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Ana ta han

Mari ana Is lands, cen tral Pa cific Ocean
16.35ºN, 145.67ºE; sum mit elev. 788 m

Ana ta han erupted on the even ing of 10 May 2003 (Bul -
le tin v. 28, no. 4). The vol cano, which forms the un in hab -
ited Ana ta han Is land in the Com mon wealth of the North ern 
Mari ana Is lands (CNMI), had no re corded his tori cal erup -
tions. This re port pro vides ob ser va tions from a 25 July
2003 re port (up dated 31 July 2003) by the Uni ver sity of
To kyo Earth quake Re search In sti tute (ERI) docu ment ing
fieldwork by their team dur ing 16- 19 July 2003. Dur ing the 
in spec tion, the vol cano was quiet, with only weak steam ing 
at the ac tive cra ter. Seis mic ity re ported by the Com mon -
wealth of the North ern Mari ana Is lands (CNMI) Emer -
gency Man age ment Of fice con tin ued into early August.

Tephra deposits. The re cent erup tion left rec og niz able
tephra de pos its con sist ing mainly of pumice- bearing brown 
ash in a lower unit and fine gray ash in an up per unit (fig ure 
1). Both the up per and lower units con sist of many sub-
 layers. At the vil lage (NW end of the is land) the to tal thick -
ness of brown ash was 20 cm and gray ash was 3 cm.

At the SE part of the is land tephra de pos its were less
than 3 cm thick. Al though grass and trees did not show heat 
dam age, plas tic bot tles had melted. The outer S slope of the
ac tive cra ter in the E cal dera was thickly cov ered by gray
ash. Many rills and gul lies de vel oped on these de pos its due
to the im per me able na ture of the gray ash, which typi cally
con sisted of very fine par ti cles. Oc ca sion ally the ob serv ers
noted partly bro ken, stripped trees on the slopes, with a
thick cover of gray tephra ac cu mu lated on the side fac ing
the ac tive cra ter. Tephra was ~ 20 cm thick near the cra ter
rim and pumice- bearing tephra be low was ~ 25 cm thick.
The lat ter in cluded blocks and
frag ments of pum ice.

In side the W cal dera, tephra
de pos its reached a thick ness of up 
to 1 m. Gray ash was de pos ited
most thickly NW of the cra ter.
Pumice- bearing tephra was thick -
est in the WSW di rec tion from the 
cra ter. The lat ter is consistent
with the drift di rec tion of erup tion 
plumes in the ear li est stage shown 
by sat el lite im ages (Bul le tin v. 28, 
no. 6). Al though most of the trees
had sur vived fal ling pum ice early
dur ing the erup tion, they were
top pled by the strong lat  eral
move ment of gray ash dur ing the
phreatic phase.

Cra ter observations.  The
mid- July field work in cluded two
days of heli cop ter in spec tion; ob -
serv ers saw only steam ing at the
ac tive cra ter. That cra ter oc cu pied 
the S part of the E cra ter, which
lies in side the E cal dera. The S
wall of the ac tive cra ter ex tended
di rectly into the wall of the E cra -
ter. The new cra ter was ~ 300 m

across and ~ 100 m deep, with the deep est part in the S con -
taining a dried- out mud pool.

A mound- like but rugged- ridged lava dome pro truded
along the ac tive cra ter’s in ner N pe riph ery (fig ure 2). The
sur face of this re cently erupted dome lay be neath a thick
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Fig ure 1. Sec tion of tephra seen just S of Ana ta han’s ac tive cra ter on 18
July show ing de pos its laid down in the erup tions that be gan in May 2003.
The sec tion con tains a lower (brown) pumice- fall de posit (~ 25 cm thick)
cov ered by mul ti ple lay ers (~ 20 cm thick) of gray ash from phreatic
erup tions. Cour tesy of S. Nakada, Uni ver sity of To kyo.

Fig ure 2. Aer ial view show ing the steam ing cra ter at Ana ta han from the NW on 19 July 2003. The lava dome
(cen ter left) lies in side the cra ter. A py ro clas tic cone had de vel oped on the N side, sur round ing the cra ter.
Cour tesy of S. Nakada, Uni ver sity of To kyo.



cover of gray ash as so ci ated with the phreatic erup tion. In -
fra red cam era im ages in di cate that it re mained at higher
tem pera ture than de pos its out side the cra ter.

The dome may have been bro ken by ex plo sive erup tions 
in mid- June when high seis mic and vis ual ac tivi ties were
re ported. Prod ucts of a reamed- out dome may have been
bro ken into small clasts, widely dis persed, and bur ied by
later de pos its. On the other hand, nei ther bombs nor blocks
were clearly visi ble on the floors of ei ther the E cra ter (out -
side the py ro clas tic cone) or in the E cal dera. Thus, the ab -
sence of large blocks of lava dome around the ac tive cra ter
could sug gest that the origi nal di men sions of the lava dome
may have been small and that the dome had un der gone
com para tively lit tle sculpt ing by later ex plo sions.

A low py ro clas tic cone de vel oped on the cra ter’s N side
(fig ure 2). The maxi mum thick ness of newly de pos ited
tephra ex posed in a gully through this cone reached ~ 20 m.

Chem is try and de gassing of magma. Pum ice from this
erup tion was crystal- poor and light to dark brown in color.
A pum ice block with a light- brown crust and dark- brown
ve sicu lar core col lected from the pumice- fall layer just S of
the ac tive cra ter was ana lyzed by x- ray fluo res cence spec -
tros copy at ERI. The crust and core parts were sepa rately
ana lyzed; each con tained 61 weight per cent SiO2.

Ob serv ers saw blue- to purple- colored gas es cap ing the
ac tive cra ter and smelled a strong rotten- egg near the S rim
of the E cal dera on 18 July. In stru men tal con cen tra tion es ti -
mates meas ured 2-4 ppm SO2 and 0.5 ppm H2S. The SO2

emis sion rate re mained mod er ate to low through out the in -
spec tion; the to tal SO2 flux was proba bly less than sev eral
thou sand tons a day, simi lar to that at Sa ku ra jima, Ja pan.

On go ing ac tiv ity, July into early August. Ac cord ing to
CNMI re ports, vol canic tremor and other seis mic ity at Ana -
ta han per sisted through July and into August 2003 at a rela -
tively low level. On 1 August the Ana ta han seis mic sta tion
reg is tered a small swarm of a dozen or so long- period (LP)
events of ap proxi mate mag ni tude 1; simi lar swarms oc -
curred on 4 and 5 August. Sev eral hun dred small (LP)
events oc curred dur ing 5-6 August. The number of small
LP events was greater than that of pre vi ous days, but the
over all en ergy re lease ap pears not to have in creased sig nifi -
cantly. No LP events were re corded on 7 August.

Back ground. The elon gated, 9- km- long is land of Ana -
ta han in the cen tral Mari ana Is lands con sists of two coa -
lesc ing vol ca noes with a 2.3 x 5 km, E- W- trending sum mit
de pres sion formed by over lap ping sum mit cal deras. The
larger west ern cal dera is 2.3 x 3 km wide and ex tends east -
ward from the sum mit of the west ern vol cano, the is land’s
788 m high point. Ponded lava flows over lain by py ro clas -
tic de pos its fill the cal dera floor, whose SW side is cut by a
fresh- looking smaller cra ter. The sum mit of the lower east -
ern cone is cut by a 2- km- wide cal dera with a steep- walled
in ner cra ter whose floor is only 68 m above sea level. The
sparse ness of vege ta tion on the most re cent lava flows on
Ana ta han in di cates that the flows are of Holo cene age.

In for ma tion Con tacts: Set suya Nakada and Teruyuki
Kato, Vol cano Re search Cen ter, Earth quake Re search In -
sti tute (ERI), Uni ver sity of To kyo (URL: http://hak -
one.eri .u-  tokyo.ac .jp /vrc; Emai l:  nakada@eri .u-
 tokyo.ac.jp, teru@eri.u- tokyo.ac.jp); Take shi Mat sushima,
In sti tute of Seis mol ogy and Vol can ol ogy (SEVO), Kyu shu
Uni ver sity, Japan (Email: mat@sevo.kyushu-u.ac.jp); Juan 
Takai Ca ma cho and Ra mon Chong, Com mon wealth of the
North ern Mari ana Is lands (CNMI) Emer gency Man age -

ment Of fice, P.O. Box 10007, Sai pan, MP 96950, USA
(URL: http://www.cnmiemo.org/; Email: juant ca ma -
cho@hot mail.com, rcchon gemo@hot mail.com).

Ga ma lama

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

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

Ac cord ing to the Vol cano logi cal Sur vey of In do ne sia
(VSI), at 0300 on 31 July 2003, six type-A vol canic earth -
quakes were re corded. At 0600 the cloud is su ing from the
cra ter be came thicker, but the gas pres sure re mained mod -
est and simi lar to that nor mally seen. A se ries of ex plo sive
erup tions that began at 1434 sent a dark gray ash col umn
500-1,000 m high that drifted E to ward Sul tan Baabu lah
air port. A sec ond ex plo sion at 1625 pro duced a dark- gray
ash col umn with strong gas pres sure. The ash col umn rose
1-2 km above rim and drifted E car ry ing glow ing ma te rial.

At 1627 a py ro clas tic flow into To go rar val ley on the
NE flank trav eled as much as 1 km but did not reach the vil -
lage. A con tinu ous blast ing sound ac com pa nied a se ries of
ash emis sions. Between 1704- 1812, a dark gray ash col umn 
rose to 1,000-1,500 m, then during 1850- 2200 a white- gray
ash plume rose to 500 m. Sev eral white gas plumes rose
10- 150 m from 2209 through 0600 on 1 August. A steady
glow was ob served from 0200- 0400.

Af ter the ini tial out bursts, dur ing 0000- 1430 on 1
August, seis mome ters reg is tered seven tec tonic earth -
quakes, 16 shal low vol canic earth quakes, and two deep vol -
canic earth quakes. Con tinu ous tremor also reg is tered, with
a maxi mum am pli tude of 29- 30 mm. Ash fall was 1-3 cm
thick in the E part of the area, and some of the lo cal popu la -
tion was evacu ated.

Ac cord ing to lo cal of fi cials, Ter nate (the re gional capi -
tal, ~ 7 km E of Ga ma lama) was cov ered with thick ash.
There were no re ports of casu al ties or dam age. The hazard
status was set at level 3 start ing at 1250 on 31 July and
raised to the maxi mum, level 4, at 0000 the next day.

Back ground. Ga ma lama (Peak of Ter nate) is a near-
 conical strato vol cano that forms the is land of Ter nate. Ga -
ma lama lies off Hal ma hera is land’s W coast, and is one of
In do ne sia’s most ac tive vol ca noes. Ter nate is land served as 
a ma jor re gional cen ter in the Por tu guese and Dutch spice
trade for sev eral cen tu ries, which con trib uted to writ ten
docu men ta tion of Ga ma la ma’s his tori cal ac tiv ity. Three
cones, pro gres sively younger to the N, form the sum mit of
Ga ma lama. Sev eral maars and other vents de fine a rift zone
par al lel to the Hal ma hera is land arc, which cuts the vol -
cano. Erup tions, re corded fre quently since the 16th cen tury, 
typi cally origi nated from the sum mit cra ters, al though flank 
erup tions oc curred in 1763, 1770, 1775, and 1962- 63.

 Ash ex plo sions were pre vi ously re ported in May 1993
through Oc to ber 1994 (Bul le tin v. 18, no. 7, and v. 19, nos.
5, 7, and 10). VSI re ported that the last erup tion oc curred in 
1996 from the main cra ter, fol lowed by a py ro clas tic flow
to the E.

In for ma tion Con tacts: Dali Ah mad, Vol cano logi cal
Sur vey of In do ne sia (VSI), Ja lan Di po ne goro No. 57,
Band ung 40122, In do ne sia (Email: dali@vsi.dpe.go.id;
URL: http://www.vsi.dpe.go.id).
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Karan ge tang (Api Siau)

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

Karan ge tang (pre vi ously re ported on in Bul le tin v. 28
no. 5) was the scene of vol canic and seis mic un rest dur ing
early June 2003. The vol cano pro duced ash plumes up to
400 m high and two lava ava lanches.

