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St. Hel ens

Wash ing ton, USA
46.20°N, 122.18°W; sum mit elev. 2,549 m

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

Af ter a hi a tus of over 13 years, fol low ing phreatic erup -
tions dur ing No vem ber 1990 to Feb ru ary 1991, a new erup -
tion be gan in the crater at Mount St. Hel ens. Some shal low
seis mic ity pre ceded the erup tion, but this came only 9 days
prior to the first ash emis sion. There was no pro gres sion of
deep earth quakes prop a gat ing up ward with time dur ing the
pre ced ing months. Also ap par ently ab sent were other clas -
si cal mon i tored pa ram e ters (de for ma tion, gas emis sions,
geo chem i cal or ther mal anom a lies) that could help fore tell
of an erup tion sev eral weeks or months ahead.

The erup tion ex truded a two-pyroxene, hornblende
dacite of low vesicularity. The ini tial ex tru sions and up lift
af fected the S dome area and ad ja cent crater floor to the S.
The in tru sion in cluded up lift and de for ma tion of gla cial ice, 
as well as some melt ing of ice, form ing a small, short-lived
bub bling lake (nick named ‘the Ja cuzzi’) and a mi nor lahar
out of the crater.

This re port dis cusses the first 16 days of the erup tion,
from the first sign, shal low earth quakes, which be gan on 23 
Sep tem ber 2004. This re port was chiefly put to gether from
re ports posted by the Cas cades Vol cano Ob ser va tory
(CVO), but also ben e fit ted from per sonal com mu ni ca tions
with James Quick, Marianne Guffanti (both at USGS,
Reston, Vir ginia), and James Vallance (USGS-CVO).

Syn op sis. A pho to graph of the scene sev eral weeks be -
fore the erup tion came from climb ers on the S rim. They
vis ited dur ing the last week of Au gust 2004, a time when all 
still seemed quiet (fig ure 1). A chro nol ogy of events in the
first 16 days (ta ble 1) in cludes the dates and times of the
events, the haz ard sta tus to peo ple on the ground and to avi -
a tion traf fic, and some brief com ments on the seis mic ity
and vol ca nism tak ing place.

The CVO website con tains a com plete dis cus sion of the
3-level haz ard-sta tus scheme used there dur ing this re port -
ing in ter val.  In brief form, the sta tus rises from 1 – No tice,

to 2 – Ad vi sory, to 3 – Alert. (These are short-hand for No -
tice of Vol ca nic Un rest: Alert Level One ,   Vol cano
Ad vi sory: Alert Level Two,  and Vol cano Alert: Alert Level
Three.) These re spec tive lev els of haz ard sta tus cor re spond
to an in for mal color code, ris ing from green, to yel low, to
red (shown in pa ren the ses on ta ble 1).  A type of an nounce -
ment, the In for ma tion State ment, dis cusses events that are
un usual or short-lived, or both. On days 1-3, at the start of
this cri sis, a specific volcanic hazard was not specified.

De scrip tion of activity. At about 0200 on the morn ing
of 23 Sep tem ber 2004, an earth quake swarm be gan at
Mount St. Hel ens. Through 1700 hours on that date about
200 small (less than M 1) earth quakes had been lo cated at
the vol cano, and many smaller events were re corded
through out the morn ing. The earth quakes oc curred at shal -
low depths (less than 1 km) mostly un der the lava dome that 
formed be tween 1980 and 1986.

Such earth quakes are com mon for the vol cano. But a
swarm with this many earth quakes has not been re corded
for sev eral years. The most re cently case was on 3-4 No -
vem ber 2001.

By 25 Sep tem ber 2004 seis mic ity had de clined sig nif i -
cantly. How ever it re mained el e vated above back ground. 

On 26 Sep tem ber the char ac ter of the swarm changed to 
in clude more than ten larger earth quakes (M 2-2.8), the
most in a 24-hr pe riod since the erup tion of Oc to ber 1986.
Some of the earth quake types sug gested pres sur ized flu ids
(wa ter and steam) or per haps magma. As a con se quence,
CVO and the Uni ver sity of Wash ing ton’s Pa cific North -
west Seis mo graph Net work re leased the first No tice of Vol -
ca nic Un rest at this site in 18 years. The earth quakes oc -
curred at shal low depths (less than 2 km) be low the
1980-1986 lava dome.

On 27 Sep tem ber seis mic ity in creased very slowly
through out the day. All earth quake lo ca tions were still shal -
low and be neath the dome. The larg est earth quake re corded 
in the prior 24 hours was about M 1.5. Pre lim i nary re sults
from a gas flight late in the af ter noon of 27 Sep tem ber did
not in di cate any mag matic gas.

Through out the day of 28 Sep tem ber seis mic ac tiv ity re -
mained at a fairly con stant, but high rate of about two small
(less than M 2) earth quakes per min ute. All earth quake lo -
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Day Date Haz ard Sta tus Com ment

DAY 1-3 23-25 Sep 2004 None posted Swarm of small, shal low earth quakes (< M 1) be gan on morn ing of the 23rd, peaked mid-day 
on the 24th, then de clined thru the af ter noon of the 25th.

DAY 4 26 Sep 2004 1 – No tice (green) Seis mic ity in creased; ten M 2-2.8 events; vol ca nic un rest at 1500 hours. First Yel low alert
since Oct. 1986.

DAY 7 29 Sep 2004 2 – Ad vi sory (yel low) Higher ad vi sory is sued at 1040 hours.

DAY 8 30 Sep 2004 2 – Ad vi sory (yel low) De for ma tion S of dome; fis sures on ~ 200 m of ice.

DAY 9 01 Oct 2004 2 – Ad vi sory (yel low) Ash emis sion rose to 3 km al ti tude.

DAY 10 02 Oct 2004 3 – Alert (red) In creased fumaroles, CO2 and H2S de tected.

DAY 11 03 Oct 2004 3 – Alert (red) Tremor ep i sode; no erup tive plume. Con tin ued de tec tion of CO2 and H2S. Small steam and
ash emis sion with plume to the crater rim. Tem po rary flight re stric tion within 9 km ra dius of
sum mit.

DAY 12 04 Oct 2004 3 – Alert (red) Large-scale gla cial up lift. Steam and ash emis sion with plume to 3 km.

DAY 13 05 Oct 2004 3 – Alert (red) Most vig or ous ash/steam emis sion from both vent ar eas. Ash to 5 km.

DAY 14 06 Oct 2004 2 – Ad vi sory (yel low) Seis mic ity and tremor low.

DAY 15 07 Oct 2004 2 – Ad vi sory (yel low) Seis mic ac tiv ity low. Weak puffs of steam and a new vig or ously erupt ing vent were
ob served.

DAY 16 08 Oct 2004 2 – Ad vi sory (yel low) Light seis mic ac tiv ity con tin ued (1-2 events/hour; larg est ~ M 1.5).

Ta ble 1. A sim pli fied chro nol ogy of the events at Mt. St. Hel ens from 23 Sep tem ber to 8 Oc to ber 2004. Taken from ma te rial posted by the Cas cades Vol cano
Ob ser va tory.



ca tions were still shal low and in or be low the lava dome.
That night seis mic ac tiv ity in creased sig nif i cantly.
Through out the day the seis mic ity re mained el e vated at 3-4
events per min ute. A num ber of these events were be tween

M 2 and 3. All earth quakes re mained in or be low the dome.
By 30 Sep tem ber and 1 Oc to ber the seis mic ity level had in -
creased slightly, in clud ing events as large as M 3.3.

