi since 19 July 2002. How ever, the en ergy re leased  
per num ber of events was similar to earlier activity.

Seis mic ity in creased af ter 16 March. Clus ters sim i lar to
that of the 16th con tin ued, but with lower mag ni tudes. By
the be gin ning of April seis mic ity de creased to within the
base level, al though on 4, 7, and 8 April VT events were re -
corded to the S and SE, ap prox i mately 3 km be low the sum -
mit. No sig nif i cant changes were noted at the vol cano, al -
though the usual smell of sul fur was noted on a visit to the
sum mit. Dur ing 14-20 April, the num ber of LP events de -
creased from the pre vi ous week, but VT events of M 2.5-M
3.4 con tin ued to the N. VT events per sisted through the rest 
of April, par tic u larly in late April, which on 23 April in -
cluded an M 3.6 event. VT events oc curred on the N, NE,
and S sides of the vol cano up to 15 km from the sum mit at
depths be tween 3 and 15 km. The VT events were
interpreted as related to rock fracturing.

On the morn ing of 2 May a VT event reg is tered on the S 
flank, lo cated ~ 3 km deep. It was M 3.2, mod er ate for
Cotopaxi. Later that day an event reg is tered at the seis mic
sta tions at Cotopaxi, Antisana, and Guagua Pichincha. This
event had a du ra tion of 180 sec onds and was made up of an
LP earth quake fol lowed by a tremor-like sig nal with a du ra -
tion of 150 sec onds that was of low fre quency (1.6 Hz).

Back ground. Sym met ri cal, gla cier-clad Cotopaxi
stratovolcano is Ec ua dor’s most well-known vol cano and
one of its most ac tive. The steep-sided cone is capped by
nested sum mit crat ers, the larg est of which is about 550 x
800 m in di am e ter. Deep val leys scoured by lahars ra di ate
from the sum mit, and large andesitic lava flows ex tend as
far as the base of Cotopaxi. The mod ern con i cal vol cano
has been con structed since a ma jor ed i fice col lapse some -
time prior to about 5000 years ago. Pyroclastic flows (of ten

con fused in his tor i cal ac counts with lava flows) have ac -
com pa nied many ex plo sive erup tions of Cotopaxi, and
lahars have fre quently dev as tated ad ja cent val leys. The
most vi o lent his tor i cal erup tions took place in 1744, 1768,
and 1877. Pyroclastic flows de scended all sides of the vol -
cano in 1877, and lahars trav eled more than 100 km into the 
Pa cific Ocean and west ern Am a zon ba sin. The last
significant eruption of Cotopaxi took place in 1904.

In for ma tion Con tact: Geo phys i cal In sti tute (IG) (see
Tungurahua).

Reventador

Ec ua dor
0.078°S, 77.656°W, sum mit elev. 3,562 m

This re port con tains up dates from Reventador for July
through No vem ber 2003. Dur ing this time seis mic ity var ied 
from gen er ally low to oc ca sion ally high. Lahars re curred,
as rain and drain age sys tems con tin ued to move tephra left
af ter the erup tions that be gan on 3 No vem ber 2002 (Bul le -
tin v. 27, no. 11 and v. 28, nos. 2 and 6). Ex cept for de gas -
sing, steam plumes, and the cool ing of lava flows, fur ther
erup tive be hav ior (or ces sa tion of ac tiv ity) was not
men tioned.

Ac tiv i ty dur ing July-Au gust 2003.  Rain fall  at
Reventador dur ing 7-13 July caused re newed move ment of
ash on the vol cano’s flanks. This led to lahars down the
Montana River, and a con se quent in ter rup tion in high way
travel. Tremor as so ci ated with de gas sing was noted, with
an in crease dur ing the last week of July and early Au gust.
Steam plumes were noted on 30 July and 2 Au gust and
lahars co in ci dent with trem ors were ob served on 30 July.
Seis mic ity was mod er ate, with about five vol cano-tec tonic
(VT) events per day and a to tal of four tec tonic events be -
tween 30 July and 3 Au gust. These four events were lo cated 
be tween 5.4 and 35 km away. The tec tonic earth quake on 3
Au gust reg is tered the highest magnitude, M 3.2.

On 9 Au gust de tec tors in three lo ca tions reg is tered a
lahar ;  th is  was la ter  con f i rmed by s taff  f rom the
Chaco-Santa Rosa sta tion. Seis mic ity was low be tween 4
and 10 Au gust, with six lo cal tec tonic events. Three of
these oc curred on 8 Au gust, at vary ing depths, but all were
within 10-12 km of the vol cano. The sec ond of these was
the larg est of any event that week, M 2.9. Seis mic ity stayed
low through the end of the month, with an av er age of one
VT event per day dur ing the last week of Au gust. Small
frac ture events re lated to the cool ing of lava flows were
noted. How ever, no rains ca pa ble of gen er at ing lahars were
re corded, and there were no reports of steam or gas
emissions.

Ac tiv ity dur ing Sep tem ber-Oc to ber 2003. Re ports were 
not avail able for the first three weeks of Sep tem ber and the
first two weeks of Oc to ber. Dur ing the week of 22-28 Sep -
tem ber, two lahar sig nals were reg is tered, as well as 44 hy -
brid events, 43 VT events, and seven long-pe riod (LP)
events. Dur ing the fol low ing week, hy brid and LP events
dropped to 17 and two events, re spec tively, but the num ber
of VT events in creased con sid er ably, to 78. Lahars last ing
~ 4 hours each were re corded on 30 Sep tem ber and 1 Oc to -
ber, fol low ing mod er ate rain on the 30th. Dur ing 13-19 Oc -
to ber in stru ments reg is tered 77 VT and 17 LP earth quakes
(i.e., av er ag ing 11 VT earth quakes and two LP earth quakes
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per day). Lahars were re ported on 13, 14, and 19 Oc to ber.
Dur ing the fol low ing week, seis mic ity stayed at sim i lar lev -
els. Due to in tense rains, more lahars were reg is tered, on 20
and 22 Oc to ber and again on 28 and 29 Oc to ber. Traf fic
was again af fected as a route had to be closed. Also be -
tween 27 Oc to ber and 2 November, there was a small
increase in the number of volcano-tectonic events.

Ac tiv ity dur ing No vem ber 2003. Seis mic ity re mained
con stant, av er ag ing 8-9 earth quakes each day. Fol low ing
strong rains on 7 and 9 No vem ber, seis mom e ters de tected
sig nals at trib uted to lahars. Af ter the lahar sig nals had di -
min ished, tremor was again de tected. Lahar sig nals were
also re corded on 11, 12, 14, and 26 November.

Back ground. Reventador is the most fre quently ac tive
of a chain of Ec ua dor ian vol ca noes in the Cor dil lera Real,
well E of the prin ci pal vol ca nic axis. The for ested
stratovolcano rises to 3562 m above the re mote jun gles of
the west ern Am a zon ba sin. A 4-km-wide cal dera widely
breached to the E was formed by ed i fice col lapse and is par -
tially filled by a young, unvegetated stratovolcano that rises 
about 1,300 m above the cal dera floor to a height above the
cal dera rim. Reventador has been the source of nu mer ous
lava flows as well as ex plo sive erup tions that were vis i ble
from Quito in his tor i cal time. Fre quent lahars in this re gion
of heavy rain fall have con structed a de bris plain on the
east ern floor of the cal dera. The larg est his tor i cal erup tion
at Reventador took place in 2002, pro duc ing a 17-km-high
erup tion col umn, pyroclastic flows that trav eled up to 8 km, 
and lava flows from summit and flank vents.

In for ma tion Con tact: Geo phys i cal In sti tute (IG) (see
Tungurahua).