In re ports from the Vol cano logi cal Sur vey of In do ne sia
(VSI), ac tiv ity for the week of 2-8 June 2003 was char ac -
ter ized by emis sions of white- to- dark gray col ored ash from 
the S cra ter, ris ing to 400 m. Ob serv ers at night noted a red
glow up to 25 m over the cra ter. In the N cra ter, a white-
 colored gas emis sion rose to 150 m. Dur ing this week, a
lava ava lanche that oc curred in the di rec tion of the Batang
river reached as far as 1000 m from the cra ter. There was a
de crease in mul ti phase earth quakes com pared to the pre vi -
ous week, but an in crease in shal low vol canic earth quakes.

Dur ing the week of 9-15 June, white- colored gas emis -
sions came from both the N and the S cra ters. Ob serv ers at
night noted a con tin ued red glow up to 25 m over the cra ter. 
An other lava ava lanche oc curred, this time trav el ing in the
di rec tion of the Beha river as far as 1000 m and to ward the
Batu Awang river as far as 250 m from the cra ter. There
were in creases in vol canic earth quakes and ava lanche
events. 

The seis mic rec ord for 2-8 June sug gested 11 deep vol -
canic earth quakes, 348 shal low vol canic earth quakes, 233
mul ti phase earth quakes, 46 emis sion earth quakes, 110 ava -
lanches, and 26 tec tonic earth quakes. The seis mic rec ord
for 9-15 June noted 32 deep vol canic earth quakes, 438
shal low vol canic earth quakes, one ex plo sion event, 228
mul ti phase earth quakes, 21 emis sion earth quakes, 447 ava -
lanches, and 20 tec tonic events. The vol cano re mained at
alert level 2 (on a scale reach ing a maxi mum of 4).

Back ground. Karan ge tang (Api Siau) vol cano lies at
the north ern end of the is land of Siau, N of Su law esi. The
1784- m- high strato vol cano con tains five sum mit cra ters ar -
ranged along a N-S line. Karan ge tang 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 docu mented in the his tori cal rec ord (Cata log of
Ac tive Vol ca noes of the World). Twentieth- century erup -
tions have in cluded fre quent ex plo sive ac tiv ity some times
ac com pa nied by py ro clas tic flows and la hars. Lava dome
growth has oc curred in the sum mit cra ters; col lapse of lava
flow fronts has also pro duced py ro clas tic flows.

In for ma tion Con tacts: Dali Ah mad and Nia Haer ani,
VSI (see Ga ma lama).

Awu

Su law esi, In do ne sia
3.67°N, 125.50°E; sum mit elev. 1,320 m

The last re port for Awu de scribed a visit to the cra ter
lake on 11 May 1992 (Bul le tin v. 17, no. 4). The Vol cano -
logi cal Sur vey of In do ne sia (VSI) is sued re ports of ac tiv ity
at Awu dur ing June- July 2000, November- December 2002, 
and more re cently dur ing January- early March 2003, all of
which are sum ma rized here.

Dur ing June 2000, VSI re ported an in crease in seis mic -
ity, es pe cially deep vol canic earth quakes (ta ble 1).
Satellite- relayed moni tor ing (by AR GOS) showed an in -
crease in seis mic en ergy be gin ning on 18 May 2000; de for -
ma tion data showed in fla tion of ~ 800 µrad since 23 May.

Dur ing 14- 16 Oc to ber 2002, tremor was re corded and
was fol lowed by a felt tec tonic earth quake with an am pli -
tude of I-II MMI on 10 Oc to ber. Soon af ter the tremor ac -
tiv ity de creased, vol canic earth quakes be gan to be re corded 
(ta ble 1). VSI re ported a sig nifi cant in crease in seis mic ity
dur ing mid- November 2002; vol canic earth quakes that nor -
mally oc curred less than five times per day oc curred 81
times on 15 No vem ber. Ac tiv ity de creased to nor mal lev els
by late 2002. Vis ual ob ser va tions of the sum mit did not re -
veal sig nifi cant changes. Vol canic earth quakes con tin ued
dur ing January- early March 2003 (ta ble 1). Awu re mained
at Alert Level 2 (on a scale of 1-4).

Back ground. The mas sive Awu strato vol cano oc cu pies
the north ern end of Great Sangihe Is land, the larg est of the
Sangihe arc. Deep val leys that form pas sage ways for la hars
dis sect the flanks of the 1,320- m- high vol cano, which was
con structed within a 4.5- km- wide cal dera. Awu is one of
In do ne sia’s dead li est vol ca noes; pow er ful ex plo sive erup -
tions in 1711, 1812, 1856, 1892, and 1966 pro duced dev as -
tat ing py ro clas tic flows and la hars that caused more than
8,000 fa tali ties. Awu con tains a sum mit cra ter lake that was 
1 km wide and 172 m deep in 1922, but was largely ejected
dur ing the 1966 erup tion.

In for  ma t ion Con tact:  Dali Ah mad ,  VSI  (see
Ga ma lama).
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Date

Deep

Vol canic

(A- type)

Shal low

Vol canic

(B- type)

Tec tonic

13 Jun- 19 Jun 00 21 — 161

25 Jul- 30 Jul 00 389 — 135

17 Oct 02 3 — —

20 Oct 02 1 — —

05 Nov 02 1 — —

07 Nov 02 1 — —

09 Nov- 12 Nov 02 ~ 2 per day — —

11 Nov 02 2 — 33

12 Nov 02 2 — 28

13 Nov 02 — — 22

14 Nov 02 — — 23

15 Nov 02 56 25 18

16 Nov 02 2 12 26

17 Nov 02 1 1 36

19 Nov- 24 Nov 02 12 5 129

23 Dec- 29 Dec 02 1 — 196

06 Jan- 12 Jan 03 4 — 161

13 Jan- 19 Jan 03 2 — 114

20 Jan- 26 Jan 03 3 — 151

27 Jan- 02 Feb 03 4 — 121

03 Feb- 09 Feb 03 5 — 125

10 Feb- 16 Feb 03 1 — 95

17 Feb- 23 Feb 03 2 — 155

Ta ble 1. Seis mic ity re ported at Awu dur ing 13 June 2000-2 March 2003.
Cour tesy VSI.



Le ro bo leng

Lesser Sunda Is lands, In do ne sia
8.358°S, 122.842°E; sum mit elev. 1,117 m

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

The Dar win Vol canic Ash Ad vi sory Cen ter (VAAC)
pro vided a se ries of pi lot re ports on Le ro bo leng. Con fir ma -
tion from ob serv ers on the ground are pend ing.

At 1038 on 26 June 2003 avia tors re port edly saw an ash 
plume rise to ~ 1.8 km al ti tude. An air craft crew ad vised
that the ac tiv ity ap peared to be in creas ing. Ash was not
visi ble on sat el lite im agery. Another re port stated that an
ash plume was visi ble above Le ro bo leng at 1606 on 14 July 
at ~ 2.5 km al ti tude. Ash was not visi ble on sat el lite im -
agery and at that time VSI per son nel could not ob serve the
vol cano. An al leged erup tion on 29 July at 0900 lasted 10
min utes and sent an ash cloud to ~ 7.3 km al ti tude.

Back ground. Le ro bo leng vol cano lies on NE Flo res Is -
land and has nu mer ous syno nyms and spell ing vari ants (in -
clud ing Ili bu rak Lere bo leng Le weno, Lewero, Leweroh,
Le wono, Le woroh). The vol cano sits at the east ern end of a
4.5- km- long, WSW- trending chain of three vol ca noes
strad dling a nar row pen in sula. Le ro bo leng’s sum mit area
con tains 29 small, fissure- controlled cra ters, two of which
im pound lakes. Most of the cra ters formed along three N-
 trending fis sures im me di ately E of Le ro bo leng’s sum mit. A 
small lava dome oc cu pies one of the cra ters. The larg est
cra ter, 250- m- wide Ili Ge limun, sits SSE of the sum mit.
Ex plo sive erup tions came from Bu rak cra ter in the years
1873, 1876, and (prior to this re port) 1881.

In for ma tion Con tacts: Dar win Vol canic Ash Ad vi sory
Cen tre (VAAC), Bu reau of Me te or ol ogy, North ern Ter ri -
tory Re gional Of fice, PO Box 40050, Casuarina, NT 0811,
Aus tra lia (URL: http://www.bom.gov.au/info/vaac/).

Se meru

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

Ac cord ing to the Vol cano logi cal Sur vey of In do ne sia
(VSI), ac tiv ity dur ing 24 March-
 29 June 2003 was con tinu ally at a
high level. Ex plo sions pro duced
white- gray ash plumes sev eral
times per week that rose 300- 600
m over the sum mit. Py ro clas tic
flows on 27 March had a run- out
dis tance of 3,750 m to ward Be suk 
Bang. More pyroclastic- flow
events on 14 and 18 April trav -
eled to ward Be suk Bang (3,500
m) and Be suk Kem bar (2,500 m).
On 11 May a py ro clas tic flow en -
tered Be suk Kem bar and ex -
tended 1,500 m. Seis mo graphs
con tinu ally re corded earth quake
ac tiv ity (ta ble 2). The haz ard
status re mained at Level 2 (on a
scale of 1-4) through out the re -
port pe riod.

Back ground. Se meru, the high est vol cano on Java, and
one of its most ac tive, lies at the south ern end of a vol canic
mas sif ex tend ing north to the Teng ger cal dera. The steep-
 sided vol cano, also re ferred to as Ma hameru (Great Moun -
tain), rises abruptly to 3676 m above coastal plains to the
south. Gunung Se meru was con structed south of the over -
lap ping Ajek- ajek and Jam ban gan cal deras. A line of lake-
 filled maars was con structed along a N-S trend cut ting
through the sum mit, and cin der cones and lava domes oc -
cupy the east ern and NE flanks. Sum mit to pog ra phy is
com pli cated by the shift ing of cra ters from NW to SE. Fre -
quent 19th and 20th cen tury erup tions were domi nated by
small- to- moderate ex plo sions from the sum mit cra ter, with
oc ca sional lava flows and larger ex plo sive erup tions ac -
com pa nied by py ro clas tic flows that have reached the lower 
flanks of the vol cano. Se meru has been in al most con tinu -
ous erup tion since 1967.

In for ma tion Con tacts: Dali Ah mad and Nia Haer ani,
VSI (see Ga ma lama).

Di eng Vol cano Com plex

cen tral Java, Indonesia
7.20°S, 109.92°E; sum mit elev. 2,565 m

Ac cord ing to the Vol cano logi cal Sur vey of In do ne sia
(VSI), on 20 July 2003 mud poured from Sil eri cra ter. The
cra ter con tains a lake and boil ing mud pots, and has been
the site of small-to-moderate his tori cal erup tions. The in ci -
dent of 20 July oc curred at night and sent mud as far as 25
m S of the cra ter rim. On 21 July, a tem pera ture meas ure -
ment of the cra ter re corded 74°C, no strik ing in crease from
ear lier meas ure ments. 

On the morn ing of 24 July, an other mud out pour ing
from the cra ter cov ered an area up to 50 m N and E of the
cra ter rim. Activ ity then con tin ued with small ar eas of mud
bub bling and ejecta thrown 1 m high at the mid dle of the
cra ter. Nei ther of the mud- outpouring events were re corded 
on the seis mome ter 1.1 km S of the cra ter. The vol cano’s
haz ard status was raised to level 2 on 22 July. 

