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Awu

Sangihe Is lands, In do ne sia
3.67°N, 125.50°E; sum mit elev. 1,320 m

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

A dome-ex trud ing erup tion oc curred in the previouly
lake-bear ing sum mit crater of Mount (Gunung ) Awu, a
stratovolcano in North ern In do ne sia off the N end of the is -
land of Sulawesi (Celebes). De tails of the erup tion are still
emerg ing, but an early dome had clearly ex truded by 2 June 
2004  (fig ure 1).

Prior to the erup tion the crater con tained a green lake.
Be fore 1992, wa ter vol ume was 35,000 x 103 m 3, but it de -
creased con tin u ously, and in 2003, only 50 x 103 m 3 re -
mained. Re search car ried out in 1993-1995 at trib uted the
wa ter loss to ac tive fault ing be neath the crater. Wa ter in side 
the crater was of great con cern be cause of its po ten tial to
pro duce lahars that could threaten set tle ments around Awu.  
Prior to the erup tion, thick veg e ta tion cov ered the crater's
in ner and outer rims. 

Awu's pre vi ous erup tion took place 12 Au gust 1966. It
took  39 lives, in jured more than 1,000, and forced ~11,000
evac u a tions.

 Signs of Awu threat en ing to erupt be came clear
mid-May 2004.  They in cluded a 15 May (felt, I MMI) tec -
tonic earth quake, fol lowed by two vol ca nic earth quakes.  
On 16 May, there were 12 vol ca nic earth quakes re corded,
events interpeted as a signs of fluid mov ing up, and sup -
ported by the appearence of tremor with peak-to-peak am -
pli tude of 8 mm. A gas plume rose 75 m above the crater's
rim. On 17 May there were 4 vol ca nic earth quakes;
peak-to-peak tremor am pli tudes had dropped to 5 mm. 
This pat tern con tin ued through 18 May, with the num ber of
vol ca nic earth quakes typ i cally stand ing at ~6 and tremor
am pli tudes at 5 mm.  The S mi nus P (S - P) times dropped
from 2.0-1.75 sec to  0.5 sec, sug gest ing a shal lower earth -
quake source, a pos si ble in di ca tion of stress mov ing to -
wards the sur face.

In ad di tion to the above ob ser va tions, VSI sci en tists re -
garded the short est his tor i cal re pose time at Awu vol cano
as 25 years, an in ter val that had passed since the last

eruption, and this be came an ad di tional rea son for rais ing
the alert level on 18 May.

Fig ure 1, a photo from the VSI website shows a close-
up of a dome on 2 June 2004 with in tense steam es cap ing,
indicating that at least por tions of a dome had emerged by
that time. In fig ure 1, the  dome and sur round ing tephra
predominanly ap pear as gray, darker-col ored spines and an -
gu lar blocks and frag ments, but oc ca sional clasts of large
white frag ments, pre sum ably pum ice, lie sprin kled across
the sur face.

Seis mic ity in creased on 4-5 June dur ing 2330-0130
when more than 30 shal low vol ca nic (Type A) earth quakes
oc curred.  In con trast, typ i cal May seis mic ity only in cluded
one earth quake per day. On 5 June dur ing 1000-1300, in -
stru ments re corded 85 earth quakes. On 6 June dur ing
0200-0430, they re corded 50; and dur ing 0900-1010, they
re corded 2-3 earth quakes per min ute. Tremor fol lowed,
with max i mum peak-to-peak am pli tude of 24 mm.  The
haz ards sta tus quickly in creased to its high est level ('IV,' 
WITA).

At 1230 on 6 June, ex plo sion earth quakes of small size
oc curred, fol lowed by a rain of thin ash, which fell to the N. 
Vis i ble white ash reached 500-750 m above the sum mit. An 
ex plo sion sent ash 1 km above the crater rim, and the ash
fell around the sum mit. Tremor pre vailed un til 2000, with
max i mum am pli tude of 5 mm. At this point,  20,000 res i -
dents had al ready been evac u ated.

Seis mic ity in creased on 7 June; dur ing the pe riod 0000
to 0800 hours seis mom e ters re corded 165 deep vol ca nic
earth quakes, 18 shal low vol ca nic earth quakes, and con tin u -
ous vol ca nic tremor—am pli tude max ima ex ceeded 46 mm.

At 1117 on 7 June, an erup tion be gan at 1800 hours,
with ash plumes ris ing 1 km above the sum mit. Af ter the
erup tion on 7 June, seis mic sig nals sim i lar to tremor
occured (at 1807), with con tin u ous, peak-to-peak am pli -
tudes of about 12-45 mm (max i mum). 

Dur ing 7-8 June from 2000 to 0600, vi sual ob serv ers
noted that 500- to 700-m-high ash clouds still hung over the 
sum mit. For the in ter val 0600-0600 8-9 June, VSI re ported, 
"All day long there were many ex plo sions." In additon, five 
ma jor ex plo sions were noted, at 1510, 1630, and 1730 on 8
June, and at 0606 and 0910 on 9 June. Pre sum ably due to
each of those larger out bursts, dark gray ash plumes rose up 
1-2 km above the sum mit.
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Fig ure 2. Ash plume at Mount Awu at 0529 on 10 June 2004. Cour tesy of
Wittiri, VSI, Di rec tor ate of Vol ca nol ogy and Geo log i cal Haz ard
Mit i ga tion.

Fig ure 1.  A close up of Awu's new dome as it ap peared amid loose tephra
and through a steam-laden at mo sphere on 2 June 2004, soon af ter
em place ment be gan.  Cour tesy Penduduk.



Ash thick ness at Tahuna was about 0.5-1.5 mm. Be gin -
ning on  8 June 2004 at 0800, Tahuna air port was closed. 
VSI noted that the ash rain could have reached Tabukan
Utara and part of Kendahe, caused by the wind  to the SW. 

At 0529 on 10 June, Awu be gan a sus tained erup tion,
de scribed as the cli max, last ing 34 min utes (fig ure 2). That
event sent a col umn of gray to black ash to 3 km above the
sum mit. The out burst was ac com pa nied by low rum bling
sounds and tephra. 

By 11 June, ex plo sions and seis mic ity de creased dras ti -
cally, with  tremor am pli tudes of only 2-3 mm. Un til 13
June VSI re corded no deep vol ca nic earth quakes. At 0600
on 13 June au thor i ties re duced the haz ard sta tus and some
W- and ESE-flank res i dents re turned home.

Fig ure 3 doc u ments  fresh de pos its, the pre sum ably new 
dome, and de nuded veg e ta tion. Ash gen er ally fell to the
ESE. Dur ing the first erup tion, ash fell on Tahuna city and
its vi cin ity with a thick ness of 0.5-1 mm.  Sur round ing vil -
lages re ceived ash de pos its as fol lows: Lenganeng, 2 mm;
Naha, 2 mm; Bahang, 1.5 mm; Kalakuhe, 1.5 mm; and
Mala, 1.5 mm.

In spec tion of the crater at an un dis closed time re vealed    
a lava dome 300 x 250 m in plan view and 40 m in height. 
It is un cer tain whether these val ues rep re sent an early dome 
(fig ure 1) or larger, later dome (fig ure 3).

On 14 June, ob serv ers saw a thin white plume ris ing 50
– 100 m above the crater. Be gin ning 17 June, the haz ard
sta tus dropped to level II (Waspada). Fol low ing 18 June,
seis mic ity de clined, and in stru ments no lon ger re corded
tremor. The lat est Awu re port, which dis cussed  the in ter val 
28 June-4 July, noted level II haz ard sta tus, plumes 50-200
m tall, and the ob ser va tion of in can des cent ma te rial, sug -
gest ing con tin ued dome growth.

UN Re ports. Ac cord ing to an 8 June re port from the UN 
Of fice for the Co or di na tion of Hu man i tar ian Af fairs, the

evac u a tion pro cess trig gered by
Awu’s erup tion started on the
eve ning of  6 June and con tin ued
through at least 8 June. The to tal
num ber of peo ple ex pected to be
evac u ated was ~27,000 (12,065
from Tahuna,  5 ,690 f rom
Kendahe,  and 9 ,248 f rom
Tabukan Utara). As of 8 June,
17,326 peo ple had been evac u -
ated. These dis placed peo ple were 
ac com mo dated in gov ern ment
build ings, schools, and houses of
prayer. The Di rec tor ate of Vul -
can ol ogy strongly ad vised the
tem po rary halt ing of flights from
Manado (at the N end of Sulawesi 
Is land) to Sangihe Is land.

Back ground. The mas sive
Gunung Awu stratovolcano oc cu -
pies the north ern end of Great
Sangihe Is land, the larg est is land
of the Sangihe arc. Deep val leys
that form pas sage ways for lahars
dis  sect  the  f lanks  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
pyroclastic flows and lahars that caused more than 8,000 fa -
tal i ties. In 1992 Awu con tained a sum mit crater 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 tion Con tacts: Dali Ahmad, Volcanological
Sur vey of In do ne sia (VSI), Di rec tor ate of Vol ca nol ogy and 
Geo log i cal Haz ard Mit i ga tion, Jalan Diponegoro 57,
Bandung 40122, In do ne sia (Email: dali@vsi.dpe.go.id;
URL: www.vsi.dpe.go.id); Of fice for the Co or di na tion of
Hu man i tar ian Af fairs (OCHA), United Na tions, New York, 
NY 10017 USA.