Cayambe

Ec ua dor
0.029°N, 77.986°W; sum mit elev. 5,790 m

This re port largely dis cusses seis mic ity at Cayambe
dur ing Jan u ary-Oc to ber 2003 (fig ure 1). On the whole, the
num bers of daily earth quakes re mained fairly con stant at
low to mod er ate lev els (typ i cally fewer than 25 earth quakes 
per day). On six days the num ber of daily earth quakes ap -
proached 50 or greater (1 Jan u ary, 15, 28, 29, and 30
March, and 1 April). Epi cen ters
were con cen trated on the SW
flank, sim i lar to the pat tern in De -
cem ber 2002. Dur ing the year,
res i dents did not re port feel ing
earth quakes at Cayambe, but did
no tice sul fu rous odors. Al though
some seis mic sig nals had an un -
cer  ta in  or  i  g in ,  o th  ers  were
interpreted as related to magma
movement.

Ob serv ers saw no changes at
Cayambe dur ing Jan u ary, al -
though strong sul fu rous odors
were re ported early in the month.
Very low seis mic ity pre vailed,
with an av er age of five earth -
quakes per day dur ing the sec ond
week in Jan u ary. In gen eral, the

earth quakes reg is tered since 2 Jan u ary 2003 were long-pe -
riod earth quakes; a few hy brid events and frac ture events
also were re corded. Some small vol cano-tec tonic (VT)
earth quakes reg is tered. On 31 Jan u ary, fol low ing a week of 
low to mod er ate seis mic ity, two larger earth quakes were re -
corded: the first un der the vol cano, M 3.9; the sec ond to the 
E, M 3.5. Nei ther earth quake was felt by area res i dents. As -
so ci ated, small long-pe riod (LP) earth quakes also reg is -
tered, al though the late-Jan u ary daily to tals were still low to 
mod est. Fol low ing this ac tiv ity, seis mic ity dropped and
generally remained low through February and early March.

On 8 March an M 3.6 earth quake trig gered about 2
hours of small VT earth quakes be neath Cayambe’s S
flanks. Seis mic ity again dropped to low lev els un til 14
March when there was a small clus ter of shal low VT earth -
quakes last ing about 1 hour. These events were un der M 2,
and af ter wards seis mic ity dropped to background levels. 

The high for the year oc curred dur ing 24-30 March
when earth quakes peaked at ap prox i mately 335 per day.
Clus ters of events were noted. Those on 27 March in cluded
an M 3.9 earth quake, and those on 29 March in cluded two
M 3.6 earth quakes. The events were lo cated at 5-6 km
depth be low the SW flank. This was the same area in which 
seis mic clus ters oc curred dur ing De cem ber 2002. There
were 99 earth quakes counted on 31 March. None larger
than M 3, they con sisted of up to 95 VT and four hy brid
events.

In early April seis mic ity again dropped to low lev els, in -
creas ing slightly in the sec ond week of the month. The re -
corded LP and hy brid events reg is tered were thought likely
re lated to fluid move ment in side cracks. Small VT earth -
quakes were re corded on 13 April; oth er wise, seis mic ity re -
mained low through the rest of the month. The smell of sul -
fur was no ticed dur ing a 14-20 April visit, but no other
changes were noted. Seis mic ity re mained low through out
May, with only oc ca sional VT, LP, and hybrid events. 

Seis mic ity in creased slightly in early June, but still re -
mained close to back ground lev els. A new sig nal ap peared
at the Refugio sta tion, char ac ter ized by high fre quency at
the be gin ning and a very long coda (tail). There af ter, ac tiv -
ity dropped and re mained low for the rest of June.

A se ries of VT earth quakes oc curred dur ing the first
week of July; the max i mum ac tiv ity was on 1 July, with 16
events. Nev er the less seis mic ity re mained near back ground
lev els, and stayed low un til early Au gust. A VT earth quake
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Fig ure 1. The to tal num ber of earth quakes each day at Cayambe be tween 1 Jan u ary and 27 Oc to ber 2003.
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oc curred on 4 Au gust be neath the W flank; on 6 Au gust
seis mic ity in creased slightly and was char ac ter ized by hy -
brid events. Ac tiv ity was low through mid-Au gust. A se ries 
of VT events re lated to rock frac tur ing oc curred be tween 18 
and 31 Au gust; the ma jor ity oc curred on 22 and 25 Au gust,
with events reach ing M 3.5. These events be neath the SW
flank were sim i lar to the spike in ac tiv ity in March. Activity 
dropped again during the following month.

For the last week of Sep tem ber, seis mic ity was still at
back ground lev els. A sin gle VT event reg is tered, with a
mag ni tude of 3.2, lo cated be neath the vol cano at a depth of
4 km. As with the pre vi ous cases, the event was too small to 
be felt by area res i dents. Be tween 13 and 19 Oc to ber, seis -
mic ity gen er ally re mained nor mal, but on 15 Oc to ber, a
small clus ter of VT earth quakes oc curred S of the crater.
On 23 Oc to ber an other small clus ter of VT earth quakes (M
<3) was re corded be neath the SE flank, in a part of the same 
zone as the events of the pre vi ous week. 

Over these weeks the base seis mic ity level seemed to in -
crease slightly (fig ure 1). Dur ing 3-9 No vem ber, about nine 
earth quakes oc curred per day, near the daily av er age since
Au gust 2003 and about twice the daily av er age of 4/day be -
fore that. Seis mic ity also in cluded small clus ters of tec tonic
earth quakes with mag ni tudes less than 3. There were re -
ports of a strong scent of sul fur in the vi cin ity of Picos
Jarrína at an el e va tion of about 5,460 m. The scent was
strongest near cracks. 

Back ground.  The mas sive com pound Cayambe
stratovolcano is lo cated on the iso lated west ern edge of the
Cor dil lera Real, E of the inter-An dean val ley. The
5,790-m-high vol cano, whose south ern flanks lie astride the 
equa tor, is capped by gla ciers, which de scend down to
4,200 m on the east ern Am a zo nian side. The mod ern
Nevado Cayambe vol cano, con structed to the E of an older
vol ca nic com plex, con tains two sum mit lava domes lo cated
about 1.5 km apart, the wes tern most of which is the high est. 
Sev eral other lava domes on the up per flanks have been the
source of pyroclastic flows that reached the flanks of the
vol cano. A prom i nent Ho lo cene pyroclastic cone fed thick
lava flows that trav eled about 10 km to the E. Nevado
Cayambe was re cently dis cov ered to have pro duced fre -
quent ex plo sive erup tions dur ing the Ho lo cene, and to have 
had a single historical eruption, during 1785-86.

In for ma tion Con tact: Geo phys i cal In sti tute (IG) (see
Tungurahua).

Popocatépetl

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

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

The Centro Nacional de Prevención de Desastres
(CENAPRED) pro vided daily re ports for Popocatépetl de -
scrib ing the com par a tively quiet in ter val of 1 Au gust-5 De -
cem ber 2003. When the vol cano was vis i ble it typ i cally
gave off mi nor gas plumes char ac ter ized by state ments such 
as “low fumarolic ac tiv ity” and “with out im por tant emis -
sions.” The haz ard sta tus re mained at Yellow–Phase II.

A se ries of ae rial pho tos en abled sci en tists to view the
state of the crater floor on 21 July, 25 Au gust, 17 Oc to ber,
and 6 No vem ber 2003. All of these failed to dis close the
growth of an ex ter nal lava dome. In ad di tion, some of the

re ports sug gested that the floor of the in ner crater had
subsided.

On the vast ma jor ity of days dur ing the re port ing in ter -
val there were fewer than 10 ex ha la tions, and on ~ 45% of
these days, four or fewer ex ha la tions. Al though some re -
sult ing plumes con tained ash, the vast ma jor ity of ex ha la -
tions (which are de tected seis mi cally) were de scribed as
low in ten sity. In a few cases, par tic u larly in Au gust and on
1 Sep tem ber, ex ha la tions oc curred 20-89 times per day and
reached mod er ate in ten sity. Daily re ports on some of those
days cited el e vated ground wa ter lev els due to re cent snow
or rain fall (rather than deeper mag matic processes) as the
cause of increased exhalations. 

