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Cotopaxi

Ec ua dor
00.677ºS, 78.436ºW, sum mit elev. 5,911 m

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

This re port con tains de tails of seis mic ity at Cotopaxi
dur ing May through De cem ber 2003. In gen eral, seis mic ity
was low and within nor mal lev els, oc ca sion ally punc tu ated
by in creased ac tiv ity. Fumarolic and in fla tion ary ac tiv ity
var ied through out the pe riod.

Seis mic ity dur ing the first week of May was char ac ter -
ized by a high num ber of frac ture-re lated vol cano-tec tonic
events in the N, NE, and S zones, up to 15 km from the
sum mit. These events were lo cated at depths be tween 3 and 
15 km be low the sum mit. On 2 May at 0949 a vol cano-tec -
tonic event on the S flank oc curred at ~ 3 km depth. Based
on the coda, the event was cal cu lated as M 3.2, a value con -
sid ered mod er ate at this vol cano. At 1918 on 2 May a
long-pe riod event was re corded at the Cotopaxi, Antisana,
and Guagua Pichincha seis mic sta tions. It lasted about 180
sec onds. The earth quake was fol lowed by a low-fre quency
(1.6 Hz) tremor sig nal last ing about 150 sec onds.

Be tween 2 and 4 May de fla tion was re corded, with
slight vari a tions. On 2 May staff at the Ref uge felt earth -
quakes. On 3 May the staff saw steam plumes at heights of
400-800 m above the crater, which blew W. On 3 and 4
May ob ser va tions were made at the Ref uge and the sum mit. 
Staff smelled sul fur halfway to the sum mit; and found new
fumaroles in the Yanasacha area.  On 4  May these
fumaroles gen er ated white steam plumes up to 50 m above
the sum mit. Fumarole tem per a tures were 29-31°C.

A tec tonic earth quake was re corded on 8 May, but al -
though tremor ep i sodes in creased, vol cano-tec tonic earth -
quakes were fewer dur ing 5-11 May than the pre vi ous
week. Seis mic ity con tin ued to drop dur ing the week of
12-18 May. Al though some low-am pli tude tremor oc curred 
dur ing that in ter val, ac tiv ity was dom i nated by long-pe riod
earth quakes. Earth quakes in creased slightly the fol low ing
week, but seis mic ity re mained lower than av er age for the
year. Low-fre quency tremor last ing un der 10 min utes was
re corded on 23 May; tec tonic ac tiv ity on 24 May oc curred
in the zone of Saquisili and was de ter mined to be un re lated
to Cotopaxi. Dur ing the fi nal week of May, long-pe riod
events and tremor sig nals in creased slightly but seis mic ity
con tin ued to re main within the nor mal pa ram e ters es tab -
lished as of No vem ber 2001, when Cotopaxi en tered a pe -
riod of un usual seis mic and fumarolic ac tiv ity.

Ac tiv ity re mained gen er ally con stant through June, with 
ep i sodes of har monic tremor in creas ing slightly be tween 9
and 15 June and again on 23 June. White steam plumes
reached 300 m high on 4 June, but later they were un der
100 m high. At the end of June there was a slight ten dency
to ward de fla tion; tremor events in creased slightly and usu -
ally had fun da men tal fre quen cies of ~ 1.7 Hz.

Be tween 7 and 13 July the num ber of long-pe riod
events in creased, as did the num ber of hy brid events. How -
ever, tremor de creased, and the av er age num ber of earth -
quakes per day (8) was lower than in re cent pe ri ods of in -
creased ac tiv ity. The av er age num ber of earth quakes per
day de creased again the fol low ing week. No ta ble tremor
oc curred on 20 July, with ep i sodes last ing be tween 80 and
125 sec onds and re duced dis place ment vary ing from 0.5 to

11 cm2. Dur ing the week of 21-27 July ac tiv ity in creased
slightly, from 6.6 to 8.3 events per day, but in gen eral seis -
mic data in di cated a state of low ac tiv ity dur ing July.

In early Au gust seis mic ity rose to an av er age of 20
events per day, and tremor sig nals in creased, es pe cially on
8-10 Au gust. How ever, the re leased en ergy re mained low
through out Au gust. Earth quakes reg is tered that month were 
gen er ally small, and tremor sig nals were con stant ex cept
for two pe ri ods of har monic tremor on 28 Au gust.

Al though seis mic ity re mained low in early Sep tem ber,
on 6 Sep tem ber in stru ments reg is tered a low-fre quency
(0.9 Hz), low-am pli tude tremor last ing more than 3 hours.
On 18 Sep tem ber a clus ter of earth quakes (char ac ter ized by 
long-pe riod events and hy brid events) be gan around 1300
and lasted ~ 4 hours. A sec ond clus ter oc curred the next
day, last ing ~ 6 hours. The earth quakes as so ci ated with
these clus ters were lo cated be tween 1 and 4 km be low the
sum mit. Fumarolic ac tiv ity was nor mal for most of Sep tem -
ber, al though a gas dis charge was re ported on 21 Sep tem -
ber. Af ter 21 Sep tem ber seis mic ity re turned to nor mal lev -
els, and con tin ued to de crease through the fol low ing week.

Seis mic ity gen er ally re mained low for the next few
months. Vol cano-tec tonic earth quakes and tremor in -
creased slightly dur ing 13-19 Oc to ber. Three dis tinct ep i -
sodes of tremor on 15, 17, and 18 Oc to ber con sist ed of sim -
i lar events with dom i nant fre quen cies of 0.8-0.9 Hz.
Seis mic ity into No vem ber re mained low, with no sig nif i -
cant ep i sodes of tremor and only small events.

By mid-De cem ber seis mic ity in creased and al though
ac tiv ity re mained within nor mal lev els, the oc cur rence of
high-fre quency tremor was note wor thy. Also through
mid-De cem ber, a slight odor of sul fur was re ported, as well 
as oc ca sional col umns of steam no higher than 300 m.

