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Manam

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

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

On 24 Oc to ber 2004 a strong erup tion oc curred at
Manam (Bul le tin v. 29, no. 10). Sev eral more sig nif i cant
erup tions fol lowed in late 2004 (Bul le tin v. 29, no. 11),
lead ing to the most se vere and dam ag ing one, which took
place on 27 Jan u ary 2005. That event oc curred in con di -
tions fa vor able to sat el lite im ag ery, en abling An drew
Tupper of the Dar win Vol ca nic Ash Ad vi sory Cen tre
(VAAC), and col leagues, to con firm that the as so ci ated ash
cloud reached to over 20 km al ti tude, well into the
strato sphere.

Sat el lite re mote sens ing doc u mented 5 erup tion plumes
as cend ing to over 15 km dur ing this is sue’s re port ing in ter -
val, 23 Oc to ber 2004-28 Jan u ary 2005. One ad di tional
plume may have been missed by re mote sens ing in ad verse
weather con di tions. Var i ous im ages from the 2004 and
2005 erup tions are on the Dar win VAAC website (see In -

for ma tion Con tacts, be low). Sul fur di ox ide is dis cussed
there as well as on websites of the OMI-TOMS Vol ca nic
Emis sions Group and re lated sites.

The Bul le tin has ben e fit ted from re ports by the Rabaul
Vol cano Ob ser va tory (RVO), the me dia, and the Dar win
VAAC. Al though the 27 Jan u ary erup tion re ceived com -
par a tively lit tle press cov er age, it caused sev eral in ju ries
and one death. RVO staff work ing at Manam faced chal -
leng ing, haz ard ous con di tions. The is land had been home to 
~ 9,500 now-dis placed res i dents.

Sum mary of RVO ob ser va tions. Dur ing the re port ing
in ter val both lava flows and pyroclastic flows reached the
sea at var i ous times (Bul le tin v. 29, nos. 10 and 11). The
main path ways were the NE and SE val leys (ta ble 1, fig ures 
1 and 2). In ter vals of tremor were com mon.

Erup tion on 27 Jan u ary 2005. RVO re ported that erup -
tive activity dur ing the eve ning of 27 Jan u ary was more se -
vere than previous erup tions of the cur rent erup tive pe riod.
As in di cated on ta ble 1, dur ing 27-28 Jan u ary there were 14 
peo ple in jured and one person killed at Warisi vil lage.
RVO’s mon i tor ing base at Warisi was com pletely de -
stroyed, tak ing out its HF ra dio, seis mo graph, and a sat el lite 
phone, thus pre vent ing RVO from pro vid ing in for ma tion

on the cur rent level of ac tiv ity.
The phone had been do nated by
an air line just a few weeks prior,
pro vided as a means of aid ing
erup tion-warn ing ef forts. The sta -
tion sat on the E flank at Warisi
vil lage (fig ures 1 and 2). RVO
later re cov ered the sta tion’s seis -
mo graph and in stalled it on the is -
land’s NW side; they also re -
stored ra dio com mu ni ca tions.

Ac cord ing to the Pa pua New
Guinea (PNG) news source, The
Na tional, some peo ple had re -
turned on 27 Jan u ary from the
dis place ment camps on the main -
land to gather food from their is -
land gar dens, only to have their
boat de stroyed by im pacts from
erupted rocks. The Na tional also
re ported that many of the res i -
dents of the is land who were orig -
i nally evac u ated in No vem ber
2004 had re turned. There were re -
ports of sev eral houses that had
burned down from hot emis sions
and oth ers that col lapsed un der
the weight of ash and pyroclastic
ma te rial. It was re ported that af ter 
the large erup tion on 27 Jan u ary,
lo cal au thor i ties planned to evac -
u ate about 2,000 res i dents.

Ash fell at ~ 230 km W of
Manam (in Ambunti dis trict, East
Sepik prov ince, PNG). Tupper
rec og nized NW mon soon winds
that took low-level ash SE. Thus,
the ash that fell in Ambunti must
have trav eled at a higher altitude,
which Tupper es ti mated to be
above 6 km al ti tude.
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Date Event at Manam

24 Oct 2004 Pyroclastic flows reached the sea and lava flowed 600 m down the SE val ley.

31 Oct 2004 Three lobed lava flow in NE val ley, and pos si bly a small flow in the NW val ley.

11 Nov 2004 Lava in NE val ley.

23-24 Nov 2004 Lava in NE val ley. “The flow that headed to wards Bokure 1 ter mi nated about 100 m
away from the main road . . . the Kolang lava flow had reached the sea” (re ported by
Warisi ob server Herman Tibong). Ash on roofs caused a num ber of houses to col lapse.

19-20 Dec 2004 Lava and pyroclastic flows in SE val ley. Pyroclastic flows stopped 200 m from the sea on
the 19th (no re port on what hap pened on the 20th).

27-28 Jan 2005 14 in jured and 1 dead at Warisi; de bris vo lu mi nous and wide spread on the is land; ashfall
re ported ~230 km W of Manam.

Ta ble 1. A sum mary of RVO ob ser va tions in volv ing lava flows and pyroclastic flows as so ci ated with Manam’s
erup tions dur ing 23 Oc to ber 2004-28 Jan u ary 2005. An drew Tupper (of the Dar win VAAC) com piled this list
from avail able RVO re ports and com mu ni ca tions with RVO staff.

Fig ure 1. Map of Manam is land made or up dated circa 2002 (con tour in ter val, 200 m). A tem po rary ob ser va tory
was at Warisi (tri an gle, ‘cur rent seis mic sta tion’) on the is land's E side, but the erup tion on 27 Jan u ary 2005
de stroyed it. Ap prox i mate trends of ra dial val leys were added by Bul le tin ed i tors.  Cour tesy of RVO.



The Oc to ber-Jan u ary erup tive se quence. Fig ure 3
plots erup tion heights ver sus time dur ing 23 Oc to ber 2004
to late Jan u ary 2005. Three kinds of erup tion-height es ti -
mates ap pear: those from pi lot re ports, RVO’s es ti mates
(ground-based ob ser va tions), and Tupper’s post-anal y sis
stud ies of sat el lite data. In a descussion be low, Tupper 
men tions the dif fer ences be tween the three height-es ti mate
tech niques. The line show ing alert level cor re sponds to the
right-hand scale. Six erup tive clouds are clear on the graph.

The 24 Oc to ber erup tion at Manam oc curred just be fore
the Terra and Aqua sat el lites passed over. The data from
those sat el lites, and from AVHRR and GOES sat el lites, in -

di cated a very ice-rich cloud. As so ci ated with Manam’s
erup tion on 24 Oc to ber, the cold est tem per a ture mea sured
from the high-level cloud was about 204 K (a cou ple of
hours af ter the erup tion), which trans lated to an al ti tude of
about 15-18 km (a height sup ported by the ash cloud’s sub -
se quent dis per sion, in clud ing wind tra jec to ries con sis tent
with the ~ 18 km al ti tude plot ted on fig ure 3). There was no
ev i dence of sig nif i cant strato spheric pen e tra tion. Pi lot re -
ports for the cloud’s top were gen er ally lower, as is usual
for large erup tions (Tupper and Kinoshita, 2003).

Fig ure 4 pres ents a photo of the 11 No vem ber erup tion
plume as seen by Air Niugini pi lot Da vid Innes. He es ti -
mated the vis i ble por tion of the plume height at “30,000
feet” (~ 9 km), but the cloud prob a bly as cended at least a bit 
higher as it en tered into mask ing cir rus clouds from a trop i -
cal dis tur bance to the N, so the pi lot’s es ti mate might be
stated as ‘above 9 km.’ RVO’s ground ob server es ti mated a 
plume at ~ 8 km slightly ear lier in the erup tion, on about 10
No vem ber. The sat el lite-based anal y sis was thwarted by the 
cir rus cloud cover dur ing this erup tion.

From 20 De cem ber un til just be fore the 27 Jan u ary
erup tion, no plumes or hot spots were vis i ble. Few plumes
were re ported by RVO, and none were seen by pi lots (ta ble
1). The 27 Jan u ary erup tion be gan about 1400 UTC; and an 
Aqua/MODIS im age from 0507 UTC is shown as fig ure 5.

The Dar win VAAC ini tially es ti mated the 27 Jan u ary
erup tion cloud’s max i mum height as 21 km al ti tude, but
later anal y sis found the range 21-24 km a better es ti mate.
In fra red 11-µm im ag ery from GOES-9 at 1440 UTC and
Aqua/MODIS at 1539 UTC on 27 Jan u ary showed ‘warm’
spots in the mid dle of the um brella cloud of 215.4 K and
210.4 K, re spec tively, in di cat ing a sub stan tial over shoot of
the cloud top into the warmer strato sphere (tropo pause tem -
per a tures were around 187 K). The GOES-9 tem per a ture
may be less use ful be cause of poorer sat el lite res o lu tion and 
cal i bra tion, and be cause at that stage the cloud may not
have come into equi lib rium with its en vi ron ment. Com par -
ing these tem per a tures to a tem per a ture sonde taken from
nearby Manus Is land at 0000 UTC on 28 Jan u ary sug gests a 

c loud al  t i  tude of 21-24 km.
Tupper plot ted the more con ser -
va tive (smaller) value on fig ure 3.

The 27 Jan u ary erup tion cloud 
was ex tremely dif fi cult to track,
as it was ice-rich and mixed with
mon soonal storms, but dis per sion
mod els and sat el lite anal y sis sug -
gest that a mid-tro po spheric por -
tion spread quite quickly W over
Irian Jaya, while higher cloud re -
mained near the erup tion site for
some time. The best ‘tracer’ for
the cloud in op er a tions turned out
to be the strong ‘ice’ sig na ture in
split-win dow im ag erysim i lar to 
the Hekla (Ice land) erup tion in
the year 2000.

An other large erup tion oc -
curred around 2300 on 28 Jan u -
ary. That plume's height plots at
18 km al ti tude (fig ure 3).

Pre lim i nary syn op sis. Tupper 
wrote that he and his group were
aware of five or six ma jor events
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Fig ure 2. Annotated im age of Manam in di cat ing vil lage and other place
names on a false-color sat el lite photo (note the cloud cover; for scale,
com pare to pre vi ous fig ure). Source de tails are un known. “Waris,” is
more com monly spelled “Warisi” in RVO re ports. Cour tesy of the PNG
Mapserver website.