Around noon on 1 Oc to ber a small 25-min ute-long
erup tion oc curred from a vent just 
S of the lava dome. The vent
opened in a por tion of the gla cier
that had be come in creas ingly
crevassed and up lifted over the
past few days. The erup tion sent a 
steam and mi nor ash plume to an
al ti tude of about 3 km that drifted
SW, ac com pa nied by mi nor, lo cal 
ashfall. Seis mic ity dropped sev -
eral hours af ter the erup tion, but
grad u ally in creased with earth -
quakes (max i mum M 3) oc cur ring 
1- to 2-times per min ute.

A 40-min ute steam-and-ash
emis sion started on 2 Oc to ber at
0943. Steam clouds car ry ing mi -
nor ash bil lowed out of the crater
to an al ti tude of 3 to 4 km. The
emis sion oc curred dur ing a time
of grad u ally in creas ing seis mic -
ity, which dropped slightly af ter
the emis sion, but con tin ued to in -
crease grad u ally through the af -
ter noon. CVO’s pre lim i nary re -
ports in di cated that de spite this
in crease, the event did not gen er -
ate di ag nos tic earth quakes or ex -
plo sion sig nals. Sci en tists in -
ferred that hot rock was pushed
up into the gla cier, which then
melted ice and gen er ated the
steam.

An in ter val of tremor last ing
50 min utes oc curred im me di ately
af ter a small steam emis sion at
1215 on 2 October. When the
tremor stopped, the seis mic char -
ac ter changed back to the ear lier
mode with shal low earth quakes
un der about max i mum mag ni tude 
M 3 oc cur ring 1- to 2-times per
min ute. An other pe riod of smaller 
steam and ash bursts oc curred be -
tween 1410 and 1440. Vi sual ob -
ser va tions showed that the area of 
up lift, which in cludes part of the
gla cier and a nearby seg ment of
the S flank of the lava dome, con -
tin ued to rise. Part of the vent for
the steam and ash emis sions of
the past few days was dis cov ered
to be cov ered by a boil ing lake.

A gas flight on 3 Oc to ber
found slightly lower con cen tra -
tions of car bon di ox ide. On the
other hand, for the first time hy -
dro gen sul fide was de tected. The
4 Oc to ber gas flight de tected car -
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Fig ure 1. Pho to graphs look ing N from the crater rim at Mount St. Hel ens dur ing clear, hot weather in the last week
of Au gust 2004. Much of the lower half of the top photo shows the S side of the 1980-1986 dome, the flat area
arc ing around it called the moat, and parts of the en gulf ing crater walls. In the up per half of the photo lie (from
right to left) Spirit Lake, a large open area called the pum ice plain, and some ridges, in clud ing the one di rectly
across the pum ice plain, John son Ridge.  Gla cial ice cov ers the moat and por tions of the lower dome and lower
crater walls. De bris from mass wast ing cov ers parts of the gla cier.The bot tom photo is the same im age with
shad ing added by James Vallance to in di cate the ap prox i mate lo ca tions of the ex trud ing dome and the larger
re gion of up lift. Those events took place be tween 27 Sep tem ber and the pres ent, one to two months af ter this
pho to graph, dra mat i cally al ter ing the sur face mor phol ogy be tween the dome and the south ern crater wall. Photo
cour tesy of  Ivan Savov, taken on the S crater rim ~ 200 m W of the up per end of the Mon i tor Ridge trail.



bon di ox ide, of ten in as so ci a tion with hy dro gen sul fide and
oc ca sional sul phur di ox ide. 

On 5 Oc to ber at 0943 a 30-min ute-long steam-and-ash
emis  s ion started,  and a t  1410 a  10-min ute-long
steam-and-ash emis sion be gan. Ashfall on roads SE of the
vol cano achieved a max i mum thick ness of 0.2 mm at 8 km
from the source. Nei ther emis sions gen er ated di ag nos tic
earth quakes or ex plo sion sig nals. As on 4 Oc to ber, steam
and ash emis sions were as so ci ated with sight ings of a bub -
bling lake. Af ter the 4 Oc to ber emis sions, earth quake en -
ergy slowly in creased to pre vi ous high val ues.

On 5 Oc to ber con tin ued up lift in cluded part of the gla -
cier and a nearby seg ment of the dome’s S flank. Cracks
opened in the dome. Por tions of the cracks reached tem per -
a tures of 40-50°C (above am bi ent tem per a tures at the dome 
and gla cier’s sur face, but far be low the min i mum mag matic 
tem per a ture of ~ 800°C). Rocks avalanched off the dome,
fall ing into the lake and onto the S crater floor. The dome’s
N flank ap peared ther mally sta ble.

The most vig or ous steam and ash emis sion of the re -
port ing pe riod be gan on 5 Oc to ber amid an in ter val with
high seis mic ity shortly af ter 0900. Steam clouds bil lowed
from the crater for over an hour, with vari able ash con tent.
For the first time, the ash con tent was suf fi cient to be de -
tected by Na tional Weather Ser vice Dopp ler Ra dar. Steam
and ash clouds reached about 3 km high and drifted NNE.
A light dust ing of ash fell  in Mor ton, Randle,  and
Packwood, Wash ing ton, towns about 50 km from the vol -
cano. Seis mic ity dropped dur ing the emis sion and stayed
rel a tively low the next day.

On 6 Oc to ber the low-level tremor ob served fol low ing
the erup tion grad u ally de clined. Brief crater ob ser va tions
from Coldwater Vis i tor Cen ter noted weak steam emis -
sions. Small lahars from the crater trav eled N onto the pum -
ice plain dur ing a rain storm in the early morn ing of 6 Oc to -
ber. Lahars flowed a short dis tance to ward both Spirit Lake
and the North Fork of the Toutle river.

The GPS sta tion on the dome’s N flank showed a trend
of north ward dis place ment to tal ing 2 cm over the last three
days. This is the same sense of move ment re corded by the
nearby sta tion that was de stroyed by the first steam-and-ash 
emis sion on 1 Oc to ber. In con trast, GPS in stru ments on the
outer flanks of the vol cano showed no move ment. 

Ad di tional anal y sis based on lidar (LIght De tec tion And 
Rang ing) and pho to graphs of the in tensely up lift ing area
sug gested that the to tal vol ume change rep re sented by the
de for ma tion be tween late Sep tem ber and 6 Oc to ber was
about 16-20 mil lion cu bic me ters. The av er age rate of
change was about 2 mil lion cu bic me ters per day. If this
value rep re sents the rate of in tru sion of magma into shal low 
lev els of the dome and un der ly ing crater floor, or both, it
was an in tru sion rate about twice that mea sured dur ing
dome-build ing erup tions at Mount St. Hel ens in the 1980s.

The 7 Oc to ber re port noted that a new steam vent
opened over night to join the two that had been pres ent for
sev eral days. Steam ing from the vents gen er ated a cloud
that rose above the lava dome’s S side and ex tended to ward
the crater rim. Seis mic ac tiv ity was low to mod er ate with
earth quakes of M 1 to 2 oc cur ring about once per min ute.
Seis mic ity in creased slightly dur ing 7 Oc to ber. Earth -
quakes up to M 1 oc curred at a rate of ~ 1-1.5 per min ute.

Re ports is sued on 8 Oc to ber noted seis mic ac tiv ity con -
tin ued to be low to mod er ate. Earth quakes oc curred at a rate 
of 1 to 2 per min ute with the larg est mag ni tudes about M 1.