The most ex ha la tions were reg is tered dur ing Au gust
2003, a month when six days had 12 or more ex ha la tions.
In con trast, dur ing Sep tem ber-No vem ber 2003 there were
only four days re ported to have had more than 10 ex ha la -
tions. Ex ha la tions ex ceeded twenty on 2 Au gust (35), 23
Au gust (60), 28 Au gust (89), and 1 Sep tem ber (43). On
days when ex ha la tions ex ceeded twenty, of ten (though not
al ways) one or more of the plumes con tained small amounts 
of ash. For ex am ple, an ash-bear ing plume was noted at
0300 on 2 Au gust. On that day low-am pli tude tremor reg is -
tered for about 1 hour. The 60 ex ha la tions on 23 Au gust
were de scribed as small to mod er ate, gen er at ing plumes
com posed of gas and steam. They were thought to be re -
lated to in tense rains dur ing the pre ced ing days. The 89 ex -
ha la tions on 28 Au gust 2003 were sim i larly de scribed as
low to mod er ate and ac com pa nied by small steam and gas
emis sions. On 28 Au gust at 1330 an erup tion oc curred that
bore a low den sity of ash. The plume reached a height of
about 1,500 m above the crater; it dis persed to wards the W
with no re ported ashfall. This event was accompanied by
episodes of high-frequency and low-amplitude tremor. 

Tremor fre quently went un re ported. When men tioned,
CENAPRED said it took place for up to ap prox i mately 2
hours per day, but in some cases only sev eral min utes per
day. Small (M ~ 2-3) earth quakes were re peat edly noted
dur ing the in ter val, in clud ing a few in the last half of Au -
gust, sev eral in Sep tem ber, two in Oc to ber, and seven in
No vem ber. Dur ing 1-5 De cem ber one such earth quake oc -
curred. Dur ing the Au gust-5 De cem ber in ter val the larg est
earth quake, M 2.9, took place on 5 November 2003.

Sev eral ex am ples can serve to il lus trate the re ported
data on many of these earth quakes, which oc curred in vi -
cin ity of the vol cano at depths of a few ki lo me ters. On 20
Au gust seis mom e ters re corded an M 2 vol cano-tec tonic
earth quake 1 km N of the sum mit at 4.8 km depth. At 2312
on 7 Sep tem ber there was a M 2.2 vol cano-tec tonic earth -
quake 6.5 km SE of the crater. At 2137 on 8 Sep tem ber a M 
2.3 vol cano-tec tonic earthquake 5 km below the crater
registered. 

Back ground. Volcán Popocatépetl, whose name is the
Az tec word for smok ing moun tain, tow ers to 5426 m 70 km 
SE of Mex ico City to form North Amer ica’s 2nd-high est
vol cano. The gla cier-clad stratovolcano con tains a
steep-walled, 250-450 m deep crater. The gen er ally sym -
met r i  cal vol  cano is  mod i  f ied by the sharp-peaked
Ventorrillo on the NW, a rem nant of an ear lier vol cano. At
least three pre vi ous ma jor cones were de stroyed by grav i ta -
tional fail ure dur ing the Pleis to cene, pro duc ing mas sive de -
bris-av a lanche de pos its cov er ing broad ar eas south of the
vol cano. The mod ern vol cano was con structed to the south
of the late-Pleis to cene to Ho lo cene El Fraile cone. Three
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ma jor plinian erup tions, the most re cent of which took
place about 800 AD, have oc curred from Popocatépetl
since the mid Ho lo cene, ac com pa nied by pyroclastic flows
and vo lu mi nous lahars that swept bas ins be low the vol cano. 
Fre quent his tor i cal erup tions, first recorded in Aztec
codices, have occurred since precolumbian time.

In for ma tion Con tacts: An gel Gómez Vázquez, Alicia
Mar ti nez Bringas, Roberto Quass Weppen, Enrique
Guevara Ortiz, Gilberto Castela Pescina, and Javier Ortiz
Cas tro, Centro Nacional de Prevención de Desastres
(CENAPRED), Av. Delfín Mad ri gal No.665, Coyoacan,
México D.F. 04360, Mex ico (Email: amb@cenapred.unam. 
mx, gvazquez@cenapred.unam.mx; URL: http://www.
cenapred.unam.mx/); Servando De la Cruz-Reyna and
Carlos Valdez Gon za lez, Instituto de Geofísica, UNAM,
Cd. Universitaria, Circuito Institutos, Coyoácan, México
D.F. 04510, Mex ico (Email: sdelacrr@tonatiuh.igeofcu.
unam.mx; URL: http://www.igeofcu.unam.mx/). 

Colima

west ern Mex ico
19.514°N, 103.62°W, sum mit elev. 3,850 m

As pre vi ously re ported (Bul le tin v. 28, no. 8) a new
crater formed at the sum mit fol low ing large ex plo sions in
July and Au gust 2003. Smaller ash-bear ing erup tions con -
tin ued dur ing Sep tem ber-De cem ber 2003.

On 6 Sep tem ber a strong ash emis sion re sulted in an ash 
cloud that rose to ~ 6.7 km and drifted N. Ash was not vis i -
ble on sat el lite im ag ery, but a sec ond ash emis sion on 8
Sep tem ber was vis i ble on the Colima video cam era. Into
early Oc to ber, vol ca nic ac tiv ity con sisted of an av er age of
two ex plo sions per day, pro duc ing ash clouds that rose ~ 2
km above the crater and drifted pre dom i nately W. Trop i cal
storm Olaf in un dated the Colima area on 7 Oc to ber, drop -
ping 150 mm of rain in less than 2 hours. The heavy rain
mixed with ma te rial on the S flank, pro duc ing a lahar down
the Montegrande ra vine. On 9 and 10 Oc to ber ash clouds
were vis i ble on sat el lite im ag ery rising to a maximum of ~ 5 
km above the volcano.

On 16 Oc to ber ash rose to a height of ~ 6 km; a sec ond
plume fol lowed on 18 Oc to ber, ris ing to ~ 7.3 km. Nei ther
plume was vis i ble on sat el lite im ag ery. Two small erup tions 
con sist ing mainly of steam and some ash on 30 Oc to ber
rose to ~ 7.3 km al ti tude and mainly drifted W. 

A sub tle ash plume, vis i ble in sat el lite im ag ery, was
emit ted on 18 No vem ber and rose to ~ 5.5 km al ti tude. On 1 
and 2 De cem ber, ash clouds were vis i ble on sat el lite im ag -
ery at a max i mum al ti tude of ~ 7 km. As of 12 De cem ber,
the vol cano con tin ued with an av er age of three ex plo sions a 
day, usu ally to 2 to 3 km above the crater. The ma jor ity of
these ex plo sions have pro duced ash that drifted to ward the
ENE. The most sig nif i cant of these early De cem ber ex plo -
sions oc curred early on 11 De cem ber, when ma te ri als de -
scended the SE, NE, and N flanks, and ashfall was re ported
in the town of Guzman (25 km NE of Colima volcano). 

Back ground. The Colima vol ca nic com plex is the most
prom i nent vol ca nic cen ter of the west ern Trans-Mex i can
Vol ca nic Belt. It con sists of two south ward-younging vol -
ca noes, Nevado de Colima (the 4,320-m-high point of the
com plex) on the north and the his tor i cally ac tive Volcán de

Colima at the south. A group of cin der cones of prob a ble
late-Pleis to cene age is lo cated on the floor of the Colima
graben west and east of the Colima Com plex. Volcán de
Colima (also known as Volcán Fuego) is a youth ful
stratovolcano con structed within a 5-km-wide cal dera,
breached to the south, that has been the source of large de -
bris av a lanches. Slope fail ure has oc curred re pet i tively
from both the Nevado and Fuego cones, and has pro duced a 
thick apron of de bris-av a lanche de pos its on three sides of
the com plex. Fre quent his tor i cal erup tions from Colima’s
sum mit crater have pro duced ver ti cal pyroclastic columns,
pyroclastic flows, and lava flows.

