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Mayon

Lu zon, Phil ip pines
13.247°N, 123.685°E; sum mit elev. 2,462 m

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

Un til 11 Oc to ber 2002, no sig nifi cant vol canic ac tiv ity
had been re ported since erup tions in June and July 2001
(Bul le tin v. 26, no. 8). Sub se quent de fla tion, com bined with 
de clin ing seis mic ity and sul fur di ox ide flux, re sulted in the
Alert Level be ing low ered to 0 (no erup tion is fore cast in
the fore see able fu ture, but en try in the 6-km ra dius Per ma -
nent Dan ger Zone (PDZ) is not ad vised be cause phreatic
ex plo sions and ash puffs may oc cur with out pre cur sors) in
Feb ru ary 2002 (Bul le tin v. 27, no. 4).

Mayon re mains in ter mit tently ac tive, with tremor epi -
sodes, a small ash puff in Oc to ber 2002, steam emis sion in
Janu ary 2003, and an ex plo sion and ash plume in March
2003. Small ash ex plo sions on 5 May and 6 April will be
de scribed in the next Bul le tin.

Ac tiv ity dur ing Oc to ber 2002. At 0635 on 11 Oc to ber
2002 the vol cano pro duced a small ash puff that reached
500 m above the sum mit cra ter. The small ash cloud from
this mi nor ex plo sion quickly dif fused and drifted E with out
no tice able de pos its on the slopes. The ash puff fol lowed a
se ries of im per cep ti ble vol canic trem ors that be gan in the
early hours of 22 Sep tem ber and oc curred spo radi cally un til 
the last tremor was re corded on 9 Oc to ber. The 11 Oc to ber
re port from the Phil ip pine In sti tute of Vol can ol ogy and
Seis mol ogy (PHIVOLCS) also noted that slight swel ling of 
the vol cano’s edi fice was de tected by an elec tronic tilt me ter 
on the S flank. How ever, the Alert Level re mained at 0.

A 30 Oc to ber no tice from PHIVOLCS in di cated that the 
number of vol canic earth quakes, al though im per cep ti ble,
re mained sig nifi cantly above back ground lev els since the
ash emission of 11 Oc to ber. An other no ta ble ob ser va tion
was the oc cur rence of small vol canic trem ors and con sis tent 
in fla tion de tected by elec tronic tilt me ters, which sug gested
that magma was in trud ing into the vol cano. Gas out put
from the sum mit had in creased from re cent emis sion rates
of ~950 met ric tons per day (t/d) to ~2,200 t/d on 29 Oc to -
ber. Be cause of these con sis tent in di62Tj
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white steam clouds rose 50 m above the ac tive cra ter and
drifted SW and SSW. No cor re spond ing sig nifi cant earth -
quake ac tiv ity ac com pa nied the event; the seis mic net work
de tected only two small low- frequency vol canic earth -
quakes in the pre ced ing 24 hours. PHIVOLCS in ter preted
the ac tiv ity as be ing hy dro ther mal in na ture at shal low lev -
els in the cra ter, with no in di ca tion of ac tive magma in tru -
sion. De tails of the ash emis sion that oc curred “last week”
were not pro vided.

Alert Level 1 sig ni fies that there could be pos si ble ash
ex plo sions in the com ing days or weeks. For this rea son,
PHIVOLCS re it er ated that the pub lic should avoid en ter ing 
the 4- km- radius 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 2435- 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. His -
tori cal erup tions, re corded since 1866, have typi cally con -
sisted of phreatic ex plo sions of small- to- moderate size that
pro duce 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) (see Mayon).

Ra baul

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

Erup tions at Ta vur vur con tin ued to oc cur through out
January- March 2003. The erup tions were char ac ter ized by
force ful and con vo luted, sub- continuous, light to pale gray
ash cloud emis sions at ir regu lar in ter vals. The fol low ing
was pro vided by the Ra baul Vol cano Ob ser va tory.

Ac tiv ity dur ing Janu ary 2003. Dur ing the first sev eral
days of Janu ary (ex cept the 4th), ac tiv ity was simi lar to late
De cem ber 2002. The erup tions con sisted of sub- continuous 
ash emis sions oc cur ring at in ter vals rang ing from a few
min utes to ~10 min utes. Many of the ash emis sions were
sus tained for 1-2 min utes. On the 4th, ac tiv ity was at a low
point, shown by the fewest ash emis sions of the month. Be -
tween 8 and 17 Janu ary, the pat tern of erup tion changed
slightly to a mix ture of events. The sub- continuous ash
emis sions per sisted, but force ful emis sions be gan as well,
al though not in sig nifi cant num bers. A com plete change in
the pat tern of erup tive ac tiv ity be gan on the 18th. The sub-
 continuous ash emis sions re duced sig nifi cantly and the
sharp force ful emis sions be came more promi nent. They oc -
curred at very short in ter vals of 2-4 min utes. This pat tern of 
ac tiv ity was main tained un til the 26th. A lot of the force ful
emis sions be tween 20 and 26 Janu ary were ac com pa nied
by low roar ing noises. Noises were also heard on the 7th.
Af ter 26 Janu ary, the mag ni tude of the force ful emis sions
eroded and ac tiv ity changed back to sub- continuous ash
emis sions at slightly longer in ter vals. This trend of sum mit
ac tiv ity con tin ued un til the end of the month.

Ash plumes from the erup tive ac tiv ity rose varia bly in
height. Those from the force ful emis sions rose to a maxi -
mum of about 1,500 m, while ash plumes from the sub-

 continuous emis sions rose to sev eral hun dred me ters above
the sum mit. Vari able winds blew the ash plumes to the E
and SE (1-14 and 22- 31 Janu ary), and N and NW (15- 21
Janu ary). Ra baul Town and vil lages that are lo cated N and
NW from Ta vur vur had fine ash fall be tween 15 and 21
Janu ary. The S and SE drift ing ash fell mainly in the sea;
how ever, very fine specks of it fell on Cape Ga zelle in clud -
ing the nearby Tokua Air port, ~20 km from Ta vur vur.

Seis mic ac tiv ity re flected the sum mit ac tiv ity. Both the
sharp force ful and the sub- continuous ash emis sions gen er -
ated seis mic waves char ac ter is tic of their na ture. Seis mic
waves as so ci ated with the force ful emis sions had greater
am pli tudes re flect ing greater en ergy. Av er age du ra tion of
this type of event was about 40- 50 sec onds. On the other
hand, events as so ci ated with the sub- continuous ash emis -
sions had lower am pli tudes, and their du ra tion ranged be -
tween one and sev eral min utes. Only one volcano- tectonic
earth quake was re corded.

Dur ing the month ground- deformation meas ure ments
showed de fla tion. Real- time GPS meas ure ments showed
5-8 mm of de fla tion. The elec tronic tilt me ter showed a few
mi cro ra di ans of down- tilt to wards the per ceived up lift cen -
ter SE of Ma tu pit Is land and SW of Ta vur vur.

Ac tiv ity dur ing Feb ru ary 2003. Force ful ash emis sions
were ob served in Feb ru ary, but not as abun dantly as in
Janu ary. In Feb ru ary, ash emis sions were slightly more fre -
quent dur ing the first few and last few days of the month.
The emis sions oc curred at in ter vals of 4 and 10 min utes.
The long est du ra tion for an ash emis sion dur ing these pe ri -
ods was about 4-6 min utes. Be tween 5 and 24 Feb ru ary ac -
tiv ity fluc tu ated, and ash emis sions oc curred at in ter vals of
sev eral min utes. The long est du ra tion for an ash emis sion
dur ing this pe riod was about 15 min utes. This does not nec -
es sar ily im ply that the amount or vol ume of ash con tained
in the emis sions was con sis tent through out the en tire du ra -
tion of emis sion. Rather, there was higher ash con tent in the 
ini tial stages of the emis sions, which faded there af ter to
white to pale gray emis sions with very lit tle ash con tent. 

Plume heights were simi lar to those in Janu ary. Dur ing
the month ash plumes were blown mainly to the E and SE,
and oc ca sion ally to the SW. On 3 and 4 Feb ru ary, some ash
plumes drifted N and NW, re sult ing in fine ash fall in Ra -
baul Town and nearby vil lages far ther down wind. 

Seis mic ac tiv ity was domi nated by the long- duration,
low- amplitude, tremor- type events, as so ci ated with the
con vo luted, sub- continuous ash emis sions. The du ra tion of
these events ranged be tween 2 and 19 min utes. Only one
high- frequency, volcano- tectonic earth quake was re corded.

 Real- time GPS meas ure ments fluc tu ated in Feb ru ary.
Dur ing the first half of the month, meas ure ments showed an 
in fla tion ary trend. This is a re bound from the month- long
de fla tion ary trend ob served in Janu ary. Dur ing the sec ond
half of Feb ru ary, move ments changed to show de fla tion.
The elec tronic tilt me ter fluc tu ated show ing no ob vi ous
trends.

Ac tiv ity dur ing March 2003. The gen eral level of erup -
tive ac tiv ity in March had mi nor fluc tua tions but did not de -
vi ate much from pre vi ous months. Ac tiv ity dur ing the first
two weeks was a con tinua tion of the last few days of Feb ru -
ary. There af ter, ac tiv ity waned slightly, with ash emis sions
oc cur ring at slightly longer in ter vals, with the ex cep tion of
a cou ple of half- days on 15 and 16 March, when ash emis -
sions were a bit more fre quent. At the same time forceful-
 type emis sions be gan un til about the 23rd, when rates of
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sub- continuous ash emis sions picked up again slightly, sur -
pass ing the ac tiv ity for the first two weeks of the month.
The slightly in creased level con tin ued un til the end of the
month. A hand ful of force ful emis sions also oc curred. 

Ash plumes from the March ac tiv ity rose 500-1,500 m
above the sum mit be fore they were blown mainly to the SE. 
Most ash fell im me di ately down wind near Ta vur vur and
the de serted Tal vat vil lage. Lighter ash par ti cles drifted far -
ther down wind and fell in the sea.

