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Grímsvötn

SE Ice land
64.42°N, 17.33°W; sum mit elev. 1,725 m

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

Ac cord ing to sci en tists from the In sti tute of Earth Sci -
ences at the Uni ver sity of Ice land and the Ice lan dic Me te o -
ro log i cal Of fice, an erup tion be gan at the subglacial
Grímsvötn vol cano in the Vatnajökull ice cap, Ice land, on 1 
No vem ber 2004 around 2100, and was de clin ing by 5 No -
vem ber. The erup tion, pre ceded by both long- and
short-term pre cur sors, was trig gered by the re lease of over -
bur den pres sure as so ci ated with a gla cial-out burst flood
(jökulhlaup) orig i nat ing from the subglacial cal dera lake.
The jökulhlaup reached a max i mum on the af ter noon of 2
No vem ber. At that time the peak dis charge from af fected
rivers on the coastal plain at  Skeidararsandur was
3,000-4,000 m3/s (based on in for ma tion from the Ice lan dic
Hy dro log i cal Ser vice). Dis charge de clined quickly af ter the 
peak. No dam age oc curred to roads or bridges. The to tal
vol ume of the jökulhlaup was ~ 0.5 km3.

Seis mic ity in creased at the vol cano in mid-2003, about
the same time that up lift ex ceeded a max i mum reached in
1998.  Tthe last erup tion at Grímsvötn oc curred within the
cal dera be gin ning on 18 De cem ber 1998 and re sulted in a
cat a strophic flood. Ad di tional up lift and ex pan sion of the
vol cano since mid-2003 her alded the lat est ac tiv ity. Seis -
mic ity fur ther in creased in late Oc to ber 2004, and on 26
Oc to ber high-fre quency tremor in di cated in creased wa ter
flow from the cal dera lake and sug gested that a gla cial out -
burst flood was about to be gin. On 29 Oc to ber, the amount
of dis charge in creased in the Skeidara River. About 3 hours 
be fore the erup tion an in tense swarm of vol ca nic earth -
quakes started, chang ing to con tin u ous low-fre quency
tremor at the on set of the erup tion.

The re lease in over bur den pres sure as so ci ated with the
out burst flood trig gered the erup tion. The amount of drop
in wa ter level in the cal dera at the on set of the erup tion was
un cer tain, but was prob a bly on the or der of 10-20 m, cor re -
spond ing to a pres sure change of 0.1-0.2 MPa at the vol -
cano’s sur face. This mod est pres sure change trig gered the
erup tion be cause pres sure in the shal low magma cham ber
was high af ter con tin u ous in flow of magma since 1998.

Fig ure 1 shows the epi cen ters from 18 Oc to ber to 1 No -
vem ber 2004, along with pre lim i nary lo ca tions of the erup -
tion site. In the early morn ing of 1 No vem ber, an earth -
quake swarm be gan be neath Grímsvötn. By 1400 there
were 12 earth quakes; at 0651 the larg est, an event of M 3
oc curred. At 2010 on 1 No vem ber an erup tion warn ing was 
sent to the Civil De fence, earth quake mag ni tudes had in -
creased and around that time the swarm in ten si fied. About
160 earth quakes with mag ni tudes up to 2.8 were re corded
dur ing the next 2 hours.

Ini tially un der ice 150-200 m thick, the erup tion melted
its way through to the sur face in about 1 hour. An erup tion
plume was de tected by ra dar around mid night on 1 No vem -
ber. Ra dar es ti mates of plume al ti tude stood at 12-13 km
nu mer ous times dur ing 2-3 No vem ber. A plot of al ti tude
ver sus time showed two cases where plume heights were al -
most 13 km; each oc curred about 0200 on 2 and 3 No vem -
ber. The weather ra dar used to make the plot was lo cated at
Keflavik-Air port, 260 km from Grímsvötn. 

Light ning. Early on 2 No vem ber and through most of
the morn ing on 3 No vem ber, nu mer ous light ning strikes
were de tected by in stru ments, and their com puted lo ca tions
largely cen tered over Grímsvötn. The ash plume was driven 
to the N by south erly winds dur ing the whole erup tion. Ac -
cord ingly, both the scat ter and SE ex ten sion of the light ning 
were judged likely ar ti facts of im pre ci sion in es ti mates of
lighning lo ca tions (fig ure 2).

Re gard ing the light ning data, geo physi cist Pordur
Arason de scribed the three sys tems used. First, the Ice lan -
dic light ning lo ca tion sys tem con sists of three LLP di rec -
tion finder sta tions, each mea sur ing time, di rec tion, po lar -
ity, in ten sity and mul ti plic ity. The sta tions dis crim i nate
light ning and re cord only cloud-to-ground (CG) light ning.
The lo ca tion sys tem is old (pro duced pre-1980) and un for -
tu nately only one sta tion (Sydri-Neslond) gave use ful mea -
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Fig ure 1. A map of the Grímsvötn area (top) show ing epi cen ters reg is tered 
from 18 Oc to ber to 1 No vem ber 2004 (cir cles) and ap prox i mate lo ca tions
of vents through the gla cier (two di a monds), which lie just in side the
cal dera’s SE mar gin. Seis mic sta tions are de noted by tri an gles, and a
con tin u ous GPS (Global Po si tion ing Sys tem) sta tion by a square. A
larger-scale map (bot tom, base map by Magnús Tumi Guxmundsson)
pro vides a closer look at the 2004 erup tion site, lo cat ing the two ice
caul drons and cracks, as well as the mar gins of the ash dis persal pat terns.
Con tours re flect 2003 ice-sur face con tours. A sep a rate set of boldly
hachured lines in di cates the lobate form of the subglacial cal dera’s
top o graphic mar gins. Cour tesy of the Ice lan dic Me te o ro log i cal Of fice.



sure ments. By as sum ing dis tance from the sta tion to
Grímsvötn, Arason cal cu lated the cur rent in the light ning.
He noted that al most all of this CG light ning showed neg a -
tive po lar ity (light ning po lar ity is de ter mined by the charge
of the cloud com pared to Earth).

A sec ond light ning sys tem re sults from co op er a tion
with the UK Met Of fice, and one of their ATD sferics sta -
tions in Ice land. Arason had ac cess to their data. The lo ca -
tions on fig ure 2 are those of the ATD sys tem, which gives
times and lo ca tions but does not dis crim i nate be tween
cloud-to-ground (CG) light ning and cloud-to-cloud (CC)
light ning, al though it is bi ased to wards CG, since its an ten -
nas only mea sure ver ti cal elec tric-field vari a tions.

The third sys tem was a one-station re cord ing sys tem of
ver ti cal elec tric field vari a tions (EFMS) in Reyk ja vik that
re cords the ver ti cal com po nent of the elec tric field ev ery
200 ns for a pe riod of a 1 ms. Dur ing the erup tion it re -
corded the wave forms of about 150 light ning events. About 
half of these show char ac ter is tics of a neg a tive po lar ity CG
and half CC.

Magma-wa ter in ter ac tions lead to ex plo sions, emis sion
of ash and steam, and to charge sep a ra tion. Erupted ash be -
comes neg a tively charged and the steam pos i tively charged. 
Al most all of the CG light ning had neg a tive po lar ity, in di -
cat ing its or i gin in the ash, and not the steam.

Other ob ser va tions. The ini tial in spec tion of the erup -
tion from an air plane took place around 0800 UTC on 2
No vem ber. It con firmed that a phreatomagmatic erup tion
was in prog ress from a short (less than 1-km-long) erup tive
fis sure at 64.40°N, 17.23°W. At that time a con tin u ous
plume rose to ~ 9 km al ti tude. Ob ser va tions through out the
day re vealed pe ri ods of high ex plo sive ac tiv ity, with max i -
mum plume heights of 12-14 km. The strength of the erup -
tion cor re lated with the seis mi cally re corded vol ca nic
tremor. Some ex plo sive ac tiv ity had oc curred in a sec ond
ice caul dron near the SE edge of Grímsvötn, 8 km to the E

of the main crater. This ice caul -
dron is sued steam when first de -
tected af ter noon on 2 No vem ber. 

The Lon don VAAC re ported
that the ash plume pro duced from
the erup tion reached a height of
~ 12.2 km a.s.l. Ac cord ing to
news ar ti cles, the erup tion oc -
curred in an unpopulated re gion
so no evac u a tions were needed,
but air traf fic was di verted away
from the region.