Cor rec tion: A brown plume men tioned on 7 De cem ber
2002 (Bul le tin v. 27, no. 12) might be mis in ter preted as ev i -
dence of an ash-bear ing emis sion. Gorki Ruiz, a col league
of Pete and Patty Hall, clar i fied events and in ter pre ta tions
from that date. He in ter viewed guards at the Cotopaxi
refugio, who stated that nei ther they nor oth ers at the
refugio that day had ob served emis sions. They dis counted
ob ser va tions of ash emis sions and noted that al though
fumarolic plumes fre quently reach 300 m above the sum -
mit, no phreatic ex plo sions had oc curred. That time in ter val 
was also one of low seis mic ity.

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 sig nif i -
cant erup tion of Cotopaxi took place in 1904.

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/).

2    Cotopaxi Smithsonian Institution — Bulletin of the Global



Soufrière Hills

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

Weekly sum ma ries of seis mic ac tiv ity at Soufrière Hills
for the pe riod 7 No vem ber 2003 to 16 Jan u ary 2004 are
given in ta ble 1. Dur ing the week of 14 to 21 No vem ber a
prom i nent swarm of hy brid earth quakes lasted for three
days. Good views and sur veys of the dome dur ing this week 
con firmed that no growth or changes took place. On 9 De -
cem ber and on 31 De cem ber 2003 swarms of small hy brid
earth quakes were ob served on the drum re cords, but most
of the events were too small to be re corded on the net work.
Vi sual ob ser va tions con firmed that no new dome growth
has oc curred in the crater since July 2003, al though there
has been some slump ing of old dome ma te rial from the
crater walls, and deg ra da tion of the wall rocks by steam
ac tiv ity.

Ta ble 2 shows a sum mary of the gas emis sions (mainly
sul fur di ox ide, but one HCl es ti mate for 18 De cem ber). In -
stru ment prob lems or un fa vor able wind di rec tions dis -
rupted mea sure ments for a num ber of days dur ing the re -
port in ter val (dashed lines).

Back ground. The com plex andesitic Soufrière Hills
vol cano oc cu pies the south ern half of the is land of
Montserrat. The sum mit area con sists pri mar ily of a se ries
of lava domes emplaced along an ESE-trending zone. 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 tact: Gill Norton, Montserrat Vol cano
Ob ser va tory (MVO), Mongo Hill, Montserrat, West In dies
(URL: http://www.mvo.ms/).

Irazú

Costa Rica
9.98°N, 83.85°W; sum mit elev. 3,432 m

This re port con sists of con tri bu tions from in ves ti ga tors
at OVSICORI-UNA and UCR-ICE, who both mon i tor
Irazú. Small-mag ni tude seis mic ity and sta ble fumarolic and 
crater lake con di tions were noted in the pre vi ous Irazú re -
port (Bul le tin v. 26 no. 10). Weak seis mic ity and sta ble
con di tions con tin ued through at least December 2003.

OVSICORI-UNA ob ser va tions.  Seis mic ity and
fumarolic emis sions at the vol cano re mained low over the
re port ing in ter val Sep tem ber 2001 to De cem ber 2003.

The color of the prin ci pal crater lake var ied from green -
ish yel low (Jan u ary, Oc to ber, and De cem ber 2002; Jan u ary
and May 2003) to light yel low (June 2002), to yel low (Feb -
ru ary and March 2002), and strong yel low (Feb ru ary,
March, and April 2003). From May 2003 on the color re -
mained green, par tic u larly dark green. The strong yel low
color cor re lated with mass wast ing from the crater walls,
which in tro duced strongly col ored fine-grained ma te rial
into the lake. On 8 Feb ru ary 2003 the color briefly shifted
from yel low to red dish due to mass wast ing in zones along
the E and ENE walls. The Feb ru ary mass-wast ing events

did not pro duce de fin able seis mic
sig nals at  the vol  cano’s sole
station (IRZ2, located 5 km from
the crater).

In Jan u ary, Sep tem ber, Oc to -
ber, and No vem ber 2002, the
lake’s sur face was com par a tively
high, cov er ing the crater floor. An 
in ter val of dry weather with con -
se quent lower lake lev els, bub -
bling along the lake’s mar gins,
and small land slides into the
crater were noted dur ing Feb ru ary 
and March 2002. In March and
April 2002, the lake tem per a ture
was 17°C. Dur ing March 2002,
fumaroles on the NE shore had
tem per a tures of 39-50°C. The
lake tem per a ture mea sured 15°C
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Date

(2003-2004)

Rockfall

sig nals

Long-pe riod

rockfalls

Long-pe riod

earth quakes

Hy brid

earth quakes

Vol cano-tec tonic

earth quakes

07 Nov-13 Nov 1 3 1  36 —

14 Nov-20 Nov 7 — 13 287 4

21 Nov-27 Nov 5 — 1 50 1

28 Nov-04 Dec 1 — — 12 0

05 Dec-11 Dec — — 4 13 —

12 Dec-18 Dec 2 — — 12 —

19 Dec-25 Dec 1 — — 2 —

26 Dec-01 Jan 2 — — 9 —

02 Jan-08 Jan 2 — — 2 —

09 Jan-15 Jan 5 — 1 18 —

Ta ble 1. Sum mary of seis mic ity re corded at Soufrière Hills, 7 No vem ber 2003 to 15 Jan u ary 2004. Cour tesy of
Montserrat Vol cano Ob ser va tory.

Date (2003-2004)
SO2 emis sions

(met ric tons/day)

HCl emis sions

(met ric tons/day)

07 Nov-13 Nov 200-800 —

14 Nov-21 Nov 260-450 —

21 Nov-27 Nov 500 —

28 Nov-04 Dec 300-600 —

05 Dec-11 Dec 300-900 —

12 Dec-18 Dec 500-3,600 1,260
(HCl:SO2 = 0.35)

19 Dec-25 Dec — —

26 Dec-01 Jan 500 —

02 Jan-08 Jan 300 —

09 Jan-15 Jan 200-590 —

Ta ble 2. Sum mary of gas emis sions re corded at Soufrière Hills, 7
No vem ber 2003 to 16 Jan u ary 2004. The HCl data listed were col lected
on 18 De cem ber. Cour tesy of Montserrat Vol cano Ob ser va tory.



dur ing No vem ber 2002, with one fumarole mea sur ing
42°C. Dur ing Au gust 2003 a fumarolic tem per a ture of
47°C was mea sured on the NE lake shore.