5. That day field crews re ported that there had not been no -
tice able ad di tional up lift of the S part of the dome and
ad ja cent gla cier in the past 24 hours. Mea sure ments from
the re cent pho to graphs and lidar showed that the in tensely
de formed and up lifted area on the S side of the lava dome
was then about 400 m (N-S) x 500 m (E-W) with a max i -
mum up lift of about 100-130 m.

Seis mic ity rose grad u ally for most of 8 Oc to ber and lev -
eled off over night. Earth quakes of M 2.4 oc curred about
once ev ery two min utes. Dur ing 10 Oc to ber seis mic ity de -
creased slightly, to lev els sim i lar to those ob served dur ing
the eve ning hours of 7 Oc to ber. Earth quakes of 1.0 M or
less con tin ued to oc cur at a rate of about 1 per min ute, but
most had mag ni tudes of M 1.0 or less.

On 12 Oc to ber seis mic ity re mained low. Small earth -
quakes (max i mum about M 1) con tin ued to oc cur ev ery
5-10 min utes. Ther mal im ag ing around 12 Oc to ber of the
W part of the up lift ing area re vealed tem per a tures of
500-600°C, by far the high est yet re ported. They were
great est on a large pink ish-gray fin of rock and in nearby
fumaroles and cracks. These ob ser va tions were con sis tent
with new lava hav ing reached the ground sur face. Later
sam pling of ad ja cent fresh ta lus us ing a metal trash can on a 
line be low a he li cop ter con firmed it’s dacitic com po si tion.

Avi a tion ad vi so ries. The Wash ing ton VAAC is sued ad -
vi so ries be gin ning on 29 Oc to ber. Be tween then and
through 8 Oc to ber, they is sued 23 Vol ca nic Ash Ad vi so -
ries. Some of these were also ‘vol cano watches.’ Most of
these were cau tion ary in na ture, and ac tual plumes were
gen er ally mi nor, fre quently steam dom i nated rather than
heavily ash laden.

Back ground. Prior to 1980, Mount St. Hel ens formed a
con i cal, youth ful vol cano some times known as the Fuji-san
of Amer ica. Dur ing the 1980 erup tion the up per 400 m of
the sum mit was re moved by slope fail ure, leav ing a 2 x 3.5
km horse shoe-shaped crater now par tially filled by a lava
dome. Mount St. Hel ens was formed dur ing nine erup tive
pe ri ods be gin ning about 40,000-50,000 years ago, and has
been the most ac tive vol cano in the Cas cade Range dur ing
the Ho lo cene. Prior to 2,200 years ago, tephra, lava domes,
and pyroclastic flows were erupted, form ing the older St.
Hel ens ed i fice, but few lava flows ex tended be yond the
base of the vol cano. The mod ern ed i fice was con structed
dur ing the last 2,200 years, when the vol cano pro duced ba -
saltic as well as andesitic and dacitic prod ucts from sum mit
and flank vents. His tor i cal erup tions in the 19th cen tury
wit nessed by early set tlers, orig i nated from the Goat Rocks
area on the N flank.

In for ma tion Con tacts: Cas cades Vol cano Ob ser va tory
(USGS/CVO), U.S. Geo log i cal Sur vey, 1300 SE Car di nal
Court ,  Build  ing 10,  Suite  100, Van cou ver ,  WA
98683-9589, USA (URL: http://vul can.wr.usgs.gov/;
Email: GS-CVO-WEB@usgs.gov); Pa cific North west Seis -
mo graph Net work (PNSN), Seis mol ogy Lab, Uni ver sity of
Wash ing ton, De part ment of Earth and Space Sci ences, Box 
351310, Se at tle, WA 98195-1310, USA (URL: http://www.
pnsn.org/; Email: seis_info@ess.wash ing ton.edu); Ivan
Savov, De part ment of Min eral Sci ences, Na tional Mu seum
of Nat u ral His tory, Smith so nian In sti tu tion, Wash ing ton,
DC 20560-0119, USA; Wash ing ton Vol ca nic Ash Ad vi sory
Cen ter (VAAC), Sat el lite Anal y sis Branch (SAB), NOAA/
NESDIS E/SP23, NOAA Sci ence Cen ter Room 401, 5200
Auth Rd., Camp Springs, MD 20746, USA (URL: http://
www.ssd.noaa.gov/).
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Kilauea

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

All times are lo cal (= UTC - 10 hours)

Sci en tists at the Ha wai ian Vol cano Ob ser va tory (HVO)
noted that through out June and July 2004, lava from
Kilauea con tin ued to en ter the ocean at sev eral points, cul -
mi nat ing in sev eral new lava del tas. Some small lit to ral ex -
plo sions were re ported, but oth er wise the ocean en try was
pas sive. Many small lava flows were ob served in the area
of the ocean en tries, on the coastal flat, in the Paliuli area,
and in the Kuhio area. In can des cence and some mi nor spat -
ter ing was ob served at Pu`u `O`o through out the week. On
13 June, two col lapses oc curred at Kilauea’s west ern lava
delta, send ing siz able chunks of the delta into the sea.

On 14 June, most lava was be ing sup plied to the ocean
through lava tubes, but sev eral sur face lava flows were vis i -
ble on the delta and trav el ing down the old sea cliff be hind
the Wilipe`a delta. The larger east ern lava delta had sev eral
ac tive lava en tries into the ocean, mostly larger than those
on the west ern delta. Seis mic ity at Pu`u `O`o was mod er ate
to high, but the over all seis mic ity at Kilauea was low. Sev -
eral ep i sodes of in fla tion and de fla tion were re corded. Rel a -
tively large de fla tion events oc curred on 29 June and 11
July, with no ob vi ous ac com pa ny ing changes in erup tive
ac tiv ity. An ep i sode of de for ma tion con sist ing of de fla tion,
in fla tion, then de fla tion be gan at Kilauea on the morn ing of
27 July. It was ac com pa nied by in creased sur face ac tiv ity at 
sev eral places. Dur ing in fla tion, seis mic ity greatly in -
creased be low Kilauea’s cal dera. Field ob serv ers re ported
that de for ma tion may have oc curred at the S flank of Pu`u
`O`o. Aside from the de fla tion-in -
fla tion-de fla tion event, seis mic ity
was weak be neath Kilauea’s sum -
mit and tremor at Pu`u `O`o was
at mod er ate-to-high lev els.

Dur ing Au gust and Sep tem ber 
2004, no lava en tered the sea.
Sur face lava flows were ac tive on
the coastal flat and the Pulama
pali fault scarp, and the vents in
the crater of Pu`u `O`o were in -
can des cent. Seis mic ity was weak
be neath Kilauea’s sum mit and
tremor was at mod er ate-to-high
lev els at Pu`u `O`o. In ad di tion,
there were small pe ri ods of in fla -
tion and de fla tion. HVO sci en tists 
re ported that all vents in Pu`u
`O`o’s crater were in can des cent
dur ing parts of both Au gust and
Sep tem ber.

From 30 Sep tem ber to 18 Oc -
to ber 2004, patches of in can des -
cence were vis i ble at the PKK
lava flow on the Pulama pali
scarp, and all vents in the crater of 
Pu`u `O`o were in can des cent.
Seis mic ity was weak at Kilauea’s
sum mit ,  with  es  sen  t ia l ly no
tremor re corded. An M 4.0 earth -

quake oc curred on 11 Oc to ber. It was fo cused ~ 32 km be -
neath Kilauea’s sum mit and af fected tilt me ters. Tak ing
earth quake- and rain fall-in duced tilts into ac count, the vol -
ca nic tilt was mi nor. On 13 Oc to ber 2004 an M 4.5 earth -
quake oc curred at 1318 ~ 6 km S of Pu`u `O`o at a depth of
~ 9 km. The earth quake per ma nently off set the Pu`u `O`o
tiltmeter and sev eral oth ers on the vol cano. Tremor was
mod er ate at Pu`u `O`o. In ad di tion, small amounts of in fla -
tion and de fla tion oc curred.