Seis mic ity re flected the sum mit ac tiv ity. It con sisted
mainly of low- amplitude tremor- type events with du ra tions
rang ing from a cou ple of min utes to about eight min utes.
These events were as so ci ated with sub- continuous con vo -
luted ash emis sions. Short du ra tion, higher am pli tude
events as so ci ated with force ful ash emis sions were also re -
corded but were out num bered by the former event type.
Four volcano- tectonic earth quakes were re corded dur ing
the month on the 2nd (2) and 3rd (2).

Ground- deformation meas ure ments in March showed a
more dis tinct and con sis tent sense of sur face move ment.
Both the re al time GPS and elec tronic tilt meas ure ments
showed in fla tion. The long- term trend be tween Janu ary and 
March, as per re al time GPS meas ure ments, was char ac ter -
ized by diurnal- type fluc tua tions of peaks and troughs, the
range be ing about 20 mm be tween the high est peak and
low est trough. The cu mu la tive move ment for the three-
 month pe riod was de fla tion of ~8 mm. 

A ML 6.8 tec tonic earth quake oc curred on 11 March.
The quake, lo cated about 120 km SE from Ra baul in off -
shore south ern New Is land, and was felt strongly at Ra baul
with MM VI. It caused mi nor land slides in parts of the Ga -
zelle Pen in sula.

Back ground. The low- lying Ra baul cal dera on the tip
of the Ga zelle Pen in sula at NE end of New Brit ain forms a
broad shel tered har bor util ized by what was the is land’s
larg est city prior to a ma jor erup tion in 1994. The outer
flanks of the 688- m- high asym met ri cal py ro clas tic shield
vol cano are formed by thick pyroclastic- flow de pos its. The
8 x 14 km cal dera is widely breached on the east, where its
floor is flooded by Blanche Bay. Two ma jor Holo cene
caldera- forming erup tions at Ra baul took place about 7100
and 1400 years ago. Three small strato vol ca noes lie out side 
the north ern and NE cal dera rims. Post- caldera erup tions
built basaltic- to- dacitic py ro clas tic cones on the cal dera
floor near the NE and west ern cal dera walls. Sev eral of
these, in clud ing Vul can cone, which was formed dur ing a
large erup tion in 1878, have pro duced ma jor ex plo sive ac -
tiv ity dur ing his tori cal time. A pow er ful ex plo sive erup tion
in 1994 oc curred si mul ta ne ously from Vul can and Ta vur -
vur vol ca noes and forced the tem po rary aban don ment of
Ra baul city.

In for ma tion Con tact: Ima Iti karai, Ra baul Vol cano
Ob ser va tory (RVO), P.O. Box 386, Ra baul, Papua New
Guinea (Email: hguria@global.net.pg).

Ulawun

New Brit ain, Papua New Guinea
5.05°S, 151.33°E; sum mit elev. 2334 m

The main sum mit cra ter con tin ued to re lease vari able
amounts of thin- to- thick white va por dur ing January- March 
2003, and no ac tiv ity was ob served from the N val ley vent

that formed in May 2001. Heavy rains dur ing Feb ru ary and
es pe cially on the 19th, 21st, 22nd, and 24th, caused de bris
flows on the NW side of Ulawun. The de bris chan neled
into Namo creek and later swept down to the coast. Along
its course it over flowed into Ubili vil lage. Muddy wa ter
flowed into six houses built on con crete floors and left a
thin sheet of dried mud a few cen ti me ters thick.

The long- term de for ma tion trend based on meas ure -
ments from an elec tronic tilt me ter is slow de fla tion of the
sum mit area. No sig nifi cant changes were noted in Janu ary. 
In Feb ru ary there was 2 µrad of de fla tion, and meas ure -
ments showed a very small amount (~2-3 µrad) of de fla tion
be tween the be gin ning of March through the 25th. Af ter
that the trend be came steady.

Seis mic ac tiv ity had been low through January-
 February, but an in crease was evi dent start ing on 2 March.
This was shown by an in crease in RSAM val ues on the
same day. The in creased ac tiv ity re mained at low to mod er -
ate lev els be tween 2 and 12 March. Af ter that, it de clined
gradu ally, reach ing low lev els on the 20th. Due to tech ni cal 
prob lems with the only seis mo graph to moni tor Ulawun, no 
ana logue wave forms were re corded, mak ing it dif fi cult to
as cer tain the type of seis mic ity as so ci ated with the in -
creased RSAM val ues. How ever, it is as sumed that an other
of the spo radic vol canic tremor epi sodes re corded since the
Sep tem ber 2000 and April 2001 erup tions was the cause.

Back ground. The sym met ri cal basaltic- to- andesitic
Ulawun strato vol cano is the high est vol cano of the Bis -
marck arc, and one of Papua New Guinea’s most fre quently 
ac tive. Ulawun vol cano, also known as the North Son, rises 
above the north coast of the is land of New Brit ain across a
low sad dle NE of Ba mus vol cano, the South Son. The up -
per 1000 m of the 2334- m- high Ulawun vol cano is un vege -
tated. A promi nent E- W- trending es carp ment on the south
may be the re sult of large- scale slump ing. Sat el litic cones
oc cupy the NW and east ern flanks. A steep- walled val ley
cuts the NW side of Ulawun vol cano, and a flank lava- flow
com plex lies to the south of this val ley. His tori cal erup tions 
date back to the be gin ning of the 18th cen tury. Twentieth-
 century erup tions were mildly ex plo sive un til 1967, but af -
ter 1970 sev eral larger erup tions pro duced lava flows and
ba sal tic py ro clas tic flows, greatly modi fy ing the sum mit
cra ter.

In for ma tion Con tact: Ima Iti karai, Ra baul Vol cano
Ob ser va tory (RVO) (see Rabaul).

Pago

New Brit ain, Papua New Guinea
5.58°S, 150.52°E; sum mit elev. 742 m

The erup tion that be gan in August 2002 con tin ued dur -
ing early 2003 with lava ef fu sion through at least 28 Feb ru -
ary and va por emis sions. The fol low ing is from the Ra baul
Vol cano Ob ser va tory.

Ac tiv ity dur ing Janu ary 2003. No field or aer ial ob ser -
va tions of the cal dera or lava flow were made in Janu ary.
How ever, blue va por was ob served through out Janu ary
from the NW- most lava- producing vent and other vents
along the NW- SE- trending fis sure sys tem, sug gest ing that
hot lava was near the sur face and pre suma bly still flow ing.
Be sides the blue va por emis sions, vari able amounts of
white va por were re leased. Evi dence of dead and dried
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vege ta tion down wind of the fis sure sys tem in di cated that
haz ard ous gases, such as sul fur di ox ide, were pres ent in the
va por emis sions. The dead vege ta tion is re stricted to an
area ex tend ing 1-2 km to the S (down wind). This is un like
simi lar vege ta tion ef fects dur ing the SE- wind sea son,
which ex tended as far as 10 km to the NW from the source
of the va por emis sions. Oc ca sional low roar ing noises were
heard on 9, 21, 22, 25, and 26 Janu ary.

Seis mic ac tiv ity was rela tively steady with no sig nifi -
cant de via tion from the back ground lev els de ter mined since 
the per ma nent seis mic net work was es tab lished in early Oc -
to ber 2002. Earth quakes con sisted mainly of volcano-
 tectonic (VT) events av er ag ing 45 per day, with a low of 18 
(re corded on the 20th) and a high of 71 (on the 4th). The
events oc curred ran domly over each day. Low- frequency
earth quakes were re corded on some days; a maxi mum of
six events was re corded on the 18th.

Air link be gan to use Ho skins air port in the lat ter half of
Janu ary af ter winds be gan to blow away from the air port.
Fur ther more, the ab sence of ash emis sions since August
and early Sep tem ber 2002 made con di tions fa vor able. The
de ci sion to re- use the air port fol lowed in for ma tion pro -
vided by RVO to the Papua New Guinea Civil Avia tion
Author ity and avia tion in dus try.

Ac tiv ity dur ing Feb ru ary 2003. An aer ial in spec tion on
28 Feb ru ary showed that lava ef fu sion con tin ued from the
NW- most vent of the fis sure sys tem (fig ure 1). The lava
flow had two lobes. The main lobe was di rected ini tially to
the N but later curved to a north east erly di rec tion, dic tated
by topo graphic fea tures of the Wi tori cal dera floor. On 28
Feb ru ary it ap peared that hori zon tal lat eral flow of this lobe 
had stopped af ter it reached a topo graphic bar rier. As a re -
sult, the lava flow be gan to gain height along its en tire
north ern por tion. The height of the flow was es ti mated to be 
~25- 33% of the height of the ~240- m- high Wi tori Cal dera
wall. The sec ond lobe of the lava flow, which flowed to the
S, showed slow prog ress. Be tween Oc to ber 2002 and Feb -
ru ary 2003 it ad vanced only a few hun dred me ters. The
thick ness of this flow was ~30- 40 m. As of 28 Feb ru ary the
to tal vol ume of erupted lava from this sin gle vent was es ti -
mated to be ~0.09-0.12 km3.

Emis sions of mi nor to mod er ate vol umes of white va por 
con tin ued from all vents along the fis sure sys tem. The

lower vents to the NW re leased more va por than the up per
ones to the SE. Small amounts of blue va por were re leased
from the lava- producing vent. Be cause the va por emis sions
were blown S and SE, vege ta tion within 2 km down wind
turned brown. No ash emis sions were pro duced dur ing the
month. Low jet- roaring noises were heard on 4, 9-11, 13,
and 21 Feb ru ary. Ho skins air port con tin ued to be used by
Air link in Feb ru ary. 

Seis mic ac tiv ity was low dur ing the month. Earth quakes 
were mainly volcano- tectonic. The daily count was ~30
com pared to 45 in Janu ary. Most of the earth quakes were
very small ones, but moderate- sized events were re corded
on 1 (2 events), 10 (2), 12 (1), and 18 Feb ru ary (6). The six
earth quakes on the 18th were re corded within a time span
of 1.5 hours. A hand ful of low- frequency earth quakes were
also re corded on the  6th (2), 10th (1) and 11th (1).