Back ground. The Di eng pla teau in the high lands of
cen tral Java is re nowned both for the va ri ety of its vol canic
scen ery and as a sa cred area hous ing Java’s old est Hindu
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Date (2003) Ex plo sions Ava lanches
Tremor
Events

Other
Tec tonic

Earth quakes

24 Mar- 30 Mar 794 48 17 1 flood; 12 PF’s 6

31 Mar- 06 Apr 738 28 12 2 shal low; 2 PF 6

07 Apr- 13 Apr 698 33 11 7 PF 6

14 Apr- 20 Apr 697 70 20 12 PF 7

21 Apr- 27 Apr 713 82 16 1 deep volc 9

28 Apr- 04 May 651 36 31 1 deep volc 2

05 May- 11 May 846 37 27 2 shal low volc; 1 PF 5

12 May- 18 May 730 41 38 1 shal low volc 3

19 May- 25 May 748 17 17 — 8

26 May- 01 Jun 585 27 26 — 8

02 Jun- 08 Jun 758 29 24 — 4

09 Jun- 15 Jun 600 27 63 2 deep volc 13

16 Jun- 22 Jun 711 20 13 1 shal low volc 8

23 Jun- 29 Jun 838 33 — — 4

Ta ble 2. Seis mic ity at Se meru, 24 March- 29 June 2003. Cour tesy of VSI.



tem ples, dat ing back to the 9th cen tury AD. The Di eng vol -
canic com plex con sists of two or more strato vol ca noes and
more than 20 small cra ters and cones of Pleistocene- to-
 Holocene age spread over a 6 x 14 km area. Prahu strato -
vol cano was trun cated by a large Pleis to cene cal dera, which 
was sub se quently filled by a se ries of dis sected to youth ful
cones, lava domes, and cra ters, many con tain ing lakes.
Lava flows cover much of the pla teau, but have not oc -
curred in his tori cal time, when ac tiv ity has been re stricted
to mi nor phreatic erup tions. Toxic vol canic gas emis sion
has caused fa tali ties and is a haz ard at sev eral cra ters. The
abun dant ther mal fea tures that dot the pla teau and high heat 
flow make Di eng a ma jor geo ther mal pros pect. 

In for  ma t ion Con tact:  Dali Ah mad ,  VSI  (see
Ga ma lama).

Pa pan dayan

Java, In do ne sia
 7.32°S, 107.73°E; sum mit elev. 2,665 m

On 11 November 2002, ash erup tions oc curred at Pa -
pan dayan (Bul le tin v. 27, no. 11 and fig ure 3). Sub se -
quently, seis mic and erup tive ac tiv ity waned, al though gas
emis sion con tin ued (end ing 4 May 2003). Less en ing seis -
mic ity and vol can ism in Janu ary 2003 re sulted in a re duc -
tion of the haz ard status from 3 to 2 (on a scale of 1 to 4,
where 4 is the high est). Re duc tion in the ac tiv ity con tin ued
through the be gin ning of May 2003 at which time the Vol -
cano logi cal Sur vey of In do ne sia (VSI) ter mi nated its
weekly re port ing on Pa pan dayan.

Dur ing De cem ber 2002, white- gray ash plume was
emit ted con tinu ally from Baru cra ter and rose 150- 400 m to 
the NE. As the ac tiv ity level re duced (ta ble 3) the typi cal
height of the ash plume dropped from 150- 400 m in De -
cem ber and early- January 2003 to 
75- 250 m by late- January.

Two ex plo sions oc curred at
0700 on 4 De cem ber and at 1758
on 8 De cem ber 2002, and an other 
oc curred at 1758 on 12 De cem -
ber. Dur ing the week of 2-8 De -
cem ber, shal low vol canic earth -
quakes de creased, while deep
vol canic and tec tonic earth quakes 
in creased. Dur ing the sub se quent
week, shal low earth quakes in -
creased, while deep earth quakes
de creased (ta ble 3). In sig nifi cant
la hars oc curred at Ci beureum
Gede and Ci pa rug pug riv ers at
1600 on 13 De cem ber and at 1700 
on 14 De cem ber. The move ment
of stepped land slides on the wall
of Nangklak cra ter were re corded
on the seis mo graph through out
most of De cem ber; the last land -
slide oc curred at 1154 on 21 De -
cem ber. The haz ard level was re -
duced to 2 by the week of 13- 19
Janu ary 2003.

Back ground. Pa pan dayan is a 
com plex strato vol cano with four

large sum mit cra ters, the young est of which was breached
to the NE by col lapse dur ing a brief erup tion in 1772 and
con tains ac tive fu ma role fields. The broad 1.1- km- wide,
flat- floored Alun- Alun cra ter trun cates the sum mit of Pa -
pan dayan, and Gunung Pun tang to the north gives the vol -
cano a twin- peaked ap pear ance. Sev eral epi sodes of col -
lapse have given the vol cano an ir regu lar pro file and
pro duced de bris ava lanches that have im pacted low land ar -
eas be yond the vol cano. A sulfur- encrusted fu ma role field
oc cu pies his tori cally ac tive Ka wah Mas (“Golden Cra ter”).
Af ter its first his tori cal erup tion in 1772, in which col lapse
of the NE flank pro duced a cata strophic de bris ava lanche
that de stroyed 40 vil lages and killed nearly 3000 per sons,
only small phreatic erup tions had oc curred prior to an ex -
plo sive erup tion that be gan in No vem ber 2002. 

In for  ma t ion Con tact:  Dali Ah mad ,  VSI  (see
Ga ma lama).
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Fig ure 3. Pho to graph of the new cra ter at Pa pan dayan formed on 11
No vem ber 2002; by 8 De cem ber it was no longer ac tive and was filled by
wa ter. The cra ter di ame ter is ~ 300 m. Cour tesy of VSI.

Date Deep Shal low Tec tonic Ava lanches

02 Dec-08 Dec 2002 9 10 17 —

09 Dec-15 Dec 2002 1 25 — —

16 Dec- 22 Dec 2002 1 20 21 —

23 Dec- 29 Dec 2002 3 16 12 —

30 Dec- 05 Jan 2003 28 42 29 —

06 Jan-12 Jan 2003 11 21 33 7

13 Jan- 19 Jan 2003 7 11 16 12

20 Jan- 26 Jan 2003 14 30 29 —

27 Jan-02 Feb 2003 8 25 30 —

03 Feb-09 Feb 2003 3 18 12 1

10 Feb- 16 Feb 2003 — 14 18 2

17 Feb- 23 Feb 2003 3 24 17 3

24 Feb-02 Mar 2003 2 1 3 —

03 Mar-09 Mar 2003 — 1 — 7

10 Mar- 16 Mar 2003 1 10 16 —

17 Mar- 23 Mar 2003 2 8 24 —

24 Mar- 30 Mar 2003 2 10 14 —

31 Mar-06 Apr 2003 3 15 33 —

07 Apr-13 Apr 2003 1 8 9 —

14 Apr- 20 Apr 2003 2 12 16 —

21 Apr- 27 Apr 2003 8 5 23 —

28 Apr-04 May 2003 2 7 3 —

Ta ble 3. Weekly seis mic events at Pa pan dayan from 2 De cem ber 2002 to 4 May 2003. Cour tesy of VSI.



Kraka tau

Sunda Straits
6.102°S, 105.423°E; sum mit elev. 813 m

Ac cord ing to re ports from the Vol cano logi cal Sur vey of 
In do ne sia (VSI), no vis ual ob ser va tions were made this
month due to foggy weather. The vol cano re mained at alert
level 2 for the month. They also noted that rela tively few
vol canic and tec tonic earth quakes were re corded dur ing the 
weeks of 2-8 and 9-15 June 2003. Spe cifi cally, the 2-8 June 
rec ord con sisted of 9 deep vol canic earth quakes, 19 shal -
low vol canic earth quakes, and 5 tec tonic earth quakes; the
rec ord of 9-15 June con sisted of 6 deep vol canic earth -
quakes, 17 shal low vol canic earth quakes, and 4 tec tonic
earth quakes.In the week of 16- 22 June, a sig nifi cant in -
crease in shal low vol canic earth quakes was ob served, al -
though no tec tonic earth quakes were re corded. The se simic
rec ord for that week showed 11 deep vol canic earth quakes
and 63 shal low vol canic earth quakes. Both vol canic and
tec tonic earth quakes were re corded for the week of 23- 29
June, with 7 deep vol canic earth quakes, 61 shal low vol -
canic earth quakes, and 2 tec tonic earth quakes detected.

Back ground. The re nowned vol cano Kraka tau (fre -
quently mis stated as Kraka toa) lies in the Sunda Strait be -
tween Java and Su ma tra. Col lapse of the an ces tral Kraka tau 
edi fice, per haps in 416 AD, formed a 7- km- wide cal dera.
Rem nants of this an ces tral vol cano are pre served in Ver -
laten and Lang Is lands; sub se quently Rakata, Danan and
Per bu watan vol ca noes were formed, coa lesc ing to cre ate
the pre- 1883 Kraka tau Is land. Cal dera col lapse dur ing the
cata strophic 1883 erup tion de stroyed Danan and Per bu -
watan vol ca noes, and left only a rem nant of Rakata vol -
cano. This erup tion, the 2nd larg est in In do ne sia dur ing his -
tori cal time, caused more than 36,000 fa tali ties, most as a
re sult of dev as tat ing tsu na mis that swept the ad ja cent coast -
lines of Su ma tra and Java. Py ro clas tic surges trav eled 40
km across the Sunda Strait and reached the Su ma tra coast.
Af ter a qui es cence of less than a half cen tury, the post-
 collapse cone of Anak Kraka tau (Child of Kraka tau) was
con structed within the 1883 cal dera at a point be tween the
former cones of Danan and Per bu watan. Anak Kraka tau
has been the site of fre quent erup tions since 1927.

In for ma tion Con tacts: Dali Ah mad and Nia Haer ani,
VSI (see Ga ma lama).

Can laon

Negros Is lands, Phil ip pines
10.412°N, 123.132°E; sum mit elev. 2,435 m

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

Ash ejec tions were re ported at Can laon (also spelled
Kan laon) on 10 and 11 July 2003. At 1735 on 10 July a col -
umn of ash- laden steam, de scribed as a mod er ate to strong
dirty white color, was seen ris ing from the vol cano to a
height of 1 km by ob serv ers in Kan laon City. The cloud
drifted to the NW, SW, and NE, with an area within a 4-km
ra dius from the cra ter af fected by ash fall. The ex plo sion
reg is tered as a low- frequency vol canic earth quake. Prior to
this ac tiv ity, two low- frequency vol canic earth quakes and
two low- frequency short- duration har monic trem ors were

re corded by the seis mo graph at Kan laon Vol cano Sta tion.
The phreatic ac tiv ity con tin ued as of 2000 that night.

Two ash ejec tions were re ported on 11 July, from 0620
to 0624 and 0658 to 0705. Dirty white steam rose up to 1.3
km above the cra ter and drifted to the SW. The seis mic net -
work re corded six low- frequency vol canic earth quakes and
three low- frequency short- duration har monic trem ors.

The alert status re mained at Level 1 and PHIVOLCS re -
it er ated its warn ing to the pub lic not to ven ture within the 4
km ra dius Per ma nent Dan ger Zone.

Back ground. Can laon vol cano (also spelled Kan laon),
the most ac tive of the cen tral Phil ip pines, forms the high est
point on the is land of Negros. The mas sive 2,435- m- high
strato vol cano is dot ted with fissure- controlled py ro clas tic
cones and cra ters, many of which are filled by lakes. The
sum mit of Can laon con tains a broad north ern cra ter with a
cra ter lake and a smaller, but higher, his tori cally ac tive cra -
ter to the south. The larg est de bris ava lanche known in the
Phil ip pines trav eled 33 km to the SW from Can laon. Erup -
tions re corded since 1866 have typi cally con sisted of
phreatic ex plo sions of small- to- moderate size pro duc ing
mi nor ash falls near the vol cano.

In for ma tion Con tact: Phil ip pine In sti tute of Vol can ol -
ogy and Seis mol ogy (PHIVOLCS), De part ment of Sci ence
and Tech nol ogy, PHIVOLCS Build ing, C.P. Gar cia Ave -
nue, Univ. of the Phil ip pines Cam pus, Diliman, Que zon
City, Phil ip pines (URL: http://www.phivolcs.dost.gov.ph/).

Strom boli

Aeo lian Is lands, It aly
38.79°N, 15.21°E; sum mit elev. 926 m

Ef fu sion of lava from vents lo cated at about 600 m ele -
va tion on the up per east ern cor ner of the Sci ara del Fuoco
de creased in early June and com pletely stopped be tween 21 
and 22 July. The de creas ing ef fu sion rate caused shorter
lava flows, which dur ing July did not spread be low 600 m
ele va tion. The up per part of the lava flow field, formed
since 15 Feb ru ary on the up per Sci ara del Fuoco, reached
an es ti mated thick ness of more than 50 m as a re sult of the
slower rate.