On the morn ing of 24 Oc to ber 2004 HVO sci en tists
noted ac tiv ity at that the three arms of the PKK flow (the
Kuhio flow, named for Prince Kuhio Kalaniana`ole). Larg -
est and most vig or ous, the W arm de scended down to an el -
e va tion of ~ 200 m, well out onto the gen tle slope be low
Pulama pali. A se ries of chan nels and in can des cent fin gers
were vis i ble along a 600-m-long stretch, and tiny spots
marked the up stream course of the arm, roughly fol low ing
the E side of the Mother’s Day flow.

The mid dle arm had ad vanced 100-200 m since the pre -
vi ous morn ing (23 Oc to ber) and reached down to an el e va -
tion of ~ 335 m. It was the small est of the three ac tive arms.

The E arm was quite ac tive that morn ing, its front also
lo cated on the gen tle slope be low Pulama pali at ~ 300 m el -
e va tion; it was nearly con tin u ously in can des cent up to
~ 440 m el e va tion. The dis tance be tween the W and mid dle
arms was about 400 m and be tween the mid dle and E arms,
about 600 m. These dis tances changed con stantly as flows
widen and nar row. Fig ures 2 and 3 show lava flows since
1983 to aid the reader in lo cat ing fea tures dis cussed in this
Bul le tin re port.

Mod er ately bright glow came from the 640- to 670-m
el e va tions far ther up stream in the PKK flow. All vents in
Pu`u `O`o’s crater were in can des cent on 24 Oc to ber, cre at -
ing a glow vis i ble from sev eral dis tant places. Seis mic ity
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Fig ure 2. Map of lava flows from Pu`u `O`o and Kupaianaha from 1983 to 24 Au gust 2004. Fea tures shown
in clude the Mother’s Day flow field, which be gan erupt ing on 12 May 2002 and con tin ues to the pres ent. Lava
flows erupted during No vem ber 2003-24 Au gust 2004 include the Ba nana flow, which de vel oped grad u ally
start ing in the mid dle of April. The MLK flow, lo cated just S of the Pu`u ̀ O`o vent, erupted in Jan u ary and, in brief 
sub se quent spurts. The Kuhio (PKK) flow was ac tive most of the time from 20 March to 24 Au gust 2004. As of 24 
Au gust, most ac tiv ity was lo cated in the Ba nana flow, fed by the Ba nana branch of the Mother’s Day tube. The
PKK flow also re mained ac tive. Cour tesy of U.S. Geo log i cal Sur vey Ha wai ian Vol cano Ob ser va tory.



was weak at Kilauea’s sum mit, with es sen tially no tremor
re corded. Tremor was mod er ate at Pu`u `O`o. Kilauea’s
sum mit de flated mod er ately dur ing 23 Oc to ber and then
took a plunge dur ing the mid dle of the night. It lost about 0.
3 microradians be fore the plunge be gan just be fore mid -
night, and it lost an other 0.5 microradians there af ter. Pu`u
`O`o, too, was de flat ing rap idly, shift ing up and down a lit -
tle but main tain ing an over all flat tilt un til the plunge be -
gan. It also lost about 0.5 microradians af ter mid night.

Back ground. Kilauea vol cano, which over laps the E
flank of the mas sive Mauna Loa shield vol cano, has been
Ha waii’s most ac tive vol cano dur ing his tor i cal time. Erup -
tions of Kilauea are prom i nent in Poly ne sian leg ends; writ -
ten doc u men ta tion ex tend ing back to only 1820 re cords fre -
quent sum mit and flank lava flow erup tions that were
in ter spersed with pe ri ods of long-term lava lake ac tiv ity
that lasted un til 1924 at Halemaumau crater, within the
sum mit cal dera. The 3 x 5 km cal dera was formed in sev eral 
stages about 1,500 years ago and dur ing the 18th cen tury;
erup tions have also orig i nated from the lengthy E and SW
rift zones, which ex tend to the sea on both sides of the vol -
cano. About 90% of the sur face of the ba saltic shield vol -
cano is formed of lava flows less than about 1100 years old; 
70% of the vol cano’s sur face is youn ger than 600 years. A
long-term erup tion from the E rift zone that be gan in 1983
has pro duced lava flows cov er ing more than 100 sq km, de -
stroy ing nearly 200 houses and add ing new coast line to the
is land.

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

Mauna Loa

Ha waii, USA
19.475°N, 155.608°W; sum mit elev. 4,170 m

Af ter a swarm of deep earth quakes cen tered just S of
Mauna Loa’s sum mit cal dera in late April 2002, seis mic ity
re mained barely el e vated un til July 2004. In other words,
seis mic ity dur ing late April 2002-July 2004 stood far lower
than it did in the months prior to the 1975 and 1984
erup tions.

Start ing in July 2004, a swarm of small (M < 3), deep (> 
40 km), mostly long-pe riod (LP) earth quakes oc curred just
S of the cal dera and ad ja cent ar eas. Nei ther the depth nor
the mag ni tude of the earth quakes changed sig nif i cantly.
Through 13 Oc to ber 2004 more than 730 re lated earth -
quakes oc curred be neath the sum mit cal dera and the ad ja -
cent part of the SW rift zone.

The lo ca tion and mag ni tude of earth quakes mak ing up
the re cent swarm (seis mic ity from 24 April-15 Oc to ber
2004, a 6-month in ter val) are shown in fig ure 4. Such a
con cen tra tion of deep LP earth quakes from this part of
Mauna Loa was un prec e dented in the mod ern earth quake
re cord dat ing back to the 1960s. In con trast, more typ i cal
seis mic ity over a 6-month pe riod at Mauna Loa is shown in
a fig ure in a pre vi ous is sue of the Bul le tin (v. 27, no. 9). By
com par i son to the in ter val 24 April-15 Oc to ber 2004, earth -
quakes in a typ i cal 6 month in ter val are rel a tively sparse.

In fla tion con tin ued at the sum mit through the start of
the earth quake swarm. In late Au gust 2004, how ever, dis -
tances across the sum mit cal dera be gan to con tract sig nif i -
cantly, ap par ently caused by the cen ter of in fla tion shift ing

slightly to the S, rather than by
de fla tion. This was the first con -
trac tion since in fla tion started in
late April or early May 2002. To -
ward the end of Sep tem ber, the
con trac tion ended and the line
once again be gan to lengthen.
Dur ing 2004, the in fla tion had
been at a fairly steady to slightly
in creas ing rate un til the con trac -
tion in late Au gust. When pres ent, 
the length en ing, up lift, and tilt ing
were taken to in di cate swell ing of
the magma res er voir within the
vol cano.