In for ma tion Con tact: Observatorio Vulcanológico de
la Universidad de Colima, Colima, Col., 28045, México
(Email: vzobin@cgic.ucol.mx, tonatiuh@cgic.ucol.mx;
URL: http://www.ucol.mx/volcan/); 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/)

Kilauea

Ha waii, USA
19.425°N, 155.292°W; sum mit elev. 1,222 m

Through Sep tem ber and into early Oc to ber, lava was
mov ing along the E and W sides of the Mother’s Day flow.
The E-side lava (known as the 9 Au gust break out) came
from the 9 Au gust root less shield (see figure 2 in Bul le tin v. 
28, no. 9), it self fed by the main Mother’s Day tube from
Pu`u `O`o. The W side lava, known as the Kohola arm of
the Mother’s Day flow, branched off the tube sys tem be low 
the root less shield. In early Oc to ber the 9 Au gust break out
stopped, the Kohola died back to a trickle, and the root less
shield gained prom i nence. By 16 Oc to ber, how ever, the
shield had partly col lapsed, leav ing sev eral drained perched 
ponds be hind. Up stream from the shield, many hor ni tos and 
small flows formed over the Mother’s Day tube.

Dur ing 1-7 Oc to ber, sur face lava flows were some times 
vis i ble on Kilauea’s coastal flat and upslope ar eas. On 2
Oc to ber lava be gan to flow W af ter fill ing West Gap Pit on
the W flank of Pu`u `O`o cone. Fairly vig or ous spat ter ing
was vis i ble in the pit, but died to only spo radic bursts later
in the day. The flow ap peared to have stopped by 4 Oc to ber 
when no glow was ob served com ing from the pit. Dur ing 8
Oc to ber-17 No vem ber, a few ar eas of sur face lava were
vis i ble upslope of Kilauea’s coastal flat. On 5 No vem ber,
two small break outs oc curred. The freshly es cap ing lava
was seen on the Kohola arm of the Mother’s Day flow just
be low the top of Pulama pali. Ob serv ers watch ing a
30-40-m-di am e ter crater on the SW side of Pu`u `O`o noted 
a new lava pond, a new lava flow, and a fum ing cone-pit.
Vis its to ac tive flow fields on 7 No vem ber re sulted in ob -
ser va tions of hor ni tos, a 200-m-wide root less shield, and
the leading edge of a 45-m-wide flow. 

Seis mic ity at the sum mit con tin ued at mod er ate lev els,
with 1-2 small low-fre quency earth quakes per min ute oc -
cur ring at shal low depths be neath the sum mit cal dera dur -
ing Oc to ber and No vem ber 2003. Vol ca nic tremor at Pu`u
`O`o re mained mod er ate to high, as is the norm. There were 
some larger earth quakes at depths of a few kilometers.
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Also, there were small in fla tion and de fla tion events
dur ing this pe riod. Tiltmeters on the NW side of Kilauea’s
cal dera rim (Uwekahuna) and on the NW flank of the ac tive 
vent along the East rift zone (Pu`u `O`o cone) showed sev -
eral microradians of ra dial tilt dur ing 5-11 No vem ber, but
the pat terns were com plex and plagued by in stru ment prob -
lems. Dur ing 12-17 No vem ber, small amounts of in fla tion
and de fla tion oc curred, in clud ing in fla tion on 17 No vem ber 
that started when the sur face waves from a M 7.5 earth -
quake at Rat Is land in the Aleu tians reached Kilauea. The
in fla tion was small, ~ 0.5 µrad at Pu`u `O`o tilt sta tion and
0.3 µrad at Uwekahuna sta tion. Small amounts of in fla tion
and de fla tion were re corded through the week of 19-25 No -
vem ber with sharp de fla tion be gin ning at both Uwekahuna
and Pu`u O`o early on the morn ing of 25 No vem ber.

Mod er ate, shal low seis mic ity was re corded be neath the
sum mit, and mod er ate to high seis mic ity oc curred be neath
Pu`u O`o. The seis mic re cord at Kilauea’s sum mit dur ing
15-16 De cem ber was nearly de void of earth quakes, though
the back ground is steady weak tremor. Tremor at Pu`u `O`o 
was con tin u ously at a mod er ate level. Oth er wise, seis mic ity 
at Kilauea was at a low level during this period.

Back ground. Kilauea vol cano, which over laps the east
flank of the mas sive Mauna Loa shield vol cano, has been
Ha waii’s most ac tive vol cano dur ing his tor i cal time. Erup -
tions of Kilauea are prom i nent in Poly ne sian leg ends; writ -
ten doc u men ta tion ex tend ing back to only 1820 re cords fre -
quent sum mit and flank lava flow erup tions that were
in ter spersed with pe ri ods of long-term lava lake ac tiv ity
that lasted un til 1924 at Halemaumau crater, within the
sum mit cal dera. The 3 x 5 km cal dera was formed in sev eral 
stages about 1500 years ago and dur ing the 18th cen tury;
erup tions have also orig i nated from the lengthy East and
SW rift zones, which ex tend to the sea on both sides of the
vol cano. About 90% of the sur face of Kilauea is formed of
lava flows less than about 1100 years old; 70% of the vol -
cano’s sur face is youn ger than 600 years. A long-term
erup tion from the East rift zone that be gan in 1983 has pro -
duced lava flows cov er ing more than 100 sq km, de stroy ing 
nearly 200 houses and adding new coastline to the island.

In for ma tion Con tact: Ha wai ian Vol cano Ob ser va tory
(HVO), U.S. Geo log i cal Sur vey, Ha waii Vol ca noes Na -
tional Park, P.O. Box 51, Hilo, HI 96718, USA (URL:
http://hvo.wr.usgs.gov/; Email: hvo-info@hvo-mail.wr.
usgs.gov). 

Kliuchevskoi

Kamchatka Pen in sula, Rus sia
56.06°N, 160.64°E; sum mit elev. 4,835 m

Sig nif i cant ac tiv ity from Kliuchevskoi con tin ued
through out 1 Au gust to 5 De cem ber 2003, so the haz ard
sta tus re mained at Color Code Or ange. Ac tiv ity in cluded
ash ex plo sions that gen er ated long plumes, Strombolian ac -
tiv ity in the cen tral crater, ther mal anom a lies seen in sat el -
lite im ag ery, rel a tively strong shal low seis mic ity, and con -
tin u ous spas modic tremor. Kamchatka Vol ca nic Erup tions
Re sponse Team (KVERT) re ports ob tained via the Alaska
Vol cano Ob ser va tory (AVO) pro vided de tailed re ports of
sig nif i cant daily ac tiv ity that is sum ma rized be low.

Gas-and-steam plumes, some times with ash, were fre -
quently seen ris ing above the crater to heights of less than

1,500 m. How ever, on some days plumes were seen ris ing
as high as 2,500-3,000 m. Most of the plumes dis si pated af -
ter reach ing dis tances de scribed as greater than 10 or 20 km 
down wind. Sat el lite im ag ery showed that on 8-9 Sep tem ber 
ash-and-gas plumes ex tended 172 km to SW and 153 km to
W. Long ash plumes to dis tances of 18-63 km SE were seen 
on 4 Oc to ber. Dur ing mid-Oc to ber (12, 16, 17, and 18)
gas-and-steam plumes reached dis tances of 25-70 km in
many di rec tions. On 24 Oc to ber an air line pi lot re ported an
ash plume at ~ 6,800 m al ti tude ex tend ing to the NNE. A
gas-and-steam plume ap prox i mately 50-55 km long ex tend -
ing to the ESE was noted on 10 No vem ber, and an other
with mi nor ash ex tended ~ 40 km E on the 16th.