Ac tiv ity dur ing March 2003. No field or aer ial ob ser va -
tions of the lava flow were made in March, so it is un cer tain 
whether lava ef fu sion from the NW- most vent con tin ued.
The up per vents con tin ued to re lease weak emis sions of
thin white va por. The lower vents re leased weak to mod er -
ate emis sions of white va por and blu ish va por emis sions on
13, 18, 23, and 28- 30 March, in dica tive of hot ma te rial.
Low roar ing noises heard on 13, 16, 18, 23, and 29 March
did not ac com pany ex plo sive ac tiv ity. No seis mic re cord -
ings were made in March.

Back ground. Pago is a young post- caldera cone that
was con structed within the 5.5 x 7.5 km Wi tori cal dera. Ex -
ten sive pyroclastic- flow de pos its are as so ci ated with for -
ma tion of the cal dera about 3300 years ago. The gen tly
slop ing outer flanks of Wi tori vol cano con sist pri mar ily of
dac itic pyroclastic- flow and air fall de pos its pro duced dur -
ing a se ries of five ma jor ex plo sive erup tions from about
5600 to 1200 years ago. The Buru cal dera, which may have
formed around the same time, cuts the SW flank of Wi tori
vol cano. The post- caldera cone of Wi tori, Mount Pago,
may have formed less than 350 years ago. Pago has grown
to a height above that of the Wi tori cal dera rim. A se ries of
ten dac itic lava flows from Pago cov ers much of the cal dera 
floor. The young est of these was erupted dur ing 2002- 2003
from vents ex tend ing from the sum mit nearly to the NW
cal dera wall.

In for ma tion Con tact: Ima Iti karai, Ra baul Vol cano
Ob ser va tory (RVO) (see Rabaul).

Langila

New Brit ain, Papua New Guinea
5.525°S, 148.42°E; sum mit elev. 1330 m

The sum mit area was ob scured by rain and clouds on
many days in Janu ary and Feb ru ary. Dur ing clear days (4-5, 
8-16, 18- 21, and 25 Janu ary; 1-9 and 13- 17 Feb ru ary), Cra -
ter 2 re leased weak to mod er ate emis sions of white and
white- gray va por. Oc ca sional ash- laden gray- brown and
force ful dark gray emis sions were pro duced on 10 and 14
Janu ary, re spec tively. The force ful emis sions on the 14th
were ac com pa nied by low roar ing noises. On 18 Janu ary a
large ex plo sion pro duced a thick dark ash col umn that
pene trated the at mos pheric clouds over the sum mit area.
Oc ca sional white- gray and gray- brown ash- laden emis sions 
were ob served on 1-6 Feb ru ary. On 3 and 4 Feb ru ary the
same vent force fully ejected dark gray ash clouds. Night
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Fig ure 1. Lava flow lobes from the NW- most vent of the fis sure sys tem on
28 Feb ru ary 2003. The view is to the N. The white cloud at the top right of
the photo is caused by va por emis sions from the line of vents on the fis sure 
sys tem. Photo by Ima Iti karai, RVO.



glow was ob served at Cra ter 2 on 14 and 15 Janu ary; some
of the glow on the 15th changed into weak in can des cent
lava pro jec tions. Vari able weak to bright red glow was ob -
served at night on 3-6 and 14 Feb ru ary. On 3 Feb ru ary the
glow fluc tu ated. Low rum bling noises were only heard on 6 
Feb ru ary. Cra ter 3 re leased thin white va por gen tly on 9-10, 
12- 13, and 19 Janu ary, and dur ing 3-4, 6-9, 14, and 16 Feb -
ru ary. No emis sions were ob served on other clear days.
There was no seis mic re cord ing.

Back ground. Langila, one of the most ac tive vol ca noes
of New Brit ain, con sists of a group of four small over lap -
ping com pos ite cones on the lower east ern flank of the ex -
tinct Ta lawe vol cano. Ta lawe is the high est vol cano in the
Cape Glouces ter area of NW New Brit ain. A rec tan gu lar,
2.5- km- long cra ter is breached widely to the SE; Langila
vol cano was con structed NE of the breached cra ter of Ta -
lawe. An ex ten sive lava field reaches the coast on the north
and NE sides of Langila. Fre quent mild- to- moderate ex plo -
sive erup tions, some times ac com pa nied by lava flows, have 
been re corded since the 19th cen tury from three ac tive cra -
ters at the sum mit of Langila. The young est and small est
cra ter (no. 3 cra ter) was formed in 1960 and has a di ame ter
of 150 m.

In for ma tion Con tact: Ima Iti karai, Ra baul Vol cano
Ob ser va tory (RVO) (see Rabaul).

Manam

off the N coast of New Guinea, Papua New Guinea
4.10°S, 145.061°E; sum mit elev. 1807 m

The sum mit area of Manam was ob scured by rain and
at mos pheric clouds on most days dur ing January- March
2003, mak ing it dif fi cult to ob serve emis sions from the two
sum mit cra ters. When clear, the Main Cra ter re leased
small- to- moderate vol umes of thin white va por. South ern
Cra ter gen er ally re leased small- volume white emis sions.
Seis mic ity was low. Small low- frequency earth quakes were 
re corded on most days. Slightly greater num bers of earth -
quakes oc curred on 16, 17, 23, 25, and 27 Janu ary. Some
volcano- tectonic earth quakes were re corded on 11 (1), 12
(1), and 16 Janu ary (3); the events on the 16th were larger
than the oth ers. No volcano- tectonic earth quakes were re -
corded in Feb ru ary, and there was no seis mic re cord ing
dur ing March.

Back ground. The 10- km- wide is land of Manam, ly ing
13 km off the north ern coast of Papua New Guinea, is one
of the coun try’s most ac tive vol ca noes. Four large ra dial
val leys ex tend from the un vege tated sum mit of the coni cal
1807- m- high strato vol cano to its lower flanks. These “ava -
lanche val leys,” regu larly spaced 90 de grees apart, chan nel
lava flows and py ro clas tic ava lanches that have some times
reached the coast. Five small sat el litic cen ters are lo cated
near the is land’s shore line on the north ern, south ern and
west ern sides. Two sum mit cra ters are pres ent; both are ac -
tive, al though most his tori cal erup tions have origi nated
from the south ern cra ter, con cen trat ing erup tive prod ucts
dur ing the past cen tury into the SE ava lanche val ley. Fre -
quent his tori cal erup tions have been re corded at Manam
since 1616. A ma jor erup tion in 1919 pro duced py ro clas tic
flows that reached the coast, and in 1957- 58 py ro clas tic
flows de scended all four ra dial val leys. Lava flows reached
the sea in 1946- 47 and 1958. 

In for ma tion Con tact: Ima Iti karai, Ra baul Vol cano
Ob ser va tory (RVO) (see Rabaul).

Dukono

Hal ma hera, In do ne sia
1.70°N, 127.87°E; sum mit elev. 1,185 m

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

The last re ported ac tiv ity at Dukono con sisted of a
plume that reached 6 km al ti tude on 25 Sep tem ber 1995
(Bul le tin v. 20, no. 10). Post- May 2000 MODIS data sug -
gested a sig nifi cant event dur ing 26 August-7 Sep tem ber
2002. Dur ing that pe riod, anoma lies rose well above alert
de tec tion thresh old, trig ger ing 10 ther mal alerts. All of the
alert pix els were lo cated within a 1-km ra dius.

Back ground. Re ports from this re mote vol cano in
north ern most Hal ma hera are rare, but Dukono is cur rently
one of In do ne sia’s most ac tive vol ca noes. More or less con -
tinu ous ex plo sive erup tions, some times ac com pa nied by
lava flows, have oc curred since 1933. Dur ing a ma jor erup -
tion in 1550, a lava flow filled in the strait be tween Hal ma -
hera and the N- flank cone of Gunung Ma muya. Dukono is
a com plex vol cano pre sent ing a broad, low pro file with
mul ti ple sum mit peaks and over lap ping cra ters. Ma lupang
Wari ang, 1 km SW of Dukono’s sum mit cra ter com plex,
con tains a 700 x 570 m cra ter that has also been ac tive dur -
ing his tori cal time. 

In for ma tion Con tacts: Di ego Cop pola and David A.
Roth ery, De part ment of Earth Sci ences, The Open Uni ver -
sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Ibu

Hal ma hera, In do ne sia
1.48°N, 127.63°E; sum mit elev. 1,325 m

The last re ported ac tiv ity at Ibu in cluded ash emis sion
and mild ash ex plo sions in Sep tem ber 1999. A May 2000
photo showed a lava dome cov er ing the cra ter floor.
MODIS data af ter May 2000 in di cated ther mal alerts dur -
ing 28 May-3 Oc to ber 2001 (fig ure 2). The se ries of alerts
was con sis tent with con tin ued in fla tion of, or ex tru sion
onto, this dome. Note that the alert was barely above thresh -
old, and it is likely that Ibu was just be low de tec tion thresh -
old through 2002. A dis cus sion of the MODIS tech nique
was in cluded in Bul le tin v. 28, no. 1.

Back ground. The trun cated sum mit of Gunung Ibu
strato vol cano along the NW coast of Hal ma hera Is land has
large nested sum mit cra ters. The in ner cra ter, 1 km wide
and 400 m deep, con tained sev eral small cra ter lakes
through much of his tori cal time. The outer cra ter, 1.2 km
wide, is breached on the N side, cre at ing a steep- walled val -
ley. A large para sitic cone is lo cated ENE of the sum mit. A
smaller one to the WSW has fed a lava flow down the west -
ern flank. A group of maars is lo cated be low the north ern
and west ern flanks of the vol cano. Only a few erup tions
have been re corded from Ibu in his tori cal time, the first a
small ex plo sive erup tion from the sum mit cra ter in 1911.
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An erup tion pro duc ing a lava dome that cov ered much of
the floor of the in ner sum mit cra ter floor be gan in De cem -
ber 1998.