The high est tem per a ture of the re port ing in ter val was in
July 2003 when the NE-flank fumarole was mea sured at
88°C (N-flank fumarole tem per a tures over 80°C have been
re ported for al most 40 years).

Seis mic ity sel dom av er aged more than about one or two 
lo cal earth quakes per day (ta ble 3). A few vol cano-tec tonic
and long-pe riod earth quakes were re ported (e.g., 6 LP
earth quakes in Sep tem ber 2001; 2 in No vem ber 2002; and
4 in May 2003). Tremor was not reported.

UCR-ICE ob ser va tions. Mora (2001 and 2002) pre -
sented monthly tem per a ture and con den sate-pH data for a
sul fu rous fumarole on the outer N slopes of Irazú. Mea sure -
ments of the tem per a ture be gan in 2001. The tem per a ture
re mained at 90.0 ± 1°C through out that year ex cept in June
(88.6°C) and De cem ber (86.0°C). The year 2002 be gan
with the fumarole at 79.6°C in Jan u ary, but by April it was
at 89.6°C and re mained rel a tively con stant (87.5-89.6°C)
un til cool ing in De cem ber to 86.5°C. The cooler fumarole
tem per a tures seen an nu ally around De cem ber-Jan u ary are
well es tab lished and are thought to be caused by cool wa ter
de scend ing from the sum mit into the head wa ter re gions.

Dur ing the pe riod Jan u ary-Au gust 2002, the pH of the
fumarole’s con den sate was 2.0; in creas ing to 3.5 in Sep -

tem ber, and re main ing near that value (3.0-3.5) through out
the rest of year. Dur ing 2002 the crater lake level changed
by less than ~ 2 m over all. Mora com mented that the
green-col ored wa ter seen fre quently in 2002 was the re sult
of al gae adapt ing to the low-pH conditions.

Heavy rains dur ing No vem ber and De cem ber 2001
formed an ephem eral lake on the floor of the in ac tive ob -
long-shaped Diego de la Haya crater (SE of the prin ci pal
crater), which grew to ~ 100 x 20 m.

Ref er ences: Mora, R., 2002, Informe anual de la
actividad de la Cor dil lera Volcánica Cen tral, 2002, Costa
Rica (proofed and re vised by Alvarado, G., Fernández, M.,
Mora, M., Paniagua S., and Ramírez, C.): Universidad de
Costa Rica, Red Sismológica Nacional, UCR-ICE, Sección
de Sismología, Vulcanología y Exploración Geofísica
(pub lished June 2003 as mini-CD Rom with PDF files).

Mora, R., 2001a, Informe semestral de la actividad de la 
Cor dil lera Volcánica Cen tral, Enero-Junio 2001, Costa
Rica: Universidad de Costa Rica, Red Sismológica
Nacional, UCR-ICE, Sección de Sismología, Vulcanología
y Exploración Geofísica (pub lished No vem ber 2001 as
mini-CD Rom with PDF files).

Mora, R., 2001b, Informe semestral de la actividad de la 
Cor dil lera Volcánica Cen tral, Julio-Diciembre 2001, Costa
Rica (proofed and re vised by Alvarado, G., Fernández, M.,
Montero, W., and Ramírez, C.): Universidad de Costa Rica, 
Red Sismológica Nacional,  UCR-ICE, Sección de
Sismología, Vulcanología y Exploración Geofísica (pub -
lished 6 May 2001 as mini-CD Rom with PDF files).

Back ground. Irazú, Costa Rica’s high est vol cano and
one of its most ac tive, rises to 3,432 m im me di ately E of the 
cap i tal city of San José. The mas sive vol cano cov ers an
area of 500 km2 and is veg e tated to within a few hun dred
me ters of its broad flat-topped sum mit crater com plex. At
least 10 satellitic cones are lo cated on the south ern flank of
Irazú. No lava flows have been iden ti fied from Irazú since
the erup tion of the mas sive Cer van tes lava flows from
S-flank vents about 14,000 years ago, and all known Ho lo -
cene erup tions have been ex plo sive. The fo cus of erup tions
at the sum mit crater com plex has mi grated to the W to -
wards the his tor i cally ac tive crater, which con tains a small
lake of vari able size and color. Al though erup tions may
have oc curred around the time of the Span ish con quest, the
first well-doc u mented his tor i cal erup tion oc curred in 1723,
and fre quent ex plo sive erup tions have oc curred since.
Ashfall from the last ma jor erup tion of Irazú dur ing
1963-65 caused sig nif i cant dis rup tion to San José and
surrounding areas.

In for ma tion Con tacts: E. Fernández, E. Duarte, E.
Malavassi, R. Sáenz, V. Barboza, R. Van der Laat, T. Ma -
rino, E. Hernández, and F. Chavarría, Observatorio
Vulcanológico y Sismológico  de Costa Rica
(OVSICORI-UNA), Apartado 86-3000, Heredia, Costa
Rica (URL: http://www.una.ac.cr/ovsi/); Jorge Barquero
and Wendy Sáenz, Lab o ra tory de Química de la Atmósfera
(LAQAT), Depto. de Química, Universidad Nacional,
Heredia, Costa Rica; María Martínez (at both af fil i a tions
above); Or lando Vaselli and Franco Tassi, De part ment of
Earth Sci ences, Uni ver sity of Flor ence, Via La Pira 4,
50121 Flor ence, It aly; R. Mora (Amador), C. Ramírez, and
M. Fernández, Universidad de Costa Rica, Lab o ra tory de
Sismología, Vulcanología y Exploración Geofisico, Apptd.
560-2300, Curridabat, San José, Costa Rica (Email:
raulmora@hotmail.com).
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Month
To tal earth quakes

(days of op er a tion)

Sep 2001 39 (20 days)

Oct 2001 56

Nov 2001 n.a.

Dec 2001 n.a.

Jan 2002 50

Feb 2002 23 (16 days)

Mar 2002 50

Apr 2002 n.a.

May 2002 n.a.

Jun 2002 54

Jul 2002 19

Aug 2002 11

Sep 2002 n.a.

Oct 2002 24

Nov 2002 29

Dec 2002 n.a.

Jan 2003 16

Feb 2003 20

Mar 2003 15

Apr 2003 7

May 2003 24

Jun 2003 11

Jul 2003 8

Aug 2003 23

Sep 2003 29

Oct 2003 43

Nov 2003 11

Dec 2003 n.a.