Tengger Cal dera

east Java, In do ne sia
7.94°S, 112.95°E;  sum mit elev. 2,329 m

All times are lo cal (= UTC + 7 hours)

Re ports of  the Volcanological Sur vey of In do ne sia
(VSI) stated that Mount Bromo pro duced a phreatic erup -
tion at 1526 on 8 June 2004. The erup tion killed two peo ple 
and in jured sev eral oth ers. The Bromo cone is the youn gest
and most ac tive vol cano within the larger Tengger cal dera
com plex. Bromo also re sides within an in ner cal dera
(Sandsea cal dera).

The erup tion, which vented at the crater, had a du ra tion
of ~ 20 minutes. Ash rose up to 3 km above the crater rim
(fig ure 4) and was blown to the WNW and de tected at the
Mount (Gunung) Kelud ob ser va tory (~ 75 km away).
Lapilli and ash spread out over a ra dius of ~ 300 m from the 
crater’s cen ter.
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Fig ure 3. Re cent tephra de pos ited be low the Mount Awu lava dome, 12 June 2004. For scale, note the
back pack-clad per son  stand ing on fresh tephra and amid stripped veg e ta tion in the right-cen tral foregound.
Cour tesy of A. Solihin, VSI, Di rec tor ate of Vol ca nol ogy and Geo log i cal Haz ard Mit i ga tion (DVMBG).



Bromo was closed to the pub -
lic un til fur ther no tice. Its haz ard
sta tus was set to the el e vated state
of ‘Alert Level III’ (on a scale
with a max i mum of IV). Search
and res cue teams were ad vised to
stay away from the vol cano un til
dec la ra tion of safe ap proach.

John Seach re ported that many 
build ings in the nearby towns of
Malang and Probolinggo were
cov ered by a light coat ing of ash 2 
hours af ter the erup tion. The
neigh bor ing towns of Lumajang
and Pasuruan were also af fected
by the erup tion.

From 0600 on 9 June to 0600
on 10 June, vi sual ob ser va tions
dis closed a thin white and slightly
red cloud about 25-50 m above
the crater, mov ing W. Seis mic re -
cords were dom i nated by tremor
with peak-to-peak am pli tudes
rang ing from ~ 1-4 mm. Seis -
mom e ters also reg is tered 123
emis sion earth quakes and 15
type-A vol ca nic earth quakes.

Dur  ing 1800 on 10 June
through 0600 on 11 June, the ac -
tiv ity of Bromo was dom i nated by 
‘smoke emis sions’ of low-to-me dium in ten sity reach ing
heights of ~ 25-100 m. Shal low vol ca nic earth quakes in -
creased,  and con t in  u  ous  t remor  oc  curred with  a
peak-to-peak am pli tude of 6.0 mm. Four vol ca nic earth -
quakes were de tected within about 8-15 minutes, fol lowed
by tremor for 18 min utes, af ter which came 8 vol ca nic
earth quakes. De spite all of the tremor and earth quakes,
how ever, no ex plo sion fol lowed. When the weather was
clear, VSI sci en tists could see white, thick ‘smoke’ emis -
sions and smelled sul fur.

At 0819 on 14 June 2004, there was an ash ex plo sion,
ac com pa nied by a plume that rose to 100 m. Pre-ex plo sion
spec trom e ter mea sure ments sug gested SO2 fluxes of 200
tons/day. Dur ing 13-14 June the seis mic re cord con tained
emis sion and tec tonic earth quakes, as well as a half hour of
con tin u ous tremor with a peak-to-peak am pli tude of 6.0
mm. De for ma tion mea sure ment us ing elec tronic dis tance
me ters (EDM) and global po si tion ing sys tems (GPS) im -
pl ied de  f la t ions  of  about 2-6  mm and 2-15 mm,
re spec tively.

By 0630 on 15 June 2004, ac tiv ity at Bromo had gen er -
ally de creased, and the Alert Level was re duced to Level II.
Dur ing that day emis sions of white thin smoke rose
~ 25-150 m above the sum mit and the seis mo graph re -
corded 24 emis sion earth quakes and 1 tec tonic earth quake.
De for ma tion mea sured by EDM and GPS im plied re spec -
tive de fla tions of 1.0-5.0 mm and 0.2-6.2 mm.

Back ground. The 16-km-wide Tengger cal dera com -
plex sits at the end of a vol ca nic mas sif ex tend ing N from
Semeru vol cano. The Tengger vol ca nic com plex dates back 
to about 820,000 years ago and  con tains five over lap ping
stratovolcanoes, each trun cated by a cal dera. Lava domes,
pyroclastic cones, and a maar oc cupy the flanks of the mas -
sif. The Ngadisari cal dera at the NE end of the com plex

formed about 150,000 years ago and is now drained
through the Sapikerep val ley. 

The most re cent of the Tengger cal de ras is the 9 x 10
km wide Sandsea cal dera at the SW end of the com plex,
which formed incrementally dur ing the late Pleis to cene and 
early Ho lo cene. A clus ter of over lap ping, post-cal dera
cones was con structed on the floor of the Sandsea cal dera
within the past sev eral thou sand years. The youn gest of
these is Bromo, one of Java’s most ac tive and most fre -
quently vis ited vol ca noes.

In for ma tion Con tacts: Dali Ahmad, Volcanological
Sur vey of In do ne sia (VSI), Di rec tor ate of Vol ca nol ogy and 
Geo log i cal Haz ard Mit i ga tion,  Jalan Diponegoro No. 57,
Bandung 40122, In do ne sia (URL: http://www.vsi.dpe.go.
id; Email: dali@vsi.dpe.go.id);  Heri Retnowate, Reuters;
Derwin Pereira, The Straits Times; John Seach, P.O. Box
842, Southport BC 4215, Queensland, Aus tra lia (URL:
http://www.volcanolive.com; Email: john@volcanolive.
com); 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/).

Bagana

Bougainville Is land, Pa pua New Guinea
6.14°S, 155.19°E; sum mit elev. 1,750 m
All times are lo cal (= UTC + 10 hours)

The Rabaul Vol cano Ob ser va tory (RVO) re ceived a re -
port on 28 April from a pi lot of the Hevi Lift he li cop ter
com pany stat ing that new lava had come from Bagana vol -
cano the day be fore. RVO has had no mon i tor ing equip -
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Fig ure 4. Bromo’s 8 June 2004 erup tion as seen 2.2 km away, look ing from the N. The pho tog ra pher, K. Nishi, 
was in the seis mic sta tion and saw ev i dence of the erup tion on the seis mic sys tem.  He ran to the ad ja cent crater
rim and took a se ries of shots. This one was taken 9  min utes af ter the erup tion began. The prom i nent  cone on  the
right is Batok.  Cour tesy of K. Nishi.



ment at Bagana since 1989. Al though they hope to again in -
stall mon i tor ing in stru ments in the fu ture, they could not
confirm the vi sual ob ser va tions in stru men tally.

Bagana has been in long-term erup tion since 1972, al -
though re ports ceased in 1995 be cause of po lit i cal and eco -

nomic un rest.  MODIS sat el lite ob ser va tions be gan in 2000, 
and al most monthly ther mal alerts have been re corded since 
Sep tem ber 2000.

Ac cord ing to a news ar ti cle, on 2 May lo cal vol ca nol o -
gists and a team of pro vin cial di sas ter del e gates con ducted
an ae rial in spec tion of the area around Bagana. At that time, 
the team con cluded that the lava flows were not an im me di -
ate threat to the safety of vil lag ers near the vol cano. Ac -
cord ing to news re ports a spokes per son for Pa pua New
Guinea’s na tional Di sas ter Cen ter said the ae rial in spec tion
team noted a con tin ual ef fu sion of lava flow ing in a south -
west erly di rec tion, but there was a great deal of veg e ta tion
in the area which acted as a buffer.

A later news ar ti cle also noted that in the long term the
lava flows could ex pose lo cal ham lets to dan ger. The ham -

lets were con structed in the 1990s by peo -
ple dis placed by civil un rest.

RVO staff sent a se ries of pho tos and
brief notes re gard ing their visit. Ima
Itikarai com mented that dur ing his trip
clouds af fected the qual ity of the pho tos.
Fig ure 5 shows a ham let, which sits 3 km
from the ac tive block-lava flow front and
6.5 km from the sum mit, well within
reach of pyroclastic flows sim i lar to those 
in 1952, 1960, and 1966.

At about the same time but in clearer
weather, an other pho tog ra pher, Pe ter
Mildner, took the photo in fig ure 6. It
shows Bagana’s sum mit and the ac tive
block-lava flow at a point where the lev -
ees had be come ‘bank full.’  Fig ure 7
shows the lava flow pour ing over the lev -
ees at var i ous points. The lava flow’s toe
was also be ing over rid den.

Back ground. Bagana vol cano, oc cu -
py ing a  re  mote  por t ion of  cen t ral
Bougainville Is land, is one of Mel a ne sia’s 
youn gest and most ac tive vol ca noes.
Bagana is a mas sive sym met ri cal lava
cone largely con structed by an ac cu mu la -
tion of vis cous andesitic block-lava
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Fig ure 6. Bagana sum mit and up per flanks as seen in April 2004 show ing the ac tive block-lava flow on
the SW side (steam ing, at left cen ter). A sec ond block-lava flow path may have be gun to de scend the
leveed banks on the right (note abun dant steam on up per right-hand slopes). Copy righted photo by
Pe ter Mildner pro vided cour tesy of Ima Itikarai, RVO.

Fig ure 5. An over view of the scene on the SW re gion sur round ing Bagana
il lus trat ing a po ten tially threat ened ham let and the erupt ing vol cano and
block-lava flow in the back ground. Cour tesy of Ima Itikarai, RVO.