Back ground. Mas sive Mauna
Loa shield vol cano rises al most 9
km above the sea floor to form the 
world’s larg est ac tive vol cano.
Flank erup tions are pre dom i -
nately from the lengthy NE and
SW rift zones, and the sum mit is
cut by the Mokuaweoweo cal -
dera, which sits within an older
and larger 6 x 8 km cal dera. Two
of the youn gest large de bris av a -
lanches doc u mented in Ha waii
trav eled nearly 100 km from
Mauna Loa; the sec ond of the
Alika av a lanches was emplaced
about 105,000 years ago (Moore
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Fig ure 3. Map of Pu`u ̀ O`o and vi cin ity as of 24 Au gust 2004 show ing vents, lava flows, and other fea tures near
Pu`u `O`o. The West Gap cones are just out side the bound ary of the crater—the oval-shaped de pres sion
con tain ing the seven num bered vents (now down to six af ter Hum ble Vent was bur ied by lava flows erupted from
Dave’s Pit/Vent in March). The Mother’s Day flows in the lower left have been erupted since 12 May 2002. Other
flow ar eas are la beled ac cord ingly with names and dates of activity. Light shad ing in di cates ep i sode-55 flows
erupted be tween March 1997 and Au gust 2002. Cour tesy of U.S. Geo log i cal Sur vey, Ha wai ian Vol cano
Ob ser va tory.



et al. 1989). Al most 90% of the sur face of the ba saltic
shield vol cano is cov ered by lavas less than 4000 years old
(Lock wood and Lipman, 1987). Dur ing a 750-year erup tive 
pe riod be gin ning about 1500 years ago, a se ries of vo lu mi -
nous over flows from a sum mit lava lake cov ered about one
fourth of the vol cano’s sur face. The en su ing 750-year pe -
riod, from shortly af ter the for ma tion of Mokuaweoweo
cal dera un til the pres ent, cov ered an ad di tional quar ter of
the vol cano with lava flows pre dom i nately from sum mit
and NW rift zone vents.

In for ma tion Con tact: HVO (see Kilauea).

Soufriére Hills

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

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

Ac cord ing to re ports is sued by the Montserrat Vol cano
Ob ser va tory (MVO), ac tiv ity at Soufriére Hills vol cano re -
mained low dur ing 21 May-10 Sep tem ber 2004, be com ing
slightly el e vated from 10 Sep tem ber-15 Oc to ber 2004. Mi -
nor events dur ing this pe riod in cluded mudflows, rockfalls,
and sev eral small, shal low earth quakes orig i nat ing at up per
re gions of the lava dome and con duit.

On 21 May 2004, heavy rain fall caused large mudflows
for about two hours (1420 to 1636). The mudflows trav eled 
into the Belham Val ley, an area within the ex clu sion zone

on the vol cano’s NW side, flood ing the en tire width of the
val ley floor at Belham bridge. Sci en tists from MVO noted
that at the peak of flow, stand ing waves of mud reached 2 m 
high. In tense rains on 25 July, 14 Sep tem ber, and 16 Sep -
tem ber again caused up-slope ero sion and mudflows de -
scended into the Belham Val ley.

Sur face wa ter from the in tense rain of 21 May per co -
lated into the subsurface of the hot dome and vent com plex, 
con vert ing into steam. Steam vent ing may have ini ti ated the 
44 mixed earth quakes re corded the week of 21-28 May (ta -
ble 2). The earth quakes were short in du ra tion (~ 30 sec -
onds each), and their am pli tude de cay char ac ter is tics sug -
gested that they orig i nated at shal low depths within the
rem nant dome and at the top of the con duit. The term ‘rem -
nant dome’ re fers to the fact that the late May 2004 dome
was con sid er ably re duced in size com pared to the dome of
about a year be fore, in large part be cause of ma jor col lapse
events on 12 July 2003 and 3 March 2004.

Dur ing 18-25 June, winds blew the vol ca nic plume NE,
and the clouds over the vol cano’s sum mit lifted, mak ing the 
tall est rem nants of the dome com plex vis i ble for the first
time since 7 May. Ob serv ers noted a loss of ma te rial from
the up per re gions of the dome due to rockfalls.

Later, on 30 Au gust, MVO per son nel on an ob ser va tion
flight dis cov ered a small brown pond within the dome com -
plex (fig ure 5). This pond was the first seen on the vol cano
since the be gin ning of its erup tion in 1995. The pond lies in
a small crater formed by an ex plo sion and dome col lapse on 
3 March 2004 (fig ure 5). It prob a bly de vel oped fol low ing
the cool ing of de pos its within the crater, and af ter re cent
heavy rain fall.

Sul fur di ox ide (SO2) emis sions typ i cally re mained low
through out the pe riod. Measured fluxes ranged be tween
about 90 and 1,100 met ric tons per day (ta ble 3). Mod er ate
fluc tu a tions oc curred dur ing 21-24 May (225-922 met ric
tons/day) and 7-11 June (169-788 met ric tons/day). Dur ing
2-9 July, SO2 emis sions dropped to the low est lev els since
the col lapse event of 12-13 July 2003, and fell even lower
dur ing the weeks of 30 July and 17 Sep tem ber.

Mea sure ments of ex pan sion made by dilatometers em -
bed ded on ei ther side of the Soufriere Hills ed i fice sug -
gested that in July, the vol cano changed from con trac tion to 
slight ex pan sion.
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Fig ure 4. Seis mic ity for Mauna Loa for the 6-month pe riod 24 April-15
Oc to ber 2004. Cour tesy of the U.S. Geo log i cal Sur vey, Ha wai ian
Vol cano Ob ser va tory.

Fig ure 5. A view look ing NW into Eng lish’s crater dur ing the week of 27
Au gust 2004. Wa ter col lected in an ex plo sion pit formed on 3 March
2004. The small brown wa ter body be came known as ‘Chances pond.’
Photo cour tesy of Montserrat Vol cano Ob ser va tory.



Back ground. The com plex andesitic Soufriére 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.

In for ma tion Con tacts: Montserrat Vol cano Ob ser va -
tory (MVO), Flem ing, Montserrat, West In dies (URL: http:/
/www.mvo.ms/).

Si erra Negra

Galápagos Is lands, Ec ua dor
0.83°S, 91.17°W; sum mit elev. 1,490 m

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

Si erra Negra vol cano con tains a six-sta tion, con tin u -
ously mon i tored GPS net work. The in stru ments were in -
stalled in col lab o ra tion with a re search con sor tium
(UNAVCO) in May 2002 (fig ure 6).

Start ing on 12 June 2004 and con tin u ing through at
least 29 Au gust 2004, the rate of up lift of the cal dera floor,
as mea sured by this net work, had ac cel er ated to 77 cm/year
(ta ble 4). This rate was com pa ra ble to that in ferred from
InSAR data in the late 1990s (Amelung and oth ers, 2000).
That late 1990’s up lift was at trib uted to trap-door fault ing
of the cal dera floor along its south ern mar gin, a pro cess
pre sum ably driven by a shal low (< 2 km) in tru sion of
magma. De fla tion oc curred dur ing 2001-2002, and slower
up lift of about 12 cm/y pre vailed dur ing March 2003-May
2004 (ta ble 4). The 12 June-29 Au gust in ter val was note -
wor thy for the high rates of up lift (ta ble 4).