Ta ble 3. Earth quakes reg is tered at the Irazú seis mic in stru ment, 5 km SW
of the crater. The la bel “n.a.” (not avail able) re flects a lack of men tion or a
mal func tion ing sys tem. When the sys tem func tioned for only part of the
month, the num ber of func tional days is in pa ren the sis. Cour tesy of
OVSICORI-UNA.



Rotorua

New Zea land
38.08°S, 176.27°E; sum mit elev. 757 m

Re ported hy dro ther mal ac tiv ity at Rotorua on 26 Jan u -
ary 2001 in volved the ejec tion of mud and bal lis tic blocks
(Bul le tin v. 26, no. 3). The New Zea land In sti tute of Geo -
log i cal and Nu clear Sci ences re ported that two sub se quent
hy dro ther mal erup tions in Rotorua cal dera at Kuirau Park
on 6 No vem ber 2003 blasted mud, rock, and ash 14 m into
the air. Gray mud and small rocks lit tered a zone ~ 20 m
wide and the erup tion de stroyed trees around the crater
where it vented. The erup tions oc curred just me ters from
the site of the large blow out in 2001. The area is known for
this kind of geothermal activity.

Back ground. The 22-km-wide Rotorua cal dera is the
NW-most cal dera of the Taupo vol ca nic zone. Rotorua is
the only sin gle-event cal dera in the Taupo vol ca nic zone
and was formed about 220,000 years ago dur ing erup tion of 
the > 500 km3 rhyolitic Ma ma ku Ignimbrite. Al though cal -
dera col lapse oc curred in a sin gle event, the pro cess was
com plex and in volved mul ti ple col lapse blocks. The ma jor
city of Rotorua lies at the S end of the lake that fills much of 
the cal dera. Post-col lapse erup tive ac tiv ity, which ceased
dur ing the Pleis to cene, has been re stricted to lava dome ex -
tru sion with out ma jor ex plo sive ac tiv ity. The youn gest
erup tive ac tiv ity at Rotorua con sisted of the erup tion of
three lava domes less than 25,000 years ago. The ma jor
ther mal ar eas of Takeke, Tikitere, Lake Rotokawa, and
Rotorua-Whakarewarewa are lo cated within the cal dera or
out side its rim. Whakarewarewa con tains New Zea land’s
last re main ing ac tive gey ser field.

In for ma tion Con tact: Brad Scott, Wairakei Re search
Cen ter, In sti tute of Geo log i cal and Nu clear Sci ences
(IGNS), Pri vate Bag 2000, Taupo, New Zea land (Email:
b.scott@gns.cri.nz; URL: http://www.gns.cri.nz/).

Pago

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

Pago re mained quiet, with all vents con tin u ing to re -
lease weak, thin white va por dur ing 10 Oc to ber–14 De cem -
ber 2003. Seis mic ity was gen er ally low, with daily av er ages 
of 5-7 small vol cano-tec tonic earth quakes. The high est
num ber of daily events through 26 No vem ber were the 45
re corded on 28 October.

Back ground. Pago is a young post-cal dera cone that
was con structed within the 5.5 x 7.5 km Witori cal dera. Ex -
ten sive pyroclastic-flow de pos its are as so ci ated with for -
ma tion of the cal dera about 3,300 years ago. The gently
slop ing outer flanks of Witori vol cano con sist pri mar ily of
dacitic pyroclastic-flow and airfall de pos its pro duced dur -
ing a se ries of five ma jor ex plo sive erup tions from about
5,600 to 1,200 years ago. Mount Pago may have formed
less than 350 years ago, and has grown to a height above
the Witori cal dera rim. A se ries of ten dacitic lava flows
from Pago cov ers much of the cal dera floor. The youn gest
of these was erupted dur ing 2002-2003 from vents ex tend -
ing from the summit nearly to the NW caldera wall.

In for ma tion Con tact: Ima Itikarai, Rabaul Vol cano
Ob ser va tory (RVO), P.O. Box 386, Rabaul, Pa pua New
Guinea (Email: rvo@global.net.pg).

Lam ing ton

Pa pua New Guinea
8.95°S, 148.15°E; sum mit elev. 1,680 m

Lam ing ton re mained quiet dur ing 10 Oc to ber-14 De -
cem ber 2003. Cloud cover over the sum mit area made vi -
sual ob ser va tions dif fi cult, and the earth quake re corder did
not func tion due to tech ni cal prob lems. Al though it was dif -
fi cult to make a re li able prog no sis based on very lim ited
data and in for ma tion, Rabaul Vol cano Ob ser va tory ex -
pected Lamington to remain quiet.

Back ground. Lam ing ton is an andesitic stratovolcano
with a 1.3-km-wide breached sum mit crater con tain ing a
lava dome. Prior to its re nowned dev as tat ing erup tion in
1951, the for ested peak had not been rec og nized as a vol -
cano. Mount Lam ing ton rises to 1680 m above the coastal
plain N of the Owen Stan ley Range. A sum mit com plex of
lava domes and crater rem nants rises above a low-an gle
base of volcaniclastic de pos its that are dis sected by ra dial
val leys. A prom i nent broad “av a lanche val ley” ex tends
north ward from the breached crater. Mount Lam ing ton
sprang sud denly to life in 1951, pro duc ing a pow er ful ex -
plo sive erup tion dur ing which dev as tat ing pyroclastic flows 
and surges swept all sides of the vol cano, kill ing nearly
3000 per sons. The erup tion con cluded with growth of a
560-m-high lava dome in the summit crater.

In for ma tion Con tact: Ima Itikarai, Rabaul Vol cano
Ob ser va tory (see Pago).

Dukono

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

Sat el lite im ag ery for 8 De cem ber showed ash plumes at
~ 3 km al ti tude ex tend ing 90-190 km WSW from Dukono.
Dur ing 10-17 and 24-30 De cem ber, thin ash plumes were
some times vis i ble on sat el lite im ag ery ex tend ing E to a
max i mum dis tance of ~ 90 km. Dur ing 31 De cem ber to 6
Jan u ary, low-in ten sity erup tions at Dukono con tin ued to
pro duce plumes to low lev els that extended to ~ 185 km SE.