In for ma tion Con tacts: Di ego Cop pola and David A.
Roth ery, De part ment of Earth Sci ences, The Open Uni ver -
sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Agung

Bali, In do ne sia
8.34°S, 115.51°E; sum mit elev. 3,142 m

Ther mal anoma lies were de tected by MODIS through -
out 2001 and 2002 in zones proxi mal to the sum mit of
Agung. The first alert oc curred on 23 Sep tem ber 2001
when two alert- pixels were de tected with a maxi mum alert
ra tio of -0.789. Larger anoma lies were de tected on 12
August 2002 (two alert- pixels with maxi mum alert ra tio of
-0.429) and 5 Oc to ber 2002 (one alert- pixel with alert ra tio
of -0.536). All the alerts seem to oc cur out side the sum mit
cra ter, with the pos si ble ex cep tion of 5 Oc to ber 2002, and
are more likely to rep re sent fires than vol canic ac tiv ity.

Fu ma rolic and sol fa taric ac -
tiv ity (re stricted to the cra ter)
gen er ated a thin white plume in
July 1989 (Bul le tin v. 14 no. 07)
and oc ca sional seis mic ity re -
corded in No vem ber 1989 (Bul le -
tin v. 14 no. 11). No vol canic ac -
tiv ity has been re ported re cently
by the Vol cano logi cal Sur vey of
In do ne sia.

Back ground. Sym met ri cal Agung strato vol cano, Bali’s
high est and most sa cred moun tain, tow ers over the east ern
end of the is land. The vol cano, whose name means “Para -
mount,” rises above the SE cal dera rim of neigh bor ing Ba -
tur vol cano, and the NE and SW flanks of Agung ex tend to
the coast. The 3,142- m- high sum mit of Agung con tains a
steep- walled, 500- m- wide, 200- m- deep cra ter. The flank
cone Pa won is lo cated low on the SE side of Gunung
Agung. Only a few erup tions dat ing back to the early 19th
cen tury have been re corded from Agung in his tori cal time.
Agung’s 1963- 64 erup tion, one of the world’s larg est of the 
20th cen tury, pro duced vo lu mi nous ash fall and dev as tat ing
py ro clas tic flows and la hars that caused ex ten sive dam age
and many fa tali ties.

In for ma tion Con tacts: Di ego Cop pola and David A.
Roth ery, De part ment of Earth Sci ences, The Open Uni ver -
sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Ijen

east ern Java, In do ne sia
8.058°S, 114.242°E; sum mit elev. 2,386 m

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

Dur ing 9 De cem ber 2002- 26 Janu ary 2003, the Vol -
cano logi cal Sur vey of In do ne sia (VSI) re ported that seis -
mic ity at Ijen was domi nated by shal low vol canic and tec -
tonic earth quakes (ta ble 1). The number of weekly vol canic 
earth quakes de creased sig nifi cantly in De cem ber com pared 
to July- November 2002 (Bul le tin v. 27, nos. 8 and 11). One
deep vol canic earth quake was reg is tered dur ing 13- 19
Janu ary. Con tinu ous tremor oc curred through out the re port
pe riod. The Alert Level re mained at 2.

Ther mal anoma lies were de tected by MODIS through -
out 2001 and 2002 ad ja cent to the Ijen (Ken deng) cal dera.
The cen ter co or di nates of the alert- pixels are widely dis -
persed, so it seems likely that these rep re sent fires. Alerts
oc curred in August- September 2001, May 2002, and
September- October 2002. The big gest anom aly oc curred
on 19 Oc to ber 2002 close to Ka wah Ijen, the only cur rently
known lo cus of ac tiv ity in the com plex. This was char ac ter -
ized by four alert- pixels with a maxi mum alert ra tio of
+0.568. This is an ex tremely high ra tio and is com pa ra ble to 
that seen else where dur ing lava ef fu sion. How ever, VSI
con firmed that there was no erup tion that day, only a bush
fire that also dam aged seis mic sen sors.

Back ground. The Ijen vol cano com plex at the east ern
end of Java con sists of a group of small strato vol ca noes
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Fig ure 2. MODIS ther mal alerts on Ibu dur ing 2001. Thermal alerts
collated by Di ego Cop pola and David Roth ery; data courtesy of the
Hawaii Institute of Geophysics and Planetology’s MODIS Thermal Alert
Team.

Date

(2002- 2003)

Shal low vol canic

earth quakes (B- type)

Tec tonic

earth quakes

Tremor

am pli tude

09 Dec- 15 Dec 02 — — 0.5-12 mm

16 Dec- 22 Dec 02 1 2 0.5-8 mm

23 Dec- 29 Dec 02 3 — —

30 Dec- 05 Jan 03 13 3 0.5-6 mm

06 Jan- 12 Jan 03 13 3 0.5-6 mm

13 Jan- 19 Jan 03 1 7 0.5-4 mm

20 Jan- 26 Jan 03 9 7 0.5-1 mm

Ta ble 1. Seis mic ity at Ijen dur ing 9 De cem ber 2002- 26 Janu ary 2003. Cour tesy VSI.



con structed within the large 20- km- wide Ijen (Ken deng)
cal dera. The N cal dera wall forms a promi nent ar cu ate
ridge, but else where the cal dera rim is bur ied by post-
 caldera vol ca noes, in clud ing Gunung Merapi strato vol -
cano, which forms the 2,799- m- high point of the Ijen com -
plex. Im me di ately W of Gunung Merapi is the re nowned
his tori cally ac tive Ka wah Ijen vol cano, which con tains a
nearly 1- km- wide, turquoise- colored, acid cra ter lake. Pic -
tur esque Ka wah Ijen is the world’s larg est highly acidic
lake and is the site of a labor- intensive sul fur min ing op era -
tion in which sulfur- laden bas kets are hand- carried from the 
cra ter floor. Many other post- caldera cones and cra ters are
lo cated within the cal dera or along its rim. The larg est con -
cen tra tion of post- caldera cones forms an E- W- trending
zone across the south ern side of the cal dera. Cof fee plan ta -
tions cover much of the Ijen cal dera floor, and tour ists are
drawn to its wa ter falls, hot springs, and dra matic vol canic
scen ery.

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.esdm.go.id;
URL: http://www.vsi.dpe.go.id); Di ego Cop pola and David 
A. Roth ery, De part ment of Earth Sci ences, The Open Uni -
ver sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Arjuno- Welirang

east ern Java, In do ne sia
7.73°S, 112.58°E; sum mit elev. 3,339 m

Ther mal alerts de tected by MODIS within the 2001-
 2002 pe riod oc curred only dur ing August- October 2002
(fig ure 3) in the sum mit area. The first alert oc curred on 13
August 2002 when a sin gle alert- pixel had an alert ra tio of
-0.542. On 10 Oc to ber the anom aly con sisted of two alert-
 pixels with a maxi mum alert ra tio of -0.409, and on 21 Oc -
to ber the anom aly was char ac ter ized by six alert- pixels
(clus tered SW of the sum mit) with a maxi mum alert ra tio of 
-0.571.

The Vol cano logi cal Sur vey of In do ne sia re ported that
the vol cano was at Status Level I (no ac tiv ity) in Oc to ber
2002. No ob ser va tions were re ported, but only dis tant tec -
tonic earth quakes were de tected at the seis mo graph sta tion.

An ex plo sive erup tion took place in the NW part of
Gunung Weli rang in Oc to ber 1950, and erup tive ac tiv ity
was re ported on the NW flank (Ka wah Plu puh) in August
1952. Steam plumes from the sum mit of Weli rang were
pho to graphed from space on 13 Sep tem ber 1991 (Bul le tin
v. 16, no. 8) and in mid- November 1994.

Back ground. The twin vol ca noes of Ar juno and Weli -
rang an chor the SE and NW ends, re spec tively, of a 6- km-
 long line of vol canic cones and cra ters. The Arjuno-
 Welirang com plex over lies two older vol ca noes, Gunung
Ring git to the east and Gunung Lint ing to the S. The sum -
mit ar eas of both Ar juno and Weli rang vol ca noes are un -
vege tated. Ad di tional py ro clas tic cones are lo cated on the
N flank of Gunung Weli rang and along an E- W- trending
line cut ting across the south ern side of Gunung Ar juno that
ex tends to the lower SE flank. Fu ma rolic ar eas with sul fur
depo si tion oc cur at sev eral lo ca tions on Gunung Weli rang. 

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.esdm.go.id;
URL: http://www.vsi.dpe.go.id); Di ego Cop pola and David 
A. Roth ery, De part ment of Earth Sci ences, The Open Uni -
ver sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Kawi- Butak 

east ern Java, In do ne sia
7.92 S, 112.45 E; sum mit elev. 2651 m

MODIS ther mal alerts at Kawi- Butak dur ing 2001 and
2002 oc curred only in August and Oc to ber 2002 mostly to
the SE of the sum mit. These al most cer tainly rep re sent fires 
rather than vol canic events. The big gest de tected alert oc -
curred on 12 Oc to ber and was char ac ter ized by seven
alert- pixels with maxi mum alert ra tio of -0.298. These alert
pix els were in a group in clud ing the sum mit and the N
flank, and are the best can di date for an erup tion, though it is 
un likely that an erup tion of the kind re quired to trig ger such 
an alert (a sig nifi cant lava dome or flow) would have gone
un re ported. The Vol cano logi cal Sur vey of In do ne sia con -
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Fig ure 3. MODIS- detected alerts on Arjuno- Welirang dur ing
May- December 2002. Thermal alerts collated by Di ego Cop pola and
David Roth ery; data courtesy of the Hawaii Institute of Geophysics and
Planetology’s MODIS Thermal Alert Team.



firmed that there was no erup tion at Kawi- Butak on 12 Oc -
to ber 2002 and that the ther mal alert was in deed caused by
a bush fire.

Back ground. The broad Kawi- Butak vol canic mas sif
lies im me di ately E of Ke lut vol cano and S of Arjuno-
 Welirang vol cano. The 2,551- m- high Gunung Kawi was
con structed to the NW of 2,868- m- high Gunung Bu tak. No
his tori cal erup tions are known from ei ther vol cano, but
both are pri mar ily of Holo cene age.

