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Colima

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

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

Small to mod er ate ex plo sive erup tions have been com -
mon at Colima since 1999, some blast ing ma te rial as high
as 11 km al ti tude and at times send ing pyroclastic flows to
5 km run out dis tances. Be tween these ex plo sive erup tions,
andesitic lava from the main intracrater vent some times
formed small, short-lived lava domes. The feeder lavas,
cryptodomes, and oc ca sional domes were blasted out dur -
ing sub se quent erup tions. A ta ble of sig nif i cant erup tive
events at Colima dur ing July 1999 to June 2005 (Luhr and
oth ers, in press) pro duced this tally for the num ber of days
where plumes went over 2 km above the sum mit (~ 6 km al -
ti tude): in the lat ter half of 1999, three days; 2000, one day;
2001, four days; 2002, four days; 2003, 15 days; 2004, ~ 24 
days; and in the first half of 2005, 31 days. Erup tions dis -
cussed in avi a tion re ports from the Wash ing ton Vol ca nic
Ash Ad vi sory Cen ter (VAAC) be came a sig nif i cant source
of data start ing in 2003, and formed the ba sis of many en -
tries in the sub se quent years.

Ex tru sions dur ing Sep tem ber-No vem ber 2004 formed a 
new lava dome in the ac tive crater, and two lava flows de -
scended from that crater along the N and WNW flanks
(BGVN 30:01). Af ter lava ef fu sion ceased, in ter mit tent ex -
plo sions and ex ha la tions fol lowed. In the same pat tern
men tioned above, the dome was later de stroyed by
Vulcanian-style ex plo sions that pro duced erup tion plumes
and in some cases, pyroclastic flows (BGVN 30:03).

The num ber of seis mic events de creased dur ing De cem -
ber 2004-Feb ru ary 2005 (fig ure 1), and with some im por -
tant ex cep tions, re mained un der 10 events per day un til as
late as the end of June 2005. Dur ing this re port ing in ter val,
April-June 2005, in ter mit tent ex plo sions con tin ued (fig ure
1). Ex plo sions that gen er ated pyroclastic flows were known 
to have con tin ued through at least 5 July.

Com par a tively large ex plo sions be gan to oc cur start ing
10 March 2005 (BGVN 30:03). The larg est, ac com pa nied
by pyroclastic flows, were par tic u larly vig or ous from 24
May to 5 June. As in March 2004 the ex plo sions con sisted
of Vulcanian-style gas-and-ash ex plo sions. Some of the
April-June ex plo sions is sued ma te rial that reached as high
as ~ 10 km al ti tude, and pyroclastic flow run out dis tances
reached up to ~ 5.1 km, an in crease over those in March
2004 (when max i mum run out dis tances only reached ~ 2.8
km).

When pho to graphed on 25 May 2005 the dome and un -
con sol i dated ma te rial filled much
of  the cra ter ,  al  though the
intracrater area was any thing but
flat (fig ure 2). By com par i son, a
photo of the crater taken on 16
June 2005, fol low ing many large
Vulcanian ex plo sions, shows its
up per por tion to be es sen tially
empty (fig ure 3).

The March-June ex plo sive se -
quence re moved the 2004 lava
dome, and left a crater ~ 260 m
across and ~ 30 m deep (fig ure 3). 

No sig nif i cant de for ma tion of the vol ca nic ed i fice was re -
corded be fore or dur ing the large ex plo sions (ta ble 1). Af ter 
the ex plo sion of 5 June, res i dents were evac u ated from Juan 
Barragán, a small vil lage ~ 10 km SE of the sum mit.
Smaller ex plo sions at Colima typ i cally take place at the rate 
of sev eral per day.

Ref er ence: Luhr, J., Navarro-Ochoa, C., and Savov, I.,
(in press), Pe trol ogy and min er al ogy of lava and ash
erupted from Volcán Colima, México, dur ing 1999-2005:
Spe cial Vol ume on the Colima Vol cano, from the Uni ver -
sity of Guadalajara (ed ited by Fran cisco Nuñez-Cornú).