Since the 5 April erup tion (Bul le tin v. 28, no. 4), the
sum mit cra ters of the vol cano have been blocked by fall out
de bris ob struct ing the con duit. Small, oc ca sional, and
short- lived ex plo sions of ju ve nile, hot ma te rial were ob -
served at Cra ter 3 (the SW cra ter) on 17 April dur ing a heli -
cop ter sur vey with a hand- held ther mal cam era, and at Cra -
ter 1 (the NE cra ter) on 3 May from the SAR fixed cam era
lo cated at 400 m on the east ern rim of the Sci ara del Fuoco.

Strom bo lian ac tiv ity from Cra ter 1 (NE cra ter) be came
more fre quent and in tense in June, and al most con tinu ous in 
July, with spat ter of ten fal ling out side the cra ter. In July,
Cra ter 3 (SW cra ter) ac tiv ity con sisted mainly of de gassing
and spo radic ash emis sions, with Strom bo lian ex plo sions
be com ing more com mon in the sec ond half of July.

Ero sion of the N flank of Cra ter 1 by land slides in the
up per Sci ara del Fuoco in creased in July, with the 30 De -
cem ber 2002 land slide scar ex tend ing back ward and up -
slope, cut ting the flank of the cone 50 m be low the cra ter
rim.

Back ground. Spec tacu lar in can des cent night time ex -
plo sions at Strom boli vol cano have long at tracted visi tors
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to the “Light house of the Medi ter ra nean.” Strom boli, the
NE- most of the Aeo lian Is lands, has lent its name to the fre -
quent mild ex plo sive ac tiv ity that has char ac ter ized its
erup tions through out much of his tori cal time. The small,
926- m- high is land of Strom boli is the emer gent sum mit of a 
vol cano that grew in two main erup tive cy cles, the last of
which formed the west ern por tion of the is land. The Neo -
strom boli erup tive pe riod from about 13,000 to 5000 years
ago was fol lowed by for ma tion of the mod ern Strom boli
edi fice. The ac tive sum mit vents are lo cated at the head of
the Sci ara del Fuoco, a promi nent horseshoe- shaped scarp
formed about 5000 years ago as a re sult of the most re cent
of a se ries of slope fail ures that ex tend to be low sea level.
The mod ern vol cano has been con structed within this scarp, 
which fun nels py ro clas tic ejecta and lava flows to the NW.
Es sen tially con tinu ous mild strom bo lian ex plo sions, some -
times ac com pa nied by lava flows, have been re corded at
Strom boli for more than a mil len nium.

In for ma tion Con tact: Sonia Cal vari, Is ti tuto Na zi on ale 
di Geofisica e Vul cano lo gia, Pi azza Roma 2, 95123 Ca ta -
nia, It aly (URL: http://www.ct.ingv.it/,  Email: cal -
vari@ct.ingv.it).

Chiku rachki

Kuril Is lands, Rus sia5
0.325°N, 155.458°E; sum mit elev. 1,816 m

All times are lo cal (= UTC + 11 hours) 

The erup tion of the Chiku ra chki vol cano that be gan on
18 April 2003 con tin ued into mid- July. Ash ex plo sions,
pos si bly up to 4 km above the cra ter, di min ished, and by 3
July only rose up to 2 km above the cra ter. The vol cano is
re mote, be ing ~ 60 km from Severo- Kurilsk on Para mushir
Is land. It also lacks seis mic in stru ments, and the Kam chat -
kan Vol canic Erup tions Re sponse Team (KVERT) re ceives 
only oc ca sional re ports from Severo- Kurilsk.

Ac cord ing to a re port from Leo nid Ko tenko of Severo-
 Kurilsk, ash ex plo sions up to 500 m above the cra ter were
ob served from She lek hov bay dur ing 1930- 2310 on 27
May. Ash plumes ex tended 70- 80 km to the NE. At 0900
on 28 May, an ash plume rose 4 km above the cra ter and ex -
tended over 100 km to the NE. From 1030 on the same day,
the plume heights de creased to 500 m above the cra ter. On
29 May, low- level ash plumes ex tended 15- 20 km to the
NE. In the af ter noon of 29 May, an ash plume rose ~ 1.2 km 
above the cra ter, ex tended over Severo- Kurilsk, and ash fell 
on the town. Ex plo sions oc curred con tinu ally.MODIS
(mod er ate reso lu tion im ag ing spec tro ra di ome ter) Terra and 
Aqua God dard im ages from 1105 and 1235 on 30 May, de -
picted a faint, small ash cloud trend ing to the E. Clouds ob -
scured the vol cano on the other days in later May.

Ko tenko re ported on 6 June that the erup tion con tin ued.
On 8 June, an ash plume ex tended 25- 30 km to the SSE. On 
9-10 June, the plume did not rise more than 500 m above
the vol cano and ex tended SSE. Ash fell on the Podg orny
set tle ment, lo cated at a dis tance of ~ 20 km SSE of the vol -
cano. The ob serv ers from She lek hov bay had noted more
strong ex plo sions dur ing the night than in the day- time.

In the AVHRR (ad vanced very- high reso lu tion ra di -
ome ter) im age at 1308 on 6 June, a nar row weak ash plume
was ob served ex tend ing to the SE for about 100 km from
the vol cano. In MODIS God dard Terra im ages at 1100 on 8 

June and at 1145 on 9 June, a nar row plume was seen ex -
tend ing to the SE for ~ 100 km. In the AVHRR im age at
1245 on 9 June, this plume was also seen, but no ash was
de tected. Clouds ob scured the vol cano on the other days.

Ac cord ing to ob serv ers from She lek hov set tle ment, on
15- 16 June an ash plume was ob served con stantly at the
vol cano sum mit. The plume did not rise up wards, but was
bent down the flanks of the vol cano by a strong wind. On
17 June, ob serv ers saw a short gas- steam plume bent by a
gale- force wind. On 18 June, Ko tenko re ported that the
erup tion con tin ued. On other days, clouds ob scured the vol -
cano and pre vented ob ser va tion. Ac cord ing to the last re -
port from Severo- Kurilsk, on 17- 25 June, when the weather 
was good, fish er men from She lek hovo bay ob served only
gas- steam ac tiv ity from the vol cano.

By 3 July, KVERT re ported that the erup tion of Chiku -
ra chki had pos si bly fin ished. Ac cord ing to sat el lite data
from the USA and Rus sia, no ac tiv ity of the vol cano was
noted from 25 June through 11 July.

Back ground. Chiku ra chki, the high est vol cano on Para -
mushir Is land in the north ern Kur ils, is ac tu ally a rela tively
small cone con structed on a high Pleis to cene vol canic edi -
fice. Oxi dized sco ria de pos its cov er ing the up per part of the 
young cone give it a dis tinc tive red color. Lava flows from
1,816- m- high Chiku ra chki reached the sea and form capes
on the NW coast; sev eral young lava flows also emerge
from be neath the sco ria blan ket on the east ern flank. The
Tatari nov group of six vol canic cen ters is lo cated im me di -
ately to the south of Chiku ra chki. In con trast to the fre -
quently ac tive Chiku ra chki, the Tatari nov vol ca noes are ex -
ten sively modi fied by ero sion and have a more com plex
struc ture. Teph ro chro nol ogy gives evi dence of only one
erup tion in his tori cal time from Tatari nov, al though its
south ern cone con tains a sulfur- encrusted cra ter with fu ma -
roles that were ac tive along the mar gin of a cra ter lake un til
1959.

In for ma tion Con tacts: Olga Gir ina, Kam chatka Vol -
canic Erup tions Re sponse Team (KVERT), a co op era tive
pro gram of the In sti tute of Vol canic 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: gir ina@kcs.iks.ru), the Kam chatka Ex peri -
men tal and Me thodi cal Seis mol ogi 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 era tive pro gram of the U.S. Geo logi cal Sur vey, 4200
Uni ver sity Drive, An chor age, AK 99508- 4667, USA
(URL: ht tp : / /www.avo.alaska.edu/;  Email :
tlmurray@usgs.gov), the Geo physi 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 logi cal and Geo physi cal Sur veys, 794 Uni -
ver sity Ave., Suite 200, Fair banks, AK 99709, USA
(Email: cnye@giseis.alaska.edu).

Karym sky

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

Dark ash was ob served on the NE, SE, and W flanks of
the vol cano on 30 May in a MODIS (mod er ate reso lu tion
im ag ing spec tro ra di ome ter) Terra im age. In ter mit tent ex -
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plo sive erup tive ac tiv ity at Karym sky oc curred from early
June into mid- August 2003, with seis mic ac tiv ity above
back ground lev els. Be tween 90 and 270 lo cal shal low
events oc curred per day. The char ac ter of the seis mic ity in -
di  cated that  ash-  and-gas ex plo s ions to heights  of
1,000-2,000 m above the vol cano (2,500-3,500 m al ti tude)
and gas blow- outs pos si bly oc curred. On the morn ing of 17
July a strong, long du ra tion (86 min utes), seis mic event oc -
curred that pos si bly re sulted from a large py ro clas tic flow
or the on set of a new lava emis sion. Sat el lite data con -
firmed the con tinu ing ac tiv ity (ta ble 4).

Back ground. Karym sky, the most ac tive vol cano of
Kam chat ka’s east ern vol canic zone, is a sym met ri cal strato -
vol cano con structed within a 5- km- wide cal dera that
formed dur ing the early Holo 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- Pleistocene
Polov inka cal dera, which con tains the smaller Akade mia
Nauk and Od no boky cal deras. Most seis mic ity pre ced ing
Karym sky erup tions has origi nated be neath Akade mia
Nauk cal dera, which is lo cated im me di ately S. The cal dera
en clos ing Karym sky vol cano formed about 7,600-7,700 ra -
dio car bon years ago; con struc tion of the Karym sky strato -
vol cano 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 tori cal erup tions have been Vul ca -
nian or Vulcanian- Strombolian with mod er ate ex plo sive
ac tiv ity and oc ca sional lava flows from the sum mit cra ter.

In for  ma t ion Con tacts:  KVERT  and AVO  ( see
Chiku ra chki).

Bezymi anny

Kam chatka Pen in sula, Rus sia
55.98°N, 160.59°E; sum mit elev. 2,882 m

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

Ac cord ing to vis ual ob ser va tion from the city of
Klyuchi by Yu. Demy an chuk, a large ex plo sive erup tion of
Bezymi anny be gan at 2120 on 26 July 2003; a later re port
from KVERT (Kam chat kan Vol canic Erup tions Re sponse
Team) in di cated that the erup tion be gan at 2057. An ash
plume rose up to 8-11 km and ex tended to the W, WNW,
and SW. A large py ro clas tic flow proba bly formed.

Prior to the erup tion, a weak ther mal anom aly was noted 
on sat el lite im ages from 6 July. Two shal low earth quakes
of M  1.8 reg is tered on 23 and 25 July.

Sat el lite data re vealed plumes ex tend ing WNW at 2122
and 2300 on 26 July, to dis tances of 31 km and 86 km, re -
spec tively. Longer plumes were re ported on 27 July to 192
km at 0305 and 217 km at 0445. At 1102 on 27 July, an 8-
 pixel ther mal anom aly was ob served with a tem pera ture of
31ºC on a back ground of 10ºC. The ash cloud was ~ 250-
 300 km W of the vent. At 1258 that day a 5- pixel ther mal
anom aly was noted with a tem pera ture of 50ºC on a back -
ground of 35ºC. The ash cloud was unchanged, and was
also de tected at 1325. At 1240 prob able py ro clas tic de pos -
its were identified on the SE flank.