Ob ser va tion flights later on 2
No vem ber pho to graphed and vid -
eoed the vent that had opened
through in the ice (fig ures 3-5).
Plumes were some times nearly
white and steam dom i nated, at
other times black and ash dom i -
nated, and in some cases vis i ble
por tions of the plumes si mul ta -
neously re flected both of these
ex tremes (fig ure 3, 4, and 5).  A 2
No vem ber view of the jökulhlaup
ap pears as fig ure 6.
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Fig ure 2. Map view of light ning in Ice land lo cated by the UK Met Of fice’s ATD sferics sys tem dur ing the first 36
hours of the Grímsvötn erup tion (posted on the website of the Ice lan dic Me te o ro log i cal Of fice). The in set graph
shows a time-se ries of light ning strikes and their cur rents in kA (thou sands of amps) re corded in con junc tion with
the Grímsvötn erup tion dur ing 2-3 No vem ber 2004. The plot was  pro duced with data from the Syxri-Neslönd
sta tion, an LLP light ning di rec tion-finder.

Fig ure 3. A view look ing NW at the Grímsvötn erup tion across an ex panse 
of the Vatnajökull gla cier. This photo was taken be tween 1530 and 1615
on 2 No vem ber 2004. Cour tesy of the Ice lan dic Me te o ro log i cal Of fice;
photo credit, Mat thew J. Rob erts.

Fig ure 4. An E-look ing aerial pho to graph show ing ash fall ing from the
Grímsvötn erup tion plume, which at the time was far from ver ti cal. The
shot was taken be tween 1530 and 1615 on 2 No vem ber 2004. Cour tesy of
the Ice lan dic Me te o ro log i cal Of fice; photo credit, Mat thew J. Rob erts.



On 3 No vem ber, erup tive ac tiv ity oc curred in pulses,
re sult ing in chang ing erup tion col umn heights from 8-9 km
to 13-14 km above the vol cano. Dur ing the course of the
erup tion, ash plumes and tephra dis tri bu tions im aged by
sat el lites typ i cally showed trends to the NE; in some cases
plumes re mained vis i ble at least 150 km from the erup tion
site. A dis tal ash plume was ob served in Nor way, Finland,
and Sweden.

On 9 No vem ber from 0630 to 1330 a tremor pulse was
re corded, and on 11 No vem ber, from a lit tle past 0900 and
again around 1100, the seis mic sta tion at the vol cano
showed what the Ice land Me te o ro log i cal Of fice called "in -
creased jökulhlaup tremor." This tremor de creased af ter
mid night on 12 No vem ber, in creased from 0500 to 0830,
then de creas ed again. The erup tion fol lowed a pat tern sim i -
lar to pre vi ous erup tions in 1983 and 1998, with prob a bly
less than 0.1 km3 of magma erupted.

Ac cord ing to sci en tists at the Ice land Me te o ro log i cal
Of fice and the In sti tute of Earth Sci ences, Uni ver sity of
Ice land, these erup tions, to gether with the 1996 Gjalp erup -
tion N of Grímsvötn re flect much higher ac tiv ity at
Grímsvötn than dur ing the mid dle part of last cen tury, and
may in di cate that Grímsvötn is en ter ing into a new pe riod
of high vol ca nism that may last for de cades. Such a high ac -
tiv ity pe riod had been pre dicted on the ba sis of the ob -

served cy clic vol ca nism in the area in the preceding
millennium.

Back ground. Grímsvötn, Ice land’s most fre quently ac -
tive vol cano in his tor i cal time, lies largely be neath the vast
Vatnajökull ice cap. The cal dera lake is cov ered by a
200-m-thick ice shelf, with only the south ern rim of the 6 x
8 km cal dera ex posed. The geo ther mal area in the cal dera
causes fre quent jökulhlaups (gla cier out burst floods) when
melt ing raises the wa ter level high enough to lift its ice
dam. Long NE-SW-trending fis sure sys tems ex tend from
the cen tral vol cano. The most prom i nent of these is the
noted Laki (Skaftar) fis sure, which ex tends to the SW and
pro duced the world’s larg est known his tor i cal lava flow
dur ing an erup tion in 1783. The 15 km3 ba saltic Laki lavas
were erupted over a 7-month pe riod from a 27-km-long fis -
sure sys tem. Ex ten sive crop dam age and live stock losses
caused a se vere fam ine that re sulted in the loss of one-fifth
of the population of Iceland.

In for ma tion Con tacts: Freysteinn Sigmundsson, Pall
Einarsson ,  Magnus Tumi Gudmundsson ,  Thordis
Hognadottir, Anette Mortensen, and Fredrik Holm, In sti -
tute of Earth Sci ences, Uni ver sity of Ice land, Reyk ja vik,
Ice land (URL: http://www.norvol.hi.is; http://www.
raunvis.hi.is; Email: fs@hi.is, palli@hi.is, mtg@hi.is,
disah@hi. is,  akm@hi.is,  fredrik@hi.is) ;  Steinunn
Jakobsdottir, Mat thew J. Rob erts, Kristin Vogfjord, Ragnar 
Stefansson, and Pordur Arason, Ice lan dic Me te o ro log i cal
Of fice, Reyk ja vik, Ice land (URL: http://hraun.vedur.is;
Email: ssj@vedur.is, mat thew@vedur.is, vogfjord@vedur.
is, ragnar@vedur.is, arason@vedur.is); Lon don Vol ca nic
Ash Ad vi sory Cen ter, Met Of fice, Fitz Roy Road, Exeter,
Devon EX1 3PB, United King dom (URL: http://www.
metoffice.com/).

Taftan

Iran
28.60°N, 61.60°E; sum mit elev. 3,940 m

When vis ited in Oc to ber 2003, Taftan’s be hav ior was
sim i lar to that re ported in July 1999 (Bul le tin v. 24, no. 10),
con sist ing of a fumarolic zone on the SE cone’s W side,
~ 10 m2 in area, emit ting steam and SO2 gas, and de pos it ing 
sul fur. De gas sing was clearly vis i ble from the ref uge at
3,250 m el e va tion. A mix ture of sul fur and clay de rived
from highly al tered lavas gave a snowy ap pear ance to the
sum mit. This snowy ap pear ance was also noted in July
1999 (Bul le tin v. 24, no. 10). Close to the ref uge, a warm
acid spring gen er ated deep yel low de pos its along the ditch
down the val ley for more than 1 km. A chem i cal anal y sis
showed that the deposits were predominantly iron salts.

A sur face lava sam ple, taken on 30 Oc to ber 2003 from
just be low the ref uge on the vol cano’s W slopes, was
judged to be rel a tively young. George Mor ris an a lyzed the
sam ple by X-ray flu o res cence spec tros copy (XRF) and de -
scribed the sam ple as an de site. This was the first known
chem i cal anal y sis for Taftan rocks. In ad di tion to the sam -
pled lava flow, thick de pos its of ignimbrite ap peared in the
walls of a deep gorge fol lowed by the trail as cend ing to the
ref uge (at ~ 2,500 m el e va tion). It looked fresh and was
judged to be Holocene in age.

Petrography of the lava sam ple. The sam ple is
phenocryst rich (by vol ume, ~ 40-50% pheno crysts) in a
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Fig ure 5. Close-up ae rial view of the Grímsvötn erup tion, taken from the S 
be tween 1530 and 1615 on 2 No vem ber 2004. Cour tesy of the Ice lan dic
Me te o ro log i cal Of fice; photo credit, Mat thew J. Rob erts.

Fig ure 6. An ae rial photo of the jökulhlaup from the Grímsvötn erup tion,
taken at 1630 on 2 No vem ber 2004 (at Skeidarar) look ing in land to wards
the gla cier (left, mid-background). The swol len, sed i ment-charged river
sys tem has lo cally in un dated the coastal plains and chal lenged the
road way sys tem en gi neered to cope with such oc cur rences. Cour tesy of
the Ice lan dic Me te o ro log i cal Of fice; photo credit, Mat thew J. Rob erts.



microcrystalline to cryptocrystalline groundmass.
Plagioclase is the pre dom i nant phenocryst phase (30-40%)
with hornblende (< 5%), pyroxene (< 1%), opaque Fe-Ti
ox ide phases (< 1%), and trace amounts of bi o tite.
Microxenoliths (1-3 mm in size) were ob served, con trib ut -
ing < 2% vol ume to the whole rock.

Plagioclase pheno crysts in vari ably show com plex zon -
ing, but can be roughly di vided into four groups. Euhedral
plagioclase (0.5-1 mm long) show fine os cil la tory zon ing as 
well as in ter nal dis so lu tion and over growth sur faces. They
are in vari ably euhedral but show no sieve-tex tured zones or 
dis so lu tion chan nel ing. Sieve-tex ture man tled plagioclase
(0.5-5 mm long) can ei ther have an un-zoned anhedral or an 
os cil la tory zoned core. This is man tled with a zone of fine
sieve-tex tured plagioclase of vari able width, then over -
grown by an un-sieved rim that may be os cil la tory zoned.
In clu sion-rich zones were ob served run ning par al lel to the
sieve-tex tured zones within the cores of larger pheno crysts. 
Sieve-cored plagioclase (0.3-1 mm long) con tain a com -
pletely sieve-tex tured core over grown (nor mally) with an
os cil la tory zoned rim. These are gen er ally smaller than the
sieve-tex ture man tled plagioclase; how ever, the thicker
un-sieved rims sug gest that they form a dis tinct group
rather than be ing a smaller ver sion of the above. Small
euhedral lath shaped plagioclase (< 0.3 mm) are common in 
the groundmass.