Strombolian ac tiv ity at the cen tral crater was de tected
on 26 Au gust, when vol ca nic bombs rose up to 200 m
above the crater and ex plo sions oc curred at in ter vals of
about 5 min utes. More Strombolian ac tiv ity was seen by
ob serv ers in Klyuchi and Kozyrevsk on 25 and 30 Sep tem -
ber, 2-4, 6-8, and 10-11 Oc to ber, and 9-10, 14-15, 21, 27,
and 29 No vem ber. Ther mal anom a lies were de tected ev ery
week by USA and Rus sian sat el lites, some times as large as
8-9 pix els.

Re corded earth quakes at 30-km depth usu ally ranged up 
to 9/day through early No vem ber, with up to 18/day the
week of 1-7 Au gust, and 30 on 3 Oc to ber; mag ni tudes were 
1.6-2.6. Con tin u ous spas modic tremor had geo phone ve loc -
i ties be low 8 x 10-6 m/s un til 4 Oc to ber, when ve loc i ties in -
creased into the 8-20 x 10-6 m/s range. Geo phone ve loc i ties
dropped again to 5-11 x 10-6 m/s dur ing 22 No vem ber-2
De cem ber, then rose to 18 x 10-6 m/s through 5 De cem ber.
Large shal low seis mic events (M 1.7-2.6) were first re -
ported dur ing the week of 11-17 Oc to ber. Nine such events
that week were fol lowed by to tals of 4, 22, 48, and 43 per
week over the next month. Counts in creased to 75 for the
week of 15-21 No vem ber, 80 dur ing 22-28 No vem ber, and
130 for the week end ing on 5 De cem ber. Large num bers of
weak shal low earth quakes (counts not re ported) were also
re corded ev ery week.

Back ground. Kliuchevskoi is Kamchatka’s high est and
most ac tive vol cano. Since its or i gin about 6,000 years ago,
the beau ti fully sym met ri cal, 4,835-m-high ba saltic
stratovolcano has pro duced fre quent mod er ate-vol ume ex -
plo sive and ef fu sive erup tions with out ma jor pe ri ods of in -
ac tiv ity. Kliuchevskoi flanks Kamen vol cano to the SW and 
Ushkovsky vol cano to the NW. More than 100 flank erup -
tions have oc curred dur ing the past roughly 3,000 years,
with most lat eral crat ers and cones oc cur ring along ra dial
fis sures be tween the un con fined NE-to-SE flanks of the
con i cal vol cano be tween 500 m and 3,600 m el e va tion. The 
mor phol ogy of its 700-m-wide sum mit crater has been fre -
quently mod i fied by his tor i cal erup tions, which have been
re corded since the late-17th cen tury. His tor i cal erup tions
have orig i nated pri mar ily from the sum mit crater, but have
also in cluded nu mer ous ma jor ex plo sive and ef fu sive erup -
tions from flank crat ers.

In for ma tion Con tacts: 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
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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).

Karymsky

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

From late Au gust through 5 De cem ber seis mic ac tiv ity
at Karymsky was above back ground lev els (100-230 events 
per week) and in ter mit tent ex plo sions con tin ued. The Level 
of Con cern Color Code was Yel low through most of Sep -
tem ber and Oc to ber, with a week at the higher Or ange sta -
tus dur ing 3-10 Oc to ber. The color code was raised to Or -
ange again on 31 Oc to ber and re mained at that level
through 5 De cem ber. Ther mal anom a lies iden ti fied in sat el -
lite data were usu ally 1-4 pix els in size, with a max i mum of
6 pix els on 30 Au gust, and 10, 11, 14, and 16 Oc to ber.
How ever, the weather was fre quently cloudy after 12
September, obscuring observations.

Ash ex plo sions ris ing up to 4.0 and 4.7 km were ob -
served from air craft on 29 Au gust. About 2 hours of con tin -
u ous spas modic tremor (6.0 x 10-6 m/s) on 30 Au gust, fol -
lowed by the de tec tion of a ther mal anom aly (6 pix els) less
than an hour later, may have been caused by a pyroclastic
flow.

On 9 and 10 Sep tem ber, con tin u ous high-fre quency
spas modic tremor and a se ries of shal low seis mic events in -
di cated pos si ble ash-and-gas ex plo sions to heights of
1.5-2.0 km above the vol cano. A gas-and-steam plume ex -
tend ing 100 km E was noted on 9 Sep tem ber. On 14 Sep -
tem ber an ash-and-gas plume was seen ris ing 500 m above
the crater. On 23 Sep tem ber there was an ex plo sive ash
plume up to 5 km al ti tude ac cord ing to vi sual data from the
Institute of Volcanology.

The num ber of shal low seis mic events in creased dur ing
4-24 Oc to ber to weekly highs of 350; these events in di cated 
pos si ble ash-and-gas ex plo sions to heights of 1-1.5 km.
Ash plumes ex tend ing 60 and 30 km SE and NE were ob -
served on 4 and 7 Oc to ber, re spec tively. An ex ten sive
gas-and-steam plume ex tend ing 85 km SE was noted on 10
Oc to ber. Con tin u ous high-fre quency spas modic tremor de -
tected for al most an hour on 10 Oc to ber prob a bly in di cated
pyroclastic flows. Ash plumes ex tend ing 45-50 km NW
were ob served on 16 Oc to ber. On 31 Oc to ber, a pos si ble
plume ex tend ing ~ 65 km NNE was ob served in a sat el lite
im age. Gas-and-steam plumes with pos si ble mi nor ash
~ 40-60 km long were de tected on 20, 21, 24, and 26
November; clouds obscured the volcano on other days.

Back ground. Karymsky, the most ac tive vol cano of
Kamchatka’s east ern vol ca nic zone, is a sym met ri cal
stratovolcano con structed within a 5-km-wide cal dera that
formed dur ing the early Ho lo cene. The cal dera cuts the
south side of the Pleis to cene Dvor vol cano and is lo cated
out side the north mar gin of the large mid-Pleis to cene
Polovinka cal dera, which con tains the smaller Akademia

Nauk and Odnoboky cal de ras. Most seis mic ity pre ced ing
Karymsky erup tions orig i nated be neath Akademia Nauk
cal dera, which is lo cated im me di ately south of Karymsky
vol cano. The cal dera en clos ing Karymsky vol cano formed
about 7,600-7,700 ra dio car bon years ago; con struc tion of
the Karymsky stratovolcano be gan about 2,000 years later.
The lat est erup tive pe riod be gan about 500 years ago, fol -
low ing a 2300-year qui es cence. Much of the cone is man -
tled by lava flows less than 200 years old. His tor i cal erup -
tions have been Vulcanian or Vulcanian-Strombolian with
mod er ate ex plo sive activity and occasional lava flows from
the summit crater.

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

Alaid

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

From 8 No vem ber through mid-De cem ber 2003 the
haz ard sta tus of Alaid re mained at Yel low. Weak seis mic
ac tiv ity has re mained slightly above back ground lev els
since 31 Oc to ber. The vol cano was also ob scured by clouds 
dur ing this pe riod. Con tin u ous spas modic vol ca nic tremor
was re corded (0.15-3.4 x 10-6 m/s), and a large num ber of
weak lo cal events were reg is tered, dur ing each week. The
re port for the week of 12-19 De cem ber in di cated that seis -
mol o gists have now de cided that the tremor is prob a bly not
of vol ca nic or i gin, but has prob a bly been a re sult of strong
winds. The Level of Con cern Color Code was lowered to
Green on 19 December 2003.

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 tion Con tacts: Olga Girina, Kamchatka Vol ca -
nic  Erup t ions  Re sponse Team (KVERT) (see
Kliuchevskoi); Alaska Vol cano Ob ser va tory (AVO) (see
Kliuchevskoi).