Back ground. The Colima vol ca nic com plex is the most
prom i nent vol ca nic cen ter of the west ern Mex i can Vol ca nic 
Belt. It con sists of two south ward-younging vol ca noes,
Nevado de Colima (the 4,320 m high point of the com plex)
on the N and the 3,850-m-high his tor i cally ac tive Volcán de 
Colima at the S. A group of cin der cones of prob a ble
late-Pleis to cene age is lo cated on the floor of the Colima
graben west and east of the Colima com plex. Volcán de
Colima (also known as Volcán Fuego) is a youth ful
stratovolcano con structed within a 5-km-wide cal dera,
breached to the S, that has been the source of large de bris
av a lanches. Ma jor slope fail ures have oc curred re peat edly
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Fig ure 1. The num ber of daily earth quakes as cribed to rockfalls and
pyroclastic flows (heavy line) and to ex plo sions and ex ha la tions (dashed
line) at Colima dur ing Sep tem ber 2004-June 2005. Dou ble ar rows show
the be gin ning (B) and the end (E) of the lava ex tru sion in late 2004. A la bel 
in di cates the pe riod when oc ca sional large ex plo sions took place (an
in ter val that be gan on 10 March and con tin ued through June 2005).
Cour tesy of Colima Vol cano Ob ser va tory.

Time of ex plo sion 
(UTC)

Al ti tude of the
col umn

Di rec tion and av -
er age hor i zon tal

ve loc ity of the
ash cloud

Length of the ash 
cloud in km*

Length of
pyroclastic flows

24 May (0009) 9.7 km W (7.7 m/s) 204 km 3.5 km

30 May (0826) 8.5 km SE (15 m/s) 102 km 4 km

02 Jun (0449) 6 km S (5.1 m/s) 74 km 4.5 km

05 Jun (1920) 7.6 km W-SE (7.7 m/s) 222 km 5.1 km

Ta ble 1. Main char ac ter is tics of the larg est ex plo sions seen at Colima dur ing May-June 2005. Col umn heights and 
ash cloud ve loc i ties came from re mote-sens ing data and re ports fur nished by the Wash ing ton VAAC. The high est
ve loc ity, 15 m/s, cor re sponds to 54 km/hour. Cour tesy of Colima Vol cano Ob ser va tory.



from both the Nevado and Colima cones, and have pro -
duced a thick apron of de bris-av a lanche de pos its on three
sides of the com plex. Fre quent his tor i cal erup tions date
back to the 16th cen tury. Oc ca sional ma jor ex plo sive erup -

tions (most re cently in 1913) have de stroyed the sum mit
and left a deep, steep-sided crater that was slowly re filled
and then over topped by lava dome growth.

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

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)

Soufrière Hills was last re -
ported on in BGVN 30:03, cov er -
ing No vem ber 2004 to March
2005, dur ing which time the vol -
cano re mained quiet, with seis mic 
s ig  nals ,  gas  emis  s ions and
rockfalls all de creas ing. This re -
port, from Montserrat Vol cano
Ob ser va tory (MVO), cov ers the
pe riod from late March 2005 to
July 2005. The vol cano con tin ued 
to be rel a tively quiet through
April and early May, with ac tiv ity 
in creas ing some what through
June and sev eral ex plo sive events
in late June and in July. Ta ble 2
sum ma rizes the seis mic ity and
SO2 emis sions during the period
of this report.

Seis mic ac tiv ity at Soufrière
Hills  re mained at  low lev  els
through out March and most of
April 2005. Be gin ning on 15
April, vig or ous steam-and-ash
vent ing oc curred on the NW side
of Soufrière Hills crater and con -
tin ued through out the pe riod of
this re port. Av er age daily SO2

emis sions were gen er ally lower
than the long-term erup tion av er -
age of 500 tons/day, but in creased 
in July to above the av er age.