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.esdm.go.id;
URL: http://www.vsi.dpe.go.id); Di ego Cop pola and David 
A. Roth ery, De part ment of Earth Sci ences, The Open Uni -
ver sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Merapi

cen tral Java, In do ne sia
07.54°S, 110.44°E; sum mit elev. 2,911 m

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

Dur ing late July-1 Sep tem ber 2002, the Vol cano logi cal
Sur vey of In do ne sia (VSI) re ported fre quent lava ava -
lanches and plumes up to 550 m above the sum mit of
Merapi (Bul le tin v. 27, no. 9). No fur ther re ports were is -
sued by VSI through at least March 2003.

MODIS ther mal alerts dur ing 2001 and 2002 in di cated
con tinu ous ac tiv ity through mid- January 2002 (fig ures 4
and 5). This pe riod was char ac ter ized by dome col lapse and 
hot ava lanches (Bul le tin v. 26 nos. 1, 7, and 10, and v. 27,
no. 2). Py ro clas tic flows oc curred too fre quently to cor re -
late them with the MODIS alerts, for which data are col -
lected only about once per day (weather per mit ting). There
were no alerts de tected dur ing the rest of 2002 ex cept for

late March- late May, which cor re sponded to a tem po rary
re newal of py ro clas tic flows be fore a qui eter sec ond half of
the year (Bul le tin v.27, nos. 6 and 9).

Back ground. Merapi, one of In do ne sia’s most ac tive
vol ca noes, lies in one of the world’s most densely popu -
lated ar eas and domi nates the land scape im me di ately N of
the ma jor city of Yog yakarta. Merapi is the young est and
south ern most of a vol canic chain ex tend ing NNW to Un ga -
ran vol cano. Growth of Old Merapi vol cano be gin ning dur -
ing the Pleis to cene ended with ma jor edi fice col lapse per -
haps about 2,000 years ago, leav ing a large ar cu ate scarp
cut ting the eroded older Ba tu la wang vol cano. Sub se quently 
growth of the steep- sided Young Merapi edi fice, its up per
part un vege tated due to fre quent erup tive ac tiv ity, be gan
SW of the ear lier col lapse scarp. Py ro clas tic flows and la -
hars ac com pa ny ing growth and col lapse of the steep- sided
ac tive sum mit lava dome have dev as tated cul ti vated lands
on the vol cano’s western- to- southern flanks and caused
many fa tali ties dur ing his tori cal time. The vol cano is the
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Fig ure 5. Cen ter co or di nates of alert- pixels on Merapi, rela tive to the
pub lished sum mit lo ca tion. Grid squares are 1 km. Thermal alerts collated
by Di ego Cop pola and David Roth ery; data courtesy of the Hawaii
Institute of Geophysics and Planetology’s MODIS Thermal Alert Team.

Fig ure 4. MODIS-de tected alerts on Merapi dur ing 2001- 2002. Thermal alerts collated by Di ego Cop pola and David Roth ery; data courtesy of the Hawaii
Institute of Geophysics and Planetology’s MODIS Thermal Alert Team.



ob ject of ex ten sive moni tor ing ef forts by the Merapi Vol -
cano Ob ser va tory of the Vol cano logi cal Sur vey of
In do ne sia.

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.esdm. go.id;
URL: http://www.vsi.dpe. go.id); Di ego Cop pola and
David A. Roth ery, De part ment of Earth Sci ences, The Open 
Uni ver sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Kraka tau

Sunda Strait
6.10°S, l05.42°E; sum mit elev. 813 m

Seis mic ity at Kraka tau was domi nated by vol canic and
tec tonic earth quakes dur ing 30 De cem ber 2002- 23 March
2003 (ta ble 2). The haz ard status re mained un changed at
Alert Level 2.

Through out 2001 and 2002, MODIS ther mal alerts for
Kraka tau oc curred only dur ing July- September 2001. The
first alert oc curred on 31 July when one alert pixel was de -
tected with an alert ra tio of -0.793. The anoma lies in creased 
dur ing August and on 9 August the anom aly con sisted of
two alert- pixels with a maxi mum alert ra tio of -0.306. Other 
ma jor anoma lies oc curred on 1 Sep tem ber (four alert- pixels 
with maxi mum alert ra tio of -0.327) and on 17 Sep tem ber
(two alert- pixels with maxi mum alert ra tio of -0.284).
These anoma lies cor re spond to an in crease of ac tiv ity at
Kraka tau char ac ter ized by ash and bomb emis sion dur ing
August 2001 and an in crease in the number of ex plo sion
and vol canic earth quakes dur ing the first half of Sep tem ber
2001, re ported by the Vol cano logi cal Sur vey of In do ne sia
(Bul le tin v. 26, no. 9, and v. 27, no. 9). The co or di nates of
the cen ters of the alert pix els are tightly grouped around the
sum mit of the main cone. Bear ing in mind that each pixel
rep re sents ra di ance from an area of ground more than 1 km
across, the alert pix els could rep re sent ra di ance from the ac -
tive vent or from hot ejecta close to the vent.

Back ground. Re nowned Kraka tau vol cano 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, 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.esdm.go.id;
URL: http://www.vsi.dpe.go.id); Di ego Cop pola and David 
A. Roth ery, De part ment of Earth Sci ences, The Open Uni -
ver sity, Mil ton Keynes, MK7 6AA, UK (Email: d.cop -
pola@open.ac.uk, d.a.roth ery@open.ac.uk). Ther mal alerts 
cour tesy of the HIGP MODIS Ther mal Alerts Team (URL:
http://modis.higp.ha waii.edu/).

Pa narea

It aly
38.63°N, 15.07°E; sum mit elev. 421 m

On 3 No vem ber 2002, in tense de gassing caused bub -
bling ac tiv ity near the small is let of Lisca Bi anca, very
close to the is land of Pa narea (Bul le tin v. 27, no. 10). On
13- 14 No vem ber 2002, ob serv ers Or lando Vaselli (Uni ver -
sity of Flor ence), Bruno Ca pac cioni (Uni ver sity of Urbino), 
and Pier maria Luigi Rossi (Uni ver sity of Bo lo gna) noted
10 points of boil ing wa ter when they vis ited the area to
sam ple gas emis sions.

Geo chemi cal moni tor ing and re search is be ing regu larly 
per formed by the Fluid Geo chem is try group from the
Osser va to rio Ve su vi ano (Is ti tuto Na zi on ale di Geofisica e
Vul cano lo gia), led by Giovanni Chiodini. Sub ma rine gas
emis sions were sam pled dur ing 29- 30 No vem ber and 10- 17 
De cem ber 2002, as well as 23- 24 Janu ary and 9-11 Feb ru -
ary 2003. Sam ples ob tained dur ing March, April, and May
have not yet been ana lyzed. Chiodini noted that al though

the in ten sity of emis sions de -
creased af ter 5 No vem ber 2002
(Bul le tin v. 27, no. 10), the gas
flux re mained much higher than
be fore the No vem ber event. That
ob ser va tion, along with chemi cal
varia tions in gas sam ples, in di cate 
that the pro cess is on go ing. Re -
search re  sul ts  posted on the
Osser va to rio Ve su vi ano web site
pro vide ad di tional de tails, ana -
lyti cal find ings, and hy pothe ses
about these phe nom ena.

Back ground. The mostly sub -
merged Pa narea vol canic com -
plex lies about half way be tween
Strom boli and Li pari in the east -
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Date

(2002- 2003)

Deep vol canic

(A- type)

Shal low vol canic

(B- type)
Tec tonic

30 Dec- 05 Jan 03 3 14 1

06 Jan- 12 Jan 03 14 60 3

13 Jan- 19 Jan 03 5 68 2

20 Jan- 26 Jan 03 9 30 3

27 Jan- 02 Feb 03 12 45 7

03 Feb- 09 Feb 03 2 49 2

10 Feb- 16 Feb 03 6 53 1

17 Feb- 23 Feb 03 10 26 2

24 Feb- 02 Mar 03 11 15 1

03 Mar- 09 Mar 03 4 28 2

10 Mar- 16 Mar 03 2 13 2

17 Mar- 23 Mar 03 5 58 3

Ta ble 2. Seis mic ity at Kraka tau dur ing 30 De cem ber 2002- 23 March 2003. Cour tesy VSI.



ern part of the Aeo lian Is lands. The 421- m- high is land of
Pa narea, the small est in the Aeo lian Ar chi pel ago, lies on
the west ern side of a shal low plat form whose shelf mar gin
is at about 130 m depth. A se ries of small is lands breach the 
sur face to form the Cen tral Reefs, the rim of a cra ter 2 km
east of Pa narea whose shal low sub merged floor con tains
Ro man ru ins. The sub merged Secca dei Pe sci lava dome
lies at the SE end of the plat form, and the rhyo litic Ba si -
luzzo lava dome rises 165 m above the sur face at the NE
end, along a ridge trend ing to wards Strom boli vol cano. The 
Pa narea com plex was con structed in two main stages; ini -
tial ef fu sive ac tiv ity that pro duced lava domes, and an ex -
plo sive stage. The young est dated prod ucts of the Pa narea
com plex are airfall- tephra de pos its dated at be tween 42,000 
and 13,000 years ago; some of these tephra de pos its origi -
nated from other vol ca noes. Vig or ous hy dro ther mal ac tiv -
ity has con tin ued at fu ma rolic fields at sev eral lo ca tions on
the sub merged plat form.

In for ma tion Con tacts: Giovanni Chiodini, Unità Fun -
zi on ale di Geo chimica dei Flu idi, Osser va to rio Ve su vi ano,
Is ti tuto Na zi on ale di Geofisica e Vul cano lo gia, Via Dio -
clezi ano, 328-80124 Na poli, It aly (URL: http://www.ov.
ingv.it/geo chem is try/; Email: chiod@ov.ingv.it); Or lando
Vaselli, Di par ti mento di Sci enze della Terra, Uni ver sita’
de gli Studi di Firenze, Via La Pira 4, 50121 Firenze, It aly
(Email: or lando@steno.geo.unifi.it); Strom boli On line
(URL: http://www.strom boli.net/).