Fig ure 3. A graph of Manam’s cloud heights from 23 Oc to ber 2004 to late-Jan u ary 2005, as de ter mined from
var i ous means (see key along top). The dashed line cor re sponds to the right-hand scale of the graph, which
dis plays alert lev els re ported by RVO (0-4, with 4 as the high est). Cour tesy of An drew Tupper, Dar win VAAC.



“dur ing these [Manam] erup tions that have gen er ated high
(over 10 km al ti tude) erup tion clouds—23-24 Oc to ber
2004, 31 Oc to ber 2004, 10-11 No vem ber 2004, 23-24 No -
vem ber 2004, 19-20 De cem ber 2004, and 27-28 Jan u ary
2005 [fig ure 3]. On each of these oc ca sions a high and
some times per sis tent cloud has de vel oped over a stron ger
phase of the erup tion. The larg est event by far has been the
27-28 Jan u ary event, which was the only one to clearly
penetrate into the stratosphere.

“At tached is a graph [fig ure 3] show ing the heights re -
ported by ground ob serv ers, by lo cal pi lots, and de rived
from sat el lite anal y sis. Some ma jor dif fer ences of per spec -
tive are ev i dent. I be lieve that, in gen eral, the ground ob -
server heights are most ac cu rate for the lower erup tions, pi -
lot re ports can be ac cu rate or quite in ac cu rate de pend ing on 
the pi lot and the view ing an gle, and sat el lite es ti mates are
most accurate for the larger eruptions.

“The cold-point tropo pause gen er ally oc curs at around
16-18 km at this time of year in Pa pua New Guinea, and
scores of thun der storms reach these al ti tudes ev ery day in
the area. Con se quently, it is not sur pris ing that the larger
erup tions are eas ily able to reach these al ti tudes. The tropo -
pause is also the ma jor dy nam i cal limit on the rise of the
larger erup tion clouds. The erup tion of 27 Jan u ary clearly
pen e trated into the strato sphere, to al ti tudes of 21-24 km,
based on the warmth of the cen tral um brella cloud, and the
sub se quent dis per sion of the ice-cloud, and the SO2 from
the eruption.”

“All of the erup tion clouds have been wa ter/ice rich,
and dif fi cult to track us ing sat el lite tech niques. The ash sig -
nal at al ti tudes above the freez ing level has been over -
whelmed by the ice sig nal in in fra red split-win dow im ag -
ery. Sim i larly, in vis i ble and true-col our im ag ery, even
where the lower level clouds have shown an ash sig nal, the
higher clouds have been a bril liant white and have only
been re vealed as vol ca nic in short-wave in fra red (3.7 µm)
im ag ery and with SO2 re triev als. For ex am ple, [in Bul le tin
(v. 29, no. 11, the first of two sat el lite pho tos)] the large
bril liant white cloud to the N of Manam (over ly ing the dark
ash cloud) de rives from the same 24 Oc to ber erup tion."

Back ground. The 10-km-wide is land of Manam, ly ing
13 km off the north ern coast of main land Pa pua New

Guinea, is one of the coun try’s most ac tive vol ca noes. Four
large ra dial val leys ex tend from the unvegetated sum mit of
the con i cal 1807-m-high 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.

Ref er ences: Tupper, A., and Kinoshita, K., 2003, Sat el -
lite, air and ground ob ser va tions of vol ca nic clouds over is -
land of the South west Pa cific: South Pa cific Study, v. 23,
no. 2, p. 21-46.

In for ma tion Con tacts: An drew Tupper, 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 Vol -
cano Ob ser va tory (RVO), P.O. Box 386, Rabaul, Pa pua
New Guinea; Na tional Di sas ter Cen tre, De part ment of Pro -
vin cial Af fairs and Lo cal Level Gov ern ment (Min is try of
Inter-Gov ern ment Re la tions), PO Box 4970, Boroko, Na -
tional Cap i tal Dis trict, Pa pua New Guinea (URL: http://
www.pngndc.gov.pg/); The Na tional On line, Lot 13 Sec -
tion 38, Waigani Drive Hohola, PO Box 6817 Boroko, Na -
tional Cap i tal Dis trict, Pa pua New Guinea (URL: http://
www.thenational.com.pg/1206/); Pa pua New Guinea
Mapserver (Mapu), EDF 8/9 EU-SOPAC Re duc ing Vul -
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Fig ure 5. An in fra red Aqua/MODIS im age of the um brella cloud from the
27 Jan u ary 2005 Manam erup tion (taken at 1535 UTC on the night of the
27th). The im age is en hanced to show the ‘warm spot’ in the cen tre of the
cloud (warm be cause of the strato spheric in tru sion) and the grav ity waves
in the cloud. The lobate struc ture at the fringes of the cloud is sim i lar to
other ob served um brella clouds, such as the 1991 Pinatubo cloud. At this
stage the cloud had a di am e ter of ap prox i mately 180 km. Cour tesy of
An drew Tupper.

Fig ure 4. A N-look ing ae rial photo show ing Manam’s plume at 0630 lo cal
time on 11 No vem ber 2004. The plume ex tends to ~9 km be fore
dis ap pear ing into higher weather clouds. Photo by Da vid Innes of Air
Niugini; used here with his per mis sion.



ner a bil ity of Pa cific ACP States Pro ject (see TikiMap map
link at URL: http://map.min eral.gov.pg/tiki/tiki-in dex.
php?page=MANAM+PAGE); Da vid Innes, Flight Safety
Of fice, Air Niugini, P.O.Box 7186, Boroko, Port Moresby,
Na tional Cap i tal Dis trict, Pa pua New Guinea (Email:
dinnes@airniugini.com.pg or deejayinnes@ya hoo.com,
URL: http://www.airniugini.com.pg/); Si mon Carn, TOMS
Vol ca nic Emis sions Group, Uni ver sity of Mary land, 1000
Hill top Cir cle, Bal ti more, MD 21250, USA (Email:
scarn@umbc.edu; URL: http://skye.gsfc.nasa.gov/).

Rinjani

Lesser Sunda Is lands, In do ne sia
8.42°S, 116.47°E; sum mit elev. 3,726 m

Rinjani had in creases in some mon i tored pa ram e ters
and haz ard sta tus dur ing this re port in ter val, cov er ing much 
of 2004 through 30 Jan u ary 2005. An erup tion oc curred on
1 Oc to ber 2004. We pre vi ously pre sented a brief avi a tion
re port con cern ing an un con firmed ash cloud from Rinjani
in Sep tem ber 1995 (Bul le tin v. 20, no. 10). In their text as -
so ci ated with re cent re port ing used here, The Di rec tor ate of 
Vol ca nol ogy and Geo log i cal Haz ard Mit i ga tion (DVGHM) 
noted that Rinjani’s last ex plo sions oc curred dur ing 4 June
1994-Jan u ary 1995. Those ex plo sions came from Barujari
vol cano (see Back ground for morphologic in for ma tion).

On 27 Sep tem ber 2004 a DVGHM re port noted the de -
ci sion to in crease Rinjani’s haz ard sta tus to Alert Level II
(Yel low, on a scale with the most haz ard ous at IV). Dur ing
the last third of 2004, the num ber of vol ca nic and tec tonic
earth quakes had in creased. Their in crease fol lowed a rise in 
the num ber of tec tonic earth quakes that be gan 18 Au gust
2004. Tremor reg is tered on 23, 24, 25, and 26 Sep tem ber
2004. Tremor am pli tudes ranged be tween 12 and 13.5 mm,
and the du ra tion of the tremor stood be tween 94 and 290
sec onds.

At 0530 on 1 Oc to ber 2004 Rinjani clearly erupted. The 
ob ser va tion sta tion where vi sual mon i tor ing oc curs
(Sembalun Lawang) lies in a spot where the cal dera wall
blocks views into the ac tive zone, so a smaller erup tion
might have been missed. The erup tion caused au thor i ties to
im me di ately raise the haz ard sta tus to Alert Level III (Or -
ange). Fur ther de tails have not emerged re gard ing the ini tial 
1 Oc to ber erup tion. Dur ing the next few days of erup tions,
the lake Segara Anak remained undisturbed.

Dur ing 2-5 Oc to ber 2004 con tin ued ex plo sions sent ash
col umns ~ 300 to 800 m above the sum mit. Gray, thick ash
col umns drifted to the N. Det o na tion sounds ac com pa nied
ev ery ex plo sion. Suc ces sive ex plo sions oc curred at in ter -
vals of 5 to 160 min utes. Ex plo sions vented on the NE
slope of Barujari vol cano. Some ma te rial also vented from

Barujari’s peak, how ever, and fell down around its ed i fice.
A press re port in the Ja karta Post in di cated that evac u a -
tions were not con sid ered nec es sary.

Avail able monthly seis mic data ap pears in ta ble 2. Seis -
mic ity was dom i nated by ex plo sion earth quakes with max i -
mum am pli tudes of 30 mm. Ex plo sion and emis sion sig nals 
were com mon dur ing Feb ru ary and March 2004 and be -
came ab sent or un re ported af ter April 2004. Data were un -
avail able for Oc to ber 2004 when known eruptions
occurred.

Dur ing 24 to 30 Jan u ary 2005, gas plumes re mained
less than 600 m tall. The tremor re cord had a max i mum am -
pli tude of 1.5 mm.

Back ground. Rinjani vol cano sits on the is land of
Lombok and rises to 3,726 m, mak ing it sec ond in height
among In do ne sian vol ca noes, only shorter than Kerinci
vol cano (Su ma tra). Rinjani has a steep-sided con i cal pro file 
when viewed from the E, but the W side of this com pound
vol cano is trun cated by the oval-shaped (6 x 8.5 km) Segara 
Anak cal dera. The cal dera’s west ern half con tains a
230-m-deep lake whose cres cen tic form re sults from
growth of the post-cal dera cone Barujari (also writ ten Baru
Jari) at the cal dera’s east ern end. His tor i cal erup tions at
Rinjani dat ing back to 1847 have been re stricted to Barujari 
cone and con sist of mod er ate ex plo sive ac tiv ity and oc ca -
sional lava flows that have en tered Segara Anak lake.

In for ma tion Con tacts: Di rec tor ate of Vol ca nol ogy and
Geo log i  cal Haz ard Mit i  ga t ion (DVGHM) ,  Ja lan
Diponegoro 57, Bandung 40122, In do ne sia (Email:
dali@vsi.dpe.go.id; URL: http://www.vsi.esdm.go.id/);
The Ja karta  Post ,  In  do  ne s ia  (URL: ht tp : / /www.
thejakartapost.com/).