Sat el lite ob ser va tions also noted that at 2058 on 27 July, 
a 10- pixel ther mal anom aly yielded a tem pera ture of 29ºC
on a back ground of 9ºC. At 0246 on 28 July a 2-to 6- pixel
ther mal anom aly yielded a tem pera ture of 33ºC on a back -
ground of 5ºC. At 2216 there was a 1- pixel ther mal anom -
aly with out ac com pa ny ing ash. At 0246 and 0715 on 28
July, 2-to 6- pixel ther mal anoma lies were noted, with tem -
pera tures of 33º and 39ºC on a back ground of 5º and 16ºC,
re spec tively. No ash was re corded for ei ther event.

No seis mic ity was reg is tered on 27- 30 July, and no vis -
ual in for ma tion was avail able be cause of me te or olo gi cal
clouds. Ther mal anoma lies of 1-to 3- pixels with a tem pera -
ture of 16- 25ºC on back grounds from -3º to 5º C, were ob -
served on 28- 29 July, 31 July, and 1 August. No seis mic ity
was reg is tered from 31 July-3 August, in part be cause of
the seis mic ity due to a large vol canic tremor at nearby
Klyuchevskoy. Ac cord ing to vis ual data, gas- steam plumes
ex tended ~ 15 km to the NW on 2 August. Clouds ob scured 
the vol cano on other days.

Back ground. Prior to its noted 1955-56 eruption,
Bezymianny volcano had been considered extinct. The
modern Bezymianny volcano, much smaller in size than its
massive neighbors Kamen and Kliuchevskoi, was formed
about 4700 years ago over a late-Pleistocene lava-dome
complex and an ancestral volcano that was built between
about 11,000-7000 years ago. Three periods of intensified
activity have occurred during the past 3000 years. The
latest period,  which was preceded by a 1000-year
quiescence, began with the dramatic 1955-56 eruption. This 
eruption, similar to that of Mount St. Helens in 1980,
produced a large horseshoe-shaped crater that was formed
by collapse of the summit and an associated lateral blast.
Subsequent episodic but ongoing lava-dome growth,
accompanied by intermittent explosive activity and
pyroclastic flows, has largely filled the 1956 crater.

In for  ma t ion Con tacts:  KVERT  and AVO  ( see
Chiku ra chki).

Kliuchevskoi

Kam chatka Pen in sula, Rus sia
56.06ºN, 160.64ºE; sum mit elev. 4,835 m

All times are lo cal (= UTC + 12 hours [or 13 hours in
March- June])

Erup tions con tin ued at Kliuchevskoi dur ing late 2002
through mid- 2003, with typi cal plume heights es ti mated at
sev eral hun dred me ters and oc ca sion ally reach ing ~ 2 km
above the vol cano (eg., early July and August 2003).
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Date(s)
Ther mal Anom aly

(pix els)
Com ments

3 June  2 (faint) No ash plume observed

22- 24 June  1-4 —

27 June — Short nar row plume to
NE

28- 30 June  1-4 —

4, 6-9 July 1-4 —

14- 15 July 2-3 —

13, 16 July 2-5 No ash plumes observed

19 July — Ash plume to SW

25, 27- 29 July 1-3 —

Ta ble 4. Ther mal anoma lies at Karym sky from AVHHR (ad vanced
very- high reso lu tion ra di ome ter) sat el lite im ages and vis ual ob ser va tion
dur ing June and July 2003. Cour tesy Kam chat kan Vol canic Erup tions
Re sponse Team (KVERT).



Above- background seis mic ity pre vailed dur ing most or all
the re port ing in ter val.

The vol cano (also spelled Klyuchevskoy) was last re -
ported on in Bul le tin vol. 28, no. 2, and vol. 27, no. 11, is -
sues dis cuss ing events through 4 March 2003. This re port
re lies heav ily on ta bled data to con vey ob ser va tions from as 
far back as 3 De cem ber 2002, pro vid ing some fur ther de -
tails dur ing the 3 December-4 March 2003 in ter val of over -
lap with the ear lier re ports. The source re ports came from
the Kam chat kan Vol canic Erup tion Re sponse Team
(KVERT) and were com mu ni cated via the Alaska Vol cano
Ob ser va tory (AVO). Ta ble 5 sum ma rizes re cent plume ob -
ser va tions, while table 6 sum ma rizes re cent earth quake and
in ter mit tent spas modic vol canic tremor, ba si cally above-
 background seis mic ity af fili ated with on go ing erup tive
un rest.

Un rest con tin ued dur ing June 2003. Seis mic ity was
above back ground and con tinu ous spas modic vol canic
tremor tended to in crease slowly and con sis tently. Earth -
quakes, both at 30 km and shal low depths, con tin ued to reg -
is ter. The char ac ter of seis mic ity also in di cated that weak
gas- ash ex plo sions pos si bly oc curred. Ta ble 7 sum ma rizes
ther mal ob ser va tions.

Back ground. Kliuchevskoi is Kam chat ka’s high est and
most ac tive vol cano. Since its ori gin ~ 7,000 years ago, the

sym met ri cal, ba sal tic strato vol cano has pro duced fre quent
moderate- volume ex plo sive and ef fu sive erup tions with no
ma jor pe ri ods of in ac tiv ity. More than 100 flank erup tions
have oc curred dur ing the past 3,000 years. The mor phol ogy 
of its 700- m- wide sum mit cra ter has been fre quently modi -
fied by his tori cal erup tions, which have been re corded
since the late- 17th cen tury. His tori cal erup tions have origi -
nated pri mar ily from the sum mit cra ter, but have also in -
cluded ma jor ex plo sive and ef fu sive erup tions from flank
cra ters. A large sum mit erup tion oc curred in Janu ary 1990.

In for  ma t ion Con tacts:  KVERT  and AVO  ( see
Chiku ra chki).

Shive luch

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

Erup tive activity con tin ued dur ing May- August 2003,
in clud ing growth of a lava dome in the ac tive cra ter. Seis -
mic ac tiv ity con tin ued to re main above back ground lev els,
and shal low earth quakes at a depth of 5 km were re corded
with mag ni tudes in the range of 1.8-2.8. Sev eral short- lived 
ex plo sive erup tions each week sent ash- gas plumes to
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Date Plume De tails

30 Nov-2 Dec, 4 Dec Gas- and- steam plumes rose 100- 400 m above cra ter and ex tended 10 km SE, E, W, and N.

3 Dec Gas- and- steam plumes rose ~ 1,300 m above cra ter and ex tended N and NE (NNE ~ 15 km from Rus sian sat el lite data).

5, 9, 12 Dec Gas- and- steam plumes rose ~ 100 m above cra ter and ex tended 3-10 km E and SE.

10- 11 Dec Gas- and- steam plumes rose ~ 1,500 m above cra ter and ex tended N and NE. 

13- 16, 18 Dec Gas- and- steam plumes rose ~ 100- 800 m above cra ter and ex tended 5-10 km E and SE.

17, 19 Dec Gas- and- steam plumes rose ~ 1,000-1,500 m above cra ter and ex tended 10 km E.

19, 21, 23 Dec Gas- and- steam plumes rose ~ 1,000-2,000 m above cra ter and ex tended to E, S, and N.

24 Dec 0100 UTC. Gas- and- ash ex plo sion rose ~ 4,000 m above cra ter and plume ex tended WSW

4 Jan 2003 2125 UTC. Gas- and- steam plume rose ~ 1,000 m above cra ter and ex tended 20 km NE.

5, 7, 9 Jan Gas- and- steam plumes rose 10 m above cra ter.

8 Jan Gas- and- steam plumes rose 1,000 m above cra ter.

11- 13, 15 Jan Gas- and- steam plumes rose 50- 300 m above cra ter (very nar row plume ex tended 30- 50 km NNE from US sat el lite data).

24, 27 Jan Gas- and- steam plumes rose 1,000 m above cra ter and ex tended 10 km NE (24 Jan) and SE (27 Jan).

25- 26, 28- 29 Jan Gas- and- steam plumes rose 100- 300 m above cra ter.

1-3 Feb Gas- and- steam plumes rose 100- 300 m above cra ter (ex tended 30 km NNE from Rus sian sat el lite data).

4 Feb Gas- and- steam plumes rose 1,300 m above cra ter and ex tended 10 km NE.

9 Feb Gas- and- steam plumes rose 1,500 m above cra ter and ex tended 10 km N.

10 Feb Nar row gas- and- steam plume ex tend ing  25 km N.

11, 13, 18- 19 Feb Gas- and- steam plumes rose 50 m above cra ter.

15- 17 Feb Gas- and- steam plumes rose 1,000 m above cra ter.

22- 26 Feb Gas- and- steam plumes rose 200 m above cra ter.

23 Feb Gray sec tor (per haps ash de pos its) showed up on MODIS sat el lite data from Rus sia on the SE part of sum mit.

5 Mar Gas- and- steam plumes rose 300 m above cra ter.

10- 13 Mar Gas- and- steam plumes rose 50 m above cra ter.

16 Mar Gas- and- steam plumes ex tended 25- 40 km W (from US and Rus sian sat el lite data).

18- 19 Mar Gas- and- steam plumes rose 700-1,500 m above cra ter (ex tended < 30  km W on 19 Mar, from US and Rus sian sat el lite data).

21- 22 and 24- 25 Mar Gas- and- steam plumes rose up to 300-1,000 m above cra ter and and ex tended 5-30 km in all di rec tions (ex tended 30 km NNW
on 21 Mar and 100 km NNE on 24 Mar, from US and Rus sian sat el lite data).

22 Mar Gas- and- steam ex plo sions with ash- poor plumes that rose up to 200 m above the cra ter.

28- 30 Mar, 2 Apr Gas- and- steam plumes rose up to 50- 300 m above cra ter and ex tended in all di rec tions 5-20 km (10 km NW on 28 Mar, from US
and Rus sian sat el lite data).

5 Apr Gas- and- steam plumes rose up to 300 m above cra ter and ex tended 10 km E.

7 Apr Weak fu ma rolic ac tiv ity ob served.

15-16 Apr Series of ash plumes rose up to 300 m above cra ter and ex tended 10 km E

Ta ble 5. Plumes visi ble at Kliuchevskoi dur ing De cem ber 2002 through mid- April 2003. Cour tesy KVERT.



heights of 2,500-5,000 m
above the dome. In ter mit -
tent spas modic vol canic
tremor was reg is tered.
Sat el lite data on ther mal
anoma lies are shown in
ta ble 8.

Back ground.  The
high, iso lated mas sif of
Shive luch vol cano (also
spelled Sheve luch) rises
above the low lands NNE
of the Kliuchevs kaya vol -
cano group. The 1,100
km³ Shive luch is one of
Kam chat ka’s larg est and
most  ac t ive vol  canic
struc tures. At least 60
large erup tions of Shive -
luch have oc curred dur ing 
the Holo cene, mak ing it
the  most  v ig  or  ous  an -
desit ic  vol  cano of  the
Kur i l -  Kamchatka arc .
Wide spread tephra lay ers
from these erup tions have
pro vided valu able time
mark ers for dat ing vol -
canic  events  in  Kam -
chatka. Fre quent col lapses 
of dome com plexes, most
re cently in 1964, have
pro duced de br is  ava -
lanches whose de pos its
cover much of the floor of 
the breached cal dera.

In for  ma t ion Con -
tacts: KVERT and AVO
(see Chiku ra chki).
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Date
Earth quakes per day

(~30 km depth)

In ter mit tent tremor

(in terms of geo phone ve loc ity)

28 Nov-1 Dec 8-13 ~0.8 x 10-6 m/s.

2-4 Dec 24-33 ~0.8 x 10-6 m/s.

5-12 Dec 12-24 ~0.5-0.7 x 10-6 m/s.

13- 19 Dec 6-12 0.5-0.7 x 10-6 m/s.

19- 25 Dec 6-9 ~0.6-0.7 x 10-6 m/s.

24 Dec — Gas- and- ash ex plo sion at 0010 UTC.

3, 4 Jan 2003 9, 10 ~0.5-0.7 x 10-6 m/s.

5-9 Jan 10- 13. 1, M 1.75 earthquake In creased from 0.55 x 10-6 m/s on 5-7 Jan to 0.7 x
10-6 m/s on 8 Jan.

10- 12 Jan 12-18 0.4-0.75 x 10-6 m/s.

13- 15 Jan 33-35 0.4-0.75 x 10-6 m/s.