The Instituto Geofísico in Quito, Ec ua dor mon i tors seis -
mic ac tiv ity in the Galápagos, us ing a net work that in cludes 
a sin gle sta tion on Si erra Negra. Un for tu nately, that net -
work was down for the past year, in need of a va ri ety of
hard ware, in clud ing the seis mom e ter at Si erra Negra. Thus, 
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Date (2004)  Ac tiv ity level  Hy brid  Mixed  Vol cano-tec tonic  Long-pe riod  Rockfalls

21 May-28 May Low 7 44 — — —

28 May-04 June Low 4 16 — — —

04 Jun-11 Jun Low 3 9 — — —

11 Jun-18 Jun Low 5 — — — 10

18 Jun-25 Jun Low 5 — 6 — 15

25 Jun-02 Jul Low 5 — 6 2 8

02 Jul-09 Jul Low 8 — 4 — 10

09 Jul-16 Aug Low 6 — 1 1 5

16 Jul-23 Jul Low 7 — — — 7

23 Jul-30 Jul Low 2 — — — 8

30 Jul-06 Aug Low 1 — — — 8

06 Aug-13 Aug Low 1 — — — 3

13 Aug-20 Aug Low 1 — 1 — 1

20 Aug-27 Aug Low 1 — — — 1

27 Aug-03 Sep Low 2 — — — —

03 Sep-10 Sep Low — — 1 — 2

10 Sep-17 Sep slightly el e vated  14 — — 1 1

17 Sep-24 Sep slightly el e vated  8 — — 2 2

24 Sep-01 Oct slightly el e vated  8 —  — 1 3

Ta ble 2. Seis mic ity re corded at Soufriére Hills, 21 May to 15 Oc to ber 2004. Cour tesy of Montserrat Vol cano Ob ser va tory.

Date (2004) SO2 emis sions (met ric tons/day)*

21 May-28 May 225-922

28 May-04 Jun 179-496

04 Jun-11 Jun 169-788

11 Jun-18 Jun 240-477

18 Jun-25 Jun —

25 Jun-02 Jul 177-364

02 Jul-09 Jul 120-160

09 Jul-16 Aug 222-243

16 Jul-23 Jul 170-400

23 Jul-30 Jul 175-300

30 Jul-06 Aug 90-280

06 Aug-13 Aug 126-296

13 Aug-20 Aug 200-622

20 Aug-27 Aug 175-311

27 Aug-03 Sep 240-456

03 Sep-10 Sep 175-405

10 Sep-17 Sep 130-250

17 Sep-24 Sep 87-454

24 Sep-01 Oct 200-540

01 Oct-08 Oct 187-1144

08 Oct-15 Oct 156-553

Ta ble 3. SO2 gas flux es ti mates made at Soufriére Hills, 21 May to 15
Oc to ber 2004. Cour tesy of Montserrat Vol cano Ob ser va tory.



for the in ter val of in ter est, seis mic data were ab sent. Hugo
Yepes es ti mated that to re pair the Galápagos sys tem would
re quire about $9,000 (USD) in equip ment and $4,000
(USD) in per son nel trans port and field ex penses. He also
said that the re gion re quires more sta ble long-term lo gis ti -
cal sup port.

The 12 June-29 Au gust 2004 up lift was sym met ri cal
about the cal dera’s cen ter. The pat tern and rate of up lift was 
well mod eled as a 2.1 km deep sill in truded by about 12 x
106 m3 of magma since June 2004.

Si erra Negra last erupted in 1979, when nearly 1 km3 of
lava erupted from a cir cumfer ential fis sure near the sum mit, 
cov er ing its N flank.

Ref er ences: Amelung, F., Jonsson, S., Zebker, H.,
Segall, P., 2000. Wide spread up lift and “trapdoor” fault ing
on Galápagos vol ca noes ob served with ra dar in ter fer om e -
try. Na ture 407, 993-998.

Geist, D., Chadwick, W.W., and John son, D., Re sults
from new GPS and grav ity mon i tor ing net works at
Fernandina and Si erra Negra vol ca noes, Galápagos,
2000-2002 (sub mit ted to the Jour nal of Vol ca nol ogy and
Geo ther mal Re search in 2004).

Back ground. The broad shield vol cano of Si erra Negra
at the south ern end of Isabela Is land con tains a shal low 7 x
10.5 km cal dera that is the larg est in the Galápagos Is lands.
The 1,490-m-high vol cano is elon gated in a NNE di rec tion. 

Al though Si erra Negra is the larg est of the five ma jor
Isabela vol ca noes, it has the flat test slopes, av er ag ing less
than 5 de grees and di min ish ing to 2 de grees near the coast.
A sin u ous, N-S-trending ridge oc cu pies the west part of the
cal dera floor, which lies only 100 m be low its rim. Volcán
de Azufre, the larg est fumarolic area in the Galápagos Is -
lands, lies within a graben be tween this ridge and the west
cal dera wall. The most re cent lava flows of Si erra Negra
oc cupy the up per north ern flank in an area dot ted with cin -
der and spat ter cones; un like most other Isabela is land vol -
ca noes, the cal dera floor is de void of young lava flows. Si -
erra Negra, along with Cerro Azul and Volcán Wolf, is one
of the most ac tive of the Isabela Is land vol ca noes.

In for ma tion Con tacts: Den nis J. Geist, De part ment of
Geo log i cal Sci ences, Uni ver sity of Idaho, Mos cow, Idaho
83844-3022 USA (Email: dgeist@uidaho.edu), Wil liam W.
Chadwick, Jr., Co op er a tive In sti tute for Ma rine Re sources
Stud ies (CIMRS), NOAA Pa cific Ma rine En vi ron men tal
Lab o ra tory (PMEL), 2115 SE OSU Drive, New port, OR
97365 USA (Email: bill.chadwick@noaa.gov); and Dan iel
J. John son, Uni ver sity of Puget Sound, De part ment of Ge -
ol ogy, 1500 N. Warner, Ta coma, WA 98416, USA (Email:
djjohnson@ups.edu); Hugo Yepes, Geo phys i cal In sti tute
(IG), Escuela Politécnica Nacional, Apartado 17-01-2759,
Quito, Ec ua dor (URL: http://www.igepn.edu.ec/).

Montagu Is land

South Sand wich Is lands
58.42°S, 26.33°W; sum mit elev. 1,370 m

A high-res o lu tion im age of Montagu is land and vol cano 
of the same name sug gests the ear lier rec og nized, on go ing
erup tion (Bul le tin v. 28, no. 2; v. 29, no. 1 ) con tin ued
through at least 1 Oc to ber 2004. On a NASA website, sci -
en tist James Garvin posted an im age of the 1-Oc to ber scene 
(fig ure 7). Im ag ery taken prior to late 2001 showed the is -
land as en tirely white. The new im age de serves and re -
quires con sid er able study, but some ini tial ob ser va tions
from James Garvin and Bul le tin ed i tors fol low.

The 1 Oc to ber 2004 im age shows the N flank of the
cen tral cone, Mount Belinda, emit ting a NNE-drift ing
steam plume. Much of Montagu is land sat amid a mo saic of 
float ing ice. In con trast, on the pre vi ous im age taken 7 De -
cem ber 2003 (Bul le tin v. 29, no. 1), ice bergs were sparse.
Sev eral square ki lo me ters of sea ice on the is land’s lower
right ap pears com par a tively co her ent and tightly butted
against the is land’s mar gin. These changes may re flect

sea-ice abun dance dur ing the
S-hemi sphere win ter.

In ad di tion, the higher de tail
in the new higher res o lu tion im -
age por trays a va ri ety of pat terns
and fea tures of volcanological
sig nif i cance that were ab sent or at 
least less clearly vis i ble on ear lier
im ages. In the new im age, the
area of ap par ently con tin u ous
lava flows seems to have reached
the is land’s N mar gin (a dis tance
of ~ 3 km). On the 7 De cem ber
2003 im age these f lows had
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Fig ure 6. The sum mit of Si erra Negra has this ded i cated GPS sys tem
con tin u ously mon i tor ing de for ma tion. The shad ing  re flects ground
sur face el e va tions; al though a key to el e va tions was not pro vided, the map 
makes ev i dent the cal dera’s broad floor and cir cu lar form. Cour tesy of
Geist, Chadwick, and John son.