Fig ure 7. Closer view of the block-lava flow down Bagana’s SW flank
taken in April or May 2004, on a day with con sid er able low clouds. The
ini tially con fined lava flow fol lowed the leveed path  and then be gan to
es cape at sev eral places. The fresh block lava’s darker color stands in mild
con trast to sparsely veg e tated, older levee banks, which have a speck led
ap pear ance. Cour tesy of Ima Itikarai, RVO.



flows. The en tire lava cone could have been con structed in
about 300 years at its pres ent rate of lava pro duc tion. Erup -
tive ac tiv ity at Bagana is char ac ter ized by non-ex plo sive ef -
fu sion of vis cous block-lava that main tains a small lava
dome in the sum mit crater, al though ex plo sive ac tiv ity oc -
ca sion ally pro duc ing pyroclastic flows also oc curs.
Block-lava flows form dra matic, freshly pre served
tongue-shaped lobes up to 50-m-thick with prom i nent lev -
ees that de scend the vol cano’s flanks on all sides.

In for ma tion Con tacts: Ima Itikarai and Herman Patia,
Rabaul Vol cano Ob ser va tory (RVO), P.O. Box 386,
Rabaul, Pa pua New Guinea (Email: hguria@global.net.pg); 
Pa pua New Guinea Post-Cou rier; The Na tional; The
Aus tra lian.

Ambrym

Vanuatu
165.25°S, 168.12°E; sum mit elev. 1,334  m

Ambrym (last re ported in Bul le tin v. 29, no. 3) ex hib -
ited high lev els of ac tiv ity in March and April 2004. Dur ing 
March, an ac tive lava lake was pres ent in Mbwelesu crater,
one of the ac tive sum mit crat ers. As of 27 March, there
were re ports that the peo ple of Craig Cove in West
Ambrym were suf fer ing from the ef fects of the on go ing
vol ca nic erup tion on the is land. Gas and acidic rain fall from 
the ac tive vents on the vol cano were threat en ing to de stroy
the lo cal food gar dens. The is land was still re cov er ing from
the ef fects of Cy clone Ivy, which caused wide spread dam -
age two weeks ear lier; the added af fects of the erup tion
prompted Vanuatu’s lead ers to re quest emer gency re lief as -
sis tance from na tional and lo cal au thor i ties.

As of 3 April, re ports con firmed by the Dar win VAAC
and J. Seach de scribed con tin u ing lava lake ac tiv ity at
Ambrym. On 27 April, a large ash plume was re corded
drift ing 150 km NW of the vol cano, pass ing the north ern
tip of Malekula Is land and al most reach ing Malo Is land.
Erup tions were still con tin u ing up to 2 May.

NASA’s Earth Ob ser va tory posted two im ages of
Ambrym and its plume as they ap peared on 27 April 2004
(fig ure 8). The pair of im ages came from the Mod er ate Res -
o lu tion Im ag ing Spectroradiometer (MODIS) on the Terra
sat el lite. A large plume of vol ca nic ash blew west ward
from the vol cano, which ap pears at the cen ter right edge of
Fig ure 8 (top). The plume was mix ing with clouds, and was
more ap par ent as a bright, red dish or ange color in the
false-color im age (be low). Fig ure 8 (bot tom) shows a wider 
area at the same spa tial res o lu tion.

Back ground. Ambrym, a large ba saltic vol cano with a
12-km-wide cal dera, is one of the most ac tive vol ca noes of
the New Hebrides arc. A thick, al most ex clu sively
pyroclastic se quence, ini tially dacitic, then ba saltic, over -
lies lava flows of a pre-cal dera shield vol cano. The cal dera
was formed dur ing a ma jor plinian erup tion with dacitic
pyroclastic flows about 1900 years ago. Post-cal dera erup -
tions, pri mar ily from Marum and Benbow cones, have par -
tially filled the cal dera floor and pro duced lava flows that
ponded on the cal dera floor or over flowed through gaps in
the cal dera rim. Post-cal dera erup tions have also formed a
se ries of sco ria cones and maars along a fis sure sys tem ori -
ented ENE-WSW. Erup tions have ap par ently oc curred al -

most yearly dur ing his tor i cal time from cones within the
cal dera or from flank vents. How ever, from 1850 to 1950,
re port ing was mostly lim ited to ex tra-cal dera erup tions that
would have af fected lo cal pop u la tions.

In for ma tion Con tact: John Seach, PO Box 4025, Port
Vila, Vanuatu (Email: john@volcanolive.com, URL: http://
www.volcanolive.com/); Dar win VAAC (URL: http://
www.bom.gov.au/info/vaac/); Jeff Schmaltz, MODIS
Rapid Re sponse Team, NASA-GSFC (Email:  Jeff.
Schmaltz@gsfc.nasa.gov); Holli Riebeek, NASA’s Earth
Ob ser va tory (URL: http://naturalhazards.nasa.gov/, http://
earthobservatory.nasa.gov; Email: nh-con tact@eodomo.
gsfc.nasa.gov).

Cor rec tion: Bul le tin v. 29, no. 3 in cor rectly listed
Rabaul Vol cano Ob ser va tory as an Ambrym in for ma tion
source.  A more re l  e  vant  source  would have been
Départment de la Géologie, des Mines et des Ressources,
Vanuatu.

Anatahan

Mariana Is lands, cen tral Pa cific Ocean
16.35°N, 145.67°E; sum mit elev. 788 m
All times are lo cal (= UTC + 10 hours)

The first re corded his tor i cal erup tion at Anatahan Is land 
be gan on 10 May 2003 (Bul le tin v. 28, nos. 4, 5, 6, and 9).
More vol ca nism ac com pa nied in creased seis mic ity be gin -
ning 30 March 2004 (Bul le tin v. 29, no. 4). Lava was noted
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Fig ure 8. Ambrym vol cano in two MODIS im ages (top and bot tom). See
text for dis cus sion. Im age cour tesy Jeff Schmaltz, MODIS Rapid
Re sponse Team, NASA-GSFC.



in the crater on 15 April. Dur ing an over flight on 24 April
sci en tists re ported fresh lava within the in ner crater. Seis -
mic ac tiv ity in creased abruptly at 1052 on 24 April, es ca lat -
ing to lev els higher than re corded since sum mer 2003, and a 
mod er ate erup tion ini tially pro duced a light ash cloud that
rose to al ti tudes be low 2 km. The cloud per sisted for only a
day or so.

The seis mic ity level in creased fur ther on 24 and 25
April. On 26 April, a flat-shaped dome was ob served within 
the in ner crater. On the eve ning of April 28, the seis mic ity
level peaked, then de creased slowly to about 40% of its
peak value by 29 May. That seis mic ity re sulted from
strombolian bursts ev ery min ute or so that ejected ma te rial
some hun dreds of me ters out of the crater, and steam and
ash to sev eral hun dred me ters. Af ter a two-day-long de -
crease, the seis mic ity surged on 30-31 May to dou ble the
value of the pre vi ous few days, re sult ing from more fre -
quent small ex plo sions (oc cur ring ev ery few tens of sec -
onds) as well as in creased tremor.

On 7 and 8 June a 100-km-long, light-col ored plume of
steam and ash blew W. This was re ported by the U.S. Air
Force Weather Agency based on De fense Me te o ro log i cal
Sat el lite Pro gram (DMSP) sat el lite im ages (fig ure 9).

Juan Camacho of the Com mon wealth of the North ern
Mariana Is lands Emer gency Man age ment Of fice (CNMI/
EMO) vis ited the is land on 10 June and re ported an ac tive
spat ter cone, from which con tin u ous strombolian ex plo -
sions threw ma te rial as high as 100 m ev ery 10 sec onds to
one min ute. By 15 June, the am pli tude and num ber of dis -
crete events ap peared to have de creased slightly.

Back ground. The elon gated, 9-km-long is land of
Anatahan in the cen tral Mariana Is lands con sists of two co -
alesc ing vol ca noes with a 2.3 x 5 km, E-W-trending sum -
mit de pres sion formed by over lap ping sum mit cal de ras.
The larger west ern cal dera is 2.3 x 3 km wide and ex tends
east ward from the sum mit of the west ern vol cano, the is -
land’s 788 m high point. Ponded lava flows over lain by
pyroclastic de pos its fill the cal dera floor, whose SW side is
cut by a fresh-look ing smaller crater. The sum mit of the
lower east ern cone is cut by a 2-km-wide cal dera with a
steep-walled in ner crater whose floor is only 68 m above
sea level. Sparse ness of veg e ta tion on the most re cent lava

flows on Anatahan in di cated that they were of Ho lo cene
age, but the first his tor i cal erup tion of Anatahan did not oc -
cur un til May 2003, when a large ex plo sive erup tion took
place form ing a new crater in side the east ern cal dera. 

In for ma tion Con tacts: Juan Takai Camacho and
Ramon Chong, Com mon wealth of the North ern Mariana Is -
lands Emer gency Man age ment Of fice (CNMI/EMO),
Saipan, MP  96950 USA (URL: http://www.cnmiemo.org;
Email: juantcamacho@hotmail.com,  rcchongemo@
hotmail.com); Frank Trusdell, HVO/USGS, P.O. Box 51,
Ha waii Na tional Park, HI  96718-0051 USA (URL: http://
hvo.wr.usgs.gov/cnmi/; Email: trusdell@usgs.gov); Ha waii 
Vol cano Ob ser va tory (HVO), U.S. Geo log i cal Sur vey
(USGS), Ha waii Na tional Park, HI  96718 USA (URL:
http://hvo.wr.usgs.gov/cnmi/up date.html); Charles R.
Holliday, Air Force Weather Agency, Offutt Air Force
Base, Ne braska 68113 USA.