16- 23 Jan — 0.4-0.6 x 10-6 m/s.

16- 19 Jan In creased from 44 to 90. —

20- 22 Jan Gradu ally de creased 35 to 21. —

24- 31 Jan 10- 22. 18, M 1.25 earthquakes 0.3-0.5 x 10-6 m/s.

1-6 Feb 16- 39. 15, M 2.0-2.2 earthquakes 0.4-0.6 x 10-6 m/s.

1 Feb — 1.26 x 10-6 m/s from 0311 to 2400 UTC.

6-12 Feb 17- 30. 17, M 2.0-2.1 earthquakes 0.5-0.7 x 10-6 m/s.

13- 20 Feb 14- 81. 6, M 2.0-2.2 earthquakes 0.4-0.7 x 10-6 m/s  (on 14 Feb, con tinu ous tremor
in creased to 0.9 x 10-6 m/s).

20- 27 Feb 10- 14. 16, M 2.0-2.2 earthquakes 0.4-0.6 x 10-6 m/s  (from 1140 UTC 26 Feb,
con tinu ous tremor in creased to 0.95 x 10-6 m/s).

28 Feb-6 Mar 5-11. 3, M 2.0-2.2 earthquakes 0.5-0.8 x 10-6 m/s.

6-13 Mar 6-11. 12, M 2.0-2.2 earthquakes 0.5-0.8 x 10-6 m/s (6-9 Mar)

10- 13 Mar — 1.1-1.3 x 10-6 m/s.

13- 20 Mar 7-9. 7, M 2.0-2.1 earthquakes 0.5-1.5 x 10-6 m/s.

14 Mar — 1.5 x 10-6 m/s.

20- 24 Mar 6-9 —

20- 26 Mar 16, M 2.0-2.2 earth quakes (26 on 25
Mar; 41 on 26 Mar)

1.0-2.8 x 10-6 m/s.

28 Mar-3 Apr 24-63 0.7-1.4 x 10-6 m/s.

4-10 Apr 10- 15. 14, M 2.0-2.2 earthquakes 1.5-3.7 x 10-6 m/s.

15 Apr ~70 Up to 4.0 x 10-6 m/s.

Ta ble 6. Earth quakes and in ter mit tent spas modic vol canic tremor reg is tered at Kliuchevskoi dur ing De cem ber 2002
through mid- April 2003. Cour tesy of KVERT.

Date(s)
(2003)

Ther mal Anom aly
(in pix els)

Com ments

2 June — Gas- and- steam plume rose 400 m above vol cano.

3 June 3 —

6-7 June — Ash- poor plume ex tend ing S 30- 80 km; ex plo sions sent ash- gas plumes to 50- 500 m above vol cano.

9 June — Ash on NNE flank.

7-8 June weak —

13, 16, and
19 June

1-4 Four- pixel anom aly with max temp of 46ºC in a back ground of -1ºC; ash- poor plumes 50- 500 m above vol cano.

23 June 3 Pos si ble ash de pos its on SE flank; gas- and- steam plumes to 50- 700 m above vol cano.

28 June, 
2 July

3 Ash- poor plumes to 100 m above vol cano); sepa rate and con tinu ous ash plumes to 1,000 m above vol cano;
plumes ex tended to E.

4-6 July 1-2 Gas- and- steam with ash- poor plume ex tend ing 100 km to ESE; sepa rate ash ex plo sions to 2,000 m above
vol cano.

15- 16 July 1-2 Sepa rate or se ries ash ex plo sions to 1,000 m above vol cano; strong ash ex plo sions to 2,000 m above vol cano.

20- 24 July 1-4 Gas- and- steam plumes rose from 100-1,000 m above vol cano and ex tended 15 km to SW.

27- 29 July,
1 August

1-4 Tem pera ture from 12º to 50ºC in a back ground of -5º to 20ºC; gas and steam plumes rose  500- 700 m and ex tended 
5 km SW.

1, 4-7 August 2-6 Gas- and- steam plumes rose 800-2,000 m above vol cano and ex tended to NW and, later, S.

9, 11 August 2-3 —

Ta ble 7. Kliuchevskoi ther mal anoma lies and plumes ob served via Rus sian and United States sat el lites, 2 June- 11 August 2003. Cour tesy of KVERT.



Yel low stone

Wyo ming, USA
44.43°N, 110.67°W; sum mit elev. 2,805 m

Yel low stone Na tional Park press re leases in di cated un -
usual hy dro ther mal ac tiv ity at the Nor ris gey ser ba sin in the 
NW- central por tion of the Park. A press re lease on 22 July
2003 an nounced that high ground tem pera tures and in -
creased ther mal ac tiv ity had re sulted in the tem po rary clo -
sure of a por tion of the Back Ba sin.

The press re lease noted “Nor ris is the hot test and most
seis mi cally ac tive gey ser ba sin in Yel low stone. Re cent ac -
tiv ity in the Nor ris gey ser ba sin has in cluded for ma tion of
new mud pots, an erup tion of Pork chop gey ser (dor mant
since 1989), the drain ing of sev eral gey sers, cre at ing steam
vents and sig nifi cantly in creased meas ured ground tem -
pera tures (up to 200°F [93°C]). Ad di tional ob ser va tions in -
clude vege ta tion dy ing due to ther mal ac tiv ity and the
chang ing of sev eral gey sers’ erup tion in ter vals. Vixen gey -
ser has be come more fre quent and Ech inus gey ser has be -
come more regu lar.”

A press re lease on 7 August ad vised of a hy dro ther mal
moni tor ing pro gram by the Yel low stone Vol cano Ob ser va -
tory to be gin at Nor ris gey ser ba sin. The Ob ser va tory is a
col labo ra tive part ner ship be tween the US Geo logi cal Sur -
vey, the Uni ver sity of Utah, and Yel low stone Na tional
Park. It was de ploy ing a tem po rary net work of seis mo -
graphs, Global Po si tion ing Sys tem re ceiv ers, and tem pera -
ture log gers. Goals in cluded iden ti fi ca tion of hy dro ther mal
steam sources, the re la tion ship of the be hav ior of Nor ris
gey ser ba sin to the gen eral seis mic ity, and lo cat ing crus tal
de for ma tion in the cal dera.

Back ground. The Yellowstone Plateau volcanic field
developed through three volcanic cycles spanning two
million years that included some of the world’s largest
known eruptions. Eruption of the 2450 cu km Huckleberry
Ridge Tuff about 2 million years ago created the more than
75-km-long Island Park caldera. The second cycle
concluded with the eruption of the Mesa Falls Tuff around
1.3 million years ago, forming the 16-km-wide Henrys
Fork caldera at the western end of the first caldera. Activity
subsequently shifted to the present Yellowstone Plateau
and culminated 640,000 years ago with the eruption of the

1000 cu km Lava Creek Tuff and
the formation of the present 45 x
85 km caldera. Resurgent doming
subsequently occurred at both the
NE and SW sides of the caldera
and voluminous (1000 cu km)
intracaldera rhyolitic lava flows
were erupted between 150,000
and 70,000 years ago.  No
magmatic  eruptions  have
occurred s ince the la te
Pleis tocene,  but  phreat ic
eruptions  took place  near
Yellowstone Lake during the
early Holocene. Yellowstone is
presently the site of one of the
world’s largest hydrothermal
systems including Earth’s largest
concentration of geysers.

In for ma tion Con tacts: Yel low stone Vol cano Ob ser va -
tory, a co op era tive ar range ment that in cludes Rob ert L.
Chris tian sen, U.S. Geo logi cal Sur vey, 345 Mid dle field
Road, Menlo Park, CA 94025; Rob ert B. Smith, De part -
ment of Ge ol ogy and Geo phys ics, Uni ver sity of Utah, Salt
Lake City, Utah 84112 USA; Henry Hea sler, Na tional Park 
Serv ice, P.O. Box 168, Yel low stone Na tional Park, WY
82190-  0168 USA; and oth  ers  (URL: www.vol  ca  -
noes.usgs.gov/yvo/yvo/html/).

Co lima

west ern México
19.514°N, 103.62°W; sum mit elev. 3,850 m

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

Ex plo sive ac tiv ity at Co lima con tin ued in May and July
2003. A small ex plo sive erup tion re ported at 1024 on 2
May 2003 pro duced an ash cloud visi ble on sat el lite im -
agery and moni tor ing cam eras, but ris ing to no more than
500 m above the cra ter. The Mex ico City Me te oro logi cal
Watch Of fice stated that the plume moved SW of the sum -
mit at 5-10 knots (9-18 km/hour). The Wash ing ton VAAC
de scribed the plume as very small.

Nick Var ley pointed out on 18 May that the GVP/USGS 
Weekly Vol canic Ac tiv ity Re port for 7-13 May 2003 in cor -
rectly re ported lava flows at Co lima. He noted that “No
lava has been pro duced since the be gin ning of March
[2003]. The cur rent ac tiv ity com prises small ex plo sions, on 
av er age some 25 per day, some con tain ing ash. The dis per -
sal of the ash is lim ited to ap proxi mately 7 km from the
sum mit.” 

More sig nifi cant ex plo sions were re ported on 17 July
2003. The first, at 0527, threw in can des cent ma te rial 500 m 
high and an ash col umn to ~ 3 km height that blew SW .
Small for est fires caused by the in can des cent ma te rial 2.5-4 
km SW of the cra ter sug gested that the ex plo sion was also
di rected to this sec tor. An ex plo sion at 1400 on 17 July,
pro duced an ash- laden cloud 1,000 m high, again dis pers -
ing SW. The seis mic en ergy re leased by the 0527 ex plo sion 
was re ported to be less than half that re leased in the 1999
ex plo sions.

Back ground. The Colima volcanic complex is the most
prominent volcanic center of the western Mexican Volcanic 
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Date(s) (2003)
Ther mal Anom aly

(pix els)
Com ments

30 May 1-4 No ash plumes ob served.

6-9 June 1-6 Gas/steam plumes rose 100- 700 m above dome and
ex tended E.

13- 14, 16- 17 June 1-6 Gas/steam plume rose 100 m above dome and ex tended 5
km NE.

21- 22 June 1-4 Gas/steam plumes rose 100 m above dome.

28- 30 June, 2 July 1-5 Gas/steam plumes rose 100 m above dome.

5-6, 10 July 1-2 Gas/steam plumes rose 500 m above dome.

11, 13- 16 July 1-2 Gas/steam plumes rose 200- 800 m above dome.

19- 22, 24 July 1-2 Gas/steam plumes rose 500- 600 m above dome.

27, 31 July, 1 Aug 1-3 Tem pera tures of 10- 19EC in back ground of 0- 5EC;
gas/steam plumes rose 100 m above dome.

8-10 August 2-3 —

Ta ble 8. US and Rus sian sat el lite data sum ma riz ing ther mal anoma lies as so ci ated with Sheve luch from late May
to early August 2003. Cour tesy of Kam chat kan Vol canic Erup tions Re sponse Team (KVERT).



Belt. It consists of two southward-younging volcanoes,
Nevado de Colima (the 4320 m high point of the complex)
on the north and the 3850-m-high historically active Volcán 
de Colima at the south. A group of cinder cones of probable 
late-Pleistocene age is located on the floor of the Colima
graben west and east of the Colima complex. Volcán de
Colima (also known as Volcán Fuego) is a youthful
stratovolcano constructed within a 5-km-wide caldera,
breached to the south, that has been the source of large
debris avalanches. Major slope failures have occurred
repetitively from both the Nevado and Colima cones, and
have produced a thick apron of debris-avalanche deposits
on three sides of the complex. Frequent historical eruptions
date back to the 16th century. Occasional major explosive
eruptions (most recently in 1913) have destroyed the
summit and left a deep, steep-sided crater that was slowly
refilled and then overtopped by lava dome growth.

In for ma tion Con tact: Ob ser va to rio Vul cano logico de
la Uni ver si dad de Co lima, Co lima, Col., 28045, México
(Email: vzo bin@cgic.ucol.mx; URL: www.ucol.mx/vol -
can/); Nick Var ley, Fac ul tad de Ci en cias, Uni ver si dad de
Co lima Av. 25 de Ju lio #965, Col. San Se bas tian Apdo.
postal  25,  Co l ima,  CP 28045,  México (Emai l:
nick@ucol.mx).