Hornblende oc curs as loz enge-shaped crys tals 0.2-1.5
mm long. These are in vari ably rimmed by thick re ac tion
zones dom i nated by opaque ox ides. These re ac tion zones
can some times com pletely re place the orig i nal phenocryst.

Rare euhedral crys tals of clinopyroxene were ob served
as pheno crysts. Sim i lar py rox enes were ob served both in
clots (with plagioclase) and in microxenoliths. Opaque ox -
ide phases were ob served as euhedral to anhedral pheno -
crysts 0.2-0.3 mm in di am e ter but ac count for less than 1%
of the whole rock. Trace amounts of bi o tite were also ob -
served; sim i lar bi o tite was seen in microxenoliths.

Most microphenocrysts con tained a microcrystalline
mass dom i nated by opaque ox ides. Where less al tered ex -
am ples sur vive, the min er al ogy is dom i nated by subhedral
plagioclase and euhedral clinopyroxene, the pyroxene of ten 
par tially al tered to bi o tite and ox ide phases. Crys tal faces
on feld spar in con tact with the groundmass show sieve-tex -
tured re ac tion man tles, which is ab sent on crystal faces
internal to the microxenoliths.

In ter pre ta tion. The phenocryst as sem blage of the lava
sam ple sug gests mul ti ple phenocryst sources and dis equi -
lib rium be tween min eral phases and groundmass, typ i cal of  
stratovolcanoes. The cor re spon dence of some phenocryst
phases with min eral phases in microxenoliths sug gest that
at least some of the pheno crysts were in her ited dur ing the
as sim i la tion of coun try rock, while the os cil la tory zon ing,
sieve-tex tured cores and man tles, and mul ti ple dis so lu tion
sur faces in feld spars in di cates that other pheno crysts have
un der gone long and complex magmatic his to ries.

Set ting and summit el e va tion. Taftan is in east ern Iran,
100 km SSE of the city of Zahedan and 50 km W of the Pa -
ki stan bor der. Sev eral necks, rep re sent ing ero sional rem -
nants of cin der cones, rise from the plain W from Taftan, as
well as a sec ond stratovolcano, Buzman (~ 3,500 m sum mit 
el e va tion), which re mains largely un known. 

The sum mit el e va tion is listed in the Cat a log of Ac tive
Vol ca noes of the World (Gansser, 1964) as 4,050 m. Jean
Sesiano found (pre sum ably more cur rent) Ira nian maps

with the vol ca ni cally ac tive SE sum mit shown as 3,940 m,
and the dis sected NW sum mit, as 3,840 m.

Back ground. Taftan is a strongly eroded andesitic
stratovolcano with two prom i nent sum mits. The vol cano
was con structed along a vol ca nic zone in Beluchistan, SE
Iran, that ex tends into north ern Pa ki stan. The higher, SE
sum mit cone is well pre served and has been the source of
very fresh-look ing lava flows. Highly ac tive, sul fur-en -
crusted fumaroles oc cur at the sum mit of the SE cone. The
deeply dis sected NW cone is of Pleis to cene age. The first
his tor i cal erup tion of Taftan took place in 1993, when a
lava flow was emit ted.

Ref er ence: Gansser, A., 1964, Cat a log of the Ac tive
Vol ca noes and Solfatara Fields of Iran; Rome, IAVCEI,
part XVII-Ap pen dix, p. 1-20.

In for ma tion Con tacts: Jean Sesiano and George Mor -
ris, Earth Sci ences Sec tion, Min er al ogy Dept, Uni ver sity of 
Geneva, 13 rue des Maraîchers, 1205 GenPve, Swit zer land

Awu

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

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

Awu ex truded a new dome in its crater by 2 June 2004
(Bul le tin v. 29, no. 5). Sev eral pho tos re ceived from the Di -
rec tor ate of Vol ca nol ogy and Geo log i cal Haz ard Mit i ga tion 
(DVGHM) taken from the crater’s up per S side il lus trate
the crater prior to and just af ter the 2004 dome em place -
ment (fig ures 7-9). El e vated seis mic ity con tin ued into the
week end ing on 8 Au gust 2004 (ta ble 1). Dur ing 12-25
July, ob serv ers saw white thin-me dium plumes gently ris -
ing to 50 m above the sum mit. A re port cov er ing 9-15 Au -
gust, noted that the Awu ob ser va tion post doc u mented a
weak plume 200 m tall. They also re ported nine type-B
earth quakes. A brief mes sage from DVGHM on 7 De cem -
ber noted that Awu was then quiet.

Avi a tion re ports. The Vol ca nic Ash Ad vi sory Cen tre at
Dar win, Aus tra lia, is sued 15 re ports (Vol ca nic Ash Ad vi -
so ries) re gard ing Awu dur ing June 2004. These were the
first and only Awu re ports avail able in their ar chive of re -
ports go ing back to 1998. The first mes sage (on 8 June) was 
“Ma jor erup tion pos si ble, but no erup tion yet.” Sim i lar ter -
mi nol ogy ac com pa nied Ad vi so ries un til 12 June. The 9
June re port noted “con tin u ous small erup tions” and “four
larger ex plo sions in past two days.” A plume also seen on
sat el lite im ag ery was es ti mated by pi lots to be at ~ 4.5-6
km. Later it be came dif fi cult to see the plume with sat el lite
im ag ery. On 10 June two Ad vi so ries noted thin plumes di -
rected NE ex tend ing ~ 37 km. The plumes were seen on im -
ag ery at 2325 and 0220 UTC (in aero space short hand, the
im ag ery came from DVGHM, DMSP, GOES, and NOAA
17 sat el lites). The fi nal Ad vi sory, on 14 June, noted “Erup -
tion de tails: Nil obs[erved] ash.” That no tice also com -
mented that the alert sta tus had dropped and no sig nif i cant
ac tiv ity had been recorded, but a white plume rose ~ 100 m
above the summit in the last 24 hours.

Back ground. The mas sive Gunung Awu stratovolcano
oc cu pies the north ern end of Great Sangihe Is land. Deep
val leys that form pas sage ways for lahars dis sect the flanks
of the 1320-m-high vol cano, which was con structed within
a 4.5-km-wide cal dera. Awu is one of In do ne sia’s dead li est
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vol ca noes; pow er ful ex plo sive erup tions in 1711, 1812,
1856, 1892, and 1966 pro duced dev as tat ing pyroclastic
flows and lahars that caused more than 8,000 fa tal i ties.
Awu con tained a sum mit crater lake that was 1 km wide

and 172 m deep in 1922, but was largely ejected during the
1966 eruption.

In for ma tion Con tacts: Dali Ahmad, Volcanological
Sur vey of In do ne sia (VSI), Di rec tor ate of Vol ca nol ogy and 
Geo log i cal Haz ard Mit i ga tion, Jalan Diponegoro 57,
Bandung 40122, In do ne sia (Email: dali@vsi.dpe.go.id;
URL: http://www.vsi.esdm.go.id/); Of fice for the Co or di -
na tion of Hu man i tar ian Af fairs (OCHA), United Na tions,
New York, NY 10017, USA; Dar win Vol ca nic Ash Ad vi -
sory Cen tre (VAAC), Bu reau of Me te o rol ogy, North ern
Ter ri tory Re gional Of fice, PO Box 40050, Ca sua rina, NT
0811, Aus tra lia (URL: http://www.bom.gov.au/info/vaac/).

Manam

north east of New Guinea, Pa pua New Guinea
4.10°S, 145.061°E; sum mit elev. 1,807 m

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

The Rabaul Vol cano Ob ser va tory (RVO) is sued a se ries 
of in for ma tion bul le tins on Manam, de scrib ing con di tions
and haz ard sta tus rec om men da tions as so ci ated with a
strong erup tion that started on 24 Oc to ber 2004. That erup -
tion was pre ceded by a clear buildup in seis mic ity, lead ing
to a felt earth quake the day prior to the erup tion. The erup -
tion gen er ated pyroclastic flows which trav eled down the
val ley SE of the vol cano and into the sea. The avi a tion
color code rose to Red, the high est value.

The erup tion’s plume was im aged from space. Ash and
con densed wa ter va por in the form of ice reached a max i -
mum height of ~ 15 km al ti tude, in ter sect ing the base of the
tropo pause but not en ter ing the strato sphere. Low-level
erup tive ac tiv ity persisted af ter the 24 October eruption.