On 13 June at 0600 an ash
plume reached a height of ~ 2.4
km al ti tude and drifted NE, de -
pos it ing light ash in Look out,
Geralds, and St. Pe ters.

Start ing around 10 June, seis -
mic and vol ca nic ac tiv ity were at
el e vated lev els. The ash vent ing
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Fig ure 2. At Colima on 25 May 2005 the crater con tained con sid er able dome and un con sol i dated ma te rial, fill ing
it to near the rim. Sev eral weeks later, af ter fur ther ex plo sions had driven con sid er able ma te rial out, the up per
crater was left with sub stan tial open space (see next photo). Cour tesy of Colima Vol cano Ob ser va tory.

Fig ure 3. Photo of Colima’s crater af ter the com par a tively large ex plo sions that be gan in March 2005. This photo
was taken on 16 June look ing from the S. Erup tions had re moved much of the crater fill and a small dome from the
up per crater. Small im pact crat ers pocked the crater floor. An ero sion chan nel had de vel oped across crater’s S rim, 
pre sum ably due to the pas sage of pyroclastic flows as so ci ated with the re cent ex plo sions. The notch in the rim has 
been prom i nent since 2004 and has emp tied and per haps grown considerably since the photo taken 25 May 2005.
De spite the changes seen in this photo, the ex plo sions had left the crater walls in tact and with out ev i dence of
frac tures. Cour tesy of Colima Vol cano Ob ser va tory.



that be gan on 13 June de clined in in ten sity dur ing the fol -
low ing week. The ash vent ing was caused by the rapid re -
lease of steam and other vol ca nic gases, pos si bly trig gered
by in tense rain fall on the night of 12 June. Ash anal y ses
from this ep i sode did not in di cate fresh magma.

On 27 June a steam and ash cloud at ~ 3 km al ti tude was 
re ported to be drift ing W. By 28 June sat el lite im ag ery
showed a plume of ash and steam at ~ 1.8 km al ti tude ex -
tend ing NW. Pe ri odic ep i sodes of in tense ash vent ing con -
tin ued, cul mi nat ing in an ex plo sive event on 28 June at
1306. Dur ing the event, bal lis tics were ejected onto the
Farrell’s plain (to the NW), and a col umn col lapse pro -
duced pyroclastic flows. The pyroclastic flows reached the
sea at the Tar River delta (to the NE), and a smaller vol ume
of ma te rial flowed into the top of Tyre’s Ghaut (to the N).
Ash showed no ev i dence of fresh magma.

Pre lim i nary anal y sis of re cent ground de for ma tion data
from the GPS net work at the vol cano showed that de fla tion
dur ing April to mid June 2005 had later re versed, and the
vol cano ap peared to be in flat ing. Pe ri odic ash vent ing con -
tin ued and an ex plo sion oc curred on 3 July at 0130, which
was sim i lar to the explosion on 28 June.

An ex plo sive event at 0301 on 18 July caused wide -
spread ash fall out be tween Fogarty Hill on the is land’s NW
and Brodericks Yard on the is land’s SW and al most cer -
tainly led to pyroclastic flows to the sea in Tar River. This
ex plo sion was sim i lar to, but slightly big ger than, the ex -
plo sion on 3 July, and ash vent ing and pyroclastic flows
com bined to cause dra matic ash clouds which reached to at
least 6 km. Winds blew the ash plume in a NW di rec tion
caus ing sig nif i cant ash fall in Old Towne, Iles Bay, Sa lem,
Olveston, Wood lands and St Pe ters. The max i mum depth
of ash mea sured by sci en tists in in hab ited ar eas was 1.5 to
2.0 mm; the deep est ash was re corded at Weekes. Ac tiv ity
sub se quently returned to background levels.

The MVO col lected ash sam ples from the af fected ar eas 
to de ter mine whether it was new ma te rial from depth or
older ma te rial from the dome. Ash col lected af ter the 28
June and 3 July 2005 events showed no ev i dence of new
mag matic ma te rial.