Anatahan

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

As dis cussed in our pre vi ous re port (Bul le tin v. 29, no.
12), Anatahan’s third his tor i cal erup tion be gan on 5 Jan u -
ary 2005. On go ing erup tions con tin ued through at least 18
February 2005.

Anatahan lies in the Com mon wealth of the North ern
Mariana Is lands (CNMI) ~ 120 km N of Saipan and ~ 320
km N of Guam. The first his tor i cal erup tion of Anatahan
be gan 10 May 2003 (Bul le tin v. 28, nos. 4 and 5); af ter sev -
eral hours of in creas ing seis mic ity, a phreatomagmatic
erup tion sent ash to over ~ 9 km (~ 30,000 feet) and de pos -
ited about 10 mil lion cu bic me ters of ma te rial over the is -
land and sea. A small craggy dome ex truded in late May
and was de stroyed dur ing ex plo sions on 13 and 14 June, af -

ter which the erup tion ceased.
The sec ond his tor i cal erup tion be -
gan about 9 April 2004 af ter a
week or so of in creas ing seis mic -
ity (Bul le tin v. 29, no. 4). That
erup tion pri mar ily com prised
Strombolian ex plo sions ev ery
min ute or so and oc ca sion ally
sent ash up to a few thousand feet. 
The eruption ended 26 July 2004.
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Date Vol ca nic A Vol ca nic B Tremor Emis sion Ex plo sion

10 Feb 2004 2 — 20 3 37

10 Mar 2004 3 3 16 5 32

10 Apr 2004 — — 5 — 5

17-23 Jan 2005 20 28 11 — —

24-30 Jan 2005 9 34 11 — —

Ta ble 2. Avail able seis mic ity at Rinjani dur ing 10 Feb ru ary 2004 to 30 Jan u ary 2005. The sym bol “ - ” means not
re ported. Cour tesy of VSI.



Charles Holliday (US Airforce Weather Agency,
AFWA) con trib uted a se ries of re motely sensed im ages
show ing plumes in Feb ru ary (ta ble 3, fig ure 6). The plume
in the 4 Feb ru ary Terra im age (fig ure 6, top) con tains a
brown ish tinge sug gest ing con sid er able ash. The Anatahan
re gion was on the west ern edge of the Terra pass. The im -
age con tains an ar ti fact rem i nis cent of Ve ne tian blinds
(com monly called the bow-tie effect), which arose due to

pixel rep li ca tion in the map ping/pro cess ing al go rithm fill -
ing in for miss ing data on the edge of the scan.

Randy White of the U.S. Geo log i cal Sur vey noted that
the en ergy re lease from seis mic sta tions mon i tor ing
Anatahan dropped to near zero on 13 Feb ru ary 2005, yet a
mon i tor ing mi cro phone con tin ued to in di cate con sid er able
acous tic-en ergy re lease. Cor re spond ing to this, a MODIS
im age clearly showed ash still be ing emit ted early on 14
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2005 Time (UTC) Sat el lite and type of im age Pre dom i nant di rec tion of plume and com ments

03 Feb 2329 DMSP F16 (cap tur ing vis i ble data at 0.3
nanometer (nm) wave length)

Steam and vog; seen at least 95 NM (~180 km) from Anatahan, trending
slightly E of S.

04 Feb *0105 NASA TERRA MODIS (250 m res o lu tion) Steam and vog; seen for at least 100 NM (~185 km) to the S.

06 Feb 0050 NASA TERRA MODIS (500 m res o lu tion) Steam and vog; 100 NM (~185 km) trending to WSW.

06 Feb 0043 NOAA 17 (vis i ble, 0.5 nm wave length) Steam and vog; 175 NM (~320 km) to SW.

06 Feb 0335 NASA AQUA MODIS (500 m res o lu tion) Steam and vog; 150 NM (~280 km) trending to WSW.

08 Feb 2226 DMSP F15 (vis i ble, 0.3 nm) Steam and vog; 150 NM (~280 km) trending to SW.

09 Feb 0125 NASA TERRA MODIS (500 m res o lu tion) Steam and vog to the SSW; plume length un dis closed.

09 Feb 0442 NOAA 16 (vis i ble, 0.5 nm and in fra red
(IR), 0.5 nm)

Steam and vog; 150 NM (~280 km) trending over a sec tor from SW to
WSW.

09 Feb 2207 DMSP F16 (vis i ble, 0.5 nm) Ash and steam for ten's of kilometers; vog at greater dis tances, up to at least
130 NM (240 km) WSW.

10 Feb 0030 NASA TERRA MODIS (250 m res o lu tion) Ash and steam nearer vol cano, blow ing S to SSW; re gion in ter preted as vog
at dis tances of ten’s of ki lo me ters SW of vol cano.

10 Feb 0052 NOAA 17 (0.5 nm) Vog vis i ble 220 NM (~410 km) to the WSW.

10 Feb 0330 NASA AQUA MODIS (500 m res o lu tion) Ash and steam nearer vol cano, blow ing SW; vog at dis tances ~150 NM
(~280 km) WSW of vol cano.

10 Feb 0423 NOAA 16 (IR, 0.5 nm) Ash and steam; plume blown 100 NM (185 km) to W and WSW.

10 Feb 0423 NOAA 16 (vis i ble, 0.5 nm) Ash and steam; 475 NM (967 km) trending to WSW.

10 Feb 2251 DMSP F15 (vis i ble, 0.3 nm) Ash and steam for ten’s of ki lo me ters WSW from Anatahan; vog at greater
dis tances vis i ble up to at least 475 NM (967 km) from the vol cano.

11 Feb 0110 NASA TERRA MODIS (1 km res o lu tion) One of the lon ger-ex tended plumes iden ti fied in this set, trending SW and
reach ing 525 NM (~972 km) from source to iden ti fied vog near the SW
cor ner of the im age.  Ash and steam to ten’s of ki lo me ters from source.

11 Feb 0412 NOAA 16  (0.5 nm) Ash and steam plume that grad u ally broad ens as it drifts WSW. The plume
was ul ti mately iden ti fied as vog in the more dis tal ar eas. To tal length
iden ti fied 505 NM (936 km).

11 Feb 0415 NASA AQUA MODIS (500 m res o lu tion) Plume clearer than on most other im ages in this set, with few weather clouds
ob scur ing; SW-di rected plume iden ti fied as ash and steam near source; vog
in dis tal ar eas to ~150 NM (~280 km).

11 Feb 0702 GOES-9 (vis i ble) Lon gest-ex tend ing plume of this set; ash and steam WSW of vol cano; vog
de tected at 850 NM (~1,600 km) from Anatahan.

12 Feb 0401 NOAA 16 (vis i ble, 0.3 nm) W-di rected plume with ash/steam near source, vog at 355 NM (657 km).

12 Feb 2316 DMSP F16 (vis i ble, 0.3 nm) SW-di rected plume, ~140 NM long  (~260 km).

13 Feb 0100 NASA TERRA MODIS (500m res o lu tion) SW-di rected plume, ~200 NM (~370 km) long.

13 Feb 0124 NOAA 17 (vis i ble, 0.5 nm) W-di rected plume, ~360 NM long (~670 km).

13 Feb 1229 NOAA 17 IR (0.5 nm) WNW-di rected plume, 95 NM (180 km) long.

13 Feb *2303 DMSP F16 (vis i ble, 0.3 nm) SW-di rected plume, ash and steam for much of 140 NM (260 km) length
(un usu ally clear con di tions).

14 Feb 0101 NOAA 17 IR (0.5 nm) Elon gate ash-and-steam plume stretched SW to ~120 NM (~220 km).

14 Feb 0101 NOAA 17 (vis i ble, 0.5 nm) Ash and steam plume(s) near source; vog vis i ble on im age to over 400 NM
(740 km).

14 Feb 0305 NASA AQUA MODIS (250m res o lu tion) SSW-di rected plume with ash and steam, but length undisclosed.

14 Feb 0519 NOAA 16 (vis i ble, 0.5 nm) W-di rected ash-and-steam plume in the near source, vog seen ~500 NM
(~930 km) to the W.

15 Feb 0038 NOAA 17 (vis i ble, 0.5 nm) Grav ity waves to the W for 25 NM (~45 km); faint vog seen to ~80 km (~150
km).

15 Feb 0045 NASA TERRA MODIS (500 m res o lu tion) (Sim i lar to above)

15 Feb 0350 NASA TERRA MODIS (1 km res o lu tion) Ash and steam ~350 NM to the W to SW; faint vog in more dis tal ar eas.

15 Feb 0507 NOAA 16 (vis i ble, 0.5 nm) Plume di rected WSW stretch ing 345 NM (640 km).

15 Feb 0812 NOAA 15 (IR, 0.5 nm) Ash and steam di rected WSW stretch ing 175 NM (326 km).

Ta ble 3.  A list of some of the sat el lite im ages re cord ing Anatahan plumes dur ing 3-15 Feb ru ary 2005. Those shown with an as ter isk ap pear in the next fig ure. 
Date and time are both UTC; for ex am ple, 04 Feb 2005 @ 0105 is the date and time in UTC, in this ex am ple equiv a lent to 04 Feb 2005 at 1105 lo cal time.  Names
af fil i ated with sat el lites are as fol lows: DMSP (De fense Me te o ro log i cal Sat el lite Pro gram), NOAA (Na tional Oce anic and At mo spheric Ad min is tra tion),
NASA (Na tional Aero nau tics and Space Ad min is tra tion).  Cour tesy of Charles Holliday, U.S. Air Force Weather Agency.



Feb ru ary (see ta ble 3). In other
words, the seis mic ity failed to ac -
cu rately portray the eruption’s
vigor.

Re port ers Katie Worth and
Natalie Quinata wrote in the 5
Feb ru ary 2004 is sue of the Pa cific 
Daily News that many stu dents in
school on Guam had been sent
home af ter ex pe ri enc ing diz zi ness 
or  nau sea be cause of  the
foul-smell ing ‘vog’ or vol ca nic
smog hov er ing over the is land
from the erup tion. Guam lies
~ 320 km S of Anatahan. 