Sakura-jima

Kyushu, Ja pan
31.585°N, 130.657°E; sum mit elev. 1,117 m

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

Based on in for ma tion from the Jap a nese Me te o ro log i cal 
Agency (JMA), the To kyo Vol ca nic Ash Ad vi sory Cen ter
(VAAC) re ported that on 3 De cem ber 2003 at 2025 ash was 
emit ted from Sakura-jima, rose to ~2.5 km a.s.l., and ex -
tended to the S. An erup tion on 12 Jan u ary 2004 at ~1430
pro duced an ash cloud that rose higher than 2 km al ti tude.
On 19 and 20 Feb ru ary, ex plo sions pro duced ash clouds
that rose to un known heights. No ash was vis i ble on sat el -
lite im ag ery. Based on JMA in for ma tion, the To kyo VAAC 
re ported that ex plo sions on 26 March at 1715 and 27 March 
at 0607 pro duced plumes that ex tended S and rose to ~2.5
km and ~2 km al ti tude, re spec tively.

An erup tion on 17 April pro duced a gas-and-ash plume
that rose to ~3 km al ti tude and ex tended W. An other erup -
tion on 25 April pro duced an ash plume that rose to ~2.4
km al ti tude. and ex tended N. The To kyo VAAC re ported,
based on in for ma tion from the JMA, that an erup tion oc -
curred on 28 April at 1820. It pro duced a plume that rose to
~2.4 km al ti tude and drifted SE. No ash was vis i ble on sat -
el lite im ag ery.

Ac cord ing to the Har-Tass news agency, JMA re ported
a pow er ful ash-bear ing dis charge on 15 May at 1107. Spe -
cial ists stated that the ac tiv ity was the most in ten sive in four 
years. There were no re ports of dam age or in ju ries. The ex -
plo sion reg is tered as ‘large’ on the JMA’s scale for both the 
sound and the strength of the tremor it caused, ac cord ing to
a quoted of fi cial at the lo cal agency of fice in Kagoshima.

The To kyo VAAC said the ash plume rose to more than
1.8 km al ti tude. An ex plo sion oc curred on  17 May at 1946, 
send ing an ash plume to a height of 2.1 km al ti tude. On 18
May a pi lot re ported ash at a height of ~1.2 km al ti tude and
~23 km S of the Amori re gion. Dur ing 19-24 May, sev eral
ex plo sions pro duced ash clouds. The high est re ported ash
cloud reached ~2.4 km al ti tude on 24 May. An ex plo sion
on 20 June at 1523 pro duced an ash cloud that rose to an
un known height.

Back ground. Sakura-jima, one of Ja pan’s most ac tive
vol ca noes, is a post-cal dera cone of the Aira cal dera at the
north ern half of Kagoshima Bay. Erup tion of the vo lu mi -
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Fig ure 9. Vi sual (0.3 nm) im age of plume from Anatahan vol cano taken
from De fense Me te o ro log i cal Sat el lite Pro gram sat el lite on 7 June 2004 at 
2139 hours GMT (8 June 2004 at 0739 hours lo cal time). Note that the
plume length at this time, mea sured by the U.S. Air Force Weather
Agency, was ~104 km (~56 nau ti cal miles). Cour tesy of Charles R.
Holliday, U.S. Air Force Weather Agency.



nous Ito pyroclastic flow ac com pa nied for ma tion of the 17
x 23 km wide Aira cal dera about 22,000 years ago. The
smaller Wakamiko cal dera was formed dur ing the early Ho -
lo cene in the NE cor ner of the Aira cal dera, along with sev -
eral post-cal dera cones. The con struc tion of Sakura-jima
be gan about 13,000 years ago on the south ern rim of Aira
cal dera and built an is land that was fi nally joined to the
Osumi Pen in sula dur ing the ma jor ex plo sive and ef fu sive
erup tion of 1914. Ac tiv ity at the Kita-dake sum mit cone
ended about 4,850 years ago, af ter which erup tions took
place at Minami-dake. Fre quent his tor i cal erup tions, re -
corded since the 8th cen tury, have de pos ited ash on
Kagoshima, one of Kyushu’s larg est cit ies, lo cated across
Kagoshima Bay only 8 km from the sum mit. The larg est
his tor i cal erup tion took place dur ing 1471-76.

In for ma tion Con tacts: Naokuni Uchida, Ja pan Me te o -
ro log i cal Agency (JMA), Fukuoka, Ja pan (URL: http://
www.jma.go.jp/; Email: nuchida@redcfk.kishou.go.jp);
To kyo Vol ca nic Ash Ad vi sory Cen ter (VAAC) (URL: http://
www.jma.go.jp/JMA_HP/jma/jma-eng/jma-cen ter/vaac/;
Email: vaac@eqvol.kishou.go.jp).

Bezymianny

Kamchatka 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) [or +13 hours in
March-June]

Erup tions as so ci ated with ex tru sion of vis cous lavas
con tin ued at Bezymianny into June 2004. Since ob serv ers
last re ported on Bezymianny (Bul le tin v. 29, no. 3) they
noted sub stan tial ash plumes oc cur ring in June 2004 (ta ble
1). The sum mary be low chiefly co mes from weekly re ports
made by Kamchatkan Vol ca nic Erup tions Re sponse Team
(KVERT) and dis sem i nated through the Alaska Volcano
Observatory (AVO).

This re port con cerns the most re cent erup tion of
Bezymianny which oc curred on 19 June 2004. In creased
ac tiv ity on the vol cano be gan dur ing 11 to 14 June, when
seis mic ity rose above back ground level and 2-3 shal low
earth quakes oc curred daily. 

By 16 June, KVERT el e vated Bezymianny’s haz ard sta -
tus, rais ing the Con cern Color Code from Yel low to Or ange 
(ta ble 2), sig ni fy ing that an erup tion could oc cur at any

time. On 19 June, the Code was raised to Red, the highest
level.

Ex plo sive ac tiv ity be gan at 0840 on 19 June, and ac -
cord ing to seis mic data, it pro duced an ash plume that rose
~8-10 km al ti tude. Sat el lite im ag ery re vealed that by 1319,
the plume had ex tended ~200 km. The more con cen trated 
por tion of the plume was in the zone of ~ 167-189 km from
the vol cano. At 1439, a large lo cal ash cloud moved to the
NNE to wards Be ring Is land. Later in the day, the seis mic ity 
level de creased, and KVERT re duced the Con cern Color
Code to Or ange. Dur ing 18 to 19 June, an ash cloud ex -
tended over 1,000 km E and SE of the vol cano, and “pos si -
ble ash de pos its” were in ferred 190 km SE of the lava
dome. The last time an ash cloud was noted near Korovin
Is land was on 20 June.

Around this time KVERT noted vis cous lava flows at
the lava dome. They doc u mented weak, 1- to 4-pixel ther -
mal anom a lies over the dome. In the wake of the erup tion
KVERT re ported gas-steam plumes ex tend ing ~3.5 km S,
NE, and ESE. Fol low ing that, they re ported no other ac tiv -
ity as re cently as 25 June.

Back ground. Prior to its noted 1955-56 erup tion,
Bezymianny vol cano had been con sid ered ex tinct. The
mod ern Bezymianny vol cano, much smaller in size than its
mas sive neigh bors Kamen and Kliuchevskoi, was formed
about 4,700 years ago over a late-Pleis to cene lava-dome
com plex and an an ces tral vol cano that was built be tween
about 11,000-7,000 years ago. Three pe ri ods of in ten si fied
ac tiv ity have oc curred dur ing the past 3,000 years. The lat -
est pe riod, which was pre ceded by a 1,000-year qui es cence, 
be gan with the dra matic 1955-56 erup tion. 

This erup tion, sim i lar to that of Mount St. Hel ens in
1980, pro duced a large horse shoe-shaped crater that was
formed by col lapse of the sum mit and an as so ci ated lat eral
blast.

Sub se quent ep i sodic but on go ing lava-dome growth,
ac com pa nied by in ter mit tent ex plo sive ac tiv ity and
pyroclastic flows, has largely filled the 1956 crater.

In for ma tion Con tacts: Olga A. Girina, Kamchatka
Vol ca nic Erup tions Re sponse Team (KVERT), a co op er a -
tive pro gram of the In sti tute of Vol ca nic Ge ol ogy and Geo -
chem is try, Far East Di vi sion, Rus sian Acad emy of Sci -
ences, Piip Ave. 9, Petropavlovsk-Kamchatskii 683006,
Rus sia (Email: girina@kcs.iks.ru), the Kamchatka Ex per i -
men tal and Me thod i cal Seis mo log i cal De part ment
(KEMSD), GS RAS (Rus sia), and the Alaska Vol cano Ob -
ser va tory (USA); Alaska Vol cano Ob ser va tory (AVO), a
co op er a tive pro gram of the U.S. Geo log i cal Sur vey, 4200
Uni ver sity Drive, An chor age, AK 99508-4667, USA
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Date Time Char ac ter is tics of Erup tion

26-27 Dec 2002 0715 Ash cloud to 5 km al ti tude, de pos it ing
ash 55 km NW of vol cano

26 Jul 2003 2057 Ash plume to 8-11 km al ti tude,
ex tend ing 192 km, 217 km and ~
250-300 km W of the vent

14 Jan 2004 1053 Ash plume to 6-8 km al ti tude,
ex tend ing ~190 km; pyroclastic flow

19 Jun 2004 0840 Ash plume to ~8-10 km al ti tude 
(es ti mated from seis mic sig na ture);
plume ul ti mately sighted over 1,000
km from source

Ta ble 1. A syn op sis of some re cent erup tions dis tin guished at
Bezymianny (the first three were pre vi ously dis cussed, Bul le tin v. 28, no.
10 and 29, no. 3). Taken from KVERT re ports.