Las car

Chile
23.37°S, 67.73°W; sum mit elev. 5,592 m

All times are lo cal (= UTC - 3 hours)

An in ter na tional team of sci en tists con ducted an in ter -
dis ci pli nary re search proj ect at Lás car from 13 Oc to ber
2002 to15 Janu ary 2003. The
group of sci en tists from Ar gen -
tina, Chile, It aly, Puerto Rico,
United King dom, and the United
States, in cludes vol cano lo gists
who have di rectly ob served the
vol cano from be fore the 1993
erup tion (Bul le tin v. 18, no. 4).
Dur ing the first part of the proj ect
the team took the first ever di rect
meas ure ments of fu ma role tem -
pera tures and gas com po si tions
within the cra ter, which are to be
com pared with meas ure ments ac -
quired through re mote sens ing
tech niques. The com bi na tion of
di rect and ground- and satellite-
 based meas ure ments at very dif -
fer ent spa tial scales will hope fully 
cor robo rate re sults from the dif -
fer ent tech niques. A sig nifi cant
change in cra ter ge ome try over
the last few years was iden ti fied
through com pari son with work
car ried out by Gar deweg and oth -
ers (1993) and Mat thews and oth -
ers (1997).

Vis ual ob ser va tions. On 26 Oc to ber 2002 small ex plo -
sive erup tive events (reach ing heights of 300 m above the
cra ter) were ob served at 0905, 0910, and 0915 by both the
remote- sensing team 7 km SE of the vent and the di rect
sam pling team on the cra ter rim (fig ure 6). Winds from the
NW rap idly dis persed the ash cloud. On 27 Oc to ber at
0845, loud noises were heard, and an ash plume was ob -
served by peo ple 7 km NW of the vol cano. At 1340 a much
more vig or ous ex plo sion pro duced a plume that rose at
least 1,500 m above the vent (fig ure 7), which was ob -
served by the vol cano lo gists from Pozo Tres, 60 km NW.

On 1 No vem ber 2002 the direct- measurement team
reached the cra ter for a sec ond time to col lect gas sam ples.
Com pari son with pre vi ous de scrip tions (Gar deweg and
oth ers, 1993; Mat thews and oth ers, 1997) and pho to graphs
taken by J.G. Vi ra monte at the be gin ning of the 1990’s in -
di cated that af ter the 2000 erup tion (Bul le tin v. 25, no. 6;
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Fig ure 6. Pho to graph of an ash erup tion at Las car on 26 Oc to ber 2002
seen from the cra ter rim. Cour tesy of Franco Tassi.

Fig ure 7. Pho to graph of an erup tion at Las car on 27 Oc to ber 2002 seen from “Pozo Tres.” Cour tesy of J.G.
Vi ra monte.



http://www.unsa.edu.ar/varias/las car; http://www.
conae.gov.ar) sev eral changes in cra ter mor phol ogy and lo -
ca tions of the high- flux fu ma roles oc curred. The dome had
col lapsed by sev eral tens of me ters, pro duc ing a deep,
steep, hole ~200 m in di ame ter and 200 m deep, with a
number of large fu ma roles around the in ter nal rim and at
the base (fig ure 8). Ob ser va tions sug gest that Las car is
pres ently at or near the cli max of the “dome sub si dence
phase,” as de scribed by Mat thews and oth ers (1997). There
was no evi dence of new dome em place ment af ter the July
2000 erup tion.

Di rect tech niques. Team mem bers from Uni ver sita’ de -
gli Studi di Firenze (It aly), Uni ver si dad Na cional de Salta
(Ar gen tina), and Uni ver si dad Ca tolica del Norte (Chile)
took, for the first time, di rect tem -
pera ture meas ure ments of Las -
car’s fu ma roles and col lected gas
sam ples us ing vac uum bot tles
filled with a 4N NaOH + 0.15N
CdOH so lu tion (Mon tegrossi and
oth ers, 2001). Sam pled fu ma roles 
were aligned along the up per col -
lapse ring fault in the NW in ter nal 
flank of the ac tive cra ter (fig ure
9). A maxi mum tem pera ture of
385°C was meas ured. Pre limi nary 
re sults in di cate a very high con -
cen tra tion of acidic gases, with a
pau city of wa ter va por. A more
com plete analy sis, per formed by
gas chro ma tog ra phy and mass
spec trome try, will be done in the
De part ment of Earth Sci ences at
the Univ. Firenze.

Remote- sensing tech niques.
Team mem bers from Michi gan
Tech no logi cal Uni ver sity (MTU), 
Cam bridge, and Uni ver si dad Na -
cional de Salta (UNSa) pro vided a 
suite of state- of- the- art ground-
 based in stru ments, in clud ing a

minia ture UV spec trome ter that util izes Dif fer en tial Op ti cal 
Ab sorp tion Spec tros copy (DOAS), a MI CRO TOPS II sun-
 photometer, and a Kes trel 4000 weather sta tion. The in stru -
ments will help pro vide a more com plete un der stand ing of
S- bearing spe cies, and their fates in a high, dry at mos phere. 
The mini UV spec trome ter pro vides an open path line- of-
 site bur den of SO2 through spec tral analy sis (Galle and oth -
ers, 2002; Ed monds and oth ers, 2002), which can be used
to de rive SO2 emis sion rates (us ing the plu me’s speed and
width). The sun- photometer will pro vide in for ma tion about 
the plu me’s liq uid- and solid- phase spe cies, spe cifi cally
sul fate aero sol. The aero sol’s spec tral sig na ture can be used 
to de rive the par ti cle size dis tri bu tion from the spec tral op ti -
cal depth (Wat son and Op pen heimer, 2000). The weather
sta tion, in con junc tion with the other in stru ments, will elu -
ci date the ef fects of Las car’s high, dry, and ex tremely trans -
mis sive at mos phere upon SO2 con ver sion rates. The team
will also de rive SO2 bur dens and emis sion rates us ing sat el -
lite im agery from NA SA’s AS TER (Ad vanced Space borne
Ther mal Emis sion and Re flec tion Ra di ome ter) sen sor.

Las car pro vides an op por tu nity to study the ef fects of an 
end- member at mos phere upon vol canic plumes with the
aim of bet ter un der stand ing the fates of vol canic spe cies in
the high tro po sphere (and hence the lower strato sphere).
The DOAS is an ex cit ing new in stru ment, first ap plied to
vol canic stud ies by vol cano lo gists from the Mont ser rat
Vol cano Ob ser va tory (MVO), Cam bridge Uni ver sity (UK), 
and Chalmer’s Uni ver sity of Tech nol ogy (Swe den) that is
now rap idly re plac ing the older, bulk ier, and much more
ex pen sive cor re la tion spec trome ter (CO SPEC). This ex -
peri ment is a con tinua tion of that work in a new and dif fer -
ent en vi ron ment. 

Fu ture work. The Cam bridge team planned to be gin a
new round of re mote stud ies in early 2003, us ing the DOAS 
sys tem and sun- photometers, in par ticu lar to in ves ti gate
evo lu tion of the aero sol phase of the plume. The di rect gas
sam pling by the Flor ence, Salta, and Del Norte team will be 
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Fig ure 9. Pho to graph of the NW side of the Las car cra ter, modi fied to show the col lapsed rims and fu ma role
sam pling lo ca tions in Oc to ber 2002. Cour tesy of Franco Tassi.

Fig ure 8. Cross- section sketch of the Las car cra ter show ing frac tures,
high- temperature fu ma roles, and ar eas of re cent ash and bombs. Cour tesy
of J.G. Vi ra monte.



re peated, hope fully in 2003. The group, led by the MTU
and UNSa con tin gent, plan to use re cently ac quired AS TER 
data to in ves ti gate SO2 emis sion. Hot spot ac tiv ity will be
stud ied us ing AS TER, MODIS, and GOES data. A study of 
the mor pho logi cal evo lu tion of the cra ter is planned for the
near fu ture, hope fully in cor po rat ing pre vi ous in ves ti ga tors’ 
work on cy clic ac tiv ity at Las car.

Back ground. Las car is the most ac tive vol cano of the
north ern Chil ean An des. The andesitic- to- dacitic strato vol -
cano con tains six over lap ping sum mit cra ters. Promi nent
lava flows de scend its NW flanks. Las car con sists of two
ma jor edi fices; ac tiv ity be gan at the east ern vol cano and
then shifted to the west ern cone. The larg est erup tion of
Las car took place about 26,500 years ago, and fol low ing
the erup tion of the Tum bres sco ria flow about 9,000 years
ago, ac tiv ity shifted back to the east ern edi fice, where three
over lap ping cra ters were formed. Fre quent small- to-
 moderate ex plo sive erup tions have been re corded from
Las car in his tori cal time since the mid- 19th cen tury, along
with pe ri odic larger erup tions that pro duced ash fall hun -
dreds of kilo me ters away from the vol cano. The larg est his -
tori cal erup tion of Las car took place in 1993 and pro duced
pyroclastic flows up to 8.5 km NW of the sum mit.

The cur rent ac tive vent, the deep est of six nested sum -
mit cra ters, is 800 m in di ame ter and over 400 m deep. Mat -
thews and oth ers (1997) dis cussed Las car evo lu tion in four
phases start ing at ~50 ka. The last sig nifi cant erup tions oc -
curred in April 1993 (Gar deweg and Med ina, 1994; Vi ra -
monte and oth ers, 1994; Deru elle and oth ers, 1995, 1996)
and July 2000 (Bul le tin v. 25, no. 6; http://www.unsa.edu.
ar/varias/las car; http://www.conae.gov.ar).

Ref er ences: Dé ru elle, B., Med ina, E.T., Figueroa, O.A., 
Ma ra gaño, M.C., and Vi ra monte, J.G., 1995, The re cent
erup tion of Las car vol cano (Atacama- Chile, April 1993):
pet ro logi cal and vol cano logi cal re la tion ships:  C.R. Acad.
Sci. Paris, 321, sé rie II, p. 377- 384.

Dé ru elle, B., Figueroa, O.A., Med ina, E.T., Vi ra monte,
J.G., and Ma ra gaño, M.C., 1996, Pe trol ogy of pumi ces of
April 1993 erup tion of Las car (Ata cama, Chile):  Black well 
Sci ence Ltd, Terra Nova, v. 8, p. 191- 199.