John Ravelo wrote a news ar -
ti cle for the Saipan Tri bune pub -
lished on 15 Feb ru ary with the ti -
tle “Anatahan ash cloud con tin ues 
to hin der flights.” Ravelo said
that, “An air craft com ing from
Ma nila to Saipan ex pe ri enced
zero vis i bil ity be fore land ing at
the Fran cisco C. Ada-Saipan In -
ter na tional Air port yes ter day
morn ing, prompt ing the car rier’s
pi lots to fly around the is land and
search for a clearer ap proach to
the run way. The pas sen ger air -
craft landed safely at the air port,
but the hazy con di tion de layed its
ar rival.”

At about 0909 on 14 Feb ru -
ary, the Wash ing ton Vol ca nic
Ash Ad vi sory Cen ter (VAAC) re -
ported that a plume of ash ex -
tended SW of the vol cano at an
al ti tude of 4.3 km. The plume was 
18-28 km wide. Later in the af ter -
noon, the Wash ing ton VAAC re -
ported an ash plume be low an al -
ti tude of 2.7 km that ex tended SW 
of the vol cano for about 460 km.
The VAAC also fore casted that
the plume would shift to a more
west erly di rec tion within the next
12 hours.

Ac cord ing to Ravelo’s 15
Feb ru ary Saipan Tri bune ar ti cle,
the CNMI Emer gency Man age -
ment Of fice and the U.S. Geo log -
i cal Sur vey “said in a joint re port
that the mag ni tude of the vol ca nic 
erup tion de clined dur ing the past
few days.” Dur ing the erup tion’s
peak on 26 Jan u ary and 1 Feb ru -
ary 2005, how ever, the ar ti cle
stated that both agen cies noted
that the vol cano sent ash to about
4.6-6.1 km altitude.

A mes sage from Holliday
filed at 0100 UTC on 17 Feb ru ary 
2005 in cluded a se ries of re marks, 
mainly from un named sci en tists
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Fig ure 6. Two re motely sensed im ages of Anatahan plumes dur ing Feb ru ary 2004 (N is up wards). (top) S-blown
steam and vog on 4 Feb ru ary at 0105 UTC clearly iden ti fi able to Saipan and Tinian is lands; re ported as the source
of health prob lems in Guam news re ports (see text). (bottom) A mod est ash/steam plume in un usu ally clear
con di tions, im aged at 2303 UTC on 13 Feb ru ary (DMSP F16 vis i ble) reached 260 km (140 NM). Cour tesy of
Charles Holliday, U.S. Air Force Weather Agency.



on the scene in the field. As back ground prior to pre sent ing
those re marks, we note that the term ‘RSAM’ (real-time
seis mic am pli tude) sig ni fies es ti mates the av er age am pli -
tude of ground shak ing. RSAM val ues in crease with in -
creases in tremor am pli tude or the rate of oc cur rence and
size of earth quakes. The RSAM es ti mates the seis mic ity
dur ing in ter vals when many earth quakes might oc cur, times 
when rapid earth quake-mag ni tude as sess ments might be -
come im prac ti cal. The re marks fol low.

“Over the past 24 hours, the erup tive ac tiv ity at
Anatahan ap par ently con tin ued to de cline, with RSAM lev -
els at the seis mic sta tion ANAT now only mar gin ally above 
the lev els re corded just be fore the 5 Jan u ary erup tion be -
gan. Mi cro phone am pli tudes have also dropped to similar
levels.

“The 2003 crater floor is now es sen tially en tirely cov -
ered by fresh lava [with] a di am e ter of about one ki lo me ter.
The cur rent erup tion peaked dur ing the pe riod be tween 26
Jan u ary and 2 Feb ru ary [2005], dur ing which the vol cano
sent ash as high as 15,000 to 20,000 feet a.s.l. [~ 5,000 to
~ 6,000 m] . . .. In the days fol low ing, ash blew as far as 100 
nau ti cal miles [185 km] and vog blew nearly 600 [nau ti cal]
miles [~ 1,100 km] downwind.

“The third his tor i cal erup tion of Anatahan be gan on 5
Jan u ary, af ter three days of pre cur sory seis mic ity. On 6
Jan u ary fre quent strombolian ex plo sion sig nals be gan and
by the next day ash was ris ing to 10,000 feet [~ 3 km] and
blow ing 40 nau ti cal miles [72 km] down wind. Bombs a
me ter in di am e ter were be ing thrown hun dreds of feet in the 
air [ 1 foot = 0.305 m]. By Jan u ary 20 ex plo sions were oc -
cur ring ev ery 3 to 10 sec onds and fresh ejecta and small
lava flows had filled the in ner most crater to nearly the level
of the pre-2003 East Crater floor.

“The Emer gency Man age ment Of fice, Of fice of the
Gov er nor, CNMI, has placed Anatahan Is land off lim its un -
til fur ther no tice and con cludes that, al though the vol cano is 
not cur rently dan ger ous to most air craft within the CNMI
air space, con di tions may change rap idly, and air craft
should pass up wind of Anatahan or be yond 30 km down -
wind from the is land and ex er cise due cau tion within 30 km 
of Anatahan.”

Back ground. The elon gated, 9-km-long is land of
Anatahan in the cen tral Mariana Is lands con sists of two co -
alesc ing vol ca noes with a 2.3 x 5 km, E-trending sum mit
de pres sion formed by over lap ping sum mit cal de ras. The
larger west ern cal dera is 2.3 x 3 km wide and ex tends east -
ward from the sum mit of the west ern vol cano, the is land’s
788-m-high point .  Ponded lava f lows over lain by
pyroclastic de pos its fill the cal dera floor, whose SW side is
cut by a fresh-look ing smaller crater. The sum mit of the
lower east ern cone is cut by a 2-km-wide cal dera with a
steep-walled in ner crater whose floor is only 68 m above
sea level. Sparse ness of veg e ta tion on the most re cent lava
flows on Anatahan in di cated that they were of Ho lo cene
age, but the first his tor i cal erup tion of Anatahan did not oc -
cur un til May 2003, when a large ex plo sive erup tion took
place forming a new crater inside the eastern caldera.

In for ma tion Con tacts. Charles Holliday, U.S. Air
Force Weather Agency (AFWA), Offutt Air Force Base,
Ne braska 68113, USA (Email: Charles.Holliday@afwa.af.
mil) ;  Randy White ,  U.S.  Geo log i  cal  Sur  vey,  345
Middlefield Road, Menlo Park, CA 94025-3591 USA
(Email: rwhite@usgs.gov); Katie Worth and Natalie
Quinata, Guam Pa cific Daily News,  P.O. Box DN,

Hagatna, Guam 96932, USA (URL: http://www.guampdn.
com/, Email: kworth@guampdn.com); John Ravelo, Saipan 
Tri bune (15 Feb ru ary 2005), PMB 34, Box 10001, Saipan,
MP 96950, USA (URL: http://www.saipantribune.com/);
Op er a tional Sig nif i cant Event Im ag ery (OSEI) team, World 
Weather Bldg., 5200 Auth Rd Rm 510 (E/SP 22), NOAA/
NESDIS, Camp Springs, MD 20748, USA (URL: http://
www.osei.noaa.gov/, Email: osei@noaa.gov); Wash ing ton
Vol ca nic Ash Ad vi sory Cen ter (VAAC), Sat el lite Anal y sis
Branch, NOAA/NESDIS E/SP23, NOAA Sci ence Cen ter
Room 401, 5200 Auth Road, Camp Springs, MD 20746
USA (URL: http://www.ssd.noaa.gov/).

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)

Setsuya Nakada and Yukio Hayakawa pro vided fol -
low-up in for ma tion on events at Asama since our last re port 
(Bul le tin v. 30, no. 1). Asama’s larg est re cent ex plo sion oc -
curred on 1 Sep tem ber 2004, and the sec ond larg est, on 14
No vem ber 2004. Sub se quent erup tions have been ab sent
ex cept for a small one in early December 2004.

The erup tion that started on 1 Sep tem ber 2004 was
char ac ter ized by an in crease in the num ber of A-type earth -
quakes oc cur ring dur ing and af ter the main phase of ex plo -
sions (based on data col lected by the Uni ver sity of To kyo’s
Earth quake Re search In sti tute (ERI) and the Ja pan Me te o -
ro log i cal Agency). Deep seis mic ity peaked at the end of
2004, but had sub se quently re mained mod er ate. GPS
(global po si tion ing sys tem) in stru ments main tained ERI
and the Geo graph ical Sur vey In sti tute (GSI) dis closed in -
fla tion of the ed i fice. This in fla tion ary trend has continued
since mid-October 2004.

ERI un der took de tai led anal y sis  of earth quake
hypocenters and the pres sure source for the ob served GPS
data. This showed the ex is tence of a dike-shaped magma
res er voir trending WNW-ESE. The res er voir oc curred just
W of the sum mit and 1-2 km be low sea level.

Around Oc to ber 2004 the height of the lava fill ing the
sum mit crater reached a max i mum. Around that time the
dome at tained a height just ~ 70 m be low the crater’s low est 
notch (an open ing along the N rim). By the end of Jan u ary
2005, in con trast, the cen ter of the lava pool had deep ened,
pos si bly due to drain ing of the lava body back into the
conduit.

A se quence of ra dar im ages pro vided glimpses into
change able fea tures in side the steamy crater. Two im ages
ap pear here, from 16 Sep tem ber and 15 De cem ber 2004
(fig ures 7 and 8). The for mer shows a flat-look ing
disk-shaped ex tru sion in the crater. The lat ter shows that
the ear lier ex tru sion had by this time be come dis rupted or
perhaps buried.

Strong glow ing at the sum mit was con sid ered to be due
to sig nif i cant de gas sing af ter the main ex plo sive phase. SO2

flux peaked around Oc to ber (at ~ 5,000 met ric tons a day)
and has con tin ued at a rel a tively high level, as much as
2,000 to 3,000 met ric tons a day.

The erup tions emit ted an de site (SiO2 ~ 61%), with high
crystallinity, and con tain ing par tially melted sed i men tary
and other rock (fel sic tuff?). The rock chem is try has re -
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mained uni form through out the erup tions of the past sev eral 
thou sand years, though the in clu sion of melted sed i men tary 
rock was ab sent in prod ucts erupted prior to 2004.