Asama

Hon shu, Ja pan
36.403°N, 138.526°E; sum mit elev. 2, 568 m

Asama has been seis mi cally ac tive since 18 Sep tem ber
2000. Height ened seis mic ity oc curred in June 2002, when
the daily num ber of vol ca nic earth quakes ex ceeded 300
(Bul le tin v. 27, no. 6). The Asama Vol cano Ob ser va tory
(ERI, Uni ver sity of To kyo) and Ja pan Me te o ro log i cal
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Agency (JMA) re ported a new ep i sode of el e vated seis mic -
ity dur ing 18-19 Sep tem ber 2002 (Bul le tin v. 28, no. 4).
Ac cord ing to JMA there were brief ash erup tions on 6 Feb -
ru ary, 30 March, 7 April, and 18 April 2003 to heights of
200-300 m above the crater with mi nor ashfall around the
sum mit (Bul le tin v. 28, no. 4).

Seis mic data and plume ob ser va tions com piled from
JMA re ports for Sep tem ber 2000 through April 2003 (ta ble
1) re flect this re cent ac tiv ity. White plumes were re ported
from the Kama-yama crater dur ing ev ery month in this pe -
riod, with the ad di tion of gray ish white plumes on 6 Feb ru -
ary, 7 April, and 18 April. These white plumes only rose to
1 km or above in April and May 2001, and June and Au gust 
2002. In ad di tion, short iso lated ep i sodes of vol ca nic
tremor were re corded in Oc to ber 2001, Feb ru ary 2003, and

March 2003. How ever, 12 ep i sodes oc curred in April 2003, 
with five on the 29th.

Back ground. Asama, Hon shu’s most ac tive vol cano,
over looks the re sort town of Karuizawa, 140 km NW of
To kyo. The vol cano is lo cated at the junc tion of the
Izu-Marianas and NE Ja pan vol ca nic arcs. The mod ern
cone of Maekake-yama forms the sum mit of the vol cano
and is sit u ated east of the horse shoe-shaped rem nant of an
older andesitic vol cano, Kurofu-yama, which was de -
stroyed by a late-Pleis to cene land slide about 20,000 years
be fore pres ent (BP). Growth of a dacitic and rhyolitic lava
cone was ac com pa nied by pumiceous pyroclastic flows, the 
larg est of which oc curred about 14,000-11,000 years BP,
and by growth of the Ko-Asama-yama lava dome on the
east flank. Maekake-yama is prob a bly only a few thou sand

years old and has an his tor i cal re -
cord dat ing back at least to the
11th cen tury AD. It has had sev -
eral ma jor plinian erup tions, the
last two of which occurred in
1108 and 1783 AD.

In for  ma t ion Con tact:
Volcanological Di vi sion, Ja pan
Me te o ro log i cal Agency (JMA),
1-3-4 Ote-machi, Chiyoda-ku,
To kyo 100,  Ja  pan (URL:
http://www.kishou.go.jp/).

On-take

Hon shu, Ja pan
35.890°N, 137.48°E

sum mit elev. 3,063 m

Seis mic ac tiv ity at On-take
has been on go ing in re cent years.
Data pro vided by the Ja pan Me te -
o ro log i cal Agency in di cates that
from Jan u ary 2000 through April
2003 an av er age of 140 vol ca nic
earth quakes per month were re -
corded by the lo cal seis mic sta -
tion. The num ber usu ally ranged
be tween 90 and 200 each month.
Ac tiv ity was higher in July 2001
(300 to tal events, with 65 on the
1st) and De cem ber 2002 (206 to -
tal events, with 63 on the 4th). No 
vol ca nic tremor was reg is tered.
White plumes ris ing no higher
than 300 m were ob served once in 
June 2000 and March 2001, and
more fre quently dur ing No vem -
ber 2001-Jan u ary 2002. Small
white plumes were seen once per
month in September-November
2002 and January-March 2003.

Back ground. The mas sive
On-take stratovolcano, the sec ond 
high est vol cano in Ja pan, lies at
the south ern end of the North ern
Ja  pan Alps .  On-take is  con -
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Month
Num ber of vol ca nic earth quakes Plume Height (m)

(date)
Plume Color

To tal Max i mum (date)

Jan 2000 5 1 (4, 5, 9, 14, 18) 300 (25, 26, 28) W

Feb 2000 3 2 (26) 300 (10) W

Mar 2000 8 3 (29) 300 (1, 10) W

Apr 2000 75 27 (17) 400 (17) W

May 2000 10 2 (19, 27) 500 (5, 30) W

Jun 2000 26 6 (4) 300 (4, 5, 15) W

Jul 2000 13 3 (11, 29) 300 (9) W

Aug 2000 20 3 (5) 200 (2, 21, 26) W

Sep 2000 419 149 (19) 500 (21) W

Oct 2000 79 27 (31) 400 (19) W

Nov 2000 322 34 (25) 300 (4, 6, 23, 27) W

Dec 2000 234 18 (4, 6) 500 (27) W

Jan 2001 41 7 (2) 700 (30) W

Feb 2001 128 46 (19) 500 (15) W

Mar 2001 162 29 (24) 800 (12, 21, 24) W

Apr 2001 182 41 (10) 1000 (28) W

May 2001 20 3 (3, 36) 1200 (17) W

Jun 2001 11 2 (6, 7) 800 (3) W

Jul 2001 115 24 (13) 600 (5) W

Aug 2001 36 5 (18) 400 (13, 28, 29) W

Sep 2001 99 14 (23) 500 (24, 25) W

Oct 2001 113 12 (29) 700 (27) W

Nov 2001 144 13 (9) 600 (11) W

Dec 2001 80 7 (4) 200 (many) W

Jan 2002 150 11 (15) 300 (6, 24) W

Feb 2002 57 5 (many) 400 (24) W

Mar 2002 No JMA re port re ceived this month

Apr 2002 979 103 (9) 600 (29) W

May 2002 953 49 (9) 700 (28) W

Jun 2002 1434 360 (22) 1000 (2, 24) W

Jul 2002 1499 119 (9) 500 (many) W

Aug 2002 1464 176 (9) 1500 (6) W

Sep 2002 1358 243 (18) 600 (19) W

Oct 2002 837 40 (6) 700 (12) W

Nov 2002 630 40 (11) 400 (6) W

Dec 2002 601 58 (22) 300 (23, 26) W

Jan 2003  775 42 (20) 500 (20, 30) W

Feb 2003 594 43 (3) 500 (19) W, GW (6)

Mar 2003 614 41 (15) 300 (20, 30) W

Apr 2003 458 31 (18) 400 (22) W, GW (7, 18)

Ta ble 1. Sum mary of seis mic ity and plume ob ser va tions at Asama, Jan u ary 2000-April 2003. All re ported plumes 
orig i nated from the Kama-yama crater, and were de scribed as ei ther white (W) or gray ish white (GW). Data
cour tesy of JMA.



structed within a largely bur ied 4 x 5 km cal dera and oc cu -
pies the south ern end of the Norikura vol ca nic zone, which
ex tends north ward through Norikura vol cano to Yake-dake
vol cano. The broad, elon gated sum mit is cut by a se ries of
small ex plo sion crat ers along a NNE-trending line.
On-take’s first his tor i cal erup tion in 1979 fol lowed a
lengthy pe riod of qui es cence. A non-erup tive land slide in
1984 pro duced a de bris av a lanche and lahar that swept
down val leys south and east of the vol cano. As cent of the
3063-m-high On-take is one of the ma jor ob jects of
religious pilgrimage in central Japan.

In for ma tion Con tacts: Volcanological Di vi sion, Ja pan
Me te o ro log i cal Agency (JMA) (see Asama).

Karangetang

Sangihe Is lands, In do ne sia
2.78°N, 125.48°E; sum mit elev. 1,748 m

White gas emis sions and glow were re ported at
Karangetang dur ing Oc to ber 2003 (Bul le tin v. 28, no. 10).
The Volcanological Sur vey of In do ne sia (VSI) re ported
con tin u ing ac tiv ity over the pe riod 26 Oc to ber-30 No vem -
ber, with white gas plumes ris ing 350-400 m above the S
crater rim and 50-150 m above the N crater. On 28 Oc to ber
an ash ex plo sion pro duced a 2,000-m-high col umn with
ashfall reach ing the sea to the E and a lava av a lanche to -
ward the Batu Awang area, 750 m from the sum mit. Ex cept
for the week of 17-23 No vem ber, lo cal seis mic ity de -
creased com pared to the first half of Oc to ber (ta ble 2). The
haz ard sta tus re mained at Alert Level 2 (on a scale of 1-4).