Sou frière Hills

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

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

Al though de tailed re ports about the ac tiv ity and moni -
tor ing of Sou frière Hills are pro vided on a regu lar ba sis by
the Mont ser rat Vol cano Ob ser va tory, this re port con tains
ob ser va tions made by visi tors Ste phen O’Meara and Rob ert 
Ben ward. They moni tored Sou frière Hills visu ally and, us -
ing some novel elec tron ics, col lected data and im ages for
12 days be gin ning on 7 Feb ru ary 2003. This visit was simi -
lar to one in Feb ru ary 2002 (Bul le tin v. 27, no. 6).

The vis ual ob ser va tions took place pri mar ily on Jack
Boy Hill, 6 km N of the vol cano. At the new Mont ser rat
Vol cano Ob ser va tory, Ben ward set up a black and white
CCD video cam era that took a frame every eight (8) sec -
onds and re layed it to a digi tal video re corder. The cam era’s 
low- light sen si tiv ity pro vided round- the- clock sur veil lance
of dome ac tiv ity. How ever, oro graphic and rain clouds
caused prob lems, and much of the vol canic ac tiv ity was
away from the cam era view.

Since the visit in 2002, the dome had in creased sig nifi -
cantly in size (fig ure 4). The rock falls and py ro clas tic flows 
that domi nated the ac tiv ity in Feb ru ary 2002 were con cen -
trated in the E por tions of the dome and the Tar River Val -
ley. In 2003, ac tiv ity oc curred in a broader arc that ex -
tended from Tar River in the E to Far rell’s Plain in the N.
Sev eral py ro clas tic flows trav eled into Tuitt’s Ghaut and
the up per reaches of Ty re’s Ghaut, and onto Far rell’s Plain.
These events were cap tured on the sur veil lance cam era and
in higher- definition color video taken from Jack Boy Hill.

The dome was im pres sive at night. The sum mit was of -
ten crowned with thick, blocky spines and sharp pin na cles.
An ar ray of spiny ridges (speck led with in can des cence) that 
lined the up per por tions of the dome helped chan nel ize
many of the rock falls and py ro clas tic flows, the flow chan -
nels re main ing in can des cent. The glow was strong through -
out the ob ser va tion pe riod, but es pe cially dur ing 13- 19
Feb ru ary, when epi sodes of pro longed ac tiv ity made the
dome ap pear to be melt ing like can dle wax. The glow ing
dome could be seen from the north ern most reaches of the
is land at night. Its light was so in tense that a home made
spec tro graph (at tached to a 3- inch tele scope brought by
Ben ward) re vealed a con tinu ous spec trum.

O’Meara visu ally ob served the dome through a 60
power, 60 mm re frac tor scope and no ticed two cu ri ous phe -
nom ena. At one point, a mass of vis cous, but mo bile, lava
pushed out of the downslope edge of an in can des cent ridge. 
It slumped onto the dome and formed a pad of mol ten ma te -
rial that quickly cooled and so lidi fied into lin ear veins. The
be hav ior was simi lar to that of a bud ding toe of pa hoe hoe
lava where in ter nal pres sure forces fluid lava through its

cool ing skin. O’Meara also ob -
served what ap peared to be a tiny
la t era l  ex  plo  sion f rom the
downslope edge of an in can des -
cent ridge which shot out glow ing 
gas and rock frag ments like buck -
shot from a gun.

A sig nifi cant dif fer ence in the
style of erup tion from that re -
ported in 2002 was the pe ri odic
mass dump ing of dome ma te rial.
Dur ing these epi sodes, dome ma -
te rial calved off the high est por -
tions of the dome, cre at ing a wide
ava lanche of in can des cent ma te -
rial which flowed down much of
the do me’s visi ble face in a mat ter 
of sec onds. These epi sodes dif -
fered from the clas si cal py ro clas -
tic flows in that they pro duced
com para tively lit tle ash, be ing
com prised prin ci  pally of ex -
tremely mas sive and wide spread
rock and block fall.
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Fig ure 4. Il lus tra tion of dome growth at Sou fri ere Hills be tween Feb ru ary 2002 and Feb ru ary 2003. The out line of 
the vol cano’s pro file in Feb ru ary 2002 is su per im posed on a pho to graph taken at the same lo ca tion in Feb ru ary
2003. Cour tesy of Rob ert Ben ward, Vol cano Watch In ter na tional.



A dra matic epi sode of rock fall and pyroclastic- flow ac -
tiv ity oc curred dur ing 1745- 2000 on 13 Feb ru ary. Mas sive
move ment of large, house- sized blocks, many of which
self- destructed dur ing their de scent, pre ceded the py ro clas -
tic flows. The sub se quent py ro clas tic flow ac tiv ity was ac -
com pa nied by roil ing steel- gray ash clouds that drifted N.
One par ticu larly strong py ro clas tic flow cre ated an in can -
des cent chan nel in Tuitt’s Ghaut that glowed long into the
night. Smaller py ro clas tic flows fol lowed this chan nel
downslope, while larger ones over flowed the chan nel’s lev -
ees or changed course. Of ten, when one flow slowed, an -
other would push through it. At times pieces of in can des -
cent rocks ap peared to be slid ing down the dome in the
flow with no de tect able roll ing mo tion. At other times, lin -
ear threads of glow ing gases ap peared to ad vance like the
treads of a tank. An other se ries of py ro clas tic flows dur ing
0614- 0730 on 14 Feb ru ary were di rected N, and spread out
across Far rell’s Plain. As in Feb ru ary 2002, the night ac tiv -
ity was most spec tacu lar when viewed and video taped in
the near- IR us ing Ben ward’s home made night scope.

 One pur pose of the visit was to chroni cle changes in 
visi ble be hav ior when the full Moon ap proached Earth and
at peri gee. With the ap proach of the full Moon, the team re -
ported an ap par ent rise in the number of visi ble in di ca tors,
par ticu larly an in crease in the number of large and pro -
longed rock falls and py ro clas tic flows, and in the av er age
number of events per hour. There was an im pres sive epi -
sode of spine growth in the 24 hours near the time of full
Moon, simi lar to that in 2002. The lim ited du ra tion of the
ob ser va tions, how ever, thwart con clu sions about the re la -
tion ships be tween lu nar po si tions and vol can ism. Con vinc -
ing theo ries re quire base line data over a con sid er ably
longer time period.

In for ma tion Con tacts: Steve and Donna O’Meara, and
Rob ert Ben ward, Vol cano Watch In ter na tional, P.O. Box
218, Vol cano, HI 96785 USA (Email: someara@in ter -
pac.net).

Cerro Ne gro

Nica ra gua
12.506°N, 86.702°W; sum mit elev. 728 m

Seis mic ac tiv ity has been moni tored at Cerro Ne gro for
the past 15 months. From April 2002 seis mic ity re mained
low with eight earth quakes reg is -
tered in May and June. Earth -
quake ac tiv ity was mod er ate in
August (32), Sep tem ber (28), and
Oc to ber (28); no earth quakes
were reg is tered in No vem ber or
De cem ber. Ac tiv ity in creased
again in Janu ary 2003, when 91
tec tonic events were reg is tered.
Ac tiv ity dropped in Feb ru ary to
14 tec tonic events but in creased
again in March (44 tectonic earth -
quakes, two of which were lo -
cated un der neath Cerro Ne gro),
April (45), and May (41 volcano-
 tectonic earthquakes). Trem ors
re mained low (5 RSAM units). 

Gas emissions and fu ma role tem pera tures meas ured by
hand- held in fra red in stru ment (ta ble 9) were also moni tored 
over this pe riod. A visit on 12 April 2002 by Pe dro Perez of 
INE TER, El iecer  Du ar te  and Er ic  Fer  nan dez of
OVSICORI- UNA, Costa Rica, and Franco Tassi and Or -
lando Vaselli of the Uni ver sity of Flor ence, It aly, found
that fu ma role tem pera tures were down from Feb ru ary.
Monthly vis its to the vol cano started in June 2002.

On 5 June, fol lowing heavy rain, steam was observed
ex it ing the fis sure SE of the vol cano. Ob ser va tions on 18
July noted abun dant gas emis sions at all fu ma roles and a
strong scent of sul fur around the en tire cra ter. Emis sions
con tin ued on the SE fis sure and in Este del Cerro La Mula.
On 28 August, Perez ob served gas emis sions at fu ma role 4
and a continued sul fur odor. Fal ling rocks were ob served in 
the in ner cra ter. Few gas emis sions were ob served on 9
Sep tem ber and 18 October, but the strong scent of sul fur
per sisted. No land slides were ob served. Gas emis sions
were ob served at the fu ma roles of Este del Cerro La Mula
with greater abun dance than in pre vi ous months.

Perez vis ited again on 21 No vem ber and dur ing 25- 27
No vem ber,  ac com pa nied by Matthias Fri sche, Kris Ga ro -
falo, Thor Han sten, and Boo Gall (GEO MAR Ger many).
The maxi mum meas ured tem pera ture in the new cra ter was
564°C and for fu ma role 1of the old cra ter the tem pera ture
was 334°C.

The sam pling that be gan in No vem ber con tin ued in the
fol low ing months. On 5 De cem ber tem pera tures con tin ued
to be high in the cone formed in 1995. The maxi mum fu ma -
role tem pera ture on the new cone was 494°C. The visit on
10 Feb ru ary in cluded more sam pling, but no physi cal
change was ob served at the vol cano. Re corded tem pera -
tures did not vary from those made in Janu ary.

Tem pera ture meas ure ments at fu ma role 1 on 21 March
2003 re vealed an in crease of 66°C from February. On 30
and 31 March there was a slight in crease of 20 RSAM units
and of fi cials ob served the vol cano for sev eral hours, wit -
ness ing no ano mo lies. On 4 April more tem pera ture meas -
ure ments and gas sam pling were per formed and rock was
noted to be loos en ing in fu ma role 4. On 3 May the tem pera -
tures of the fu ma roles lo cated within the cra ter were con -
stant with re spect to the pre vi ous months, with the ex cep -
tion of fu ma role 6, which had an in crease of 100°C. Strong
gas emis sions were ob served in parts of the in ner cra ter.

Back ground. Central America’s youngest volcano,
Cerro Negro, was born in April 1850 and has since been
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Date 1 2 3 4 6 7 8

05 Jun 02 252 — — — — — —

28 Aug 02 255 — — — — 184 189

09 Sep 02 257 — — — 175 184 189

18 Oct 02 326 — — — 157 223 188

21 Nov 02  475 564 245 475 — — —

22 Nov 02  448 479 200 207 — — —

05 Dec 02  403 508 385 208 — — 316 / 278

09 Jan 03 402 486 494 402 — — —

10 Feb 03 402 486 494 402 — — —

21 Mar 03 468 — — — — — —

04 Apr 03 388 — — — — — —

03 May 03 399 78.6 226 — 239 203 255

Ta ble 9. Tem pera tures (°C) o ffu ma roles (iden ti fied by number) at Cerro Ne gro, June 2002-Mayy 2003.
Fu ma roles 2-4 are in the cra ter formed in 1995. Cour tesy of INE TER.



one of the most active volcanoes in Nicaragua. Cerro Negro 
is the largest, southernmost, and most recent of a group of
four  youthful  cinder cones constructed a long a
NNW-SSE-trending line in the central Marrabios Range 5
km NW of Las Pilas volcano. Strombolian-to-subplinian
eruptions at Cerro Negro at intervals of a few years to
several decades have constructed a roughly 250-m-high
basaltic cone and an associated lava field that is constrained 
by topography to extend primarily to the NE and SW. Cone
and crater morphology have varied significantly during its
eruptive history. Although the volcano lies in a relatively
unpopulated area, heavy ashfalls during eruptions of Cerro
Negro have caused damage to crops and buildings in
populated regions of the Nicaraguan depression.