Ed monds, M., Herd, R.A., Galle, B., and Op pen heimer,
C.M., 2002, Auto mated, high time reso lu tion meas ure -
ments of SO2 flux at Sou fri ere Hills Vol cano, Mont ser rat:
in re view.

Galle, B., Op pen heimer, C., Geyer, A., McGo ni gle, A.,
Ed monds, M., and Hor rocks, L.A., 2002, A minia tur ised ul -
tra vio let spec trome ter for re mote sens ing of SO2 fluxes: a
new tool for vol cano sur veil lance:  Jour nal of Vol can ol ogy
and Geo ther mal Re search, v. 119, p. 241- 254. 

Gar deweg, M.C., Sparks, S., Mat thews, S., Fuen tealba,
C., Mur illo, M., and Es pi noza, A., 1993, V in forme so bre el 
com por ta miento del vol can Las car (II re gión): Enero-
 Marzo 1993: SERNAGEOMIN, Chile, Marzo 1993.

Gar deweg, M.C., and Med ina, E., 1994, La erupción
sub plini ana del 19-20 de Ab ril del vol can Las car N de
Chile: Con greso Geológico Chileno, Ac tas I, p. 299- 304.

Mat thews, S.J., Gar deweg, M.C., and Sparks,  R.S.J.,
1997, The 1984 to 1996 cy clic ac tiv ity of Las car Vol cano,
north ern Chile: cy cles of dome growth, dome sub si dence,
de gassing and ex plo sive erup tions: Bul le tin of Vol can ol -
ogy, v. 59, p. 72- 82.

Mon tegrossi, G., Tassi, F., Vaselli, O., Buc ci anti, A.,
and Ga ro falo, K., 2001, Sul phur spe cies in vol canic gases:
Anal. Chem., v. 73, p. 3,709-3,715.

Vi ra monte, J.G., Seg gi aro, R.E., Bec chio, R.A., and
Petri no vic,  I.A., 1994, Erupción del Volcán Las car, Chile,
An des Cen trales, Ab ril de 1993:  4ta Re unión In ter na cional
del Volcán de Co lima, Co lima, México, Ac tas I, p. 149-
 151.

Wat son, I.M., and Op pen heimer, C., 2000, Par ti cle size
dis tri bu tions of Mt. Et na’s aero sol plume con strained by
sun pho tome try:  Jour nal of Geo physi cal Re search, At mos -
pheres, v. 105, no. D8, p. 9,823-9,829.

In for ma tion Con tacts: José G. Vi ra monte and Mari ano 
Poodts,  In sti tuto GEON ORTE, Uni ver si dad Na cional de
Salta, Bue nos Ai res 177, Salta 4400, Ar gen tina (Email: vi -
ra mont@unsa.edu.ar, URL: http://www.unsa.edu.ar/na -
tura/); Matt Wat son and Lizzette Ro dríguez, De part ment of
Ge ol ogy, Michi gan Tech no logi cal Uni ver sity, Hough ton,
MI 49931,  USA (Email:  wat son@mtu.edu;  la  -
rodrig@mtu.edu, URL: http://www.geo.mtu.edu/vol ca -
noes/); Franco Tassi, Di par ti mento di Sci enze della Terra,
Uni ver sità de gli studi di Firenze, Via La Pira 4, 50121
Firenze, It aly (Email: fran cot@steno.geo.unifi.it, URL:
http://steno.geo.unifi.it/); Edu ardo Med ina, Clau dio Mar ti -
nez, and Fe lipe Aguil era, Uni ver si dad Católica del Norte,
Av en ida An ga mos 0610, Anto fa gasta, Chile (Email: emed -
ina@ucn.cl, URL: http://www.ucn.cl/Fac ul ta desIn sti tu -
tos/Fac_ge olo gia.asp).

Long Val ley

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

The fol low ing are sum ma ries from the U.S. Geo logi cal
Sur vey (USGS) of ac tiv ity at Long Val ley dur ing 2001
(Hill, 2001) and 2002 (Hill, 2002). Sum ma ries of ac tiv ity
dur ing 1996, 1997, and 1998 are found in Bul le tin v. 22,
nos. 11- 12 and v. 24, no. 6; ac tivi ties dur ing 1999 through
2000 are found in Bul le tin v. 26, no. 7. Fig ure 10 shows
some of the lo ca tions men tioned in this re port.

Sum mary of ac tiv ity dur ing 2001. Ac tiv ity lev els in
Long Val ley cal dera and vi cin ity were in cre men tally lower
in 2001 than in 2000, thus con tinu ing the trend of ex tended
qui es cence that be gan to ward the end of 1999. Low- level
seis mic ac tiv ity within the cal dera typi cally in cluded five or 
fewer earth quakes per day large enough to be lo cated by the 
on line com puter sys tem. Most were smaller than M 2.0, and 
none were as large as M 3.0; the larg est was a M 2.8 earth -
quake be neath the south ern mar gin of the cal dera 800 m N
of Con vict Lake on 21 May. Seis mic ac tiv ity in the Si erra
Ne vada S of the cal dera con tin ued to be con cen trated
within the af ter shock zone of the 1998- 99 se quence of three 
M 5 earth quakes. The 2001 ac tiv ity (fig ure 11) in cluded
eight earth quakes of M 3.0 or larger. The larg est was the M
3.4 earth quake of 2 De cem ber lo cated near the epi cen ter of
the M 5.6 earth quake of 15 May 1999.

Mid- crustal long- period (LP) vol canic earth quakes con -
tin ued to oc cur at depths of 10- 25 km be neath the W flank
of Mam moth Moun tain (fig ure 12), al though at a much re -
duced rate com pared with the peak in ac tiv ity in 1997- 98.
Some 60 LP earth quakes were de tected dur ing 2001, with
over 15 of these oc cur ring in a clus ter on 10 Feb ru ary.

De for ma tion within the cal dera was lim ited to con tinu -
ing slow sub si dence of the re sur gent dome at a rate of
roughly 1 cm/year. All to gether, the cen ter of the re sur gent
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dome has lost some 2 cm in ele va tion since in fla tion
stopped in late 1998, leav ing the cen ter of the re sur gent
dome roughly 75 cm or so higher at the end of 2001 than in
the late 1970’s. The con tinu ous strain and de for ma tion
moni tor ing net works de tected no short- term de for ma tion
tran sients dur ing the year. The same is true for the mag ne -
tome ter net works.

The dif fuse car bon di ox ide (CO2) de gassing at the
Horse shoe Lake tree- kill area (Bul le tin, v. 22, no. 11) and
other sites around the flanks of Mam moth Moun tain has
shown no sig nifi cant change over the past sev eral years.
The to tal CO2 flux con tin ued to fluc tu ate ~200 tons per day, 
with the Horse shoe Lake area con trib ut ing roughly 90 tons
per day.

The lull in cal dera un rest over the past cou ple of years
has pro vided the Long Val ley Ob ser va tory (LVO) an op -
por tu nity to look back over the wealth of data col lected dur -
ing the pre vi ous two dec ades of ac tiv ity and to in ves ti gate
the na ture and sig nifi cance of the pro cesses driv ing the un -
rest, to ward the goal of as sess ing fu ture un rest epi sodes and 
their sig nifi cance in terms of po ten tial vol canic haz ards.
Data from the in tense un rest dur ing the 1997- 98 epi sode in
the S moat, for ex am ple, in di cate that flu ids (mag matic
brine or per haps magma) played a cen tral role in this ac tiv -
ity. This un der scores the value of a closely in te grat ing the
seis mic, de for ma tion, and hy dro logic moni tor ing ef forts.

Sum mary of ac tiv ity dur ing 2002. Ac tiv ity in 2002 was 
domi nated by the on set of re newed in fla tion of the re sur -

gent dome fol low ing nearly three
years of grad ual sub si  dence.
Earth quake ac tiv ity within the
cal dera, which re mained low
through the first half of the year,
showed a slight in crease through
the sec ond half. Of par ticu lar note 
was the re sponse of the cal dera to
the shear and sur face waves gen -
er ated by the M 7.9 De nali Fault
earth quake of 3 No vem ber 2002
in the form of a burst of some 60
small earth quakes be neath the S
flank of Mam moth Moun tain, a
co in ci dent strain tran sient con sis -
tent with aseis mic slip on a nor -
mal fault be neath the E flank of
the moun tain, and an earth quake
swarm the fol low ing day in the S
moat that in cluded the first M 3.0
earth quake since 1999. This is the 
third time Long Val ley has shown 
a well- documented re sponse to
large, dis tant earth quakes, the
first two be ing with the M 7.4
Lan ders earth quake of 28 June
1992 and the M 7.2 Hec tor Mine
earth quake of 16 Oc to ber 1999.
No other sig nifi cant changes oc -
curred within the cal dera dur ing
the year. Both the car bon di ox ide
flux from the flanks of Mam moth
Moun tain and the rate of deep
long- period (LP) vol canic earth -
quakes be neath Mam moth Moun -
tain showed lit tle change from
pre vi ous years. The LVO de -
tected no very- long- period (VLP) 
earth quakes dur ing 2002.

Be gin ning around the first of
the year, both the 2- color EDM
and con tinu ous GPS data for the
base l ines  ra  di  a t  ing from the
CASA monu ment turned from
grad ual con trac tion to re newed
ex ten sion that per sisted through
the year at rate of 2.5-3.0 cm/year. 
This rate is com pa ra ble to ex ten -
sion rates that pre vailed through
the mid- 1990’s. Cu mu la tive up lift 
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Fig ure 11. Earth quake epi cen ters in the Long Val ley re gion for the year 2001. Cour tesy of USGS.

Fig ure 10. Map of the Long Val ley cal dera area. Cour tesy of USGS.



of the cen ter of the re sur gent dome as so ci ated with this ex -
ten sion has re turned to its 1999 value of roughly 80 cm
with re spect to the late 1970’s.