Lead-up to the 24 Oc to ber eruption. RVO no ticed in -
creased low-fre quency earth quakes at Manam be gin ning 15 
Oc to ber 2004. Its re ports sug gested the vol ca nic sys tem had 
changed to a dy namic mode from its pre vi ously sta ble state. 
The es ca la tion in low-fre quency earth quakes dur ing that in -
ter val was de scribed as a “steady rise.” But over all, the
level was por trayed as low to mod er ate. In ret ro spect, RVO
re ports noted that seis mic ity in creased steadily af ter 16 Oc -
to ber; more over, it rose fur ther af ter a felt earthquake at
about 1845 on the 23rd.

Dur ing 15-21 Oc to ber RVO noted oc ca sional weak
roar ing and rum bling noises from the Main Crater. The
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Date Type A (vol ca nic) Tec tonic

22 Jun-28 Jun 5 84

29 Jun-05 Jul 6 74

07 Jul-12 Jul 3 93

13 Jul-18 Jul 2 74

19 Jul-25 Jul 25 110

26 Jul-01 Aug — —

02 Aug-08 Aug 7 92

09 Aug-15 Aug 0 75

Ta ble 1. Sum mary of vol ca nic type-A earth quakes and tec tonic
earth quakes at Awu dur ing 22 June through 15 Au gust. Vol ca nic type-B
vol ca nic earth quakes also oc curred oc ca sion ally, per haps once a week,
ex cept in the 9-15 Au gust in ter val, when they oc curred nine times. Data
for sev eral  days and time in ter vals (eg., 6 and 11 July, and  26 July-1
Au gust) was not avail able. Cour tesy of DVGHM.

Fig ure 7. A N-look ing photo of the Awu’s crater taken in Sep tem ber 1995.
Note the large ephem eral pond on the crater floor. Cour tesy of DVGHM;
photo by Kristianto.

Fig ure 8. A N-look ing photo from 25 May 2003 show ing the ac tive crater
at Awu. Com pared to the photo from 1995 (fig ure 7, above), the pond on
the crater floor had shrunken. A photo from 8 De cem ber 2002 (not
in cluded in this re port) showed that at that time the pond was largely gone. 
Cour tesy of DVGHM; photo by Endi T. Bina.

Fig ure 9. A N-look ing photo of Awu’s crater on 14 June 2004 show ing the
newly emplaced intra-crater dome and as so ci ated de pos its. Dis rup tion in
the crater is also ap par ent, for ex am ple, the burial and heavy dam age to
veg e ta tion . Thick steam made it dif fi cult to see the dis tinc tive rim on the
crater’s far side. Cour tesy of DVGHM; photo by Agus Solihin.



noises pre vailed on 15, 16, and 17 Oc to ber, be com ing more 
fre quent on the 18th, but re duced again on the 19th. The
noises con tin ued at a level sim i lar to the 16th and 17th on
the 20th and 21st. Noise from South ern Crater be gan on the
19th, con sist ing of the sound of a sin gle low ex plo sion. Af -
ter the 20th, oc ca sional low roar ing and rum bling noises
con tin ued from both crat ers. Ob serv ers saw night glow
from the Main Crater on the 18th and 19th. Oc ca sion ally
the glow fluc tu ated at 3-5 min ute in ter vals. Glow re mained
ab sent over South ern Crater. Both Craters released weak
white-gray vapor.

Oc ca sional ash-laden va por was seen on the 21st from
South ern Crater. In their re port for 15-21 Oc to ber, RVO
rec om mended Alert Level 1. They said “Whilst no of fi cial
pub lic warn ing is re quired un der this Alert Level, peo ple
liv ing in and near the four main val leys of the Is land should
be in formed to re frain from ven tur ing into them un nec es -
sar ily.” RVO later stressed the pres ence of NW winds at al -
ti tude, warn ing res i dents on that flank of possible ashfall.

Erup tion on 24 Oc to ber 2004. The erup tion came from
South ern Crater, be gin ning af ter 0800 on the 24th; it per -
sisted through out the morn ing and the early part of the af -
ter noon, peak ing be tween 1000 and 1100. At 1400 the
erup tion’s in ten sity de creased slightly. Later that day it
con tin ued at a re duced level with mod er ate ex plo sions and
sub-con tin u ous low rum bling and roaring noises.

The erup tion pro duced a pyroclastic flow chan neled
into the SE val ley, that even tu ally reached the sea. The NW
part of the is land, in clud ing vil lages be tween Tabele Mis -
sion and Baliau, were af fected by ash and sco ria falls. Some 
of the scoriae were fist-size and punched holes through the
thatched-roof ing of houses. The great est im pact oc curred at 
Kuluguma and the sur round ing vil lages. Ca su al ties re -
mained un re ported. Be tween the hours of 0300 and 0500,
res i dents of Wewak town called RVO, ad vis ing that fine
ash had reached them.

Seis mic ity re flected the erup tive ac tiv ity, with events
peak ing be tween the hours of 1000 and 1100, af ter which
event counts re verted to low to mod er ate lev els. On go ing
seis mic ity sug gested that the vol cano has not reached a
com pletely quiet state. Still, the erup tion level had de clined
as it con tin ued. It was rec om mended that the Alert Level be
up graded from 1 to 2 (Stage 2 Alert Level does not call for
evac u a tion from the Is land). Au thor i ties called for com mu -
nity in for ma tion ex change (“toksave”) on vol cano sta tus;
for avoid ing the four main val leys; for the pop u la tion to
stay pre pared and or ga nized, including vil lage ef forts.

The 24 Oc to ber erup tion caused the avi a tion color code
to rise to Red, the high est value. Ac cord ing to RVO,
low-level erup tive ac tiv ity per sisted af ter the 24 Oc to ber
erup tion, de creas ing fur ther by 26 Oc to ber. A RVO re port
is sued at 0800 on 27 Oc to ber noted that ac tiv ity had sub -
sided sig nif i cantly since late on the 24th. An ae rial in spec -
tion con firmed pyroclastic flows had gone down the SE-
and up per part of the SW-trending val leys. A lava flow
trav eled 600 m down the SE val ley. Tephra fall most af -
fected the area from Kuluguma to Boda vil lages, in clud ing
the Bieng Cath o lic mis sion on the is land’s NW side. Nu -
mer ous food gar dens were de stroyed by the tephra de posit,
which had an av er age thick ness of 7 cm mea sured at the
Bieng mis sion. RVO recommended that the Alert Level be
downgraded to 1.

On 27-28 Oc to ber oc ca sional ash emis sions still es -
caped from South ern Crater. Brown ash clouds rose sev eral

hun dred me ters above the sum mit be fore drift ing to the NW 
and SW, re sult ing in fine ashfall. The ash emis sions were
ac com pa nied by weak roar ing and rum bling noises. Weak
night-time glows were vis i ble. Al though earth quakes were
few, tremor per sisted. Low seis mic ity was cou pled with a
decline in eruptive vigor.

Dur ing 28-29 Oc to ber, com par a tively mild erup tions
con tin ued. South ern Crater con tin ued to eject oc ca sional
emis sions of dark, mod er ately thick, ash-laden clouds. The
ash clouds were again blown NW, tra vers ing the area be -
tween Yassa and Baliau vil lages. Low roar ing and rum bling 
noises ac com pa nied some of the ac tiv ity. It was dif fi cult to
ob serve Main Crater due to cloud cover. Glow was dif fi cult 
to ob serve due to cloud cover as well. Few earth quakes oc -
curred, but vol ca nic tremor con tin ued.

Me dia re ports. News ar ti cles re ported that au thor i ties
ad vised evac u a tion of ~ 3,000 peo ple to safer parts of the
is land. Some of those ar ti cles re vealed that the is land’s cur -
rent pop u la tion stood at 7,000, and that the gov ern ment had 
helped pro vide food and shel ter for those displaced.

Ac cord ing to the on line ver sion of the Pa pua New
Guinea (PNG) Post-Cou rier, the Inter-Gov ern ment Re la -
tions Min is ter, Sir Pe ter Bar ter, flew over the erup tion. He
al leg edly saw large vol umes of lava dis charg ing into the
sea, but judg ing from RVO ob ser va tions, the term “lava”
was mis tak enly used for pyroclastic flows. In the news re -
port Pe ter Bar ter had also stated that the en tire SE side of
the moun tain, ~ 1 km wide, blew out, forc ing lava (or other
hot pyroclastic ma te rial) to flow down the SE val ley to the
sea. He was also re ported as say ing that at Bien (some times
spelled Bieng, on the is land’s NW coast) his he li cop ter was
hit by rocks (or other vol ca nic par ti cles) that dam aged its
wind screen. Also, the Bien mis sion sta tion lay be neath a
heavy layer of ash. The dam age to his he li cop ter kept him
from fly ing com pletely around the is land, miss ing the west -
ern seg ment be tween Bien, Yassa, Jorai, and the SW-flank
set tle ment of Tabele, ar eas hit hard est by dust and rocks. He 
com mented that much of the SE side of the is land was rel a -
tively ash-free and safe, apart from the S-coast area
between Dugulava (on the S coast) to Warisi.