In ter val Com ments Mea sure ment Tech nique

1992-1998 240 cm of up lift punc tu ated by
trapdoor up lift in 1997 or 1998

InSAR (Amelung and oth ers, 2000)

1998-1999 In fla tion at 65 cm/year InSAR (Amelung and oth ers, 2000)

2000-2001 De cel er a tion of up lift to 7 cm/year Cam paign GPS (Geist and oth ers,
sub mit ted)

2001-Feb 2003 De fla tion of ~ 9 cm/year Cam paign and con tin u ous GPS

Mar 2003-May 2004 In fla tion at ~ 12 cm/year Con tin u ous GPS

12 Jun-29 Aug 2004 In fla tion at 77 cm/year Con tin u ous GPS

Ta ble 4. A sum mary of the geophysically de rived move ment of the cal dera floor at Si erra Negra. Cour tesy of
Den nis Geist, Wil liam Chadwick, and Dan John son.



reached lit tle more than 1 km in length and were con sid er -
ably nar rower, and stood along side broad, dark swaths of
SE- to E-di rected ash de pos its (Bul le tin v. 29, no. 1). These
lat ter ash de pos its have be come less ap par ent on the newer
im age, con ceiv ably due to cover be neath win ter’s snow fall.

The newer im age de picts the S-flank’s up per slopes as
con tain ing much broader ar eas of dark ened snow and ice.
Some of the sea ice N of the pre vi ously men tioned lava
flows also ap pears dark ened. To the S of the Belinda sum -
mit lies a pre vi ously un seen, sin u ously shaped ‘beard,’ pre -
sum ably com posed of dark ened snow. An other newly vis i -
ble fea ture, the black area to the NNW (up per left),
pre sum ably re veals lava flows emerg ing from be neath the
ice. This zone of lava flows re sides with out clear con nec -
tion to the con spic u ous, larger, pre vi ously men tioned one
flow ing from higher up-slope. The black area to the NNW
may thus be a new vent area. Al ter na tively, the black area
may rep re sent the spot where a lon ger sub-gla cial lava flow
transited some un known dis tance be neath the ice and here
melted its way to the sur face. An other such area may re side
on the NNE flanks, mid way from the sum mit area and the
coast. On the is land’s W (left) side ex ists a newly im aged
net work of bro ken ice. It could sug gest an ep i sode of fresh
crevassing there.

Al though the ver sion shown in fig ure 7 has re duced res -
o lu tion for print and web dis tri bu tion, the full-res o lu tion
ver sion of the IKONOS color im age dis trib uted by NASA
has a res o lu tion of 4 m per pixel and an other ver sion, 1 m
per pixel (cre at ing a 3.20 Mb im age). James Garvin noted
that dy namic pro cesses such as those on re mote, un in hab -
ited is lands, can be mon i tored from or bit, thereby serv ing to 
tar get more in ten sive field stud ies when they are jus ti fied.

As such, IKONOS im ag ing of lo cal i ties such as ac tive
erup tions in volv ing ice-lava in ter ac tions, rep re sents a new
form of sci en tific ex plo ra tion of planet Earth. The erup tion
has pro duced a ‘nat u ral lab o ra tory’ for study ing lava-ice in -
ter ac tions rel e vant to the bi ol ogy of ex treme en vi ron ments
as well as to pro cesses be lieved to be im por tant on the
planet Mars.

The IKONOS earth-im ag ing sat el lite launched in Sep -
tem ber 1999. IKONOS in cludes op ti cal, ra dar, and in fra red 
sen sors. These can be com bined in a va ri ety of ways to ac -
com mo date a wide range of im ag ery ap pli ca tions (in clud -
ing ste reo im ages).

Geo graphic ter mi nol ogy. The no men cla ture of vol ca nic 
fea tures on Montagu Is land, par tic u larly in re gard to Mount 
Belinda, has been quite vari able. Al though the name
Montagu has been ap plied to the ma jor vol ca nic ed i fice
form ing the is land (LeMasurier and Thomson, 1990), the
name Mount Belinda has been var i ously ap plied to the en -
tire vol cano, the cur rently ac tive young cone on the north -
ern side of the is land, the 6-km-wide sum mit cal dera, and a
peak on the south ern cal dera rim that is the is land’s high
point. In con sul ta tion with John Smellie of the Brit ish Ant -
arc tic Sur vey, we have used Montagu to re fer to the vol -
cano form ing the is land and Mount Belinda for the cur -
rently ac tive cone.

Ref er ence. LeMasurier, W.E., and Thomson, J.W. (eds.
), 1990, Vol ca noes of the Ant arc tic Plate and South ern
Oceans: Wash ing ton, D C: Amer i can Geo phys i cal Un ion,
487 p.

Back ground. The larg est of the South Sand wich Is -
lands, Montagu con sists of one or more stratovolcanoes
with par a sitic cones and/or domes. The sum mit of the 10 x

12 km wide, po lyg o nal-shaped is -
land rises about 3000 m from the
sea floor be tween Bris tol and
Saunders Is lands. Around 90% of
the is land is ice-cov ered; gla ciers
ex tend to the sea over much of the 
is land, form ing ver ti cal ice cliffs.
The name Mount Belinda has
been ap plied both to the high
point at the south ern end of a
6-km-wide ice-filled sum mit cal -
dera and to the young cen tral
cone. Mount Oceanite, an iso lated 
900-m-high peak, lies at the SE
tip of  the is  land and was the
source of lava flows ex posed at
Mathias Point and Allen Point.
There was no re cord of Ho lo cene
or his tor i cal erup tive ac tiv ity at
Montagu un til MODIS sat el lite
data, be gin ning in late 2001, re -
vealed ther mal anom a lies con sis -
tent with lava lake ac tiv ity that
has been per sis tent since then.
Ap par  ent  p lumes and s in  gle
anom a lous pix els were ob served
in ter mit tently on AVHRR im ages 
dur ing the pe riod March 1995 to
Feb ru ary 1998, pos si bly in di cat -
ing ear lier un con firmed and more
spo radic vol ca nic ac tiv ity.
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Fig ure 7. Montagu Is land as im aged on 1 Oc to ber 2004 by the IKONOS sat el lite. N is to wards the top. The apex of 
the black zone of lava flows near the is land’s cen ter pre sum ably rep re sents a vent within the sum mit crater. The
dis tance from that spot to the coast is ~ 3 km. This im age de picts nu mer ous re cent volcanogenic fea tures.
Montagu Is land lies in the South Sand wich is lands at the E edge of the Sco tia plate, 2,600 km E of Cape Horn,
~ 1,000 km from the Ant arc tic cir cle, and ~ 3,500 km from the S pole. Cour tesy of Space Im ag ing and James B.
Garvin, NASA.



In for ma tion Con tacts: James B. Garvin, Na tional
Aero nau tics and Space Ad min is tra tion (NASA), Goddard
Space Flight Cen ter (GSFC), Code 921, Greenbelt, MD
20771, USA (Email: garvin@denali.gsfc.nasa.gov; URL:
http://earthobservatory.nasa.gov/News room/NewImages/);
John Smellie, Brit ish Ant arc tic Sur vey, Nat u ral En vi ron -
ment Re search Coun cil, High Cross, Madingly Road, Cam -
bridge CB3 0ET, United King dom (URL: http://www.
antarctica.ac.uk/, Email: jlsm@pcmail.nerc-bas.ac.uk).