 In for ma tion Con tacts: Pe dro Perez, Ar mando Sabal -
los, and Adu ardo May orga, In sti tuto Nica ragüense de Estu -
dios Ter ri to ria les (INE TER), Apar tado 1761, Ma na gua,
Nica ra gua (URL: http://www.ine ter.gob.ni/; Email:
wil.gf@ine ter.gob.ni).

Are nal

Costa Rica
10.463°N, 84.703°W; sum mit elev. 1,657 m

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

Dur ing Sep tem ber 2000- October 2001 Are nal is sued
fre quent Strom bo lian erup tions, oc ca sional ava lanches, and 
sev eral epi sodes with siz able py ro clas tic flows (PFs). Cra -
ter D re mained fu ma rolic, with the erup tive ac tiv ity cen -
tered at cra ter C. Cra ter C also emit ted lava flows (as many
as three si mul ta ne ously) down Arenal’s NE- NW sides. In
some cases the site of pyroclastic- flow (PF) gen era tion
came from out side cra ter C, emerg ing where lava flows
perched on the slopes, broke open, and vio lently re leased
blocks, ash, and gas (block- and- ash flows).

In September- November 2000, OVSICORI- UNA re -
ports noted that the lava flows that be gan af ter the 23
August PFs de scended the N flank, and dur ing that month
had fronts at ~ 900 m ele va tion. Spo radic ava lanches broke
off the lava flow fronts. One such epi sode at 0630 on 11
Sep tem ber 2000 pro duced a small ash col umn. September-

 November ash col umns re mained un der 500 m above cra ter 
C. In Sep tem ber and later months cold loose de bris came
down parts of the edi fice, en ter ing the drain ages Calle de
Are nas, Ma nolo, Guil ler mina, and the larger Ta bacón and
Agua Cali ente riv ers.

 De for ma tion, as meas ured by sur veys of the dis tance
net work, lacked sig nifi cant changes dur ing August 2000-
 November 2000. How ever, be tween De cem ber and April
2000 there were sud den changes in line length, on the or der
of a cen ti me ter on all lines, and most ap pre cia ble on NE-
 sector lines. The N-NE sec tors are also where most of the
lava flows and ava lanche in sta bil ity has occurred. Defor -
ma tion and tilt changes through 2001 were oth er wise de -
scribed as mi nor.

Two note wor thy PFs , in August 2000 and March 2001,
did not cor re late with short- term in creases in pre cur sory
seis mic ity. Cra ter C emit ted Strom bo lian erup tions and N-
 directed lava flows in late Feb ru ary, and pro duced PFs dur -
ing March 2001.

Erup tive epi sode of late March 2001. Dur ing 24 and 26 
March 2001 PFs de scended Are nal (fig ure 5) in a se ries of
pulses trav el ing NNE to wards Ce deño lake. Both re ports
from ICE and OVSICORI- UNA pre sented the erup tive
time as about 1245 on the 24th and con tinu ing un til about
1600, with OVSICORI- UNA re port ing un der six pulses
and ICE re port ing un der 10 pulses. ICE re ported that the
strong est pulses took place at 1258, 1331, and 1400. Af ter
that, the pulses be came more fre quent but of mi nor size.

 ICE re ports con cluded that PFs re ap peared on the 25th,
with four pulses be tween 1348 and 1430. In con trast,
OVSICORI- UNA’s March re port did not con clude that PFs 
oc curred on the 25th and only de scribed pulses on 24 and
26 March. ICE de scribed PFs on the 26th as oc cur ring in
fewer than 8 pulses, be tween the hours of 0917 and 1400.
OVSICORI- UNA stated that on the 26th there were fewer
than three pulses in the early af ter noon. It is clear that a se -
ries of PFs oc curred over the 3- day (24- 26 March) pe riod,
with few or none on the 25th.

Seis mic sig nals in ter preted by OVSICORI- UNA as PFs
typi cally had du ra tions last ing 100-200 sec onds. This pro -
vided some meas ure of their time of origin and de scent.
These work ers found that some very large (up to 36 x 17 x
5 m) in can des cent blocks yielded tem pera tures of over

700°C two days af ter em place -
ment. They also re ported that on
Arenal’s slopes the PFs ex ca vated 
a gully 4 m wide by 500 m long.
Field ob ser va tions also dis closed
that PFs or other pro cesses re -
moved part of the sum mit area,
in clud ing seg ments of the cone’s
up per raised walls.

OVSICORI- UNA noted that
the larg est  PFs ac com pa nied
dense clouds of lofted fine ash
car ried SW. The most dis tant ash
fell over the main en trance to the
park, in a pueblo known as El
Cas ti llo, and as far as 12 km from
the source. OVSICORI- UNA sci -
en tists re ported the low est mar -
gins of the PFs reached ~ 660 m
ele va tion.
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Fig ure 5. An no tated pho to graph of Arenal’s N flanks show ing the sketched- in out line of March 2001
pyroclastic- flow (PF) paths. The lower mar gins of the March 2001 PFs branched into trans verse lobes, but the
“main lobe” con tained the bulk of the de pos ited ma te rial. The 23 August 2000 PFs de scended to 620 m ele va tion,
~ 40- 100 m lower, but Ce deño lake and the dis tal ends of the vari ous PF de pos its are ab sent from this photo. The
PFs of March 2001 also pro duced some ero sion on the up per walls of cra ter C. At the dis tal end, fine ma te rial was
de pos ited atop the August 2000 PF deposits. Cour tesy of OVSICORI- UNA.



Field work by ICE sci en tists Guil lermo Al varado and
Fran cisco Arias re vealed PF de pos its form ing three lobes.
The main one was 10- 50 m wide and reached 2 km in
length. It reached down to 720 m ele va tion and cov ered
240,000 m3. When in ves ti gated (at an un stated date), its
tem pera ture meas ured over 200°C. The PFs had dev as tated
6-10 hec tares (1 hec tare is 104 m2) of pri mary for est, and
the PFs, or re lated ash fall, heat, or singe ing gases, had af -
fected an other 15 hec tares. Af ter the PFs di min ished, lava
flows be gan to es cape fol low ing the same chan nel, their
fronts later at tain ing ~ 1,400 m ele va tion.

This 24- 26 March 2001 epi sode of PFs was judged to
have been of smaller mag ni tude than the epi sode of 23
August 2000, a day when 27 pulses of PFs were ob served,
also di rected to wards lake Ce deño (Bul le tin v. 25, nos. 7
and 8). On that oc ca sion two peo ple died and an other was
se ri ously in jured. The March 2001 PFs were with out re -
ported in ju ries or fa tali ties, al though the af fected zone was
some what simi lar.

Ac cord ing to the ICE re port, Al varado and Ar royo
(2000) listed five oc ca sions when Are nal dis charged a se -
quence of PFs for longer than one day (17- 21 June 1975,
21- 22 Feb ru ary 1989, 9-10 De cem ber 1991, 29- 30 Sep tem -
ber 1996, and 19- 20 August 1997). Only the se quence dur -
ing 17- 21 June 1975 and their in ter pre ta tion of one dur ing
24- 26 March 2001 lasted more than 2 days. PFs in both of
these multi- day se quences at tained ru nout dis tances of over 
1 km; by com pari son, the flows dur ing 1989 and 1996 did
not sur pass half kilo me ter ru nout dis tances. The long est PF
oc curred in 1975, reach ing a 3.5 km ru nout dis tance, with
the PF’s dis tal por tions fol low ing the Ta bacón river.

April- December 2001. In their re port for April 2001
OVSICORI- UNA re ported that a lava flow had emerged
from cra ter C de cend ing along the path of the pre vi ous
month’s PFs, with la vas ex tend ing from the cra ter rim to
the la va’s front at ~ 1,400 m ele va tion. Blocks fal ling off
the front reached 950 m ele va tion in N and NE di rec tions.
By the end of May 2001 OVSICORI- UNA noted the de -
scend ing la vas took the form of three dis tinct flows that
each crossed a dif fer ent por tion of cra ter C’s rim. The three
flows con tin ued dur ing June. At that time a sud den change
was noted at a ther mal spring along the Ta bacón val ley
(NW of Arenal’s sum mit). It’s sur face dropped by ~ 60 cm; 
the tem pera ture of the spring re mained sta ble, how ever, at
52°C. De for ma tion in the first half of 2001 showed only
mi nor changes in both sur veyed lines and tilt me ters. The
pre cise lev el ing lines on the W flank con tin ued to show de -
fla tion on the or der of 7µrad/year.

OVSICORI- UNA stated that on 16 June at 0610 a small 
PF erupted. Al though it failed to cause re ported dam age, it
de scended the NW flank in the di rec tion of Bal ne ario de
Ta bacón (a popu lar lodg ing and spa com plex with ther mal
pools) situ ated far ther downslope. Dur ing July two of the
lava flows (the N- and NE- flank la vas) erupted dur ing May

and June stopped pro gress ing. Mean while, the third lava
flow, which ex ited cra ter C on the NW flank, re mained ac -
tive and mo bile. Dur ing July and August, the erup tive vigor 
stood at mod est lev els; still, some erup tion col umns dur ing
July rose 500 m. The August and Sep tem ber re ports stated
that the one re main ing ac tively pro gress ing lava flow
reached 950 and then 900 m ele va tion, re spec tively. It de -
scended the same chan nel fol lowed by the 16 July PF but
had ad vanced lit tle if any far ther through Oc to ber.

More PFs on 19 Sep tem ber 2001, dur ing 1633- 1640,
and at 1646, were gen er ated by lat eral loos en ing of the lava
flow at ~ 1,300 m ele va tion; it reached ~ 900 m ele va tion.
The larger had an as so ci ated coffee- colored, mushroom-
 shaped cloud reach ing more than 1 km in height. The as so -
ci ated ash cloud blew SE. PFs de scended again on 18 Oc to -
ber at 1035 from ~ 1,200 m ele va tion NE to 900 m ele va -
tion. Winds car ried the as so ci ated ash cloud W.

Back ground. Conical Volcán Arenal is the youngest
stratovolcano in Costa Rica and one of its most active. The
1657-m-high andesitic volcano towers above the E shores
of Lake Arenal, which has been enlarged by a hydroelectric 
proj ect. The earliest known eruptions of Arenal took place
about 7,000 years ago, and it was active concurrently with
Cerro Chato until the activity of Chato ended about 3,500
years ago. Growth of Arenal has been characterized by
periodic major explosive eruptions at several-hundred-year
intervals and periods of lava effusion that armor the cone.
Arenal’s most recent eruptive period began with a major
explosive eruption in 1968. Continuous explosive activity
accompanied by slow lava effusion and the occasional
emission of pyroclastic flows has occurred since then from
vents at the summit and on the upper western flank.

Ref er ence: Al varado, G.E., and Ar royo, I., 2000, The
py ro clas tic flows of Are nal (Costa Rica) be tween 1975 and
2000: Ori gin, fre quency, dis tri bu tion and re lated haz ards:
Bul le tin Osi vam, v. 12, no. 23- 24, p. 39- 53.

In for ma tion Con tacts: E. Fernán dez, E. Du arte, E.
Ma la vassi, R. Sáenz, V. Bar boza, R. Van der Laat, T. Mar -
ino, E. Hernán dez, and F. Cha varría, Ob ser va to rio Vul -
canológico y Sis mológico de Costa Rica (OVSICORI-
 UNA); Jorge Bar quero and Wendy Sáenz, Labo ra to rio de
Química de la At mós fera (LAQAT), Depto. de Química,
Uni ver si dad Na cional,  Here dia, Costa Rica; María
Martínez (at both af filia 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; Ivonne Ar -
royo and Guil lermo Al varado, Ob ser va to rio Sis mológico y
Vul canológico de Are nal y Mi ra valles (OSI VAM) In sti tuto 
Co star ri cense de Elec tri ci dad (ICE), Apdo 10032- San José, 
Costa  Rica (Email:  igar  royo@cari  ar i .ucr .ac.cr ,
gainduni@cari ari.ucr.ac.cr); Mauri cio Mora, Sec ción de
Sis mología, Vul canología y Ex plo ra ción Geofísica, Uni -
ver si dad de Costa Rica (UCR), Apdo. 214- 2060 San José,
Costa Rica (Email: mmmora@cari ari.ucr.ac.cr).
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