A 27 Oc to ber ar ti cle by Dominic Krau in PNG’s The
Na tional noted that the 24 Oc to ber erup tion had in cluded a
force ful out burst at 0800 on the 24th, and then cli maxed
dur ing 1100-1400 that day, but had since been emit ting
only “smoke” and ash. It noted that prime min is ter Mi chael
Somare had flown to Manam for a first-hand look at the
dam age. The same ar ti cle men tioned that Pe ter Bar ter had
as sured that func tion ing ra dios were avail able at the set tle -
ments of Bien, Tabele, Warisis, Dugalava, Abereia,
Bukure, and Kolang. It re ported that vol ca nic ash fell in
Wewak (on the main is land’s coast, 120 km NW), re sult ing
in the civil avi a tion au thor ity tem po rarily clos ing down the
Boram airport for safety reasons.

An drew Tupper of the Aus tra lian Bu reau of Me te o rol -
ogy (BOM) posted sat el lite im ages of the 24 Oc to ber erup -
tion’s ash cloud, which oc curred just be fore the Terra and
Aqua sat el lites passed over. They also cap tured AVHRR
and GOES data of a very ice-rich vol ca nic cloud. The cold -
est tem per a ture mea sured by BOM from the high-level
cloud was about 204 K (a cou ple of hours af ter the erup -
tion), which trans lates to an al ti tude of ~ 15 km. This al ti -
tude was in har mony with the cloud’s sub se quent dis per -
sion pat tern and wind-ve loc ity mod els. Pi lot re ports have
been gen er ally lower, as is usual for large erup tions. There
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was no ev i dence of sig nif i cant strato spheric penetration
(the tropopause height was 15-16 km).

Back ground. The 10-km-wide is land of Manam, 13 km
off the N coast of Pa pua New Guinea, has four large ra dial
val leys ex tending from the unvegetated sum mit of the con i -
cal ba saltic-andesitic stratovolcano to its lower flanks.
These “av a lanche val leys,” reg u larly spaced 90 de grees
apart, chan nel lava flows and pyroclastic av a lanches that
have some times reached the coast. Five small satellitic 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 crat ers are pres -
ent; both are ac tive, al though most his tor i cal erup tions have 
orig i nated from the south ern crater, con cen trat ing erup tive
prod ucts dur ing the past cen tury into the SE av a lanche val -
ley. Fre quent his tor i cal erup tions have been re corded at
Manam since 1616. A ma jor erup tion in 1919 pro duced
pyroclastic flows that reached the coast, and in 1957-58
pyroclastic flows de scended all four radial valleys. Lava
flows reached the sea in 1946-47 and 1958.

In for ma tion Con tacts: An drew Tupper, Aus tra lian Bu -
reau of Me te o rol ogy (Email: A.Tupper@bom.gov.au);
Dar win Vol ca nic Ash Ad vi sory Cen tre, Aus tra lian Bu reau
of Me te o rol ogy (URL: http://www.bom.gov.au/info/vaac);
Rabaul Volcanological Ob ser va tory (RVO), P.O. Box 386,
Rabaul, Pa pua New Guinea; Pa pua New Guinea Post-Cou -
rier On line (URL: http://www.postcourier.com.pg).

Asama

Hon shu, Ja pan
36.40°N, 138.53°E; sum mit elev. 2,560 m

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

An ex plo sive erup tion oc curred from the sum mit crater
of Asama at 2002 on 1 Sep tem ber 2004 (Bul le tin v. 29, no.
8). Most of the ini tial re port ing was in Jap a nese, al though
many of those re ports had seg ments in Eng lish. Setsuya
Nakada and Yukio Hayakawa pro vided links to ini tially
avail able re ports. In ini tial as sess ments of the erup tion, in -
ves ti ga tors iden ti fied sev eral dis tinct suites of ejecta, in -
clud ing darker- and lighter-col ored groups. The ERI re port
a lso  dis  cussed a  breadcrust  bomb sam pled at
Kromamegawara 3.5 km NE of Asama’s crater, which con -
tained a vitric outer film and ve sic u lar in te rior. ERI com -
piled some ini tial ma jor el e ment com po si tions on the of
prod ucts of the 1 Sep tem ber erup tion, in clud ing those taken 
on both fresh pumices (bombs) and lithics. Both types of
ma te ri als were chem i cally close to lavas erupted in the
years 1783, 1973, and 1108.

Back ground. Asama, Hon shu Is land’s most ac tive vol -
cano, is lo cated at the junc tion of the Izu-Marianas and NE
Ja pan vol ca nic arcs. The mod ern cone of Maekake-yama
forms the sum mit and is sit u ated E of the horse shoe-shaped
rem nant of an older andesitic vol cano, Kurofu-yama, which 
was de stroyed by a late-Pleis to cene land slide about 20,000
years be fore pres ent (BP). Growth of a dacitic shield vol -
cano was ac com pa nied by pumiceous pyroclastic flows,
and by growth of the Ko-Asama-yama lava dome on the E
flank.  Maekake-yama, capped by the Kama-yama
pyroclastic cone, is prob a bly only a few thou sand years old
and has an his tor i cal re cord dat ing back at least to the 11th
cen tury AD. Maekake-yama has had sev eral plinian erup -
tions, the last two of which occurred in 1108 and 1783 AD.

In for ma tion Con tacts: Geo log i cal Sur vey of Ja pan,
Na tional In sti tute of Ad vanced In dus trial Sci ence and
Tech nol ogy (GSJ AIST) (URL: http://www.gsj.jp/kazan/
kazan-bukai/yochiren/asama040909/ma te rial.html); Yukio
Hayakawa, Fac ulty of Ed u ca tion, Gunma Uni ver sity,
Aramaki 4-2, Maebashi Gunma 371-8510, Ja pan (Email:
hayakawa@edu.gunma-u.ac.jp; URLs: http://maechan.net/
hayakawa/asama/gankoran/; http://www.edu.gunma-u.ac.
jp/~ hayakawa/Eng lish.html); Setsuya Nakada, Vol cano
Re search Cen ter, Earth quake Re search In sti tute (ERI), Uni -
ver sity of To kyo, Yayoi 1-1-1, Bunkyo-ku, To kyo 113, Ja -
pan (Email: nakada@eri.u-to kyo.ac.jp; URL: http://www.
eri.u-to kyo.ac.jp/topics/ASAMA2004/index-e.html).

Spurr

Alaska, USA
61.299°N, 152.251°W; sum mit elev. 3,374 m

Spurr, ~ 125 km W of An chor age across Cook In let, be -
came rest less in re cent months. This ac tiv ity con sisted of
in creased seis mic ity be gin ning in Feb ru ary 2004, melt ing
of the sum mit ice cap, and sub stan tial emis sion rates of car -
bon di ox ide (CO2) and sul fur di ox ide (SO2). Sci en tists at
the Alaska Vol cano Ob ser va tory (AVO) re corded hun dreds 
of small earth quakes cen tered 4.8-6.4 km be neath the sum -
mit. El e vated lev els of seis mic ity con tin ued through early
No vem ber 2004 (ta ble 2). Al though the rate of seis mic ity is 
greater than typ i cal back ground lev els, AVO has found no
in di ca tion that an erup tion is im mi nent.

Ae rial re con nais sance in mid-July and early Au gust
doc u mented re cent small flows of mud and rock and a de -
pres sion in the ice cap (an “ice caul dron”) just NE of the
sum mit that was ~ 50 x 75 m in size and ~ 25 m deep. The
floor of the de pres sion con tained an icy pond, with small
ar eas of open wa ter. No steam or vol ca nic emis sions were
ob served. The ice caul dron is a col lapse fea ture pos si bly
caused by an in crease in heat com ing from deep be neath the 
sum mit. Us ing sen si tive in stru ments, sci en tists fly ing
around the vol cano on 7 Au gust de tected small amounts of
the vol ca nic gases in a plume from the summit.

Ob ser va tions and pho tog ra phy dur ing the week end ing
10 Sep tem ber re vealed that the ice caul dron had en larged
sub stan tially (to ~ 150 x 170 m), pre sum ably as the roof of
the melt wa ter ba sin con tin ued to sub side and col lapse.
AVO sci en tists mea sured gases be ing emit ted by the sum -
mit vent and Crater Peak, a flank vent, dur ing a fixed-wing
flight on 15 Sep tem ber 2004. The com bined out put of CO2

from the two vents was ~ 2,300 tons/day, an in crease from
the ~ 760 tons/day mea sured 7-8 Au gust 2004. The gray
color of the lake at the bot tom of the ice caul dron is typ i cal
of crater lakes con tain ing dis solved SO2.

AVO staff took an over flight of the vol cano on 18 Oc to -
ber and re ported that the sum mit ice caul dron per sisted
with out ap pre cia ble change of its ge om e try or of the sur -
round ing cre vasses. The ice caul dron con tin ued to con tain
stand ing wa ter, no steam or sul fur scent was ob served from
the sum mit, and steam is su ing from Crater Peak had not
changed from previous observations.