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

In for ma tion Con tact: 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/).
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Lokon-Empung

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

On go ing seis mic ity at Lokon was re ported in Bul le tin v. 
28, no. 10. The Volcanological Sur vey of In do ne sia (VSI)
re port for 27 Oc to ber-30 No vem ber showed con tin u ing
seis mic ity (ta ble 4), and a white gas plume ris ing 75-150 m
from the Tompaluan crater. The vol cano re mained at alert
level 2 (on a scale of 1-4).

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, Vulcanological 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/).

Ijen

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

The pat tern of shal low vol ca nic earth quakes re ported at
Ijen in Bul le tin v. 28, no. 10 con tin ued over the pe riod 27
Oc to ber-30 No vem ber 2003. White gas emis sions rose
50-150 m from the crater, and a earth quake was felt on 4
No vem ber of Mod i fied Mercali
in ten sity III. Data in ta ble 5 show
slight vari a tions in seis mic ity dur -
ing the re port in ter val. The vol -
cano re mained at alert level 2 (on
a scale of 1-4).

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 clud 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 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 Lokon-Empung).

Lamongan

Java, In do ne sia
8.00°S, 113.342°E; sum mit elev. 1,651 m

When last dis cussed in 1988 (Bul le tin v. 13, no. 2), a
seis mic swarm had oc curred here. Ex cept for an un cer tain
1953 erup tion, 20th- and 21st-cen tury erup tions are un -
known. Dar win Vol ca nic Ash Ad vi sory 2003/1 no ti fied air -
craft per son nel that, on 24 Sep tem ber 2003, ash was vis i ble
to ~ 900 m over Lamongan.

In this 2003 case, no con fir ma tions of a plume or other
signs of vol ca nism were avail able from ob serv ers on the
scene. Con crete con fir ma tions can es tab lish that the plume
did in deed vent here, rather than at an other vol cano and that 
it did not re sult from sim i lar-look ing pro cesses of non-vol -
ca nic or i gin (eg., for est fires, crop burning, lofted dust).

Back ground.  Lamongan, a small 1,631-m-high
stratovolcano lo cated be tween the mas sive Tengger and
Iyang-Argapura vol ca nic com plexes. The cur rently ac tive
cone has been con structed 650 m to the SW of Gunung
Tarub, the vol cano’s high point. As many as 27 maars with
di am e ters from 150 to 700 m, some con tain ing crater lakes,
sur round the vol cano, along with about 60 cin der cones and 
spat ter cones. Lake-filled maars, in clud ing Ranu Pakis,
Ranu Klakah, and Ranu Bedali, are lo cated on the east ern
and west ern flanks; dry maars are pre dom i nately lo cated on 
the north ern flanks. None of the Lamongan maars has
erupted dur ing his tor i cal time, al though sev eral of the
youth ful maars cut drain age chan nels from Gunung Tarub.
Lamongan was very ac tive from the time of its first his tor i -
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Dates (2003) Vol ca nic A Vol ca nic B Tec tonic

27 Oct-02 Nov 3 29 22

03 Nov-09 Nov 15 171 26

10 Nov-16 Nov 9 146 43

17 Nov-23 Nov 22 96 20

24 Nov-30 Nov 7 116 21

Ta ble 4. Seis mic ity re corded at Lokon-Empung, 27 Oc to ber -30
No vem ber. Cour tesy of VSI.

Dates (2003) Vol ca nic A Vol ca nic B Tremor Tec tonic Emis sion

27 Oct-02 Nov 0 29 con tin u ous (0.5-2 mm) 2 0

03 Nov-09 Nov 0 18 con tin u ous (0.5-2 mm) 6 2

10 Nov-16 Nov 0 18 con tin u ous (0.5-2 mm) 6 2

17 Nov-23 Nov 0 26 con tin u ous (0.5-4 mm) 7 0

24 Nov-30 Nov 8 32 con tin u ous (0.5-2 mm) 7 1

Ta ble 5. Seis mic ity reg is tered at Ijen, 27 Oc to ber-30 No vem ber 2003. Cour tesy of VSI.



cal erup tion in 1799 through the
end of the 19th cen tury, pro duc -
ing fre quent ex plo sive erup tions
and lava flows from vents on the
west ern  s ide  of  the  vol  cano
ranging from the summit to ~ 450
m elevation.

In for ma tion Con tact: Dar win 
Vol ca nic Ash Ad vi sory Cen ter
(VAAC) (see Dukono).

Semeru

Java, In do ne sia
8.018°S, 112.92°E; sum mit elev. 3,676 m

Vol ca nic ac tiv ity at Semeru con tin ued at a high level
over  the  pe  r iod 27 Oc to  ber-30 No vem ber ,  with  a
white-grey ash plume 300-600 m above the crater. A sum -
mary of seis mic ity (ta ble 6) shows a ~ 20 per cent re duc tion
in the num ber of ex plo sions com pared to the pre vi ous four
weekly in ter vals (see Bul le tin v. 28, no. 10). Semeru’s haz -
ard sta tus re mained at alert level 2 (on a scale of 1-4).

Back ground. Semeru, the high est vol cano on Java, and
one of its most ac tive, lies at the S end of a vol ca nic mas sif
ex tend ing north to the Tengger cal dera. The steep-sided
vol cano rises abruptly to 3,676 m above coastal plains to
the south. Gunung Semeru was con structed S 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. 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 flanks 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 Lokon-Empung).

Cereme

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

Seis mic ac tiv ity at Cereme was pre vi ously re ported in
Bul le tin v. 28, no.10. On go ing seis mic ity con tin ued dur ing
27 Oc to ber-30 No vem ber 2003 (ta ble 7). The num ber of
A-type vol ca nic earth quakes peaked dur ing 3-9 No vem ber
(53 events). Hot spring tem per a ture mea sure ments were
47°C at Sangkan Hurip, 50°C at Cilengkrang, and 43°C at
Ciniru. No sig nif i cant vi sual ac tiv ity was re ported, and the
haz ard sta tus re mained at Alert Level 2 (on a scale of 1-4).

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 N 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, primarily from the
summit crater.