On 28 July 2005, the Mod er ate Res o lu tion Im ag ing
Spectroradiometer (MODIS) fly ing onboard the Aqua sat -
el lite ac quired an im age of a plume of vol ca nic ash drift ing
west ward in a slightly curv ing shape as it de parts Soufriere
Hills (in the mid dle of the image, figure 4).

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
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Re port date

(2005)

Seis mic ity

level

Num ber of earth quakes SO2 flux (met ric tons/day)

Hy brid
Vol cano-

tec tonic
Long-pe riod Rockfalls Range Daily av er age

25 Mar-01 Apr low 1 5 1 — 186-369 290

01 Apr-08 Apr low 1 7 1 — 280-650 400

08 Apr-15 Apr low — 19 — — 261-1877 619

15 Apr-22 Apr — 7 37 — 1 122-957 365

22 Apr-29 Apr — 7 31 — — 112-330 304

29 Apr-06 May — 1 4 — 1 276-644 439

06 May-13 May — 1 38 — 1 221-537 398

13 May-20 May — 3 18 — — 222-363 286

20 May-27 May — — 67 — — 880* —

27 May-03 Jun — — 8** — — 167-392 261

03 Jun-10 Jun — — 17 — 1 142-671 399

10 Jun-17 Jun el e vated 17 46 20 7 170-750 460

17 Jun-24 Jun el e vated 8 4 5 3 430-1150 627

24 Jun-01 Jul el e vated 19 15 5 — 300-700 470

01 Jul-08 Jul el e vated 15 9 11 11 241-1700 767

Ta ble 2. Geo phys i cal and geo chem i cal data re corded at Soufrière Hills, 25 March 2005 to 15 July 2005. * Only mea sure ment dur ing re port pe riod. **12-hour
sys tem fail ure may have caused events to be missed. Cour tesy of MVO.

Fig ure 4. A MODIS im age of an ash plume from Soufrière Hills ac quired
on 28 July 2005. N is to wards the top. The plume was vis i ble for over 100
km, but con spic u ous por tions of the plume con tin ued be yond the W (left)
side of this im age be tween the ar rows. A Wash ing ton VAAC re port from
that day sug gested a plume to ~ 5 km al ti tude and 70-300 km long, blown
W. Sev eral is lands neigh bor ing Montserrat (M) are la beled: A, Antigua;
B, Barbuda; G, Guadeloupe; N, Nevis; and SK, St. Kitts. For scale, the
dis tance be tween the cen ters of the is lands of Montserrat and Antigua is
~ 55 km. Some is lands are ringed in bright blue-green, the pos si ble re sult
of coral reefs in shal low wa ter, sed i ment, phytoplankton, or some
com bi na tion of these con di tions. Im age and some el e ments of the cap tion
cour tesy of Jeff Schmaltz, MODIS Rapid Re sponse Team, NASA.



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 E. Block-and-ash flow and surge de pos its as -
so ci ated with dome growth pre dom i nate in flank de pos its.
Non-erup tive seis mic swarms oc curred at 30-year in ter vals
in the 20th cen tury, but with the ex cep tion of a 17th-cen tury 
erup tion, no his tor i  cal erup tions were re corded on
Montserrat un til 1995. Long-term small-to-mod er ate ash
erup tions be gin ning in that year were later ac com pa nied by
lava dome growth and pyroclastic flows that forced evac u a -
tion of the south ern half of the is land and ul ti mately de -
stroyed the cap i tal city of Plym outh, caus ing ma jor so cial
and eco nomic dis rup tion to the is land.