Yukio Hayakawa pro vided a com pos ite isomass map of
2004 Asama tephra de pos its (fig ure 9). By far the larg est
de posit of the year erupted on 1 Sep tem ber. The small est
doc u mented de posit oc curred on 10 Oc to ber. Ash de pos its
from ac tiv ity on 1 Sep tem ber drifted NE, de pos its from 16
Sep tem ber drifted SSE; 23 Sep tem ber, NNE; 29 Sep tem -
ber, N; 10 Oc to ber, NE; and 14
November, E.

Back ground. Asama, Hon -
shu’s most ac tive vol cano, over -
looks  the  re  sor t  town of
Karuizawa, 140 km NW of To -
kyo. The 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 of the vol cano
and is sit u ated east of the horse -
shoe-shaped rem nant of an older
andesitic vol cano, Kurofu-yama,
which was de s t royed 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, the
larg est of which oc curred about
14,000-11,000 years BP, and by
growth of the Ko-Asama-yama
lava dome on the east  f lank.
Maekake-yama, capped by the
Kama-yama pyroclastic cone that
forms the pres ent sum mit of the

vol cano, 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 ma jor plinian erup -
tions, the last two of which occurred in 1108 and 1783 AD.

In for ma tion con tacts: 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/top ics/ASAMA2004/in dex-e.html); Yukio 
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Fig ure 9. Isomass map of 2004 Asama tephra de pos its erupted dur ing Sep tem ber-No vem ber 2004. Open cir cles
in di cate cit ies; dots in di cate sam pling points where g/m2 of ash were mea sured; con tours are in the same units.
Cour tesy Yukio Hayakawa.

Fig ure 8. Ra dar im age of Asama’s sum mit crater taken from a Cessna on
15 De cem ber 2004 by the Geo graph ical Sur vey In sti tute, Ja pan. N is up.
Ra di ated mi cro waves were trans mit ted from the N, 2 km from the crater,
with the off-na dir an gle of 55 de grees. Cour tesy of Geo graph ical Sur vey
In sti tute.

Fig ure 7. Ra dar im age of Asama’s sum mit crater taken from a Cessna
air plane on 16 Sep tem ber 2004 by the Geo graph ical Sur vey In sti tute,
Ja pan. N is up. Ra di ated mi cro waves were trans mit ted from the N, at
4,290 m al ti tude, 2 km from the crater, with the off-na dir an gle of 55
de grees. Cour tesy of the Geo graph ical Sur vey In sti tute.



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, URL: http://maechan.net/
hayakawa/asama/gankoran/, http://www.edu.gunma-u.ac.
jp/~ hayakawa/Eng lish.html); Geo graph ical Sur vey In sti -
tute, Min is try of Land, In fra struc ture and Trans port, 1,
Kitasato, Tsukuba-shi, Ibaraki-ken 305-0811 Ja pan (URL:
http://www.gsi.go.jp; URL with ra dar data (text in Jap a -
nese): http://www.gsi.go.jp/BOUSAI/ASAMA/); Ja pan
Me te o ro log i cal Agency, Otemachi, 1-3-4, Chiyoda-ku
Tokyo 100-8122, JAPAN (URL: www.jma.go.jp/ ).

Shiveluch

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

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

The pre vi ous re port on Shiveluch (Bul le tin v. 29, no. 5)
cov ered ac tiv ity un til 27 May 2004. From May 2004 un til
Sep tem ber 2004, seis mic ity at Shiveluch was above back -
ground, with many shal low earth quakes re corded 0-5 km
be neath the ac tive lava dome, and Shiveluch re mained at
Con cern Color Code Or ange. Pe ri ods of con tin u ous spas -
modic tremor were re corded in May, June, July, and Oc to -
ber 2004. Gas-and-steam plumes ris ing to 3-6 km al ti tude
were fre quent, some times drift ing up to 10 km or more. A
small lava flow on top of the ac tive dome, first ob served on
21 May, con tin ued to flow un til 28 May. On 19 June, a
likely ash cloud was seen 10-20 km S of the vol cano. The
lava dome con tin ued to grow in Shiveluch’s active crater. 

On 6 Sep tem ber at 2054 an ex plo sion pro duced small
pyroclastic flows and an ash plume that rose to ~ 5.5 km al -
ti tude. Ac cord ing to sat el lite data, 1- to 12-pixel ther mal
anom a lies were reg is tered over the lava dome on 15-16
Sep tem ber 2004. Dur ing 23-29 Sep tem ber, 26 strong shal -
low earth quakes up to M 2.3 were re corded. An ex plo sion
on 25 Sep tem ber was ac com pa nied by small pyroclastic
flows. The Kamchatka Vol ca nic Erup tions Re sponse Team

(KVERT),again re ported see ing a new lava flow at
Shiveluch’s lava dome around 26 Oc to ber. 

Based on in ter pre ta tions of seis mic data, pos si ble
ash-and-gas ex plo sions up to 7 km al ti tude oc curred
through out Oc to ber (fig ure 10), No vem ber, and De cem ber
2004. Pos si ble mi nor ash-and-gas ex plo sions and hot av a -
lanches also oc curred. On 28 De cem ber a gas-and-steam
plume extended as far as 50 km E.

Dur ing Jan u ary and Feb ru ary 2005, seis mic ity de -
creased slightly at Shiveluch but re mained above back -
ground lev els, with weak shal low earth quakes oc cur ring
be neath the ac tive dome. Pos si ble weak ash-and-gas ex plo -
sions and hot av a lanches oc curred through out Jan u ary and
Feb ru ary, and gas-and-steam plumes rose up to 2-7 km
altitude.

 On 13 Jan u ary, sev eral ash ex plo sions up to 5 km al ti -
tude and a pyroclastic flow prob a bly oc curred. The To kyo
Vol ca nic Ash Ad vi sory Cen ter (VAAC) re ported an erup -
tion of Shiveluch on 17 Jan u ary at 1625 with a plume that
rose to a height of ~ 4.5 km al ti tude. On 6 Feb ru ary a
pyroclastic flow trav eled ~ 2 km down the vol cano’s flank.
On 17 Feb ru ary ash de pos its were seen on the vol cano’s
snow-cov ered lava dome extending to the SE and S.

A large erup tion oc curred at Shiveluch from 1825 on 27 
Feb ru ary to 0100 on 28 Feb ru ary, lead ing KVERT to raise
the Con cern Color Code from Or ange to Red (the high est
level). Me te o ro log i cal clouds ob scured the vol cano dur ing
the erup tion. Ac cord ing to sat el lite data (NOAA 16 at 1656
UTC on 27 Feb ru ary), a 45-pixel ther mal anom aly was reg -
is tered near the dome (band 3). This anom aly was prob a bly
re lated to a large pyroclastic flow on the SW flank. At this
time an a lysts de tected a 45-km-long ash cloud on sat el lite
im ag ery trending NW of the vol cano. At 0900 on the 28th,
ash de pos its were noted in the town of Klyuchi, ~ 46 km
from the vol cano. Sat el lite im ag ery from 1205 on 28 Feb ru -
ary showed ash de pos its W of Shiveluch cov er ing an area
of 24,800 km2. Later that day, an ash cloud ex tend ing more
than 360 km was cen tered over the west ern half of
Kamchatka. On 1 March the Con cern Color Code was re -
duced to Or ange. Prior to the 27 Feb ru ary erup tion, seis -
mic ity was above back ground lev els and ash-and-gas
plumes were seen on video rising to ~ 3 km above the lava
dome.

Ex plo sions de pos ited ash in Ust’-Hairyuzovo vil lage,
about 250 km to the W, on 27 and 28 Feb ru ary, and on 2
March. The seis mic sta tion at Shiveluch stopped work ing
on 27 Feb ru ary. Ac cord ing to vi sual and video data on 2
March, part of a large pyroclastic flow was ob served on the
SW flank of the vol cano. Ac cord ing to sat el lite data from
the USA and Rus sia, a 2- to 23-pixel ther mal anom aly was
reg is tered at the dome on 1-3 March. Clouds ob scured the
vol cano at other times. Shiveluch re mained at Concern
Color Code Orange.

Back ground. The high, iso lated mas sif of Shiveluch
vol cano (also spelled Sheveluch) rises above the low lands
NNE of the Kliuchevskaya vol cano group. The 1,300 km3

Shiveluch is one of Kamchatka’s larg est and most ac tive
vol ca nic struc tures. The sum mit of roughly 65,000-year-old 
Strary Shiveluch is trun cated by a broad 9-km-wide
late-Pleis to cene cal dera breached to the S. Many lava
domes dot its outer flanks. The Molodoy Shiveluch lava
dome com plex was con structed dur ing the Ho lo cene within 
the large horse shoe-shaped cal dera; Ho lo cene lava dome
ex tru sion also took place on the flanks of Strary Shiveluch.
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Fig ure 10. A dark plume of ash streamed from the Shiveluch at 0110 UTC
on 20 Oc to ber 2004, when the Mod er ate Res o lu tion Im ag ing
Spectroradiometer (MODIS) on NASA’s Terra sat el lite cap tured this
im age. MODIS ob served sev eral such plumes in Oc to ber. Fainter
plume(s) to the SW can be seen from Bezymianny or Kliuchevskoi, both
of which were emit ting ash plumes dur ing the first week of Oc to ber.



At least 60 large erup tions of Shiveluch have oc curred dur -
ing the Ho lo cene, mak ing it the most vig or ous andesitic
vol cano of the Kuril-Kamchatka arc. Wide spread tephra
lay ers from these erup tions have pro vided valu able time
mark ers for dat ing vol ca nic events in Kamchatka. Fre quent
col lapses of dome com plexes, most re cently in 1964, have
pro duced de bris av a lanches whose de pos its cover much of
the floor of the breached caldera.

In for ma tion Con tacts: Olga A. Girina, Kamchatka
Vol ca nic Erup tions Re sponse Team (KVERT), a co op er a -
tive pro gram of the In sti tute of Vol ca nic Ge ol ogy and Geo -
chem is try, Far East Di vi sion, Rus sian Acad emy of Sci -
ences, Piip Ave. 9, Petropavlovsk-Kamchatskii 683006,
Rus sia (Email: girina@kcs.iks.ru), the Kamchatka Ex per i -
men tal and Me thod i cal Seis mo log i cal De part ment
(KEMSD), GS RAS (Rus sia), and the Alaska Vol cano Ob -
ser va tory (USA); Alaska Vol cano Ob ser va tory (AVO), a
co op er a tive pro gram of the U.S. Geo log i cal Sur vey, 4200
Uni ver sity Drive, An chor age, AK 99508-4667, USA
(URL: http://www.avo.alaska.edu/; Email: tlmurray@ usgs.
gov), the Geo phys i cal In sti tute, Uni ver sity of Alaska, P.O.
Box 757320, Fair banks, AK 99775-7320, USA (Email:
eisch@dino.gi.alaska.edu), and the Alaska Di vi sion of
Geo log i cal and Geo phys i cal Sur veys, 794 Uni ver sity Ave.,
Sui te  200,  Fair  banks ,  AK 99709, USA (Email:
cnye@giseis.alaska.edu); To kyo Vol ca nic Ash Ad vi sory
Cen ter, To kyo Avi a tion Weather Ser vice Cen ter, Haneda
Air port 3-3-1, Ota-ku, To kyo 144-0041, Ja pan (http://
www.jma.go.jp/JMA_HP/jma/jma-eng/jma-center/vaac/
index.html).