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

Koryaksky

Kamchatka Pen in sula, Rus sia
53.320°N, 158.688°E; sum mit elev. 3,456 m

Our last re port for Koryaksky was Bul le tin v. 22, no.11,
dis cuss ing seis mic ity in 1997. Ac cord ing to a Rus sian In -
for ma tion Agency Novosti press re port, on 12 De cem ber
2003 in stru ments de tected an M 3.6 earth quake fol lowed by 
~ 2 hours of seis mic ity at ~ 6 km depth be neath Koryaksky.
A cy clonic weather sys tem over the pen in sula ob structed
visual observations.

Back ground. The large sym met ri cal Koryaksky
stratovolcano is the most prom i nent land mark of the
NW-trending Avachinskaya vol cano group, which tow ers
above Kamchatka’s larg est city, Petropavlovsk. Ero sion
has pro duced a ribbed sur face on the east ern flanks of the
3456-m-high vol cano; the youn gest lava flows are found on 
the up per west ern flank and be low SE-flank cin der cones.
No strong ex plo sive erup tions have been doc u mented dur -
ing the Ho lo cene. Ex ten sive Ho lo cene lava fields on the
west ern flank were pri mar ily fed by sum mit vents; those on
the SW flank orig i nated from flank vents. Lahars as so ci ated 
with a pe riod of lava ef fu sion from south- and SW-flank
fis sure vents about 3900-3500 years ago reached Avacha
Bay. Only a few mod er ate ex plo sive erup tions have oc -
curred dur ing his tor i cal time. Koryaksky’s first his tor i cal
eruption, in 1895, also produced a lava flow.

In for ma tion Con tact: Rus sian In for ma tion Agency
Novost i  (Email :  part  ners@rian. ru;  URL:
http://newsfromrussia.com/).
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Dates (2003) Vol ca nic A Tremor Tectonic Explosion Avalanche

27 Oct-02 Nov 1 — — — 2

03 Nov-09 Nov 22 15 11 41 8

10 Nov-16 Nov 4 13 12 3 7

17 Nov-23 Nov 565 585 524 596 568

24 Nov-30 Nov 11 17 14 15 7

Ta ble 6. Seis mic ity re corded at Semeru, 27 Oc to ber-30 No vem ber. Cour tesy of VSI.

Dates (2003)
Vol ca nic
type-A

Vol ca nic
type-B

Tec tonic

27 Oct-02 Nov 11 2 7

03 Nov-09 Nov 53 1 6

10 Nov-16 Nov 17 0 6

17 Nov-23 Nov 8 0 3

24 Nov-30 Nov 4 0 8

Ta ble 7. Seis mic ity reg is tered at Cereme, 27 Oc to ber-30 No vem ber 2003.
Cour tesy of VSI.



Karymsky

Kamchatka Pen in sula
54.05°N,159.43°E; sum mit elev.1,536 m
All times are lo cal (= UTC + 12 hours)

The in ter mit tent ex plo sions and el e vated seis mic ity re -
ported in Bul le tin v. 28, no. 11 con tin ued through De cem -
ber 2003. The To kyo Vol ca nic Ash Ad vi sory Cen ter
(VAAC) re ported, for the pe riod 28 No vem ber-5 De cem -
ber, that in ter mit tent ex plo sive erup tions emit ted ash up to
~ 3.5 km al ti tude. The Kamchatkan Vol ca nic Erup tion Re -
sponse Team (KVERT) re ported on 12 De cem ber 2003 that 
in ter mit tent ex plo sive erup tive ac tiv ity at Karymsky was
con tin u ing, with oc ca sional ex plo sions send ing ash up to
3.5 km above the vol cano and lo cal ashfall pos si ble. Seis -
mic ity was above back ground lev els, with 200-250 shal low 
long-pe riod events per day dur ing the pre vi ous week and
pos si ble ash-gas ex plo sions ris ing up to 1-1.5 km above the 
vol cano. Seis mic data showed, at 0745 on De cem ber 5, a
pos si ble ash-gas ex plo sion up to 4 km. Sat el lite data from
5-10 December showed a 1- to 5-pixel thermal anomaly
over the volcano.

KVERT re ported sim i lar con di tions for the week end -
ing 19 De cem ber, with ash to 1-2.5 km above the crater and 
160-240 events per day. On 16 De cem ber, they re ported
pos si ble ash plumes up to 3 km above the crater and 1- to
5-pixel ther mal anom a lies on 11-17 De cem ber. These con -
di tions con tin ued dur ing the week end ing 26 De cem ber,
with seis mic events fluc tu at ing at 40-200 per day and
ash-and-gas plumes ris ing 1-2 km over the vol cano. The
num ber of earth quakes de creased dur ing 18-20 De cem ber
and in creased dur ing 21-24 De cem ber, with prob a ble ash
explosions to 3.5 km on 21 December.

At 0359 on 23 De cem ber and 1605 on 24 De cem ber
pos si ble ex plo sions with pyroclastic flows were re corded.
A 1- to 3-pixel ther mal anom aly was ob served by sat el lite
on 21-22 and 24-25 De cem ber. For the week end ing 2 Jan -
u ary 2004, lo cal shal low earth quakes took place 200-270
times per day with pos si ble ash-gas ex plo sions to 2-3.5 km. 
Pos si ble ex plo sions ac com pa nied by pyroclastic flow were
re corded on 25, 29, and 31 De cem ber; a 1- to 4-pixel ther -
mal anom aly was also ob served. On 29 De cem ber a very
nar row gas-steam plume ex tended 97 km SE. The color
code alert remained at orange during the month.

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 within a 5-km-wide cal dera that formed dur -
ing the early Ho lo cene. The cal dera cuts the S side of the
Pleis to cene Dvor vol cano and is lo cated out side the N 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, im me di ately S of
Karymsky vol cano. Ra dio car bon dat ing es tab lished that the 
cal dera en clos ing Karymsky formed about 7,600-7,700
years ago; con struc tion of the 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 2,300-year qui es cence. Much of
the cone is man tled by lava flows less than 200 years old.
His  tor  i  ca l  erup t ions  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 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, 99508-4667, USA (Email:
tlmurray@ usgs.gov; URL: http://www.avo.alaska.edu/),
the Geo phys i cal In sti tute, Uni ver sity of Alaska, P.O. Box
757320,  Fair  banks ,  99775-7320, USA (Email:
eisch@dino.gi.alaska.edu), and the Alaska Di vi sion of
Geo log i cal and Geo phys i cal Sur veys, 794 Uni ver sity Ave.,
Sui te  200,  Fairbanks 99709,  USA (Email:  cnye@
giseis.alaska.edu).