Back ground. Karangetang (Api Siau) vol cano lies at
the north ern end of the is land of Siau, north of Sulawesi.
The 1,784-m-high stratovolcano con tains five sum mit crat -
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/).

Dukono

Halmahera, In do ne sia
1.68°N, 127.88°E; sum mit elev. 1,185 m

Ash ex plo sions dur ing 29 Sep tem ber-19 Oc to ber rose
50-100 m above the crater. Some of the ex plo sions were ac -
com pa nied by blast ing sounds, and ash fell to the E around
the Tobelo area. White-gray ash erup tions con tin ued dur ing 
27 Oc to ber-30 No vem ber ac com pa nied by boom ing
sounds, a 100-m-high gray ash col umn, and more ashfall in
the Tobelo area. The haz ard sta tus re mained at Alert Level
2 (on a scale of 1-4) throughout this period.

The mon i tor ing ef fort by the Volcanological Sur vey of
In do ne sia has been af fected by the civil  un rest on
Halmahera. By 19 No vem ber the Dukono ob ser va tory had
been com pletely de stroyed by the re cent “ri ots,” with no
idea when it might be re built. Of fi cially there is no lon ger a
VSI of fi cer there, but some times two staff check on the vol -
cano. On 18 No vem ber they called Bandung with news that 
ac tiv ity had in creased, with larger, more fre quent erup tions
(ev ery 5-15 min utes) gen er at ing higher plumes. Over the
few weeks prior to 18 No vem ber erup tive ac tiv ity has been
tend ing to wards big ger ex plo sions, some times pro duc ing
pyroclastic falls and lava flows down to the beach.

Ash plumes from Dukono have been iden ti fied in sat el -
lite im ag ery by the Dar win Vol ca nic Ash Ad vi sory Cen tre
al most ev ery week since early June 2003. Plumes were usu -
ally re ported ris ing to al ti tudes of 3-4.5 km and ex tend ing
down wind 45-75 km from the sum mit. Lon ger plumes to
dis tances of 80-130 km were re ported af ter 18 Au gust. Dis -
tinct vi sual plumes reach ing dis tances of over 200 km were
seen in No vem ber (fig ure 2), with a max i mum of ~ 300 km
dur ing 12-18 No vem ber. Avi a tion no tices con tin ued to be
is sued through De cem ber, warn ing of al most con tin u ous
ac tiv ity and plumes extending ~ 90 km from the vol cano.

Paul Tay lor pro vided the fol low ing ac count from Bap -
tist mis sion ary Charles W. Cole. He also noted that the
Tobelo “o dukono” just means “(the) vol cano,” but that the
word is now used as a proper name for the vol cano on
Halmahera. On 16 No vem ber 2003 Cole wrote: “The sit u a -
tion in Tobelo con tin ues to be on edge as un known par ties
con tinue to ex plode bombs. Af ter the dis tri bu tion of the
food pack ets in Ternate, Ken neth and Oky ac com pa nied the 
Tobelo pas tors on a seven hour ride in a small van to
Tobelo. When they ar rived in Tobelo it looked like it had
just snowed. The ground and all the build ings were cov ered 
with white ash. This past week it has rum bled and put out
large clouds of white ash. En tire vil lages and neigh bor -
hoods have been destroyed (not by ash).”

Back ground. Re ports from
this re mote vol cano in north ern -
most Halmahera are rare, but
Dukono has been one of In do ne -
sia’s most ac tive vol ca noes. More 
or less con tin u ous ex plo sive erup -
tions, some times ac com pa nied by
lava flows, oc curred from 1933
un til at least the mid-1990s, when
rou tine ob ser va tions were cur -
tailed. Dur ing a ma jor erup tion in
1550, a lava flow filled in the
strait be tween Halmahera and the
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Date (2003)
Deep

Vol ca nic

Shal low

Vol ca nic
Multiphase Emis sion Tec tonic

27 Oct-02 Nov 18 64 10 24 43

03 Nov-09 Nov 9 96 7 12 53

10 Nov-16 Nov 3 52 10 23 106

17 Nov-23 Nov 25 135 16 42 47

24 Nov-30 Nov 15 79 34 29 130

Ta ble 2. Seis mic ity at Karangetang dur ing 27 Oc to ber-30 No vem ber 2003 One ex plo sion and one av a lanche also
oc curred dur ing the week of 27 Oc to ber-2 No vem ber. Cour tesy of VSI.



north-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: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Volcanological Sur vey of In do -
ne sia (VSI) (see Karangetang); Charles W. Cole, Ja karta,
In do ne sia (Email: cbcole@emailworld.biz); Paul W. Tay -
lor, Aus tra lian Volcanological In ves ti ga tions, PO Box 291, 
Pymble, NSW 2073, Aus tra lia (Email: avitaylor@
mpx.com.au); An drew Tupper, 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/vaac/; Email: darwin.vaac@bom.gov.au).

Soputan

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

Seis mic ac tiv ity re corded at Soputan dur ing No vem ber
was dom i nated by av a lanche earth quakes (ta ble 3). Fre -
quent ash ex plo sions oc curred dur ing July and on 31 Au -
gust, when a lava flow was also seen (Bul le tin v. 28, no. 8).
Only a white gas plume reach ing heights of 25-50 m was
ob served dur ing 27 Oc to ber-30 No vem ber. The haz ard sta -
tus of the vol cano re mained at Alert Level 2 (on a scale of
1-4).

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 1,784 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).

Manam

Pa pua New Guinea
4.10°S, 145.061°E; sum mit elev. 1,807 m

Ac tiv ity at Manam re mained low dur ing 10 No vem -
ber-14 De cem ber 2003. Oc ca sional emis sions of weak to
mod er ate gray-brown ash clouds con tin ued from Main
Crater, at a lower level com pared to late Oc to ber-early No -
vem ber. An ex plo sion on 11 No vem ber pro duced an ash
plume that rose slowly to ~ 400 m above the sum mit crater,
caus ing ashfall to the E. Oc ca sional low rum bling and weak 
roar ing noises were heard on 12 and 28-30 No vem ber. No
night-time glow was ob served dur ing No vem ber. A force -
ful gas emis sion on 5 De cem ber sent an ash col umn ~ 500
m above Main Crater, and a steady glow was ob served on
the night of 10 De cem ber. South ern Crater gently re leased
weak thin white va por gently through out the pe riod. Small
low-fre quency vol ca nic earth quakes con tin ued, with a
sl ight  in  crease in  seis  mic i ty  char  ac ter  ized  by
sub-continuous volcanic tremors after 1 December.

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 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 pro duced pyroclastic
flows that reached the coast, and in 1957-58 pyroclastic
flows de scended all four ra dial valleys. Lava flows reached
the sea in 1946-47 and 1958.

In for ma tion Con tact: Ima Itikarai, Rabaul Vol cano
Ob ser va tory (RVO), P.O. Box 386, Rabaul, Pa pua New
Guinea (Email: hguria@global.net.pg).
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Fig ure 2. Sat el lite im age show ing an ash plume ex tend ing S and SE from
Dukono on 17 No vem ber 2003. The vol cano is lo cated be low the “D” in
Dukono, and the ap prox i mate ex tent of the ash cloud has been out lined.
Cour tesy of Dar win VAAC.

Date (2003)
Av a lanche

Earth quakes

Tec tonic

Earth quakes

27 Oct-02 Nov 51 5

03 Nov-09 Nov 35 18

10 Nov-16 Nov 24 17

17 Nov-23 Nov 37 7

24 Nov-30 Nov 66 10

Ta ble 3. Seis mic ity at Soputan, 27 Oc to ber-30 No vem ber 2003. Cour tesy
of VSI.