Back ground. The sum mit of Mount Spurr is a large
lava dome con structed at the cen ter of a roughly 5-km-wide 
horse shoe-shaped cal dera that is open to the south. The vol -
cano lies 130 km west of  An chor  age and NE of
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Chakachamna Lake.  The cal  dera was formed by a
late-Pleis to cene or early Ho lo cene de bris av a lanche and as -
so ci ated pyroclastic flows that de stroyed an an ces tral Spurr
vol cano. The de bris av a lanche trav eled more than 25 km to
the SE, and the re sult ing de posit con tains blocks as large as
100 m in di am e ter. Sev eral ice-carved post-cal dera cones or 
lava domes lie in the cen ter of the cal dera. The youn gest
vent, 2,309-m-high Crater Peak, formed at the breached
south ern end of the cal dera and has been the source of
about 40 iden ti fied Ho lo cene tephra lay ers. Spurr’s two his -
tor i cal erup tions, from Crater Peak in 1953 and 1992,
deposited ash on the city of Anchorage.

Ref er ences: Power, J., 2004, Re newed un rest at Mount
Spurr Vol cano, Alaska: Eos (Trans ac tions, Amer i can Geo -
phys i cal Un ion), v. 85, no. 43, p. 2.

Waythomas, C.F., and Nye, C.J., 2002, Pre lim i nary vol -
cano-haz ard as sess ment for Mount Spurr Vol cano, Alaska:
U.S. Geo log i cal Sur vey Open-File Re port 01.482, Alaska
Vol cano Ob ser va tory, An chor age, Alaska, 39 pp.

In for ma tion Con tacts: U.S. Geo log i cal Sur vey Alaska
Vol cano Ob ser va tory (AVO), a co op er a tive pro gram of the
USGS, Uni ver sity of Alaska Fair banks Geo phys i cal In sti -
tute, and the Alaska Di vi sion of Geo log i cal and Geo phys i -
cal Sur veys (URL: http://www.avo.alaska.edu; Email:
tlmurray@usgs.gov).

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)

At St. Hel ens, rapid dome growth and pro nounced up lift 
con tin ued. Al though this re port cov ers 9 Oc to ber-12 No -
vem ber 2004, there are sev eral pho tos and com ments on
prior events. Fig ure 10, for ex am ple, con tains a sat el lite im -
age from 5 Oc to ber. R. Scott Ire land pho to graph i cally doc -
u mented the 4 and 5 Oc to ber erup tions, start ing from the
small est plumes and in clud ing later wind-blown ash-bear -
ing plumes. Dig i tal cop ies of Ire land’s set will be pre served 
in the Smith so nian’s ar chives. Much of this re port came

from in for ma tion posted by the Cascades Volcano
Observatory (CVO).

Fig ure 11 pres ents four ae rial views into the crater,
taken on 8 Au gust and 7, 10, and 14 Oc to ber. They por tray
the south ern part of the crater con tain ing a broad area of up -
lift and de for ma tion as so ci ated with a more re stricted zone
of dome emer gence. On 7 Oc to ber the broad area of up lift
on the S side of the 1980-86 lava dome stood ~ 400 m (N-S) 
by ~ 500 m (E-W), with a max i mum up lift of about
100-120 m. For per spec tive on this growth, CVO’s 11 No -
vem ber es ti mate noted an ex panded area of up lift and some
parts of the dome ris ing ~ 250 m above the glacier.

Ta ble 3 sum ma rizes CVO’s ob ser va tions. The ter mi nol -
ogy of num bered days for this erup tion be gan at Day 1 (23
Sep tem ber), when pre cur sory earth quakes be gan (Bul le tin
v. 29, no. 9). In con trast to those ini tial sev eral weeks, dur -
ing the cur rent re port ing in ter val seis mic ity gen er ally re -
mained low, an ob ser va tion con sis tent with the slow rise of
gas-poor magma. The emerg ing magma drove up lift of the
gla cier within the crater but did not yield large ex plo sive
dis charges and tall plumes. 

Ther mal im ages of the ex posed dome re vealed el e vated
tem per a tures there. This con firmed that new lava had
reached the surface of the uplift.

Other de tails. The weather en abled clear views on 10
Oc to ber. A photo of the scene at dawn showed an or -
ange-col ored plume. Field ob serv ers noted fresh snow over
the crater floor con tained a thin SE-di rected ash de posit
stretch ing to just be yond the crater rim. A steam plume rose 
to crater rim level or slightly above all day on 10 Oc to ber
and con tin ued to blow SE. USGS field work ers de scribed
the plume as “lazy,” emphasing the ab sence of gas thrusts
or no ta bly vig or ous con vec tion. When the field crew vis -
ited the vol cano, the plume ap peared clean, with no no tice -
able ash nor blue nor or ange haze. The odor of H2S was
noted at the crater’s breach, but not else where.

On 14 Oc to ber ob serv ers noted an in crease in the de -
form ing and up lift ing area on the S side of the 1980-1986
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Week of (2004) Av er age earth quakes per day

24 Jul-30 Jul 10-20

31 Jul-06 Aug 10-20

07 Aug-13 Aug 10-20

14 Aug-20 Aug 15 (70 events on 14 Aug)

21 Aug-27 Aug 12

28 Aug-03 Sep 14

04 Sep10 Sep 13

11 Sep-17 Sep 12

18 Sep-24 Sep 10

25 Sep-01 Oct 13

02 Oct-08 Oct 8

09 Oct-15 Oct 9

16 Oct-22 Oct 2-14

23 Oct-29 Oct 12-24 (3 per hour on 26 Oct)

30 Oct-05 Nov 0-24 (10 per hour on 4 Nov)

Ta ble 2. Weekly seis mic ity within 30 km of the sum mit at Spurr, with
mag ni tudes over 1.5 and depths of 1-6 km. Cour tesy of AVO.

Fig ure 10. Im age of St. Hel ens on 5 Oc to ber 2004 from a Geostationery
Op er a tional En vi ron men tal Sat el lite (GOES-10) show ing a con sis tent
ash-bear ing plume ex tend ing NE for ~ 40 km. Cour tesy of NOAA.



lava dome and the new lobe of lava in the W part of that
area. The max i mum tem per a ture of 761°C was mea sured in 
parts of the new lobe from which ash rich jets rose ten’s of
me ters. Magma ex truded onto the sur face, form ing a new
lobe of the lava dome. In stru ments de tected low lev els of
H2S and SO2, but no CO2.

Crews col lected sam ples and doc u mented clear dome
growth on 20-21 Oc to ber. The new lava ex tru sion had hor i -
zon tal di men sions of ~ 300 x 75 m and a thick ness of ~ 70
m. The fin-shaped lava spine had col lapsed. The 21 Oc to -
ber vol ume es ti mate was al most 2 x 106 m3. By 21 Oc to ber
the area of up lift and in tense de for ma tion had ad vanced S,
near ing the crater wall. That day, ~ 30 cm of new snow with 
a light dust ing of ash cov ered much of the up lift, ex cept for
the new lava ex tru sion, which steamed heavily. A vig or ous
steam plume rose to 3 km. Fluxes of gaseous H2S, SO2, and
CO2 were low. Samples of the new dome were scooped up
by a con tainer slung on a line beneath a helicopter.

At mo spheric con di tions on 27 Oc to ber and 7 No vem ber 
again gave air borne ob serv ers clear views into the crater
(fig ures 12, 13, and 14). The N-look ing photo in fig ure 12
doc u ments how the new dome and area of up lift had
achieved sub stan tial size, stand ing top o graph i cally above
what was pre vi ously the moat to the S of the older dome. In
plan view, the mar gin of the dome com plex shifted from a
circle to a figure-eight.

In ad di tion to pho tos doc u ment ing crater changes, a
CVO re port on 29 Oc to ber dis cussed rapid move ment at a
new GPS sta tion on the south ern part of the new dome (an
area of up lifted gla cial ice, rock de bris, and new lava). The
sta tion showed con tin ued south ward mo tion of ~ 6 m in the
pre vi ous 36 hours. A sta tion near the sum mit of the old
dome showed con tin ued, slow northward motion.

Anal y sis of ae rial pho to graphs taken on 4 No vem ber
led to an es ti mate of the vol ume of the up lifted area and
new lava dome at ~ 20 x 106 m3. This fol lowed other pre -
lim i nary es ti mates made for 4 and 13 Oc to ber of ~ 5 x 106

m3 and ~ 12 x 106 m3, respectively. This most re cent vol -
ume es ti mate (20 x 106 m3) amounted to more than 25% of
the 1980-86 lava dome volume.