Earth quake ac tiv ity within the cal dera re mained low
through the first half of the year av er ag ing fewer than five
earth quakes per day, most with M 2.0 (fig ures 12 and 13).
The larg est event within the cal dera dur ing this pe riod was
a M 2.8 earth quake on 15 March lo cated in the W lobe of
the S moat seis mic zone, 1.6 km S of the 203- 395 High way
junc tion. Ac tiv ity in creased slightly in mid- June be gin ning
with a clus ter of small earth quakes be neath the W flank of
Mam moth Moun tain on 26 June that in cluded four events
of about M 2. A number of small (M 2) events with the ap -
pear ance of LP earth quakes oc curred at shal low depths
(less than 2 km) be neath the south ern sec tion of the re sur -
gent dome dur ing the last half of
August.

The most no ta ble ac tiv ity be -
gan with a burst of over 60 small
earth quakes of M 1 be neath the S
flank of Mam moth Moun tain as
the sur face waves gen er ated by
the M 7.9 De nali Fault, Alaska,
earth quake of 3 No vem ber 2002
passed through just 17 min utes af -
ter the main shock rup ture. At the
same time, the bore hole di la tome -
ters de tected a 0.1- microstrain
strain tran sient that is con sis tent
with slow (aseis mic) slip on a
nor mal fault at a depth of about 7
km be neath the W flank of Mam -
moth Moun tain. As with the cal -
dera ac tiv ity re motely trig gered
by the M 7.4 Lan ders earth quake
of 28 June 1992 and the M 7.2
Hec tor Mine earth quake of 16
Oc to ber 1999, this strain tran sient 
is much larger than can be ex -
plained by cu mu la tive slip for the
60 or so earth quakes of M 1 trig -
gered by the De nali Fault earth -
quake. The fol low ing day, 4 No -
vem ber, the larg est earth quake
swarm in the S moat of the cal -
dera since 1998 de vel oped as a
se quence that in cluded six earth -
quakes of M 2 and one of M 3.0.
This S- moat swarm was un usual
in that it oc curred in a rela tively
aseis mic sec tion of the S moat, fo -
cal depths of the swarm earth -
quakes were un usu ally shal low (4 
km), and the NNW linea tions of
the swarm epi cen ters cuts across
the pre vail ing WNW- trend of the
usual S- moat swarm ac tiv ity. The
lat ter was also true for the swarm
ac tiv ity trig gered by the M 7.4
Lan ders earth quake of 1992. This
S- moat earth quake swarm was
not ac com pa nied by de tect able
strain changes. Mid- crustal long-
 period (LP) earth quakes have

con tin ued at depths of 10- 25 km be neath Mam moth Moun -
tain at a fairly steady rate over the past three years.
Oc ca sional bursts of ac tiv ity in cluded 12- 15 events per
week.

Dif fuse emis sion of car bon di ox ide from the flanks of
Mam moth Moun tain showed lit tle change from pre vi ous
years. Emis sion rates es ti mated for the Horse shoe Lake
tree- kill area con tin ued to fluc tu ate be tween 50 and 150
tons of CO2 per day, with an av er age flux of 100 tons per
day since 1995. The Horse shoe Lake area pro duced
roughly one- third of the to tal CO2 flux from the flanks of
Mam moth Moun tain.

Val ues for the he lium iso tope ra tio 3He/ 4He from sam -
ples taken in early and mid- 2002 from the Mam moth
Moun tain Fu ma role (MMF), lo cated at 3,000 m ele va tion
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Fig ure 13. Earth quake epi cen ters in the Long Val ley cal dera re gion for 2002. Cour tesy of USGS.

Fig ure 12. Time his tory of deep (depth 10- 25 km) LP earth quakes in the Long Val ley cal dera be neath Mam moth
Moun tain from 1989 through 2002. Ver ti cal bars in di cate number of LP earth quakes per week (left axis) and the
con tinu ous curve shows the cu mu la tive number of events (right axis). Cour tesy of USGS.



some 300 m E of the Chair 3 ski lift, av er aged 5.5, or es sen -
tially the same as the 2001 val ues. These val ues are sig nifi -
cantly higher than the 1999 value of 3.0. The in crease with
re spect to 1999 is con sis tent with an in crease in the mag -
matic com po nent in the gas emis sions from the fu ma role.
Whether the ele vated val ues for 2001- 2002 are re lated to
the very- long- period (VLP) vol canic earth quakes that oc -
curred at a depth of 3 km be neath the sum mit of Mam moth
Moun tain in July and August of 2000 re mains to be seen.

Seis mic ac tiv ity in the re gion sur round ing Long Val ley
cal dera con tin ued to be domi nated by earth quakes in the
SSW- trending af ter shock zone of the June and July 1998
and the May 1999 earth quakes in the Si erra Ne vada S of the 
cal dera. Ac tiv ity within this af ter shock zone in cluded a
clus ter of earth quakes near the south ern end of the zone
cen tered just E of Grin nell Lake that be gan on 6 June and
per sisted through the end of the month. Else where, a M 3.7
earth quake on 15 July just 3.2 km NNW of Bishop pro -
duced felt shak ing through out the Bishop area. Earth quakes 
of M 2.9 and 3.5 on 12 De cem ber were lo cated be neath the
Vol canic Ta ble land 19 km NNW of Bishop.

An up dated re vi sion of the USGS Re sponse Plan for
Vol canic Un rest in the Long Val ley Cal dera – Mono Cra -
ters Re gion, Cali for nia was re leased in March 2002 as
USGS Bul le tin 2185. This bul le tin is avail able in print and
in elec tronic form at ttp://geopubs.wr.usgs.gov/bul le -
tin/b2185/.

Ref er ences: Hill, D.P., 2001, Long Val ley Ob ser va tory
quar terly re port October- December 2001 and an nual sum -
mary for 2001: Long Val ley Ob ser va tory, U.S. Geo logi cal
Sur vey, Menlo Park, CA (URL: http://lvo.wr.usgs.gov/An -
nual/lvc_01.html). 

Hill, D.P., 2002, Long Val ley Ob ser va tory quar terly re -
port July- September and October- December 2002 and an -
nual sum mary for 2002: Long Val ley Ob ser va tory, U.S.
Geo logi cal  Sur  vey,  Menlo Park,  CA (URL:
http://lvo.wr.usgs.gov/Quar terly/qrt_rpt3- 4- 02.html). 

In for ma tion Con tact: David P. Hill, Long Val ley Ob -
ser va tory, Vol cano Haz ards Pro gram, U.S. Geo logi cal Sur -
vey, 345 Mid dle field Rd., MS 977, Menlo Park, CA 94025, 
USA (Email: hill@usgs.gov; URL: http://lvo.wr.usgs.
gov/).

Ve nia mi nof

Alaska Pen in sula, USA
56.17°N, 159.38°W; sum mit elev. 2,507 m

An in crease in seis mic ity since mid- December was a
con stant trend through Feb ru ary 2003 (Bul le tin v. 28, no.
1). Dur ing the week of 7 March, dis crete seis mic events oc -

curred at a rate of about 1-2 events per minute. On 11
March, a 4- hour pe riod of con tinu ous seis mic tremor was
fol lowed by 17 hours of dis crete seis mic events and 3- 4-
 minute- long tremor bursts. This cul mi nated with an other
4- hour pe riod of con tinu ous tremor on 12 March. Seis mic
ac tiv ity later that week was char ac ter ized by dis crete
small- amplitude events oc cur ring every 1-2 min utes. Sat el -
lite im ages col lected dur ing clear pe ri ods on 4, 6, 7, and 12
March did not re veal any ele vated sur face tem pera tures, ash 
emis sions, or ash de pos its. Ob serv ers in Per ry ville, 35 km S 
of Ve nia mi nof, re ported no sig nifi cant plume or other signs 
of vol canic ac tiv ity on 12 March. Con sis tent ele vated seis -
mic ity, with small- amplitude dis crete events every 1-2 min -
utes con tin ued dur ing the week of 21 March.

Seis mic ity de clined dur ing the last week of March,
char ac ter ized by very low- amplitude trem ors. Sat el lite im -
ages col lected dur ing nu mer ous clear pe ri ods that week did
not re veal any ele vated sur face tem pera tures, ash emis -
sions, or ash de pos its. There was a dra matic de crease in
vol canic ac tiv ity dur ing the week of 4 April. How ever,
short pe ri ods of vol canic tremor and low fre quency events
were still re corded. This con tin ued into the week of 11
April, prompt ing the low er ing of the level of con cern. The
Alaska Vol cano Ob ser va tory (AVO) an nounced a code
color of green, un der which the vol cano is clas si fied as dor -
mant with nor mal seis mic ity and fu ma rolic ac tiv ity
oc cur ring.

Back ground. Mas sive Ve nia mi nof vol cano, one of the
high est and larg est vol ca noes on the Alaska Pen in sula, is
trun cated by a steep- walled, 8 x 11 km, glacier- filled cal -
dera that formed around 3700 years ago. The cal dera rim is
up to 520 m high on the north, is deeply notched on the
west by Cone Gla cier, and is cov ered by an ice sheet on the
south. Post- caldera vents are lo cated along the NW- SE
zone bi sect ing the cal dera that ex tends 55 km from near the
Ber ing Sea coast, across the cal dera, and down the Pa cific
flank. His tori cal erup tions proba bly all origi nated from the
west ern most and most promi nent of the two intra- caldera
cones, which reaches an ele va tion of 2156 m and rises
about 300 m above the sur round ing ice field. The other cone 
is larger, and has a sum mit cra ter or cal dera that may reach
2.5 km in di ame ter, but is more sub dued and barely rises
above the gla cier sur face.

In for ma tion Con tacts: Alaska Vol cano Ob ser va tory
(AVO), a co op era tive pro gram of (a) U.S. Geo logi cal Sur -
vey, 4200 Uni ver sity Drive, An chor age, AK 99508- 4667,
USA (URL: http://www.avo.alaska.edu/; Email: tlmur -
ray@usgs.gov), (b) Geo physi cal In sti tute, Univ. of Alaska,
P.O. Box 757320, Fair banks, AK 99775- 7320, USA
(Email: eich@dino.gi.alaska.edu), and c) Alaska Di vi sion
of Geo logi cal & Geo physi cal Sur veys, 794 Uni ver sity
Ave., Suite 200, Fair banks, AK 99709, USA (Email:
cnye@giseis.alaska.edu).
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