Color Sta tus

Green Vol cano is dor mant; nor mal seis mic ity and fumarolic
ac tiv ity.

Yel low Vol cano is rest less; erup tion may oc cur.

Or ange Vol cano is in erup tion or erup tion may oc cur at any
time.

Red Sig nif i cant erup tion is oc cur ring or ex plo sive erup tion
ex pected at any time.

Ta ble 2. The sig nif i cance of var i ous haz ard sta tus cat e go ries on the
KVERT Con cern Color Code Key. This key is reg u larly posted with their
re ports.



(URL: http://www.avo.alaska.edu/; Email: tlmurray@ usgs.
gov), the Geo phys i cal In sti tute, Uni ver sity of Alaska, P.O.
Box 757320, Fair banks, AK 99775-7320, USA (Email:
eisch@dino.gi.alaska.edu), and the Alaska Di vi sion of
Geo log i cal and Geo phys i cal Sur veys, 794 Uni ver sity Ave.,
Sui te  200,  Fair  banks ,  AK 99709, USA (Email:
cnye@giseis.alaska.edu).

Shiveluch

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

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

With the ex cep tion of strong ash ex plo sions and re lated
seis mic ac tiv ity on 9-10 May (de scribed be low), un rest at
Shiveluch dur ing 9 April–27 May 2004 was sim i lar to that
de scribed in our last re port (Bul le tin, v. 2903, no. 3). 

In ef fect, ob serv ers noted above-back ground seis mic ity, 
lava dome growth, and as so ci ated pyroclastic flows. Steam
plumes ris ing as high as 3.5 km al ti tude, and ash plumes ris -
ing 4-7 km al ti tude, were seen fre quently. Earth quakes oc -
curred at depths of 0-5 km and had lo cal mag ni tudes (Ml) of  
1.25 - 2.25 while spas modic tremor var ied be tween 0.1-0.9
Fm/sec. 

Dur ing the pe riod, U.S. and Rus sian sat el lites re peat -
edly de tected 1- to 9-pixel ther mal anom a lies. Accordng to
ground-based ob serv ers, the vol cano was obscured by
clouds throughout much of the report period.

Less than ten strong earth quakes were re corded each
week in April. How ever, ac tiv ity in creased dur ing the week 
end ing 6 May when 35 strong earth quakes were re corded.
Ac cord ing to seis mic data, from 0210 to 0730 on 10 May, a
se ries of strong ash ex plo sions oc curred at the lava dome.
Con tin u ous tremor at 14.8 Fm/sec oc curred dur ing that
time, de creas ing to 0.3 Fm/sec by 0940. Seis mic ac tiv ity in -
creased again dur ing 2150-2325, and tremor was 5-6 Fm/
sec. Ac cord ing to video and vi sual ob ser va tion, ex plo sions
sent ash to al ti tudes of 8-11 km. Amer i can and Rus sian sat -
el lite data re corded a 9-pixel ther mal anom aly over the lava
dome at 2336 on 9 May and a 6-pixel anom aly at 0642 on
10 May. Around this time, au thor i ties tem po rarily raised
the level of concern from orange to red.

From 0725 through 1502 on 10 May an ash plume ex -
tended over 450 km to the SE and ash de pos its were ob -
served on 11 May over a wide sec tor to the SE at dis tances
over 100 km. At 0914, pyroclastic- and mud-flow de pos its
were ob served on the SE slopes of the vol cano ex tend ing to 
dis tances of ~7-8 km.

At Ust-Kamchatsk (coastal set tle ments ~100 km ENE
of Bezymianny), the thick ness of or ange-brown ash de pos -
its on 10-11 May was ~1-2 mm. On 10 May, the air port at
Ust-Kamchatsk was closed and the road and the dam in the
area of the Bekesh River were de stroyed by mud flows.

On 10 May seis mic ac tiv ity con tin ued with 27 and 21
strong earth quakes re corded, re spec tively, dur ing the sub -
se quent two weeks. The num ber of ther mal anom a lies re -
ported from sat el lite ob ser va tions also in creased to as many 
as 36 dur ing the week ending 13 May.

 By 27 May, ac tiv ity had re turned to lev els typ i cal of
April (and ear lier).  On 21 May, the lava dome and
pyroclastic-flow de pos its were ob served from a he li cop ter

and from the ground. A part of the dome had been de -
stroyed. De pos its were gas-rich, high-tem per a ture ju ve nile
pyroclastic flows in the cen tral sec tor of the S slope of the
vol cano. The tem per a ture of the main flow was ~ 300oC at a 
depth of 15 cm. Ac cord ing to sat el lite data, 1-20 pixel ther -
mal anom a lies were ob served over the lava dome during the 
week.

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-km3

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

In for ma tion Con tacts: Olga Girina, Kamchatka Vol ca -
nic Eruptions Re sponse Team (KVERT) (see Bezymianny).

Long Val ley

Cal i for nia, USA
37.70°N, 118.87°W, sum mit elev. 3,390 m

All time are lo cal (= UTC - 8 hours)

The fol low ing is a sum mary of Hill (2004) and Sorey,
Hill, and McConnell (2000), re ports that col lec tively  con -
cluded that with the close of 2003, Long Val ley Cal dera
had sus tained nearly five years of rel a tive qui es cence. This
marked the lon gest such in ter val since the on set of un rest in 
1978. A sum mary of 2001-2002 ac tiv ity was pub lished in
March 2003 (Bul le tin v. 28, no. 3).

The slow in fla tion of the re sur gent dome at a rate of ~ 1
cm/year that per sisted through most of 2002 lev eled off in
early 2003 with es sen tially no change through the end of
the year. At the end of 2003, the cen ter of the re sur gent
dome stood only about 0.5 cm higher than in early 1999. It
re mained roughly 80 cm higher than in the late 1970s.

Seis mic ac tiv ity within the cal dera re mained low
through 2003 as it has for the pre vi ous four years, av er ag -
ing fewer than five earth quakes per day large enough to be
lo cated by the realtime com puter sys tem (M 0.5 and above). 
As in the past, most of these earth quakes were con fined to
the S moat and the S mar gin of the re sur gent dome. The
larg est intra-cal dera earth quake dur ing the year was a M 2.4 
event on 19 Sep tem ber 2003 at 0751, as so ci ated with a
clus ter of smaller events in the S moat be neath the E mar gin 
of Mam moth Lakes. An earth quake se quence of com pa ra -
ble in ten sity was cen tered be neath the SE mar gin of the re -
sur gent dome on 8 No vem ber. This se quence in cluded three 
M > 2 earth quakes, the larg est of which was a M 2.2
earthquake at 2102.
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Most of the earth quake ac tiv ity in the Si erra Ne vada
block S of the cal dera con tin ued to be con cen trated in the
N-NE lineation of epi cen ters that rep re sents the after shock
zone of the three M > 5 earth quakes of June and July 1998
and May 1999 (fig ure 10). A no ta ble ex cep tion was the M
4.0 earth quake of 8 March (0735) that was lo cated 1 km S
of Lau rel Moun tain (~5 km S of the cal dera bound ary and
11 km ESE of Mam moth Lakes). This earth quake was felt
in the Mam moth Lakes area and was ac com pa nied by over
50 smaller earth quakes, the larg est of which was a M 3.2
event. The Grinnell Lake area near the S end of the seis mic -
ity lineation in the Si erra Ne vada was one of the more per -
sis tently ac tive ar eas through the year. It pro duced M 3.2
earth quakes on 15 June and 18 Au gust as well as a host of
smaller earthquakes.

Oc ca sional M 3 earth quakes else where in the re gion in -
cluded: a M 3.2 earth quake on 23 Jan u ary 3 km E of Red
Slate Moun tain (mid way along the seis mic ity lineation in
fig ure 10), a M 3.0 earth quake on 18 March lo cated be neath 
the Vol ca nic Ta ble land 10 km E of Crowley Lake, a M 3.1
earth quake on 31 Au gust lo cated 2 km E of Lake Dor o thy
in the Si erra Ne vada, a M 3.0 earth quake on 26 Oc to ber lo -
cated 20 km W of Bishop, and a M 3.5 earth quake on No -
vem ber 10 in Round Val ley. Al to gether, ten earth quakes of
M 3 or greater oc curred in the area dur ing 2003, the larg est
be ing the M 4.0 event on 8 March near Lau rel Moun tain.
The mid-crustal (10- to 25-km-deep) long pe riod (LP) vol -
ca nic earth quakes, which be gan dur ing the 1989 Mam moth
Moun tain earth quake swarm, con tin ued be neath the SW
mar gin of Mam moth Moun tain but at a much-re duced rate
with re spect to the ac tiv ity lev els dur ing the first half of
1997. LP ac tiv ity for 2003 was lim ited to the first and last
quar ters of the year with no LP earthquakes detected from
April through September.

The car bon di ox ide (CO2) emis sions from the tree-kill
ar eas around the flanks of Mam moth Moun tain re mained
sim i lar over the last sev eral years. In par tic u lar, data from
the CO2 sen sors at Horse shoe Lake were rel a tively flat and
un event ful for 2003 ex cept for the nor mal win ter ex cur -
sions due to snow ac cu mu la tion. A soil CO2 efflux sur vey
of Horse shoe Lake in Au gust gave 
an emis sion rate of 135 tons/day,
which is slightly higher than the
rate for 2002. How ever, the emis -
sion rate trend from 1995 through
2003 based on lin ear re gres sion
was rel a tively flat at ~100 tons/
day, sug gest ing con tin ued CO2

emis sions. The Horse shoe Lake
tree-kill area pro duces roughly
one third of the to tal CO2 flux
from the flanks of  Mammoth
Mountain.