Veniaminof

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

All times are lo cal = UTC - 9 / 8 hours (win ter / sum mer)

Af ter a long pe riod of qui es cence, Veniaminof be gan
ex hib it ing in creased seis mic ity and pos si ble low-level
erup tive ac tiv ity from Sep tem ber 2002 through mid-April
2003. Be tween mid-April 2003 and Feb ru ary 2004 no signs 
of ac tiv ity were ob served. From Feb ru ary 2004 un til the
end of June 2004 steam and ash emis sions were ob served
and vol ca nic tremor and earth quakes re corded (Bul le tin v.
29, no. 6).

Ac tiv ity dur ing July 2004. Through out July 2004 short
in ter vals of vol ca nic tremor con tin ued. Small amounts of
dark ash were seen in the ice-filled cal dera on 27 June. Dur -
ing the sec ond week of July, the Alaska Vol cano Ob ser va -
tory (AVO) re ported that the tremor cor re lated well with
ash-and-steam plumes as high as 1.5 km al ti tude; dur ing the 
rest of the month, these plumes may have reached as high as 
3.7 km al ti tude. On 22 July at 1229, an AVO field crew wit -
nessed a small ash burst rise a few hun dred me ters above
the sum mit of the intracaldera cone (fig ure 11). This type of 
ac tiv ity had pre vailed at Veniaminof dur ing the pre vi ous
three months. Dur ing the last week of July, the cone pro -
duced vari able amounts of white steam from at least two
sep a rate crat ers near its top. The snow-and-ice field over
much of the cal dera was cov ered with a dis con tin u ous, 1- to 
2-mm thick ash blan ket. No vi sual ob ser va tions of ash
emis sions were made af ter 22 July, al though the re corded
seis mic ity was sim i lar to that ob served dur ing ash emis -

sions in the pre vi ous few months. Veniaminof re mained at
Con cern Color Code Yel low through out July.

Ac tiv ity dur ing Au gust 2004. Ep i sodes of vol ca nic
tremor con tin ued through out Au gust. No vi sual ob ser va -
tions of ash emis sions were made from 22 July through the
first week of Au gust, al though the re corded seis mic ity was
sim i lar to that ob served dur ing ash emis sions in the pre vi -
ous weeks.  Through out the month,  fre quent small
ash-and-steam emis sions from Veniaminof were vis i ble on
the web cam era in Perryville and con firmed by AVO ge ol o -
gists work ing in the area. Bursts of vol ca nic tremor re -
corded in ter mit tently on 17 Au gust were prob a bly as so ci -
ated with low-level, short-term ash emis sions. Veniaminof
re mained at Con cern Color Code Yel low through out Au -
gust 2004.

Ac tiv ity dur ing Sep tem ber 2004. Dur ing the first three
weeks of Sep tem ber both low-level tremor and in ter mit tent
bursts of tremor con tin ued at Veniaminof. AVO sci en tists
be lieved tremor ep i sodes likely rep re sented low-level
ash-and-steam emis sions sim i lar to those ob served dur ing
the pre vi ous two months. Mi nor emis sions of ash and steam 
were oc ca sion ally seen on the web cam era dur ing clear
weather. Dur ing the last week of Sep tem ber, low-level
tremor and in ter mit tent small tremor bursts may have oc -
curred at Veniaminof, but high winds in the area caused
con sid er able vi bra tional noise, mask ing the sig nal of in ter -
est, and mak ing anal y sis of seis mic re cords in con clu sive.
The winds were strong enough to hide ev i dence of
low-level tremor. If the tremor ep i sodes con tin ued, they
likely cor re sponded with low-level ash-and-steam emis -
sions sim i lar to those ob served over the pre vi ous four
months. Cloudy con di tions ob scured views of the vol cano
by web cam era and sat el lite. Veniaminof re mained at Con -
cern Color Code Yel low through out Sep tem ber.

Ac tiv ity dur ing Oc to ber 2004. Low-level seis mic
tremor and in ter mit tent small tremor bursts con tin ued.
These tremor ep i sodes likely rep re sented low-level ash and
steam emis sions sim i lar to those ob served over the past four 
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Fig ure 11. Veniaminof’s intracaldera cone pho to graphed on 22 July 2004
in a view to the SW. The ~330-m-high intracaldera cin der and spat ter cone 
was the source of all known his tor i cal Veniaminof erup tions. The cone
pro trudes through gla cial ice that fills the sum mit cal dera. Al though this
photo was taken dur ing an in ter val with oc ca sional mi nor ash and steam
emis sions, at this mo ment only steam rises to a few hun dred me ters above
the cone. A very faint dust ing of ash has dis col ored the gla cier’s sur face;
how ever, some may be older, wind-blown ash rather than freshly erupted
ash. Cour tesy of K.L. Wallace, USGS.



months, al though cloudy con di tions ob scured views of the
vol cano by web cam era and sat el lite. 

Low-level tremor dur ing 8-15 Oc to ber cor re lated with
weak steam ing of the intracaldera cone as ob served on the
web cam era. No ash emis sions were ob served, al though
cloudy con di tions over the cal dera re stricted view ing for
much of the week. AVO low ered the Con cern Color Code
at Veniaminof on 26 Oc to ber from Yel low to Green. Seis -
mic ity, which had been as so ci ated with ash emis sions dur -
ing the sum mer of 2004, de creased to lev els that in di cated
ash, ash-and-steam, or steam emis sions were no lon ger oc -
cur ring on a reg u lar ba sis. Since early Sep tem ber, no ash
emis sions were seen on the web cam era and no ev i dence of
ash was vis i ble on sat el lite im ag ery. Also, AVO had re -
ceived no re cent re ports of ash from pi lots or ground ob -
serv ers. AVO con sid ered the in ter mit tent, low-level seis -
mic tremor that con tin ued to be re corded at the vol cano to
be part of the back ground ac tiv ity.

Ac tiv ity dur ing Jan u ary 2005. AVO raised the Con cern 
Color Code at Veniaminof from Green to Yel low on 4 Jan -
u ary be cause around that time sev eral small ash emis sions
from the vol cano’s intracaldera cone were ob served on the
web cam era in Perryville. Ash emis sions were vis i ble start -
ing around 0938, but may have been ob scured by me te o ro -
log i cal clouds in pre vi ous im ages. The dis crete ash emis -
sions were small, rose hun dreds of me ters above the cone,
and dis si pated as they drifted E. Mi nor ash fall was prob a -
bly con fined to the sum mit cal dera. Very weak seis mic
tremor was re corded be gin ning on 1 Jan u ary, and in creased 
slightly over the next 2 days. These seis mic sig nals were
sim i lar to those re corded dur ing steam-and-ash emis sions
in April to Oc to ber 2004. How ever, there were no in di ca -
tions from seis mic data that events sig nif i cantly larger than
those ob served around 4 Jan u ary were im mi nent.

AVO raised the Con cern Color Code at Veniaminof
from Yel low to Or ange on 10 Jan u ary as ash emis sions
from the vol cano’s intracaldera cone reached heights of
nearly 4 km dur ing 8-10 Jan u ary (fig ure 12). Seis mic ity re -
mained at el e vated lev els and sat el lite im ages showed a per -
sis tent ther mal anom aly at the intracaldera cone. On 11 Jan -
u ary, the An chor age VAAC again re ported emis sion of a
thin ash cloud to ~ 3 km al ti tude vis i ble on the Perryville
web cam era. On 12 Jan u ary the An chor age VAAC re ported 

emis sion of a thin ash cloud, vis i ble on the Perryville web
cam era, that rose to 3-4 km al ti tude, ex tended ENE, and
dis si pated within ~ 55 km of the vol cano. On 14 Jan u ary, a
sat el lite im age showed a ther mal anom aly in the vi cin ity of
the Veniaminof sum mit. Al though the anom aly ap peared
less in tense than when first de tected on 8 Jan u ary and vol -
ca nism seemed to have de clined sig nif i cantly since 12 Jan -
u ary, ac tiv ity still re mained sig nif i cantly higher than nor -
mal with oc ca sional bursts of vol ca nic tremor.

Dur ing the rest of the month of Jan u ary, seis mic data,
web cam era views, and sat el lite im ages in di cated that
low-level ash emis sions con tin ued at Veniaminof. Seis mic -
ity was sim i lar to lev els ob served dur ing the pre vi ous week, 
con sist ing of low-am pli tude vol ca nic tremor with oc ca -
sional larger bursts. Dur ing clear weather, sat el lite im ag ery
showed anom a lous heat at the sum mit cone, con sis tent with 
hot blocks and ash be ing ejected from the ac tive vent. In ad -
di tion, the web cam era showed in ter mit tent ash plumes
reach ing as high as 3 km al ti tude. Oc ca sional stron ger
bursts of seis mic tremor dur ing 20-21 Jan u ary and around
28 Jan u ary may have in di cated plumes to higher lev els, but
not above 4 km al ti tude. Veniaminof re mained at Con cern
Color Code Or ange.

Ac tiv ity dur ing Feb ru ary 2005. On the eve ning of 3
Feb ru ary, Strombolian ac tiv ity at Veniaminof was vis i ble
by res i dents of Perryville ~ 30 km from the vol cano. Ac tiv -
ity was also ob served on web cam era views and seen by sat -
el lite as an in crease in ra di ated sur face heat. An in crease in
seis mic ity sug gested that Strombolian ac tiv ity may have
con tin ued through 4 Feb ru ary while the vol cano was ob -
scured by clouds.