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

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)

Through out the pe riod cov ered by this re port, March
2005 to July 2005, growth of the new lava dome in side the
crater of St. Hel ens con tin ued, ac com pa nied by low rates of 
both seis mic ity and gas and ash emis sions. The haz ard sta -
tus re mained at ‘Vol cano Ad vi sory’ (Alert Level 2); avi a -
tion color code Or ange. Re sults from a dig i tal el e va tion
model pro duced from im ag ery taken on 21 Feb ru ary

showed the high est part of the new lava dome was 12 m
higher than on 1 Feb ru ary; dur ing that 3 week pe riod the
vol ume of dome and sur round ing up lift had in creased by 3
mil lion cu bic me ters. The av er age rate of growth con tin ued
at ~2 m3/s. Fig ure 5 shows four views of changes to the lava 
dome dur ing the pe riod of this re port. Fig ure 6 shows the
seis mic ity and the time of the larger recognized explosions.

Dur ing 2-7 March, dome growth ac com pa nied low rates 
of both seis mic ity and gas and ash emis sions. Parts of the
grow ing lava dome con tin ued to crum ble, form ing rockfalls 
and gen er at ing small ash clouds that drifted out of the
crater. The bulg ing ice on the de formed E arm of the gla cier 
in the crater con tin ued to move rap idly N at about 1.2 m per 
day (figure 7).

A small ex plo sive event be gan at ap prox i mately 1725
on 8 March. The erup tion lasted about 30 min utes with in -

ten s i ty grad u  al ly de cl in  ing
through out; a fine dust ing of ash
from this event later fell ~ 100 km 
to  NW (in  Yakima,  and
Toppenish, Wash ing ton).  By
0200 on 9 March, the lead ing
edge of the faint, dif fuse plume
had reached ~ 300 km to the E
(over west ern Montana). Af ter the 
ex plo sion sci en tists found the
lava dome in tact. They rec og -
nized bal lis tics (up to ~ 1 m in di -
am e ter) as far as the N flank of the 
old lava dome and a lack of them
along or be yond the crater rim.
The ex plo sion vented from the
NNW side of the new lava dome,
very near the source of the 1 Oc -
to ber 2004 and 16 January 2005
explosions (figure 8).

The ex plo sion on 8 March
was one of  the larg  es t
steam-and-ash emis sions to oc cur
since re newed ac tiv ity be gan in
Oc to ber 2004. The Cas cades Vol -
cano Ob ser va tory (CVO) lost ra -
dio sig nals from three mon i tor ing
sta tions in the crater soon af ter the 
event started. The event fol lowed
a few hours of slightly in creased
seis mic ity not then in ter preted as
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Fig ure 5. Four views into St. Hel ens’s crater from dif fer ent per spec tives and dates, fo cus ing on the new dome. A:
15 March 2005, view from NE. The whaleback is close to its max i mum length of 500 m. Note that the gla cier’s
heavily crevassed, half-moon shaped, E (left) arm lies squeezed be tween the grow ing dome and crater wall. Vent
is steam ing at lower-right whaleback. B: 3 May 2005, view from N. The whaleback has been break ing apart for
sev eral weeks. Note the large slab of smooth gouge-cov ered sur face mov ing E (left). C: 21 June 2005, view from
NW. Note the de vel op ment of broad ta lus on W (right) flank of dome. An iso lated body of smooth gouge-cov ered
sur face to the right of the main spine is emerg ing from ta lus. D: 26 July 2005, view from E crater rim. The smooth,
gouge-cov ered spine con tin ues to crum ble as a re sult of M$ 3 earth quakes and rockfalls. A large slab of March
whaleback is vis i ble at left. Most of the dome sur face is now ta lus and dis in te grat ing older whalebacks. By the end 
of July, the spine had been re duced to a highly frac tured stump. All pho tos cour tesy of USGS CVO.

Fig ure 6. Mag ni tude of lo cated earth quakes at Mount St. Hel ens through
27 July 2005 (Pa cific North west Seis mo graph Net work). Ver ti cal lines
rep re sent the time of mod er ate ex plo sions. Note pe ri ods of earth quakes M 
> 3 that ac com pa nied dome break-ups in De cem ber, April, and July.
Cour tesy of CVO and the Pa cific North west Seis mo graph Net work.



pre cur sory. There were no other in di ca tions of an imminent 
change in activity.