On 5 No vem ber the SO2 emis sion rates re mained low.
No H2S was de tected and CO2 emis sion rates were not mea -
sur able. On that day view ers noted that a new mass of
dacite had ex truded, form ing a spine ris ing ~ 100 m. Ex -
posed rock faces had tem per a tures of 400-500°C. The steep 
new faces on the dome gen er ated small hot rockfalls and
av a lanches. The finer par tic u late ma te rial rose to about 3
km al ti tude, a height ~ 900 m above the crater rim.

A sam ple of the new dome col lected on 4 No vem ber es -
tab lished that the new dacite lava con tained vis i ble crys tals
of plagioclase, hornblende, and hypersthene. A com par i son 
of the 1986 and 2004 dacites (ta ble 4) shows that the new
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Fig ure 11. Four ae rial pho tos de pict ing the south ern por tion of St. Hel ens’s crater, an area of rapid up lift and dome emer gence, from the S on 8 Au gust and 7
Oc to ber, and from the E on 10 and 14 Oc to ber. The pho tos in clude an older dome lobe that was re cently up lifted (Opus), steam re leases, fault ing (with up wards
dis place ment to wards the cen ter), and the emer gence of fresh dome lavas. Cour tesy of USGS Cas cades Vol cano Ob ser va tory.



lava lacks augite, dis tinc tive re ac tion rims on hornblende,
and large plagioclase with sieve-tex tured cores.

On 11 No vem ber the dome had reached ~ 250 m in
height; it lay within a broad area of de for ma tion that was
~ 600 m in di am e ter. Within this area, the new lava dome
con tin ued to oc cupy the E-cen tral seg ment (broadly sim i lar
to the sit u a tion on fig ures 13 and 14). In plan view, the new
dome stood 400 x 180 m. Re gard ing its height, the 11 No -
vem ber re port noted that the high est point on the new lava
dome was ~ 250 m “above the for mer sur face of the gla cier
that oc cu pied that point in mid-September.”

Avi a tion Ad vi so ries. The first sen tence of this sec tion in 
Bul le tin v. 29, no. 9 should be cor rected to read, “The
Wash ing ton VAAC is sued ad vi so ries be gin ning on 29 Sep -
tem ber” (not 29 Oc to ber).

The Wash ing ton Vol ca nic Ash Ad vi sory Cen ter is sued
one Ash Ad vi sory each day dur ing 9-18 Oc to ber, not ing el -
e vated seis mic ity but a lack of ex plo sive erup tions and sub -
stan tial plumes. On 18 Oc to ber the VAAC men tioned
GOES-10 and -12 in fra red and multispectral im ag ery of the 
vol cano but con cluded that “. . . af ter dis cus sion with au -
thor i ties at [CVO] we are dis con tinu ing the Watch . . ..

There con tin ues to be low level
[ac  t iv  i ty] .  .  .  not  pos  ing an
[imminent] threat to avi a tion. A
No tice to Avi a tion within ~ 9 km
and be low FL 130 should con -
tinue [Note: FL130, Flight Level
130, is the avi a tion com mu nity’s
short hand for 13,000 feet; an al ti -
tude equiv a lent to 3,962 m, but
typ i cally rounded in the Bul le tin
to the near est hun dred me ters]. If
threat con di tions rise[,] a Watch
will again be is sued. The Wash -
ing ton VAAC will con tinue to
mon i tor the area and if ash is ob -
served or reported a Volcanic Ash 
Advisory will be issued as soon as 
possible.”

As of 12 No vem ber, the last
Ash Ad vi sory on St. Hel ens was
is sued on 6 No vem ber. It was in
re sponse to a mi nor ash emis sion
that day. The emis sion was too
small to de tect with avail able sat -
e l  l i te  im ag ery.  The lo  cal
webcamera showed a weak, pas -
sively ris ing plume that barely
rose above the crater rim.
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Fig ure 12. An ae rial photo look ing down ward and N-ward into the crater of Mt. St. Hel ens on 27 Oc to ber 2004.
The old (1980-86) dome is in the back ground and the new one, steam ing, is in the fore ground. Note up lifted,
frac tured ice around the mar gins of the 2004 in tru sion. Some ar eas of ice and snow have gray color in dic a tive of
ashfall. The ridge along the in ner crater wall in ter sects the rim at the ap prox i mate point where Ivan Savov stood
when tak ing the photo pre sented in Bul le tin v. 29,  no. 9. Cour tesy of CVO.

Day Date Haz ard Sta tus Com ment

DAY 17 09 Oct 2004 2 - Ad vi sory (Orange) Mod er ate seis mic ac tiv ity-earth quakes up to M 2 at one event ev ery two or three min utes.

DAY 18 10 Oct 2004 2 - Ad vi sory (Orange) Earth quakes up to M 1 ev ery min ute.

DAY 19 11 Oct 2004 2 - Ad vi sory (Orange) Low seis mic ity. Ther mal im ag ing of the up lifted area (last seen on the 7th) found it had
grown. The W por tion of the up lift was steam ing over a large dif fuse area. Max i mum
mea sured sur face tem per a tures were 200-300°C. Up lift ing area dis charged a brief emis sion
at about 1600. Dust ing of ash on new snow dis closed mi nor ash emis sions the pre vi ous night.

DAY 20 12 Oct 2004 2 - Ad vi sory (Orange) Low seis mic ity (earth quakes up to M 1 ev ery 5-10 min utes). Ther mal im ag ing of the W part
of the up lift ing area re vealed tem per a tures of 500-600°C on a large pink ish-gray fin of rock
and in nearby fumaroles and cracks.

DAY 21 13 Oct 2004 2 - Ad vi sory (Orange) Hot (600°C) area both con firmed and ap peared to have in creased in size. Low seis mic ity;
abun dant steam ing; SO2 and H2S de tected; CO2 un de tected; tem per a ture and flow rate of
wa ter in streams sim i lar to that mea sured in Sep tem ber.

DAY 22 14 Oct 2004 2 - Ad vi sory (Orange) A zone ap proach ing 700°C and in places reach ing 761°C was mea sured on the new lobe,
which emit ted ash-rich jets ris ing ten’s of me ters. Abun dant steam con tin ued to rise from the
area of lava ex tru sion to the crater rim. Low seis mic ity.

DAY 23-40 15-31 Oct 2004 2 - Ad vi sory (Orange) Slight in crease noted in area of up lift and new lobe of lava. On the 22nd a new pro tru sion of
lava reg is tered ~ 650°C. Slight in crease in seis mic ity on 17th, but storm noise as well as
rain fall trig ger ing a small de bris flow had also oc curred; oth er wise, seis mic ity was low.

DAY 41-53 1-12 Nov 2004 2 - Ad vi sory (Orange) On the 5th there was an ash plume to ~ 3 km al ti tude; on the 9th, a steam plume rose to sim i lar
al ti tude. Also, a new ex tru sion was noted on the 5th (see text). By the 11th the dome’s high est 
point stood ~ 250 m above the height of the gla cier’s sur face prior to the erup tion. On the
11th the hot test lava reg is tered ~ 700°C. Low seis mic ity gen er ally pre vailed.

Ta ble 3. A sim pli fied chro nol ogy of the events at St. Hel ens from 23 Sep tem ber to 12 No vem ber 2004. Re gard ing the Haz ard Sta tus col umn, the col ors in
pa ren the ses rep re sent an in for mal avi a tion haz ard sta tus (low to high; green, yel low, or ange, and red). Taken from ma te rial posted by the USGS.



Back ground. Prior to 1980, St. Hel ens formed a con i -
cal, youth ful vol cano. Dur ing the 1980 erup tion the up per
1,400 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. 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, 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  t le ,  WA 98195-1310,  USA
(URL: http://www.pnsn.org/;
Email: seis_info@ess.wash ing -
ton.edu); 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/); R. Scott Ire land,
1660 NW 101 Way, Plan ta tion,
FL 33322, USA (URL: http://
www.rs iphotos .com,  Emai l:
info@rsiphotos.com); Ste phen
and Donna O’Meara, Vol cano

Watch In ter na tional, PO Box 218, Vol cano, HI 96785,
USA.
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Fig ure 13. A sim pli fied map of the St. Hel ens crater, based on the scene on 27 Oc to ber 2004. More com plex maps
ap peared in early No vem ber. Cour tesy of CVO.

Fig ure 14. A photogeologic map de pict ing the south ern end of the crater at St. Hel ens on 7 No vem ber 2004 and
serv ing to iden tify and in ter pret re cent de pos its and fea tures there. The map is cen tered on the new dome (N
to wards bot tom, see ar row; for ap prox i mate scale, photo is ~ 1 km wide). The 1980-86 dome lies largely off the
bot tom of the photo. Cour tesy of CVO.