Dur ing 28 Jan u ary to 4 Feb ru ary,  seis mic ity at
Veniaminof was sim i lar to lev els for the pre vi ous week,
with low-am pli tude tremor and oc ca sional larger bursts.
Dur ing clear weather, sat el lite im ag ery showed anom a lous
heat at the sum mit cone, con sis tent with hot blocks and ash
be ing ejected from the ac tive vent. The web cam era showed 
in ter mit tent ash plumes reach ing as high as 3 km al ti tude.
Veniaminof re mained at Con cern Color Code Or ange.

Low-level Strombolian erup tive ac tiv ity con tin ued at
Veniaminof dur ing 4-11 Feb ru ary. On 9 Feb ru ary, an ash
burst rose hun dreds of me ters above the intracaldera cone.
Sat el lite im ages con tin ued to show a ther mal anom aly in
the vi cin ity of the intracaldera cone, con sis tent with the
pres ence of hot ma te rial at the vent. Seis mic ity re mained
above back ground lev els at the vol cano. On the morn ing of
10 Feb ru ary there was a dis tinct in crease in the am pli tude
and fre quency of earth quakes. The in crease con tin ued
through 11 Feb ru ary. This ac tiv ity was con sis tent with
more en er getic ex plo sions from the ac tive cone, but there
were no in di ca tions that the bursts rose higher than 4 km al -
ti tude. Veniaminof re mained at Con cern Color Code
Or ange.

Dur ing 11-18 Feb ru ary, it was likely that low-level
Strombolian erup tive ac tiv ity con tin ued at Veniaminof
based on seis mic data and sat el lite im ag ery. Cloudy con di -
tions ob scured web cam era views of the vol cano, and no
ash emis sions were ob served above the cloud cover. Seis -
mic ity re mained above back ground lev els at Veniaminof.
The char ac ter of the seis mic ity changed slightly dur ing the
re port pe riod, with fre quent pe ri ods of con tin u ous banded
vol ca nic tremor oc cur ring, but the am pli tudes of earth -
quakes did not in crease. This ac tiv ity was con sis tent with
ex plo sions from the ac tive cone; how ever, there was no in -
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Fig ure 12. Veniaminof intracaldera cin der cone, 11 Jan u ary 2005. The
el e va tion of the cone is 2,156 m and the ash plume is drift ing to NE. Photo
taken dur ing an ob ser va tional over flight. Im age cour tesy of K.L.Wallace,
USGS.



di ca tion that these bursts rose more than 4 km al ti tude.
Veniaminof re mained at Con cern Color Code Or ange.

Seis mic ity de creased sub stan tially at Veniaminof dur -
ing 18-25 Feb ru ary in com par i son to pre vi ous weeks, lead -
ing AVO to de crease the Con cern Color Code from Or ange
to Yel low. Pe ri ods of vol ca nic tremor di min ished, and no
dis crete events as so ci ated with ash bursts had oc curred for
sev eral days. Only mi nor steam emis sions were seen. AVO
re ceived no re ports of ash emis sions from pi lots or ground
ob serv ers. AVO con cluded that given the de cline in seis -
mic ity, it  ap peared that the most re cent ep i sode of
Strombolian erup tive ac tiv ity at Veniaminof had ended.

Ac tiv ity dur ing March 2005. A fur ther re duc tion in ac -
tiv ity at Veniaminof dur ing 25 Feb ru ary to 4 March led
AVO to re duce the Con cern Color Code from Yel low to
Green, the low est level. For more than a week seis mic ac -
tiv ity was at back ground lev els, pe ri ods of vol ca nic tremor
had ceased, and there were no dis crete events as so ci ated
with ash bursts. Only mi nor emis sions of steam were ob -
served on the web cam era and sat el lite im ag ery. AVO re -
ceived no re ports of ash emis sions from pi lots or ob serv ers
on the ground. They con cluded that given the de cline in
seis mic ity it ap peared that the most re cent ep i sode of erup -
tive ac tiv ity had ended at Veniaminof. 

Back ground. Mas sive Veniaminof vol cano, one of the
high est and larg est vol ca noes on the Alaska Pen in sula, is
trun cated by a steep-walled, 8 x 11 km, gla cier-filled cal -
dera that formed around 3,700 years ago. The cal dera rim is 
up to 520 m high on the N, is deeply notched on the W by
Cone Gla cier, and is cov ered by an ice sheet on the S.
Post-cal dera vents are lo cated along a NW-SE zone bi sect -
ing the cal dera. That zone ex tends 55 km from near the Be -
ring Sea, across the cal dera, and down the Pa cific flank.
His tor i cal erup tions prob a bly all orig i nated from the wes -
tern most and more prom i nent of two intra-cal dera cones,
which reaches an el e va tion of 2,156 m and rises about 300
m above the sur round ing ice field. The other cone is larger,
and has a sum mit crater or cal dera that may reach 2.5 km in
di am e ter, but is more sub dued and barely rises above the
gla cier sur face.

In for ma tion Con tacts: Alaska Vol cano Ob ser va tory
(AVO), a co op er a tive pro gram of a) U.S. Geo log i cal Sur -
vey, 4200 Uni ver sity Drive, An chor age, AK 99508-4667,
USA (URL: ht tp : / /www.avo.alaska.edu/;  Email :
tlmurray@usgs.gov), b) Geo phys i cal In sti tute, Univ. of
Alaska, P.O. Box 757320, Fair banks, AK 99775-7320,
USA (Email: eich@dino.gi.alaska.edu), and c) Alaska Di vi -
sion of Geo log i cal & Geo phys i cal Sur veys, 794 Uni ver sity
Ave., Suite 200, Fair banks, AK 99709, USA (Email:
cnye@giseis.alaska.edu); Kristi L. Wallace, USGS/AVO,
Alaska Tephra Lab o ra tory and Data Cen ter, 4230 Uni ver -
sity Drive, Suite 201, An chor age, AK 99508, USA (Email:
kwallace@usgs.gov).

St. Hel ens

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

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

Growth of the new lava dome in side the crater of Mount 
St. Hel ens has con tin ued since the last re port (Bul le tin v.
29, no. 10), ac com pa nied by low rates of seis mic ity, low

emis sions of steam and vol ca nic gases, and mi nor pro duc -
tion of ash. Dur ing such erup tions, ep i sodic changes in the
level of ac tiv ity can oc cur over days to months. The erup -
tion can also in ten sify sud denly or with lit tle warn ing and
pro duce ex plo sions that may cause haz ard ous con di tions
within sev eral ki lo me ters of the crater and far ther down -
wind. The cur rent sta tus is Vol cano Ad vi sory (Alert Level
2), and the aviation color code is orange.

A small, short-lived ex plo sive event at St. Hel ens vol -
cano be gan at ap prox i mately 1725 hours on 8 March 2005.
Air p lane pi lot re ports in di cated that the re sult  ing
steam-and-ash plume reached an al ti tude of about 11 km
above sea level within a few min utes and drifted NE.

Re sults from anal y sis of im ag ery by the U.S. Geo log i cal 
Sur vey of 21 Feb ru ary 2005 showed that the high est part of
the new lava dome stands at an al ti tude of 2.3 km, 160 m
higher than the old lava dome, and only 28 m be low Shoe -
string Notch, a low point on the SE crater rim. Fur ther anal -
y sis of re cent ae rial pho tos re vealed that as of 1 Feb ru ary,
the whaleback-shaped dome ex tru sion was about 470 m
long and 150 m wide. The new dome and up lifted welt of
crater floor and de formed gla cier ice have grown to a com -
bined vol ume of about 38 mil lion m3, al most one-half the
volume of the old lava dome. 

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 40-50,000 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 orig i -
nated from the Goat Rocks area on the N flank, and were
witnessed by early settlers.

In for ma tion Con tacts: Cas cades Vol cano Ob ser va tory
(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: ht tp : / /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.washington.edu).

Kick ‘em Jenny

Gre nada, West In dies
12.30°N, 61.64°W; sum mit elev. -185 m

The Uni ver sity of West In dies Seis mic Re search Unit
(SRU) has aug mented their in stru men tal mon i tor ing net -
work and warn ing sys tem at Kick ‘em Jenny sub ma rine
vol cano. In ad di tion to long-pe riod and broad band seis -
mom e ters to sense earth quakes, they have also em ployed
tide gauges to mea sure sea wa ter dis tur bances, hydrophones 
to dis cern sub ma rine ex plo sions, and tilt me ters and global
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po si tion ing sys tem (GPS) sta tions to de tect long-term
ground de for ma tion. The in stru ments may dis close anom a -
lies and crit i cal symp toms be fore an erup tion be gins. Var i -
ous com bi na tions of these in stru ments were in stalled at Mt.
St. Catherine, Sauteurs, The Sis ters Rocks, Isle de Ronde,
Isle de Caille, and Carriacou (figure 13).

The NSF Ca rib bean Tsu nami Work shop was held in
March 2004 (Mercado-Irizarry and Liu, 2004). The Work -
shop’s pro gram ended its In tro duc tion sec tion with this
state ment: “ . . . Kick ‘em Jenny, close to the is lands of the
south east ern Ca rib bean (just 10 km N of Gre nada), is of
much con cern to the lo cal gov ern ments. Past erup tions dur -
ing the last cen tury (1939, 1965) re sulted in ob served deep
wa ter tsu na mis, with the one in 1939 be ing mea sured as 1
m high [Shep herd, 2001]. The con cern is such that, for the
first time (at least in the re gion), a bank ing in sti tu tion (the
Ca rib bean De vel op ment Bank) is fund ing a monitoring
program [at] the volcano.”

A 29 De cem ber 2004 ar ti cle en ti tled "Tsu nami warn ing
sys tem for the Ca rib bean," posted on the SRU website, also 
ad dressed the is sue. It noted that, “The dev as ta tion caused
by the tsu nami which rav aged sev eral Asian coun tries on
26th De cem ber 2004 has sparked dis cus sion on the im por -
tance of a tsu nami early warn ing sys tem in the Ca rib bean.
While in the ory such a sys tem may seem in valu able in light
of the Asian di sas ter, sci en tists at the Seis mic Re search
Unit cur rently be lieve that sev eral fac tors should be se ri -
ously con sid ered be fore as sum ing that a tsu nami early
warn ing sys tem would be ben e fi cial to the re gion. Head of
the Seis mic Re search Unit, Dr. Rich ard Rob ert son, says
that ‘Be fore the re gion spends valu able re sources on set ting 
up new in stru ments for a tsu nami early warn ing sys tem, we
need to strengthen our ex ist ing net works and fo cus on im -
prov ing pub lic ed u ca tion and communication activities
with regard to geologic hazards in the region.’”