Af ter the 8 March ex plo sion, St. Hel ens only emit ted
steam, and seis mic ity dropped to a level sim i lar to that dur -
ing the sev eral hours prior to the ex plo sion. Gas emis sions
were very low, es sen tially un changed from those mea sured
in late Feb ru ary. The haz ard sta tus for the on go ing erup -
tion, ‘Vol cano Ad vi sory (Alert
Level 2),’ men tioned the pos si bil -
ity of events like the 8 March ex -
plo sion oc cur ring with out warn -
ing. That as sess ment re mained
un changed and the hazard status
stayed the same.

Anal y sis of ae rial pho to graphs 
in di cated that as of 10 March the
top o graphic changes in the crater
re sult ing from growth of the new
dome and con se quent gla cier de -
for ma tion had a com bined vol -
ume of about 45 mil lion m3. The
cur rent erup tion con trib uted new
ma te ri als amount ing to about
two-thirds the vol ume of the old
lava dome.

From March 2005 through
July 2005, growth of the new lava 
dome con tin ued. Rates re mained
low for both seis mic ity and gas
and ash emis sions. CVO noted
that dur ing such erup tions, ep i -
sodic changes in the level of ac -
t iv i ty can oc cur over days to
months.  Dur ing about 26-27
March, a group of M 2 to M 3
earth quakes oc curred be neath the
vol cano, a level of ac tiv ity con -
s id  ered nor  mal  dur  ing
dome-emplacing volcanism.

A se ries of large (M $3) earth -
quakes oc curred dur ing 3-4 April, 
in ad di tion to the typ i cal ar ray of
smaller events. Ob ser va tions on 6 
April re vealed that the smooth
whaleback-shaped por tion of the
grow ing lava dome was bro ken
by nu mer ous frac tures, and the
edges had crum bled greatly. Sev -
eral deep gashes on the E, N, and
W sides fre quently pro duced
rockfalls and ac com pa ny ing ash
clouds.  On 10 Apri l the new
dome con tin ued to frac ture and
spread lat er ally. As a con se -
quence,  the dome’s  sum mit
dropped by a few tens of me ters
over 2-3 weeks, leav ing iso lated
high-stand ing rem nants. This bro -
ken pat tern was ap par ent in a
photograph on 3 May (figure 5B).

Ear th  quakes s teadi ly  de  -
creased in mag ni tude and num ber
through mid-April. A GPS re -
ceiver 200 m N of the new dome

crept steadily NNW at ~ 10 cm per day. The com bi na tion of 
the GPS mea sure ments ad ja cent to the lava dome and the
qual i ta tive es ti mate of lat eral spread ing sug gested that ex -
tru sion of new lava con tin ued during April.

On the morn ing of 28 April there were re ports of mi nor
amounts of ashfall in the east ern part of the Port land met ro -
pol i tan area, ~ 80 km SSW of St. Hel ens. There was no ev i -
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Fig ure 7. A view of the grow ing dome at St. Hel ens from the Sugar Bowl cam era just be fore the 8 March 2005
ex plo sion. The Sugar Bowl dig i tal cam era takes a pic ture ev ery hour from its hous ing on the NE flanks. The
im age data are trans mit ted to a more ac ces si ble spot im me di ately af ter the pic tures are taken. Cour tesy of CVO.

Fig ure 8. The 8 March 2005 ex plo sion at St. Hel ens viewed from the Sugar Bowl cam era. This shot was taken at
about 1727 hours and 42 sec onds on 8 March. Cour tesy of CVO.



dence of a new ex plo sion. CVO sci en tists de ter mined that
large con vec tive storms over the Cas cades on 27 April en -
trained ash gen er ated by the fre quent hot rockfalls from the
grow ing lava dome and kept it in sus pen sion to fall out as
far away as Portland.