Ulawun

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

The Dar win Vol ca nic Ash Ad vi sory Cen tre re ported
that an ash plume from Ulawun was vis i ble on sat el lite im -
ag ery on 22 Sep tem ber at an al ti tude of ~ 3.7 km ex tend ing
NW. On 5 Oc to ber a faint ash plume was iden ti fied on sat -
el lite im ag ery at ~ 4.3 km al ti tude, ex tend ing 55 km WSW
of the sum mit. An other ash plume was seen reach ing ~ 75
km WNW of the sum mit on sat el lite im ag ery on 10 October 
at an altitude around 3 km.

Ac cord ing to the Rabaul Vol cano Ob ser va tory, the
main sum mit crater at Ulawun re leased weak to mod er ate
vol umes of white-gray va por emis sions over the pe riod 6
No vem ber-22 De cem ber 2003. The two north val ley vents
were quiet, with no emis sions ob served. The seis mo graph,
re stored on 31 Oc to ber 2003; showed seis mic ity was low
through out this pe riod, with small low fre quency vol ca nic
earth quakes and some high fre quency vol cano-tec tonic
events. The elec tronic tiltmeter, re stored at the same time;
recorded no significant changes.

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 vol cano, also known as the North Son, rises 
above the north coast of the is land of New Brit ain across a
low sad dle NE of Bamus vol cano, the South Son. The up -
per 1000 m of the 2334-m-high Ulawun 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 tact: Ima Itikarai, Rabaul Vol cano
Ob ser va tory (RVO) (see Manam); Dar win Vol ca nic Ash
Ad vi sory Cen tre (VAAC) (see Dukono).

Rabaul

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

Emis sions of light to pale ash clouds from Tavurvur
char ac ter ized ac tiv ity dur ing No vem ber 2003. Be tween 10
and 20 No vem ber the ash emis sions oc curred fre quently at
ir reg u lar in ter vals. Dur ing 20-24 No vem ber Tavurvur pro -
duced only a hand ful of emis sions at very long in ter vals,
but af ter 24 No vem ber the emis sions be came fre quent. Oc -
ca sional mod er ate ex plo sions through 14 De cem ber pro -
duced thick ash plumes that rose 1-2.5 km above the sum -
mit. In can des cent lava frag ments from some ex plo sions
were vis i ble at night and oc ca sional roar ing and rum bling
noises were heard. Af ter 16 No vem ber winds were con sis -
tently from the SE, blow ing ash plumes N and NW. Ashfall

re sulted in down wind ar eas, in clud ing Rabaul Town and
vil lages on Tavui Pen in sula, Malagura and Matupit; ac cu -
mu la tion was heavi est in the area of Rabaul Town. Fine
ashfall also occurred to the W, SW, S, and SE.

Seis mic ity has been low, with some high-fre quency
earth quakes from the NE. Ground de for ma tion in No vem -
ber re mained low. The real-time GPS and elec tronic tilt site
on Matupit Is land, in the cen ter of the cal dera, con tin ued to
in di cate a slow grad ual up lift. This up lift is part of the
long-term trend re ported ear lier (Bul le tin v. 28, no. 3).

Back ground. The low-ly ing Rabaul cal dera on the tip
of the Ga zelle Pen in sula at 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 688-m-high asym met ri cal pyroclastic shield
vol cano are formed by thick pyroclastic-flow de pos its. The
8 x 14 km cal dera is widely breached on the east, 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 7100
and 1400 years ago. Three small stratovolcanoes lie out side 
the north ern 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 west ern 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 tact: Ima Itikarai, Rabaul Vol cano
Ob ser va tory (RVO) (see Manam).

Monowai Seamount

Kermadec Is lands, South ern Pa cific Ocean
25.888°S, 177.188°W; sum mit elev. -100 m (sub ma rine)

Monowai is a fre quently ac tive sub ma rine vol cano that
has had vol ca nic earth quake swarms re corded in May 2002
(Bul le tin v. 27, no. 5), No vem ber 2002 (Bul le tin v. 28, no.
2), and April-May 2003 (Bul le tin v. 28, no. 5). Monowai
ex hib ited in creased ac tiv ity for the first 11 months of 2003,
dur ing which more than 1,300 events were de tected and lo -
cated by the French Poly ne sian seis mic net work via hy -
dro-acous tic waves (also called T-waves) gen er ated by this
sub ma rine vol cano. Each vol ca nic erup tion, cre at ing ex plo -
sions and boil ing wa ter, gen er ates hy dro-acous tic waves
that are able to prop a gate sev eral thou sands of ki lo me ters
through the ocean in a wave guide (a low ve loc ity zone lo -
cated at ~ 1,000 m depth called the SOFAR–Sound Fix ing
and Rang ing–chan nel). Con se quently, a ma jor part of the
vol ca nic ac tiv ity can be mon i tored at great dis tances in the
oceans (> 3,000 km) us ing the T-waves. The am pli tudes of
T-waves correlate with the strength or intensity of the
eruptions.

 Ac tiv ity at Monowai dur ing 2003 has been much
greater than in 2002. From April through No vem ber 2003,
11 swarms have been de tected (fig ure 3); about one swarm
was de tected ev ery two weeks ex cept in the months of June
and Sep tem ber, when no T-waves were de tected from
Monowai. A vol ca nic swarm started sud denly on 10 April
2003 with an av er age rate of about 50-60 events per day
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(fig ure 4). The ac tiv ity seemed to de crease smoothly in
2003 com pared to abrupt halts in activity in 2002.

The ob served swarms are com posed of a lot of events
over at least 30 min utes con tain ing many tens of sig nals,
pro duc ing a quasi-con tin u ous and fluc tu at ing noise. How -
ever, these types of sig nals are de tected across the en tire
seis mic net work. If a par tic u lar wave (a max i mum am pli -
tude, or the be gin ning of a wave) vis i ble in all the seis mic
re cords is se lected, it is pos si ble to lo cate the source by the
in ver sion of the travel time. Some times strong am pli tudes
are re corded that can be cor re lated with the strength of the
volcanic explosion.

Back ground. Monowai seamount, also known as Orion
seamount, rises to within 100 m of the sea sur face about
half way be tween the Kermadec and Tonga is land groups.
The vol cano lies at the south ern end of the Tonga Ridge
and is slightly off set from the Kermadec vol ca noes. Small

par a sitic cones oc cur on the north and west flanks of the
sub ma rine vol cano, which rises from a depth of about 1,500 
m and was named for one of the New Zea land Navy
bathymetric sur vey ships that doc u mented its mor phol ogy.
Nu mer ous erup tions have been de tected from sub ma rine
acous tic sig nals since it was first rec og nized as a vol cano in 
1977. A shoal that had been re ported in 1944 may have
been a pum ice raft or wa ter dis tur bance due to de gas sing.
Sur face ob ser va tions have in cluded wa ter dis col or ation,
vig or ous gas bub bling, and ar eas of upwelling water,
sometimes accompanied by rumbling noises.

In for ma tion Con tacts: Dominique Reymond and
Olivier Hyvernaud ,  Laboratoire  de Geophysique,
CEA/DASE/LDG Ta hiti, P.O. Box 640, Papeete, French
Poly ne  s ia  (Emai l:  reymond.d@labogeo.pf ,
hyvernaud@labogeo.pf).
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Fig ure 4. Num ber of daily seis mic events at Monowai re corded by the
Poly ne sian seis mic net work, RSP (Réseau Sismique Polynésien) dur ing 5
April through early No vem ber 2003. These num bers are prob a bly largely
un der es ti mated. Cour tesy of Laboratoire de Geophysique, Ta hiti.

Fig ure 3. Am pli tudes of T-waves from Monowai re corded at the TVO
sta tion on Ta hiti dur ing 1 April through early No vem ber 2003. Cour tesy
of Laboratoire de Geophysique, Ta hiti.
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