Gas re lease, T-phase seis mic ity, and mi nor erup tion
clouds. The ques tion of whether or not there is strong
fumarolic ac tiv ity in the crater has been a source of spec u la -
tion for a num ber of years. It has been sug gested that
warmed wa ter ris ing in con vec tion cur rents con trib uted to
the rep u ta tion of the Kick ‘em Jenny re gion for rough wa -
ter. The emis sion of large quan ti ties of bub bles was ob -
served in 1989 when the sub mers ible John son Sealink en -

tered the crater a few months af ter the 1988 erup tion (Bul le -
tin v. 14, no. 5).

A wa ter col umn con tain ing a sig nif i cant pro por tion of
ris ing gas bub bles re sults in a lo cal low er ing of the sea wa -
ter’s den sity. (The ris ing bub bles dis place some of the sea
wa ter, and at or near the sea sur face they pro vide neg li gi ble
sup port to the ship, thus re sult ing in a loss of buoy ancy for
ships pass ing over the vol cano.) To ac count for this haz ard,
and the risk posed by ejecta, an ex clu sion zone 1.5 km in ra -
dius was cre ated over the volcano (Shepherd, 2004).

At least 11 his tor i cal ep i sodes of hy dro-acous tic (T
phase) sig nals have been de tected since 1939 when an erup -
tion cloud rose 275 m above the sea sur face (Shep herd and
Robson, 1967, Smith and Shep herd, 1995, Lindsay et al.,
2005). Ma te rial was also ejected dur ing the 1974 erup tion,
and the 1988 erup tion was as so ci ated with tur bu lent dis col -
ored wa ter (Lindsay and oth ers, 2005). Some of these were
de scribed in Smith so nian reports dating back to 1977.

Re gard ing T-Phase waves. A short-pe riod wave group
from a seis mic source that has prop a gated in part through
the ocean is called T-phase or T(ertiary)-wave (Linehan,
1940; To lstoy and Ew ing, 1950; Walker and Hammond,
1998). The wave group prop a gates with low at ten u a tion as
hy dro-acous tic (compressional) waves in the ocean, con -
strained within a low sound-speed wave guide (the sound
fix ing and rang ing-SOFAR-chan nel) formed by the
sound-speed struc ture in the ocean. The T-phase sig nal may 
be picked up by hydrophones in the ocean or by land seis -
mom e ters. Upon in ci dence with the con ti nen tal shelf/slope, 
the wave group is trans formed into or di nary seis mic waves
that ar rive con sid er ably later than seis mic wave groups
from the same source that prop a gated entirely through the
solid Earth.

2002 and 2003 Sur veys. A 2003 ocean o graphic sur vey
of Kick ‘em Jenny was con ducted jointly by the Na tional
Oce anic and At mo spheric Agency (NOAA), SRU, and the
Uni ver sity of Rhode Is land (URI) us ing the NOAA Re -
search Ves sel Ron ald H. Brown. This sur vey sup ple mented
data ob tained pre vi ously from a cruise pass ing the vol cano
on 12 March 2002 (Bul le tin v. 27, no. 6). That ef fort pro -
duced the bathymetric im age shown in Bul le tin v. 27 no. 6
and re pro duced here as fig ure 14. The ar cu ate scarp on the
im age sug gested that the vol cano was once the scene of sec -
tor col lapse. The in ferred sub ma rine de bris av a lanche has
an es ti mated to tal vol ume of ~ 10 km3, and a max i mum run -
out dis tance of at least 15 km (Sigurdsson and oth ers, 2004; 
Shep herd 2004). The col lapse clearly oc curred prior to the
growth of the small cen tral ed i fice at Kick ‘em Jenny. The
ages of these various features remain unknown.

Fig ures 15 and 16 high light the dis cov ery of other vol -
ca nic fea tures on the sea floor just E of Kick ‘em Jenny.
Lit tle is known about them aside from their ba sic mor phol -
ogy il lu mi nated by the 2003 sur vey. Dis cov er ies near Kick
‘em Jenny in cluded three crat ers (C1, C2, and the larg est,
Kick ‘em Jack) and two domes (D1 and D2). The mu tual
re la tions and ages of these newly rec og nized fea tures
remain uncertain.

Back ground. Kick ‘em Jenny, a his tor i cally ac tive sub -
ma rine vol cano 8 km off the N shore of Gre nada, rises
1,300 m from the sea floor. The vol cano is lo cated on the
steep in ner west ern slope of the Lesser An til les sub ma rine
ridge fac ing the Gre nada Ba sin. Re cent bathymetric sur -
veys have shown ev i dence for a ma jor ar cu ate col lapse
struc ture that was the source of a sub ma rine de bris av a -
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Fig ure 13. A map in di cat ing po si tions of mon i tor ing in stru ments for the
cur rent net work at Kick ‘em Jenny. Tilt me ters and tide gauges were not
func tion ing at the time of this writ ing (early 2005). (In set) Gre nada and
Carriacou is lands lie at the S end of the West In dies. Cour tesy of SRU.



lanche that trav eled more than 15 km to the W. Nu mer ous
his tor i cal erup tions, mostly doc u mented by acous tic sig -
nals, have oc curred since 1939, when an erup tion cloud
rose 275 m above the sea sur face. Prior to the 1939 erup -
tion, which was wit nessed by a large num ber of peo ple in
north ern Gre nada, there had been no writ ten men tion of
Kick ‘em Jenny. Erup tions have in volved both ex plo sive
ac tiv ity and the quiet ex tru sion of lava flows and lava
domes in the sum mit crater; deep rum bling noises have
some times been heard on shore. His tor i cal eruptions have
modified the morphology of the summit crater.
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Fig ure 15. Ver ti cally ex ag ger ated SeaBeam im age of Kick ‘em Jenny and
newly iden ti fied crat ers and domes dis cov ered in March 2003. Kick ‘em
Jenny’s sum mit oc curs ad ja cent to the crater rim at a depth of ~ 185 m. The 
deep est point on Kick ‘em Jenny’s crater floor lies at  ~ 264 m depth. The
sum mit sits at 12º18.024’ N, 61º38.388’ W (12.3004º N, 61.6398º W).
The im age’s left side is drawn N-S (i.e. N to wards the up per left). Tick
marks along the mar gins are at 0.01 de gree in ter vals, a spac ing equiv a lent
to 1.8-1.9 km. The dis tance be tween Kick ‘em Jenny and Kick ‘em Jack is
about 4 km. A ver ti cal scale at the left in di cates wa ter depth: 0, -250, -500,
and -750 m. Cour tesy of NOAA and SRU.

Fig ure 16. Broad-scale SeaBeam im age of Kick ‘em Jenny and ad ja cent
fea tures com piled from Ron ald H. Brown cruise ob ser va tions, March
2003. North is up. The crater rim of Kick ‘em Jenny (“rim”), as well as the
rest of the body of that dome, lie within a larger ar cu ate scarp that wraps
around the dome’s E side. On the dome’s W side the scarp ex tends
out ward, cross ing a swath of sea floor as two sub-par al lel arms (in di cated
by the ar rows). Kick ‘em Jack lies well out side this scarp, ~ 4 km SE of
Kick ‘em Jenny. Cour tesy of NOAA and SRU.

Fig ure 14. Mor phol ogy of Kick ‘em Jenny, as re vealed by a multi-beam
sur vey by the NOAA Re search Ves sel Ron ald H. Brown in March 2002
(N is to ward the top; for ap prox i mate scale, the sub-cir cu lar sum mit crater
is about ~ 300 m in di am e ter). The sur vey showed that the vol cano’s
smaller, mod ern, ac tive cone sits nested within a larger U-shaped
de pres sion that wraps com pletely around the cone’s E side and opens
to ward the W. This larger de pres sion pre sum ably formed by slope fail ure
and gen er ated a W-di rected de bris av a lanche that ap pears to lie within a
mar ginal, con fin ing levee. Cour tesy of NOAA.
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Marion Is land

South ern In dian Ocean, South Af rica
46.90°S, 37.75 E; sum mit. elev 1,230 m

A small vol ca nic erup tion was ob served on 24 June
2004 by a mem ber of the South Af ri can Na tional Ant arc tic
Programme’s (SANAP) over-win ter ing team on Marion Is -
land (fig ure 17). While con duct ing field work in a moun -
tain ous area on the S part of the is land, Da vid Heddings
was able to video an erup tion that com prised gas and small
pieces of sco ria (a few cen ti me ters in diameter).

While it has been as sumed that small vol ca nic erup tions 
of ten take place on Marion Is land, the re mote ness and hilly
ter rain over much of the is land has meant that such events
have not been wit nessed. The last con firmed erup tion on
Marion took place in 1980 when or ni thol o gists found a
fresh ba saltic lava flow on the W side of the Island.

Back ground. Marion Is land, South Af rica’s only his tor -
i cally ac tive vol cano, lies at the SW end of a sub ma rine pla -
teau im me di ately south of the SW In dian Ocean Ridge, op -
po s i te  Pr ince Ed ward Is  land.  The low pro f i le  of
24-km-wide dom i nantly ba saltic and trachybasaltic Marion
Is land is formed by two young shield vol ca noes that rise
above a flat-topped sub ma rine plat form. The 1,230-m-high
is land is dot ted by about 150 cin der cones, smaller sco ria

cones, and coastal tuff cones.
More than 130 sco ria cones and
many lava flows formed dur ing
the Ho lo cene. Many of these ap -
pear youn ger than the 4,020 BP
peat over ly ing one of the flows
(Verwoerd,  1981) .  Young
unvegetated lava flows ap pear to
be only a few hun dred years old
(Verwoerd, 1967). The first his -
tor i cal erup tion, dur ing 1980, pro -
duced ex plo sive ac tiv ity and lava
flows from a 5-km-long fis sure
that extended from the summit to
the W coast.

In for ma tion Con tacts: Ian
Meiklejohn and Da vid Hedding,
Uni ver sity of Pre to ria, 0002, Pre -
to ria,  South Af rica,  012-420
4049;(Email :  ian.
meiklejohn@up.ac.za,  URL:
http://www.up.ac.za/).
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Fig ure 17. The SANAP base sta tion, lo cated on the E side of Marion Is land. Cour tesy of Ian Meiklejohn.