Etna

Sic ily, It aly
37.73°N, 15.00°E; sum mit elev. 3,315 m

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

At about 1030 on 7 Sep tem ber 2004 a new ef fu sive
erup tion started from the sum mit of Mount Etna. A
N110°E-trending erup tive fis sure about 230 m long opened 
at the base of the SE Crater with out any sig nif i cant seis mic
ac tiv ity. A de gassed lava flow poured from the base of the
fis sure, spread ing to wards the Valle del Bove. The lava
flow had very low out put rate (be tween 0.2 and 0.5 m³/s),
and was ~ 1 m thick, 10 m wide, and up to 250 m long. On
the morn ing of 8 Sep tem ber the lava flow ap peared to lack
new in put from its source, but the erup tive fis sure con tin -
ued to ad vance down slope. These events were not ac com -
pa nied by seis mic ity or ex plo sive ac tiv ity.

Af ter two days of slow ex pan sion of the frac ture field, a
new ef fu sive vent opened at a lower el e va tion, 2,650 m, on
the up per west ern flank of the Valle del Bove. This oc -
curred be tween 0600 and 0700 on 
10 Sep tem ber. Lava poured from
this vent, spread ing over the up -
per wall of the Valle del Bove. No 
ex plo sive ac tiv ity ac com pa nied
the emis sion of lava, but some
phreatic ex plo sions were trig -
gered by lava in ter sect ing a thick
cover of snow. The lava flow was
de gassed and flowed out at a rate
of about 2-4 m³/s. It spread E to
the Serra Giannicola Piccola be -
fore split ting in two branches. At
about 0930 the lon gest branch
was about 300 m long and 50 m
wide. Due to the high slope-an gle, 
the  front  of  the  N lava f low
breached. Hot blocks rolled down 
slope, caus ing the flow front to
ex pand due to the col lapse of hot
de bris rather than by flowage. At
1400 the low est el e va tion of the
lava flow front was about 2,250 m 
elevation. within the up per Valle
del Bove. At that time, no vil lages 
were threat ened by the lava flows
since they had spread out over a
de serted zone at least 10 km away 
from the near est vil lage.

Ac tiv ity ap peared sim i lar on
14-15 Sep tem ber 2004, when

Mike Bur ton, Enza Longo, and Margherita Polacci had
clear views of the Valle Del Bove in fair weather. Their
first ob ser va tions were car ried out at the South east Crater
(SEC), where the team saw a con spic u ous plume emit ted
from a fumarole field on the SEC’s SE rim. This ac tiv ity,
not seen prior to the erup tion, had been con sis tently ob -
served dur ing the pre vi ous 3-4 days.

A visit to a vent at 2,830 m el e va tion re vealed be hav ior
sim i lar to pre vi ous days, con sist  ing of con tin u ous
high-pres sure de gas sing in the ab sence of ex plo sive ac tiv ity 
(fig ure 8). At this vent, in con trast to the one at 2,630 m
(which emit ted lava), in can des cence was lim ited to a cir cu -
lar zone at the vent area. No re cent sco ria were ob served
near the de gas sing vent. At this de gas sing vent the peak
tem per a ture, mea sured with a ther mal cam era, was ~ 900°C 
(see ther mal im age, fig ure 8).

The team also vis ited the lava flow at 2,630 m (fig ure
9). Fresh sco ria had fallen along the path lead ing to the lava 
flow, and sam ples were col lected. The es ti mated flux rate
of the lava flow was be tween 2 and 4 m³/s, us ing an es ti -
mated flow ve loc ity of 1 m/s, a width of 2 m, and a depth of
1-2 m. Es ti mates were ob tained by ob serv ing the lava flow
just above the rock is land seen in fig ure 9. This flux was
roughly equal to that seen on 13 Sep tem ber.

A pair of hor ni tos lay up slope of the lava flow orig i nat -
ing at 2,630 m el e va tion. One hor ni to sat just be hind the
spot where lava was first ob served on the sur face. The sec -
ond hor ni to was larger and re sided about 20-30 m far ther
up slope (fig ure 10). It re leased gas at high pres sure, cre at -
ing noise. No sco ria were emit ted dur ing their ob ser va tion.

Polacci and Bur ton then walked down to the lava flow
that be gan on 13 Sep tem ber (fig ure 11). The lava flow’s
flux rate was low. The team es ti mated an out flow rate of ~ 1 
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Fig ure 8. A vent emit ting high-pres sure gas at 2,830 m on Etna, 15 Sep tem ber 2004, with ther mal im age of the
vent’s mouth (at right). Cour tesy of Mike Bur ton, Enza Longo, and Margherita Polacci.

Fig ure 9. Lava flow wit nessed at 2,630 m el e va tion on Etna on 15 Sep tem ber 2004. The im age at right is a closer
view of the in di cated area taken with a ther mal cam era. The ther mal im age shows the lava flow split ting and
skirt ing around a small rock is land. Cour tesy of Mike Bur ton, Enza Longo, and Margherita Polacci.



m³/s, us ing a width of 2 m, a flow
ve loc ity of 0.5 m/s, and a depth of 
1 m, di men sions noted near the
lava flow’s source. The lava flow
em a nated from a small de pres -
sion; no sco ria de pos its were seen 
nearby.  GPS es  tab l ished the
flow’s source at 2,340 m el e va -
tion. The team ob served sev eral
dis tinct over flows es cap ing from
the prin ci pal lava flow, which
orig i nated at 2,630 m el e va tion
(fig ure 12).

Back ground. Mount Etna,
tow er ing above Catania, Sic ily’s
sec ond larg est city, has one of the
world’s lon gest doc u mented re -
cords of his tor i cal vol ca nism, dat -
ing back to 1500 BC. His tor i cal
lava flows of ba saltic com po si tion 
cover much of the sur face of this
mas sive vol cano. The Mongibello 
stratovolcano, trun cated by sev -
eral small cal de ras, was con -
structed dur ing the late Pleis to -
cene and Ho lo cene over an older
shield vol cano. The most prom i -
nent mor pho log i cal fea ture of
Etna is the Valle del Bove, a 5 x
10 km horse shoe-shaped cal dera
open to the east. Two styles of
erup tive ac tiv ity typ i cally oc cur at 

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

In for ma tion Con tacts: Sonia Calvari, Mike Bur ton,
Enza Longo, and Margherita Polacci, Istituto Nazionale di
Geofisica e Vulcanologia (INGV), Pi azza Roma 2, 95123
Catania, It aly.
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Fig ure 12. The lava flow that orig i nated at 2,630 m el e va tion as seen in a
ther mal im age on 14 or 15 Sep tem ber. The ad vanc ing lava flow broke into
a se ries of branches. Cour tesy of Mike Bur ton, Enza Longo, and
Margherita Polacci.

Fig ure 10. A hor ni to seen at Etna on 14-15 Sep tem ber up slope from the lava flow at 2,630 m el e va tion. The
in di cated area ap pears in an en larged ther mal im age at right. Cour tesy Mike Bur ton, Enza Longo, and Margherita
Polacci.

Fig ure 11. The source of an Etna lava flow  at 2,340 m el e va tion, as seen in two pho to graphs taken on 14 or 15
Sep tem ber. Cour tesy of Mike Bur ton, Enza Longo, and Margherita Polacci.
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