Intra-cal dera sites con tained
dead veg e ta tion, el e vated soil tem -
per a tures, and CO2 con cen tra tions 
con sis tent with on go ing geo ther -
mal ac tiv ity. The ar eas that pro -
duced the great est CO2 emis sions
were in the vi cin ity of the geo ther -
mal plant and have been known
for some time. Ini tially the for ma -
tion of these ar eas likely oc curred
as a re sult of su per fi cial changes

linked to in creases in geo ther mal fluid pro duc tion in the
late 1980s and early 1990s. Some re cently iden ti fied sites
dis played el e vated soil tem per a tures on the re sur gent dome
above Fumarole Can yon; these may re flect a de layed re -
sponse to the 1997 earth quake swarm ac tiv ity in the area.
To tal CO2 emis sions at these sites are marginally above
background levels.

Hydrologic mon i tor ing data show that de clin ing fluid
pres sures in key mon i tor ing wells over the past sev eral
years con tin ued through 2003. Fluid pres sures in four of
five key mon i tor ing wells dur ing 2003 were at the low est
val ues since 1995 and for three of these wells the pres sures
were the low est since the late 1980s. The data also show a
sharp de cline in ther mal-wa ter dis charge from springs in
Hot Creek Gorge, an event that be gan in Au gust 2003 and
per sisted to the end of 2003. The de cline in dis charge was
~18% of the long-term mean discharge.

The de cline in ther mal-wa ter dis charge from Hot Creek
Gorge springs was con sis tent with the low fluid pres sures
re corded in wells CW3 and CH10B, both of which tapped
the S-moat hy dro ther mal sys tem. The rea son for this de -
cline was un clear. Geo ther mal pro duc tion from the Casa
Diablo power plant has not changed sig nif i cantly over the
past year and the cal dera has shown no significant unrest.

New in stru men ta tion and an in ter dis ci plin ary work -
shop. Dur ing the week of 2 Au gust 2003, a team of sci en -
tists and drill ing ex perts from the oil in dus try suc cess fully
in stalled a 30-m-long geo phys i cal in stru ment string at a
depth ~2.4 km in the Long Val ley Ex plor atory Well
(LVEW). The in stru ment string in cludes two three-com po -
nent seis mom e ters (4 Hz nat u ral fre quency, one at 2592 m
and the other at 2264 m depths), a dilatometer (at 2254 m
depth), a 48-m-long ver ti cal-axis op ti cal-fi ber strainmeter
(cen tered at 2150 m depth), and pass-through tubes de -
signed to track pore pres sure in the open hole be neath the
in stru ment pack age. As sig nals from the re main ing com po -
nents of the LVEW deep bore hole ob ser va tory come on
line over the next few months, they will greatly en hance the 
power of the LVO net work as both a mon i tor ing and re -
search tool.
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Fig ure 10. Earth quake epi cen ters in the Long Val ley re gion for 2003 (from Hill, 2003). 



In stru men ta tion of LVEW as a deep-bore hole ob ser va -
tory rep re sents the fi nal stage of a ma jor drill ing pro ject that 
be gan in the mid-1980s with multi-agency sup port (Sorey
and others, 2000).

A four-day work shop was held 8-12 Oc to ber 2003. The
ti tle was “Un der stand ing a Large Silicic Vol ca nic Sys tem:
An In ter dis ci plin ary Work shop on Vol ca nic Pro cess in
Long Val ley Cal dera-Mono Craters.”

Back ground. The large 17 x 32 km Long Val ley cal dera 
east of the cen tral Si erra Ne vada Range formed as a re sult
of the vo lu mi nous Bishop Tuff erup tion about 730,000
years ago. Re sur gent dom ing in the cen tral part of the cal -
dera oc curred shortly af ter wards, fol lowed by rhyolitic
erup tions from the cal dera moat and the erup tion of
rhyodacite from outer ring-frac ture vents, end ing about
50,000 years ago. Dur ing early re sur gent dom ing the cal -
dera was filled with a large lake that left strand lines on the
cal dera walls and the re sur gent dome is land; the lake even -
tu ally drained through the Owens River Gorge. The cal dera
re mains ther mally ac tive, with many hot springs and
fumaroles, and has had sig nif i cant de for ma tion, seis mic ity,
and other un rest in re cent years. The late-Pleis to cene to Ho -
lo cene Inyo Crat ers cut the NW rim of the cal dera, but are
chem i cally and tec toni cally dis tinct from the Long Val ley
sys tem.

Ref er ences: Hill, D.P., 2003, Long Val ley Ob ser va tory
quar terly re port Oc to ber-De cem ber 2003 and an nual sum -
mary for 2003: Long Val ley Ob ser va tory, U.S. Geo log i cal
Sur vey, Menlo Park, CA (URL: http://lvo.wr.usgs.gov/
Quar terly/qrt_rpt_4-03.htm).

Sorey, M.L., Hill, D.P., and McConnell, V.S., 2000,
Sci en tific drill ing in Long Val ley Cal dera, Cal i for nia–an
up date, in Cal i for nia Ge ol ogy, Cal i for nia Geo log i cal Sur -
vey, v. 53, pp. 4-11; URL: http://www.consrv.ca.gov/cgs/
in for ma tion/pub li ca tions/cal i for nia_geology_magazine.
htm.

In for ma tion Con tacts: Da vid P. Hill, Long Val ley Ob -
ser va tory, Vol cano Haz ards Pro gram, U.S. Geo log i cal Sur -
vey, 345 Middlefield Rd., MS 977, Menlo Park, CA 94025, 
USA (Email: hill@usgs.gov; URL: http://lvo.wr.usgs.gov/
); Deborah Bergfeld, Jim Howle, Chris Farrar, and Wil liam 
Ev ans, U. S. Geo log i cal Sur vey, Menlo Park, and Car ne lian 
Bay, CA.

Colima

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

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

A March 2004 ob ser va tory re port noted that one year of 
ex plo sive ac tiv ity had passed, an in ter val that be gan in Feb -
ru ary 2003 af ter the ter mi na tion of lava emis sion (Bul le tin,
v. 28, no. 6). Dur ing March-May 2003 there was an in -
crease in the num ber of small ex plo sions. Dur ing the year,
seis mom e ters re corded ~ 1,500 small ex plo sions (fig ure
11). Af ter that, the fre quency of ex plo sions be came sta ble,
with 3-5 daily ex plo sions (fig ures 12 and 13). Four rel a -
tively sig nif i cant ex plo sions oc curred dur ing 2003 on 17
July, on 2 and 28 Au gust (Bul le tin, v. 28, no. 8), and on 15
No vem ber, al though there was no change in the daily
number of events.
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Fig ure 11. Daily vari a tions in the num ber of small ex plo sions re corded by
the seis mic net work Red Sismica de Colima (RESCO) of Colima
Uni ver sity from Jan u ary 2003 to Feb ru ary 2004. The ter mi na tion of the
ef fu sive stage is shown by the open ar row; four sig nif i cant ex plo sions are
shown by filled ar rows. Cour tesy of Colima Vol cano Ob ser va tory.

Fig ure 12. A typ i cal daily seismogram with the re cords of small
ex plo sions (27 Feb ru ary 2004). RESCO seis mic sta tion Soma, at a
dis tance of about 1.7 km from the crater. Cour tesy of Colima Vol cano
Ob ser va tory.

Fig ure 13. A typ i cal view of a small ex plo sion at Colima. Photo was taken
on 1 Feb ru ary 2004. Cour tesy of Colima Vol cano Ob ser va tory.



The se quence of ex plo sions de stroyed the for mer lava
dome. Al though the depth of the crater floor in creased
slightly as a re sult, the crater’s di men sions changed lit tle
(fig ure 14).

A later ob ser va tory re port also noted that a sig nif i cant
ex plo sion took place at 1228 on 12 June 2004. Dur ing pre -
ced ing days, the vol cano con tin ued to show low-in ten sity
ac tiv ity, with an av er age of un der 3 ash ex plo sions per day.
The heights of the col umns did not ex ceed 2,000 m above
the crater; they blew mainly to the W.

The exclusionary zone for both States ad join ing Colima
vol cano re mained 6.5 km from the sum mit. Also, the alert
ra dius cov ered dis tances of up to 11.5 km from the sum mit,
in or der to in clude res i dents of Causentla, Cofradia de
Tonila, Atenguillo, El Saucillo, El Fresnal, and El Embudo. 
Warn ings to avoid lin ger ing were also ap plied to the val -
leys of La Lumbre, El Cordobán, San An to nio and Monte
Grande, El Muerto, La Tuna, Santa Ana, El Cafecito, La
Arena, and Beltrán-Duranzno.

The Wash ing ton Vol ca nic Ash Ad vi sory Cen ter
(VAAC) for avi a tion safety is sued many re ports (“Vol ca nic 
Ash Ad vi so ries”) for Colima dur ing 2003 and 2004, in clud -
ing over 30 dur ing 2004. The bulk of the 2004 re ports came 
out in Feb ru ary, March, April, and as re cently as 14 May;
no re ports were is sued since then to the late June date of
this Bul le tin. A sam pling of the 2004 VAAC re ports and as -
so ci ated graphics in di cated sev eral plumes to over 6 km al -
ti tude had been seen via satellite.