Kliuchevskoi

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

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

Ash ex plo sions and Strombolian ac tiv ity was re ported
at Kliuchevskoi through early De cem ber 2003 (Bul le tin v.
28, no. 11). KVERT re ported that un rest con tin ued at
Kliuchevskoi over the month of De cem ber, with oc ca sional 
and re peated ex plo sions con tain ing ash, gas and steam ris -
ing to 7-8 km al ti tude, and pos si ble lava flows from the
cen tral crater. Seis mic ity was above back ground lev els over 
the month. The alert level re mained Or ange.

Strombolian ac tiv ity was seen from the town of Klyuchi 
on 7 De cem ber. At 1300 on 6 De cem ber an ash ex plo sion
up to 1 km above the crater was reg is tered and, on the same
day, a 3 km high gas-steam plume was ev i dent. Gas plumes, 
pos si bly con tain ing small amounts of ash, rose 100-500 m
on 7-16 De cem ber, gen er ally ex tend ing in var i ous di rec -
tions and vis i ble to dis tances of 3-10 km. Dur ing this time
sat el lites de tected 1- to 9-pixel ther mal anom a lies.
Strombolian ac tiv ity was again noted from Klyuchi on 12
December.

Dur ing the week end ing 12 De cem ber there were ap -
prox i mately 150 large shal low earth quakes of ML 1.2-2.25
and a large num ber of weak shal low earth quakes. For ex -
am ple, on 8 De cem ber, an earth quake of ML greater than
1.75 was reg is tered at a depth of 5 km un der the cen tral
crater. On 11 De cem ber, 3 earth quakes of ML 1.75-2.0 were 
reg is tered at a depth of 3-6 km un der the cen tral crater. The
num ber of earth quakes was sim i lar dur ing the week ending
19 December.

Tremor oc curred of ten. An in dex of the tremor’s size,
re ported in terms of rel a tive ve loc ity be tween the Earth and
the seis mo graph's sus pended mass (the ground mo tion),
was 19-23 Fm/s on 4-5 De cem ber, de creas ing to ~ 6.7 Fm/s 
on 9-10 De cem ber. On 12 De cem ber con tin u ous spas modic 
tremor had ve loc i ties of 2.5-9.2 Fm/s. Dur ing the week
end ing 2 Jan u ary, tremor had ve loc i ties of 2-4 Fm/s.

Dur ing the week end ing 26 De cem ber there were 135
large shal low earth quakes of ML 1.9-2.3 and a large num ber 
of weak shal low earth quakes were re ported. On 19 De cem -
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ber, one earth quake at a depth of 11 km and two earth -
quakes at a depth of 30 km be low the cen tral crater (ML less 
than 2.0) were reg is tered. Con tin u ous spas modic tremor
had ve loc i ties of 2.7-5.3 Fm/s. Gas-steam plumes were
seen ris ing up to 100 m above the crater on 22-23 De cem -
ber. The vol cano was ob scured by cloud at other times. A
1-pixel ther mal anom aly over the vol cano was reg is tered by 
sat el lite on 23 De cem ber.

Dur ing the week end ing 2 Jan u ary 2004, the num ber of
large (ML1.9-2.2) shal low earth quakes dropped to ~ 33,
with a large num ber of weak shal low earth quakes. A
1-pixel ther mal anom aly was reg is tered on 26-27 De cem -
ber. On 27-29 De cem ber, gas plumes were ob served ris ing
up to 50-500 m above the vol cano, but the vol cano was ob -
scured at other times.

Back ground. Kliuchevskoi is Kamchatka’s high est and
most ac tive vol cano. Since its or i gin ~ 6,000 years ago, the
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 and Ushkovsky vol ca -
noes. More than 100 flank erup tions have oc curred dur ing
the past ~ 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 at 500-3,600 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) (see Karymsky);
Alaska Vol cano Ob ser va tory (AVO) (see Karymsky).

Shiveluch

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

A lava dome con tin ued to grow in the ac tive crater at
Shiveluch (also called Sheveluch). In ac cord with the haz -
ard as so ci ated with lava dome growth, the level of con cern
from 7 No vem ber 2003 to 2 Jan u ary 2004 was yel low. Dur -
ing this ~ 2-month in ter val, US and Rus sian sat el lites re -
corded ther mal anom a lies averaging 1-3 pixels.

In creas ing seis mic ity in De cem ber was ac com pa nied by 
gas-steam plumes with vary ing heights of 50-800 m. Some -
times the plumes ex tended over 10-30 km to the E, as was
noted on 30 No vem ber and 2-3 December.

Seis mic ity was at back ground lev els dur ing most of No -
vem ber. On 29-30 No vem ber in stru ments de tected a se ries
of shal low events last ing 3-4 min utes. On No vem ber 29-30
and De cem ber 1-4, weak shal low earth quakes were reg is -
tered. Sim i lar earth quakes also oc curred at depths of 0-5
km be neath the ac tive dome dur ing 19 De cem ber 2003 to 2
January 2004.

On 13 De cem ber geo phys i cists noted a se ries of weak,
lo cal, and con tin u ous seis mic events in ter preted as pos si bly 
re sult ing from the de scent of hot av a lanches, but vi sual ob -
ser va tions re vealed only weak fumarolic ac tiv ity. Later, on
11, 12, 15, and 16 De cem ber, peo ple in the town of Klyuchi 
saw gas-steam plumes rise up to 100-400 m above the
dome.

Eight strong earth quakes reg is tered in De cem ber. Two
oc curred on 14 and 16 De cem ber; ;they were of ML over
2.25 in the depth range 0-5 km. Three oc curred on 20 De -
cem ber; they were of ML 1.9-2.0 in the depth range 0-10
km. Three to tal earth quakes oc curred in the two days 28
De cem ber and 1 Jan u ary; they were of ML 1.7-2.5 in the
depth range 2-5 km.

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 1,300 cu bic
ki lo me ter 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 S.
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) (see Karymsky);
Alaska Vol cano Ob ser va tory (AVO) (see Karymsky).