1986 — Augite-hornblende-hypersthene dacite 2004 — Hypersthene-hornblende dacite (col lected 4 No vem ber)

63.5 weight per cent SiO2

Hypersthene is the dom i nant mafic min eral
Hornblende con tains dis tinc tive re ac tion rims
Ac ces sory augite
Large plagioclase pheno crysts, com monly with sieve-tex tured cores

65.3 weight per cent SiO2

Hornblende is the dom i nant mafic min eral, but it lacks sig nif i cant re ac tion rims
Hypersthene is smaller and less abun dant
Augite ab sent
Plagioclase pheno crysts, but ab sent large ones with sieve-tex tured cores 

Ta ble 4. A com par i son of the dome dacites ex truded at St. Hel ens in 1986 and 2004. Cour tesy of CVO.



Soufrière Hills

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

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

Ta ble 5, taken from re ports of the Monserrat Vol cano
Ob ser va tory (MVO), sum ma rizes ac tiv ity at Soufrière Hills 
be tween 1 Oc to ber and 26 No vem ber. The ac tiv ity level re -
mained el e vated dur ing much of this time pe riod due to in -
creases in seis mic ity, gas emis sion, rain fall, and mudflows.

Heavy rains dur ing the first six weeks of the re port ing
pe riod led to steam vent ing, which trig gered an in crease in
hy brid and vol ca nic-tec tonic earth quakes. A large num ber
of hy brid and vol cano-tec tonic (VT) earth quakes was re -
corded dur ing most of Oc to ber and early No vem ber. The
most in tense seis mic ity oc curred dur ing 2106-2216 on 12
No vem ber and 1335-1436 on 14 November.

Fol low ing the rains of 5-12 No vem ber,  sev eral
fumaroles de vel oped along the for mer Tuitt’s Bot tom and
Pea Ghauts, but by 12 No vem ber, drier con di tions pre -
vailed and fumaroles di min ished. Sulfur di ox ide emis sions
re mained low through out most of the re port ing pe riod,
how ever two surges in SO2 flux oc curred dur ing the weeks
of 1 October and 15 October.

Mudflows oc curred since May. As heavy rain fall con -
tin ued dur ing Oc to ber and No vem ber, more mudflows oc -
curred. Nine sep a rate mud flow events were re corded for
this re port ing pe riod. The flows of 15, 19, 21, 22-29 Oc to -
ber and 1, 3, 9, and 11 No vem ber were mi nor, though one
of the flows, which trav eled down the NW flank, reached
the Belham River. A much heavier flow be gan around 0620 
on 19 No vem ber, with a pulse oc cur ring at 1138. 

One MVO sci en tist deemed mud flows the “on go ing
leg acy of this [the 1995] erup tion.” Montserrat’s rainy sea -
son typ i  cally con tin ues un t il  De cem ber,  and more
mudflows may oc cur in com ing months. Mudflows have
proven to be de struc tive, whether they have arisen from
short, in tense down pours or from a buildup over sev eral
rains. The ex am ple was given of mudflows af ter two hours
of heavy rain on the af ter noon of 21 May, which led to
burial of the gate way to the Radio Antilles’ offices.

MVO per son nel made two ob ser va tion flights dur ing
the re port ing pe riod (on 28 Oc to ber and 4 No vem ber). Both 
flights con firmed the pres ence of the pond seen 30 Au gust
in the pit formed by the 3 March dome col lapse. Look ing
into the crater, MVO sci en tists found no ev i dence of on go -
ing dome-building.

Back ground. The com plex andesitic Soufrière Hills
vol cano oc cu pies the south ern half of the is land of
Montserrat. The sum mit area con sists pri mar ily of a se ries
of lava domes emplaced along an ESE-trending zone. Prior
to 1995, the youn gest dome was Cas tle Peak, which was lo -
cated in Eng lish’s Crater, a 1-km-wide crater breached
widely to the east. Block-and-ash flow and surge de pos its
as so ci ated with dome growth pre dom i nate in flank de pos -
its. Non-erup tive seis mic swarms oc curred at 30-year in ter -
vals in the 20th cen tury, but with the ex cep tion of a
17th-cen tury erup tion, no his tor i cal erup tions were re -
corded on Montserrat un til 1995. Long-term small-to-mod -
er ate ash erup tions be gin ning in that year were later ac com -
pa nied by lava dome growth and pyroclastic flows that
forced evac u a tion of the south ern half of the is land and ul ti -
mately de stroyed the cap i tal city of Plym outh.

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

Montagu Is land

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

Matt Pat rick of the Ha waii In sti tute of Geo phys ics and
Plan e tol ogy re viewed our pre vi ous re port on Montagu Is -
land (Bul le tin v. 29, no. 9) and noted some er ro ne ous in ter -
pre ta tions. These had re lied on im ag ery from 1 Oc to ber
2004. Pat rick gen er ated a sig nif i cantly im proved, scaled,
higher (4-m) res o lu tion IKONOS im age from the same time 
frame (fig ure 15), and of fered some refinements and
important corrections.

First, the pre vi ous re port noted that “the area of ap par -
ently con tin u ous flows seems to have reached the is land’s
N mar gin (a dis tance of 3 km).” Over the en tire new im age
there does n’t seem to be any new vents nor lava. The dark -
ened area N of the Belinda sum mit cone con tains clear cre -
vasses in di cat ing a re gion of ice en tirely covered in ash.

A sec ond er ro ne ous state ment was, “An other vis i ble
fea ture, the black area to the NNW . . . pre sum ably re veals
lava flows emerg ing from be neath the ice.” Pat rick points
out that on the new im age this area is seen to con tain some
of the is land’s rocky cliffs con trast ing against the ice cover. 
He at trib uted the dark ness around this area mainly to
shadow. The pres ence of rocky cliffs ne gates an other state -
ment in the pre vi ous is sue: “The black area to the NNW
may thus be a new vent area.”
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Date (2004) Ac tiv ity level
Hy brid

Earthquakes
Mixed

Earthquakes
Vol ca nic-tec tonic 

Earthquakes
Long-pe riod
Earthquakes

SO2 emis sions
(met ric tons/day)

Rockfalls

01 Oct-08 Oct el e vated 8 — — 2 187-1144 1

08 Oct-15 Oct el e vated 9 — — — 156-553 1

15 Oct-22 Oct el e vated 49 — 1 — 250-1100 4

22 Oct-29 Oct el e vated 40 — 1 — 320-370 —

29 Oct-05 Nov el e vated 33 — 39 — 140-440 1

05 Nov-12 Nov — 21 — 14 — 147-225 3

12 Nov-19 Nov — 12 — 40 5 1111 3

19 Nov-26 Nov — 25 — 5 1 125-330 3

Ta ble 5. Ac tiv ity re corded at Soufrière Hills, 1 Oc to ber to 26 No vem ber 2004. One of the gas-mon i tor ing sites only func tioned on 18 No vem ber. Cour tesy of
Montserrat Vol cano Ob ser va tory (MVO).



The pre vi ous re port com mented that, “An other such
[dark, pre sum ably lava-cov ered] area may re side on the
NNE flanks, mid way from the sum mit area and the coast."
Pat rick noted that on the new im age this area ap pears cha -
otic and can eas ily be mis iden ti fied as re cent volcanics.  He
goes on to say, “We made a sim i lar mis take ear lier on,
think ing there were con cen tric frac tures re lated to
subglacial melt ing. But it turned out from pre-erup tion im -
ages that this area is just cov ered in top o graphic cre vasses. 
Look ing at the [im proved] IKONOS im age, one can see
this more clearly.”

Pat rick of fered in ter pre ta tions of some fea tures on the
new im age,  the first high-res o lu tion im age since Feb ru ary
2004. It shows con tin ued steam ing from Mount Belinda as

well as tephra cover on the sur round ing ice field, ac tiv ity
very sim i lar to that seen on all the pre vi ous im ag ery. Al -
though the new IKONOS im age lacks any ev i dence of new
lava since the 2003 lava flow, that par tic u lar lava field lies
hid den un der the steam plume in the IKONOS im age. Thus, 
there could be newer ma te rial in that small re gion. The
IKONOS im age ap pears de void of new vents, and emis -
sions come solely from the sum mit area.

In for ma tion Con tacts: Matt Pat rick, HIGP Ther mal
Alerts Team, Hawai’i In sti tute of Geo phys ics and Plan e tol -
ogy (HIGP) / School of Ocean and Earth Sci ence and Tech -
nol ogy (SOEST), Uni ver sity of Hawai’i, 2525 Cor rea
Road, Ho no lulu, HI 96822, USA (URL: http://hotspot.higp.
ha waii.edu/; Email: pat rick@higp.hawaii.edu).
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Fig ure 15. A 1 Oc to ber 2004 im age of Montagu Is land taken with the IKONOS sat el lite (N to wards the top; dis tance from sum mit vent to N coast is ~3 km).  A
lower higher res o lu tion im age  appeared in Bul le tin v. 29, no. 9. This new im age in di cates that tephranot lava flows as pre vi ously reportedcovers  much of
the ice over a sec tor on the is land’s N side. Cour tesy of Space Im ag ing, NASA, and Matt Pat rick.
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