Back ground. The Colima vol ca nic com plex is the most
prom i nent vol ca nic cen ter of the west ern Trans-Mex i can
Vol ca nic Belt. It con sists of two south ward-younging vol -
ca noes, Nevado de Colima (the 4,320-m-high point of the
com plex) on the north and the his tor i cally ac tive Volcan de
Colima at the south. A group of cin der cones of prob a ble
late-Pleis to cene age is lo cated on the floor of the Colima
graben west and east of the Colima Com plex.

Volcan de Colima (also known as Volcan Fuego) is a
youth ful stratovolcano con structed within a 5-km-wide cal -
dera, breached to the south, that has been the source of
large de bris av a lanches. Slope fail ure has oc curred re pet i -
tively from both the Nevado and Fuego cones, and has pro -
duced a thick apron of de bris-av a lanche de pos its on three
sides of the com plex. 

Fre quent his tor i cal erup tions from Colima’s sum mit
crater have pro duced ver ti cal pyroclastic columns,
pyroclastic flows, and lava flows.

In for ma tion Con tacts: Observatorio Vulcanológico de
la Universidad de Colima, Colima, Col., 28045, México
(Email: ovc@cgic.ucol.mx); Wash ing ton Vol ca nic Ash Ad -
vi sory Cen ter (VAAC), NOAA-NESDES, Sat el lite Anal y sis 
Branch, 5200 Auth Road, Camp Springs, Mary land 20746
USA.

El Chichón

México
17.360°N, 93.228°W; sum mit elev. 1,150? m

The Bul le tin staff re ceived nu mer ous pho to graphs of
cur rently non-erup tive El Chichón from am a teur pho tog ra -
pher King Freeland; a few are in cluded be low. Some of
Freeland’s pho tos are wide-an gle mon tages com piled from
mul ti ple pho tos us ing im age-pro cess ing soft ware. The pho -
to graph in fig ure 15 was taken in April 2004 and shows the
warm, bright green, acidic crater lake. Fig ure 16 il lus trates
the cen tral crater as it looked in May 2004 from the SE side
of the vol cano look ing to wards the WSW.

Fig ure 17 de picts a se quence of what resemble stair
steps de vel oped on the pyroclastic de pos its. Yuri Taran es -
ti mated the ap prox i mate height of these "steps" as 0.5-1 m,
but the pho tog ra pher Freeland sug gested a height of up to 3
m. Taran and Freeland both of fered that the fea tures may
re sult from the work of wa ter, and Taran also sug gested
wind as a pos si bil ity.

Taran la mented the lack of peo ple study ing these fea -
tures, even though they ap peared quite spec tac u lar, stat ing
“We need a team of ge og ra phers to study this type of ero -
sion, soil for ma tion...” Many of Freeland’s other pho tos in
our ar chives also de pict fumarolic and hy dro ther mal
fea tures.

Yuri  Taran f rom the  In  s t i  tu te  of  Geo phys  ics,
Universidad Nacional Autonoma de Mex ico (UNAM), has
been study ing El Chichón vol cano and its hy dro ther mal ac -
tiv ity for al most 10 years (see Capaccioni and oth ers,
2004). Taran noted that three groups of hot springs ex ist on
the slopes of the vol cano: Agua Caliente, S of the vol cano
with a max i mum tem per a ture of 74°C; Agua Salada, at the
base of the dome, SSW from the crater, with a max i mum
tem per a ture of 55°C; and Agua Tibia, NW of the crater
with an es ti mated max i mum tem per a ture of ~ 51°C. The
crater lake has vari able shape and size, de pend ing on the
flow rate of a boil ing spring in the crater that feeds the lake. 
When this spring some times dis ap pears, the lake be comes
smaller un til an equi lib rium de vel ops be tween pre cip i ta -
tion, evap o ra tion, and seep age through the lake bot tom.
This ‘equi lib rium’ lake size is quite small. Taran noted that
dur ing the pe riod of his study the lake was small est in No -
vem ber 1998 (at the end of the rainy sea son), and it was
very shal low, ~1.3 m deep.

Ref er ences: Capaccioni, B., Taran, Y., Tassi, F.,
Vaselli, O., Mangani, G., and Macias, J.L., 2004, Source
con di tions and deg ra da tion pro cesses of light hy dro car bons 
in vol ca nic gases: an ex am ple from El Chichón vol cano
(Chiapas State, Mex ico), Chem i cal Ge ol ogy, v. 206, nop.
1-2, p.81-96.
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Fig ure 14. A view of Colima’s crater floor from the S, taken on 27
Feb ru ary 2004.  Cour tesy of Colima Vol cano Ob ser va tory. 



Back ground. El Chichón is a small, but pow er ful
andesitic tuff cone and lava dome com plex that oc cu pies an
iso lated part of the Chiapas re gion in SE México far from
other Ho lo cene vol ca noes. Prior to 1982, this rel a tively un -
known vol cano was heavily for ested and of no greater
height than ad ja cent nonvolcanic peaks. The larg est dome,
the for mer sum mit of the vol cano, was con structed within a
1.6 x 2 km sum mit crater cre ated about 220,000 years ago.
Two other large crat ers are lo cated on the SW and SE
flanks; a lava dome fills the SW crater, and an older dome is 
lo cated on the NW flank. More than ten large ex plo sive
erup tions have oc curred since the mid-Ho lo cene. The pow -
er  ful  1982 ex plo  s ive erup t ions  of  h igh-sul  fur ,
anhydrite-bear ing magma de stroyed the sum mit lava dome
and were ac com pa nied by pyroclastic flows and surges that
dev as tated an area ex tend ing about 8 km around the vol -
cano. The erup tions cre ated a new 1-km-wide, 300-m-deep
crater that now con tains an acidic crater lake.

In for ma tion Con tacts:  King Freeland,  Distrito
Reynosa 157, Fracc. Pages Llergo, Villahermose, Tabasco,
CP86125, México (Email: king.freeland@stsrental.com or
kfreeland@prod igy.net );  Yuri Taran ,  Instituto de

Geofisica, Universidad Nacional Autonoma de México
(UNAM), Ciudad Universitaria, Coyaocan 04510, México
D.F., México (URL: http://tepetl.igeofcu.unam.mx; Email:
taran@tonatiuh.igeofcu.unam.mx).

Soufrière Hills

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

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

Al though seis mic ity and vol ca nism were gen er ally low
dur ing this re port ing in ter val, mid-Jan u ary to early June
2004, sev eral ep i sodes of el e vated ac tiv ity oc curred.
Weekly sum ma ries for the early part of 2004 are pre sented
in ta bles 3 and 4. The ta bles in clude a sum mary of seis mic -
ity, SO2 emis sions, and for ward-look ing in fra red (FLIR)
mea sure ments of the HCl/SO2 ra tio.

 On 18 Jan u ary a low-am pli tude swarm of long-pe riod
(LP) earth quakes com prised of 1000 sep a rate events be gan
and con tin ued for ~36 hours. A sim i lar swarm oc curred on
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Fig ure 17. Broken 'stair-stepped' sur face de vel oped on pyroclastic de pos its at El Chichón. The in set at up per right is a blow-up of a rep re sen ta tive area in the
photo's cen ter. The photo was taken in 2004. Cour tesy of King Freeland.

Fig ure 16. The S side of El Chichón’s in ner crater, May 2004, look ing to ward WSW. Cour tesy of King Freeland.

Fig ure 15. Pho to graph taken in April 2004 from the SW crater rim of El Chichón show ing the crater lake. Cour tesy of King Freeland.



30 Jan u ary, last ing for ~30 hours. On 21 Feb ru ary a pe riod
of low-level tremor, in clud ing many small LP earth quakes,
be gan at ~0600 and continued for ~ 36 hours.

A pe riod of low-level tremor be gan on 2 March and
con tin ued un til 1444 on 3 March when seis mic ac tiv ity in -
creased sig nif i cantly and an ex plo sion and col lapse event
oc curred. Ac cord ing to the Wash ing ton Vol ca nic Ash Ad -
vi sory Cen ter (VAAC), the ash clouds as so ci ated with the
ex plo sion reached an al ti tude of ~7 km. Dur ing 1445-1500
pyroclastic flows were ob served in the Tar River, reach ing
the sea at the Tar River fan on at least two oc ca sions. Seis -
mic ity re turned to near back ground lev els by 1525, but vig -
or ous ash vent ing con tin ued un til ~0700 on 4 March. Vi -
sual ob ser va tions re ported that the ex plo sion re moved the
small dome that had grown in the col lapse scar in late July
2003, as well as a por tion of the NW rem nant of the
1995-1998 dome.

Ep i sodes of tremor and ash vent ing con tin ued un til 7
May. Dur ing this pe riod, tremor am pli tude var ied from low
to mod er ate, and tremor du ra tion var ied from sev eral days
(con tin u ous back ground) to a few sec onds. Tremor peak
fre quen cies were in the 1-10 Hz range. Sub se quently, the
ac tiv ity level was low (ta ble 3). The SO2 flux level dropped  
to 146 met ric tons/day on 13 May (ta ble 4), the low est
value re corded since be fore the col lapse event of 12-15 July 
2003. For the re main der of the re port pe riod, ac tiv ity re -
mained at a low level. The seis mic net work re corded sev -
eral hy brid earth quakes but also a num ber of ‘mixed’
events, char ac ter ized by emer gent onsets and rel a tively
short du ra tions (~30 sec onds) with broad frequency spectra
(1-10 Hz), peaking at ~10 Hz.