Etna

It aly
37.734°N, 15.004°E; sum mit elev. 3,350 m

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

Bul le tin v. 28, no. 8 re ported ash emis sion at Etna dur -
ing April 2003, and seis mic ity and ash emis sion dur ing Au -
gust 2003. A 12 Sep tem ber 2003 re port noted that vol ca nic
ac tiv ity re mained low at Et na’s sum mit, with abun dant SO2

and steam emis sions at the NE and Bocca Nuova crat ers.
An M 3.3 earth quake oc curred on 14 Sep tem ber. It struck
be neath the Ionian sea well off shore of Sic ily’s south east -
ern-most point. The re ported epi cen ter (36.74°N, 15.60°E)
was ~ 120 km SSE of Et na’s sum mit. A Vol ca nic Ash Ad -
vi sory noted ac tiv ity de picted by web cam era start ing at
0500 on 25 Sep tem ber, with an ash-and-steam plume drift -
ing to the W and vis i ble be low 4.5 km al ti tude. No ash
cloud was visible on satellite imagery at 0530.

On 9 No vem ber, avi a tion sources and web cam era ob -
ser va tions de tected an ash-and-steam plume mov ing S from 
Etna. The plume rose to ~ 4 km al ti tude.

Back ground. Mount Etna, tow er ing above Catania, Sic -
ily’s sec ond larg est city, has one of the world’s lon gest doc -
u mented re cords of his tor i cal vol ca nism, dat ing back to
1,500 BC. His tor i cal lava flows of ba saltic com po si tion
cover much of the sur face of this mas sive stratovolcano,
whose ed i fice is the high est and most vo lu mi nous in It aly.
The Mongibello stratovolcano, trun cated by sev eral small
cal de ras, was con structed dur ing the late Pleis to cene and
Ho lo cene over an older shield vol cano. The most prom i nent 
mor pho log i cal fea ture of Etna is the Valle del Bove, a 5 x

 Volcanism Network, Volume 28, Number 12, December 2003 Etna    9



10 km horse shoe-shaped cal dera open to the east. Two
styles of erup tive ac tiv ity typ i cally oc cur at Etna. Per sis tent
ex plo sive erup tions, some times with mi nor lava emis sions,
take place from one or more of the three prom i nent sum mit
crat ers, the Cen tral Crater, NE Crater, and SE Crater (the
lat ter formed in 1978). Flank vents, typ i cally with higher
ef fu sion rates, are less fre quently ac tive and orig i nate from
fis sures that open pro gres sively down ward from near the
sum mit (usu ally ac com pa nied by strombolian erup tions at
the up per end). Cin der cones are com monly con structed
over the vents of lower-flank lava flows. Lava flows ex tend 
to the foot of the volcano on all sides and have reached the
sea over a broad area on the SE flank.

In for ma tion Con tact: Sonia Calvari, Istituto Nazionale 
di Geofisica e Vulcanologia (INGV) Sezione di Catania, Pi -
azza Roma 2,  95123 Catania ,  I t  a ly  (Email :
calvari@ct.ingv.it; URL: http://www.ct.ingv.it/); Toulouse
Vol ca nic Ash Ad vi sory Cen ter (VAAC), Météo-France, 42
Av e nue G. Coriolis, 31057 Toulouse, France (URL:
http://www.meteo.fr/).

Nyamuragira

Dem o cratic Re pub lic of Congo, cen tral Af rica
1.408°S, 29.20°E, Sum mit elev. 3,058 m

On 15 De cem ber 2003, the Goma Vol cano Ob ser va tory
(GVO) re ported grow ing seis mic ity around Nyamuragira
dur ing the past few weeks. Be cause of po lit i cal in sta bil ity,
the team lacked ac cess to the field. The seis mic ob ser va -
tions have been made us ing the dis tant seis mic net work.
Ac cord ing to the data they ac quired, GVO felt that a new
erup tion was likely in the next weeks.

Be cause the vol cano is lo cated in side the Na tional Park
~ 40 km NNW of Goma, po ten tial lava flows were not ex -
pected to threaten the city. Other ar eas on the W side of the
vol cano could be af fected by gas and dust clouds or by ash
falls.

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, also known as
Nyamulagira, has a vol ume of 500 cu km, and ex ten sive
lava flows from the vol cano blan ket 1500 sq km of the East
Af ri can Rift. The broad low-an gle shield vol cano con trasts
dra mat i cally with its steep-sided neigh bor Nyiragongo. The 
3058-m-high sum mit of Nyamuragira is trun cated by a
small 2 x 2.3 km cal dera that has walls up to about 100 m
high. His tor i cal erup tions have oc curred within the sum mit
cal dera, fre quently mod i fy ing the mor phol ogy of the cal -
dera floor, as well as from the nu mer ous fis sures and cin der 

cones on the vol cano’s flanks. A lava lake in the sum mit
crater, ac tive since at least 1921, drained in 1938, at the
time of a ma jor flank erup tion. His tor i cal lava flows ex tend
down the flanks more than 30 km from the summit,
reaching as far as Lake Kivu.

In for ma tion Con tacts: Baluku Bajope and Kasereka
Mahinda ,  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); Jacques Durieux, UN-OCHA res i -
dent vol ca nol o gist, c/o UN Of fice for the Co or di na tion of
Hu man i tar ian Af fairs, United Na tions Geneva , Palais des
Na t ions ,1211 Geneva 10,  Swit  zer  land (URL:
http://www.unog.ch).

Nyiragongo

Dem o cratic Re pub lic of Congo, cen tral Af rica
1.52°S, 29.25°E, Sum mit elev. 3,470 m

In De cem ber 2003 ac tiv ity at Nyiragongo re mained at
rel a tively low lev els, with the con stant pres ence of an ac -
tive lava lake in side the crater. Goma res i dents saw vo lu mi -
nous gas plume and in tense red glow at night; how ever, ac -
tiv ity was con sid ered nor mal and the alert level remained at 
yellow.

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 N and S. About
100 par a sitic cones are lo cated pri mar ily along ra dial fis -
sures south of Shaheru, E 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 tacts: Baluku Bajope and Kasereka
Mahinda ,  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); Jacques Durieux, UN-OCHA (see
Nyamuragira).
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