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 later 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.
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Date (2004) Ac tiv ity level Rockfall events LP earth quakes Hy brid earth quakes VT earth quakes

16 Jan-23 Jan Low 1 38 9 1

23 Jan-30 Jan Very low 8 1 10 1

30 Jan-06 Feb Low 15 7 9 1

06 Feb-13 Feb Low — — 3 1

13 Feb-20 Feb Low 1 — 3 —

20 Feb-27 Feb Low 3 2 5 —

27 Feb-05 Mar In creased 4 1 38 —

05 Mar-12 Mar Low — 1 15 —

12 Mar-19 Mar In creased 1 4 6 6

19 Mar-26 Mar El e vated — 4 7 —

26 Mar-02 Apr Mod er ate 1 1 1 —

02 Apr-09 Apr Low to mod er ate 5 1 — —

09 Apr-16 Apr Low 1 1 — —

16 Apr-23 Apr Low — 5 14 —

23 Apr-30 Apr Low — 3 5 —

30 Apr-07 May Low — — 1 —

07 May-14 May Low — — 1 —

14 May-21 May Low — — 1 —

21 May-28 May Low — — 7 (and 44 ‘mixed’) —

28 May-04 Jun Low — — 4 (and 16 ‘mixed’) —

Ta ble 3. Sum mary of seis mic ity re corded at SoufriPre Hills, 16 Jan u ary to 4 June 2004. Cour tesy of Montserrat Vol cano Ob ser va tory.

Date (2004) SO2 (met ric tons/day) HCl/SO2 ra tio

16 Jan-23 Jan 440 0.36-0.41

23 Jan-30 Jan 500-700 0.33-0.37

30 Jan-06 Feb 439-726 —

06 Feb-13 Feb 350-450 0.32

13 Feb-20 Feb — —

20 Feb-27 Feb 496-920 —

27 Feb-05 Mar 480-820 —

05 Mar-12 Mar 330-1250 0.47

12 Mar-19 Mar 470-755 —

19 Mar-26 Mar 370-550 0.53-0.66

26 Mar-02 Apr 440-480 —

02 Apr-09 Apr 150-720 —

09 Apr-16 Apr 540-870 —

16 Apr-23 Apr 1030 —

23 Apr-30 Apr 155-290 0.49

30 Apr-07 May 200-672 0.30

07 May-14 May 146-695 —

14 May-21 May 182-428 —

21 May-28 May 255-922 0.60

28 May-04 Jun 179-496 —

Ta ble 4. Sum mary of SO2 emis sions and the HCl/SO2 ra tio re corded at
SoufriPre Hills, 16 Jan u ary to 4 June 2004. Cour tesy of Montserrat
Vol cano Ob ser va tory.



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/).

Nyamuragira

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

All times are lo cal (= UTC + 2 hours)

When last re ported (Bul le tin v. 29, no. 4), Nyamuragira
was in the midst of an erup tion that had be gun on 8 May
2004 and con tin ued through 12 May.  The Toulouse Vol ca -
nic Ash Ad vi sory Cen ter (VAAC) re ported that sat el lite
im ag ery showed a weak ash erup tion on 25 May and that
from 26 May to 1 June there were weak but steady emis -
sions from Nyamuragira and neigh bor ing Nyiragongo (~13
km SE of Nyamuragira).  The Goma vol cano ob ser va tory
con firmed that ash fell within a ra dius of 60 km of both vol -
ca noes.  VAAC re ports on 1 June said that sat el lite im ag ery 
in di cated the erup tions at Nyamuragira had ceased.

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 km3, and ex ten sive lava
flows from the vol cano blan ket 1,500 km2 of the East Af ri -
can Rift.  The broad low-an gle shield vol cano con trasts dra -
mat i cally with its steep-sided neigh bor Nyiragongo.  The
3,058-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 sum mit, reach -
ing 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); Toulouse Vol ca nic Ash Ad vi sory
Cen ter (VAAC), Météo-France, 42 Av e nue Gaspard
Coriolis,  F-31057 Toulouse cedex, France (Email:
vaac@meteo.fr; URL: http://www.meteo.fr/aeroweb/info/
vaac/);  TOMS Vol ca nic Emis sions Group (URL: http://
skye.gsfc.nasa.gov/).

Pi ton de la Fournaise

Réun ion Is land, In dian Ocean
21.229°S, 55.713°E, sum mit elev. 2,631 m

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

Af ter the erup tion of De cem ber 2003 (Bul le tin v. 29, no. 
3), Pi ton de la Fournaise un der went a month of high seis -
mic ac tiv ity in April 2004. The ac tiv ity con sisted of 10-30
earth quakes per day with two mi nor seis mic cri ses, and was 

ac com pa nied by con tin u ous in fla tion of the sum mit. On 2
May a new seis mic cri sis started at 1903. At 1936 erup tion
tremor ap peared. The high in ten sity of tremor near the Bory 
crater (2,632 m) in di cated that erup tion had most likely
started within or very close to the crater.

No ac tiv ity was vis i ble in the crater on 3 May. An over -
flight planned by the Observatoire Volcanologique du Pi ton 
de la Fournaise (OVPF) with the help of lo cal po lice mi li tia
was un able to take place due to bad weather and rain on the
vol cano. The ini tial as sess ments of the ob ser va tory in di -
cated the open ing of erup tive cracks in the higher of the two 
crat ers. A long crack on the SW side ex tended from 2,500
m to at least 2,300 m el e va tion. Dur ing an ob ser va tional
visit by OVPF vol ca nol o gists on 4 May, a fis sure was ob -
served to have opened be tween 2,800 m and 2,200 m el e va -
tion. The fis sure was in ac tive at the time of ob ser va tion but
much lava ejecta cov ered the sur round ing area. A sec ond
fis sure, opened dur ing the night be tween Sunday and Mon -
day, was ac tive. As of 4 May, ac tiv ity con tin ued from three
erup tive vents lo cated be tween Cha teau-Fort crater and Pi -
ton Bert. Tremor re mained sta ble. Dur ing the night of
11-12 May, the sin gle re main ing ac tive fis sure pro jected
lava ejecta onto the slopes of the cone in the SW area of the
crater. The erup tion con tin ued on 15 May but moved from
the sum mit of the vol cano to ward its lower slopes. Flows
ac cu mu lated within the crater, and a large flow with an es ti -
mated length of 300 m was seen com ing from a ~ 2.5
km-long tun nel, orig i nat ing at the floor of the Enclos
Fouqué cal dera and is su ing at the sur face near the Nez du
Tremblet  and in the Grandes Pentes area.  Fur ther
downslope, burn ing veg e ta tion was ob served, in di cat ing
the pres ence of lava flows far from the point of emis sion.
The larger flow reached an el e va tion of 1,150 m, putt ing it
4 km from Na tional Route (NR) 2. At 1200, the lava flow
was 2.5 km from NR 2. Sci en tists at the ob ser va tory ex -
pected the flow’s ad vance to slow due to the shallowing of
the slope start ing at 900 m el e va tion, and be cause the erup -
tive tremor, though it had in creased slightly the day be fore,
re mained at a mod er ate level.

On 16 May, the lava flow stopped 1.8 km from NR 2 at
460 m el e va tion. A sec ond fis sure pro duced a sec ond lava
flow par al lel to the first. Tremor in creased in the crater, in -
di cat ing a re newal of ac tiv ity, and lava ejecta were erupted
from the two cones. The OVPF re ported on 17 May that the 
erup tion was still con tin u ing. Lava foun tains from the main
erup tive cone rose sev eral tens of me ters above the vent.
That eve ning, lava flows were vis i ble on the up per part of
the Grandes Pentes. Pélé‘s hair had fallen in the town of St.
Rose. Seis mic ity re mained on a  mod er ate level. At about
1500 on 18 May, the OVPF’s net work re corded a pro gres -
sive in crease in the tremor over a twenty-min ute pe riod;
then at 1552, the tremor de creased dra mat i cally. By 1615,
any trace of tremor had dis ap peared from the re cord ings.
On 21 May at 1500, a lava front was ob served flow ing at
1150 m el e va tion, within ~4 km of Na tional Route 2. Vol -
ca nic tremor in creased slightly, but re mained at a mod er ate
level.

Back ground. The mas sive Pi ton de la Fournaise ba -
saltic shield vol cano on the French is land of Réun ion in the
west ern In dian Ocean is one of the world’s most ac tive vol -
ca noes. Much of its >530,000 year his tory over lapped with
erup tions of the deeply dis sected Pi ton des Neiges shield
vol cano to the NW. Three cal de ras formed at about
250,000, 65,000, and less than 5,000 years ago by pro gres -
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sive east ward slump ing of the vol cano. Nu mer ous
pyroclastic cones dot the floor of the cal de ras and their
outer flanks. Most his tor i cal erup tions have orig i nated from 
the sum mit and flanks of Dolomieu, a 400-m-high lava
shield that has grown within the youn gest cal dera, which is
8 km wide and breached to be low sea level on the east ern
side. More than 150 erup tions, most of which have pro -
duced fluid ba saltic lava flows, have oc curred since the
17th cen tury. Only six erup tions, in 1708, 1774, 1776,
1800, 1977, and 1986, have orig i nated from fis sures on the

outer flanks of the cal dera. The Pi ton de la Fournaise Vol -
cano Ob ser va tory, one of sev eral op er ated by the Institut de 
Phy sique du Globe de Paris, mon i tors this very ac tive
vol cano.

In for  ma t ion Con tact:  Thomas Staudacher ,
Observatoire Volcanologique du Pi ton de la Fournaise
Institut de Phy sique du Globe de Paris, 97418 La Plaine des 
Cafres, La Réun ion, France (URL: http://vol cano.ipgp.
jussier.fr:8080/re union/staionreu2.html; Email: Thomas.
Staudacher@univ-re union.fr).
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