Dur ing early May poor weather ob scured the vol cano.
Seis mic and ground de for ma tion ac tiv ity re mained un -
changed. Through much of the night of 4-5 May, how ever,
VolcanoCam im ages de tected in ter mit tent glow from the
new dome. The cam era is mounted at the Johnston Ridge
Ob ser va tory at an el e va tion of 1,400 m and ~ 6.5 km NNW
of the vol cano, a spot W of the S part of Spirit Lake. Dur ing 
11-12 May im ages from the mouth of the crater showed the
new spine of lava at the N end of the dome con tin u ing to
grow. Data from seis mic and GPS in stru ments in the crater
and on the outer flanks con tin ued to lack sig nif i cant
changes over the past few weeks. Through the end of May,
lava ex tru sion con tin ued at the N end of the new lava dome, 
while the high spines con tin ued to crum ble. Other parts of
the lava dome moved at the rel a tively low ve loc ity of about

30 cm/day or re mained stag nant. Ta ble 3 com pares the
older dome with the new one as of 3 May 2005.

Around 4 June the rate of mo tion of a GPS unit on the
NE part of the new dome slowed slightly, con tin u ing to
creep east ward and north ward at a rate of sev eral cen ti me -
ters per day, but no lon ger ris ing ver ti cally. The lava spine,
how ever, con tin ued to grow. Through the end of June 2005, 
seis mic and de for ma tion data con tin ued trends sim i lar to
the pre vi ous few weeks, with small earth quakes ap prox i -
mately ev ery 5 min utes, lit tle to no move ment of the old
lava dome, mi nor move ment of the N end of the new lava
dome, and con tin ued growth of the lava spine. Ob ser va -
tions made on 15 June re vealed that the lava spine con tin -
ued to grow and that tem per a tures in cracks near the base of 
the spine were near 700°C. Ther mal data from 15 June sug -
gested that much of the W part of the dome was mov ing up -
ward, as well as south ward. Dur ing the last week of June,
the smooth lava spine con tin ued to grow at a rate of about
1.8-3.7 m per day. Rockfalls from the top of the spine kept
its height from in creas ing by that same rate. Anal y sis of a

dig i tal el e va tion model made
from im ag ery ac quired on 15 June 
showed that the to tal vol ume ad -
di tion to the crater since Sep tem -
ber 2004 had reached al most 60
mil lion cu bic me ters.

On 2 July at 0630 a rockfall
from the grow ing lava dome re -
moved a large piece of the dome’s 
top, pro duc ing an ash plume that
rose above the crater rim and gen -
er at ing a sub stan tial seis mic sig -
nal. Per sis tent smaller rockfalls
from the grow ing lava dome built
ta lus aprons on the W and NE
flanks of the dome.

On 12 July, CVO re ported that 
rates of seis mic ity and ground de -
for ma tion at Mount St. Hel ens
had de clined dur ing the pre vi ous
two weeks to some of the low est
lev els since the erup tion be gan in
Sep tem ber 2004. A sim i lar lull
oc curred in December 2004.

Be gin ning 15 July and con tin -
u  ing through the end of  the
month, the grow ing spine and
other high ar eas of the dome to
the south pro duced nu mer ous
large rockfalls, most of which
were as so ci ated with earth quakes
of about M 3 (fig ure 9). Dif fuse
ash plumes that rose hun dreds of
me ters above the rim were pro -
duced by the larger rockfalls. By
the end of  July most  of  the
smooth gouge-cov ered sur face of
the spine had dis in te grated, and
the spine was re duced to a highly
frac tured, but still-ex trud ing,
stump sur rounded by rap idly
grow ing aprons of rockfall debris.

Back ground. Prior to 1980,
Mount St. Hel ens formed a con i -
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Fig ure 9. Rockfall and ac com pa ny ing ash cloud on 26 July 2005 as viewed from sta tion Brutus on the crater’s E
rim. Rockfall orig i nated from the steep, frac tured top of an in clined spine. Note boul ders (light-col ored specks
against shadow) shoot ing ahead of ash cloud. Another spine is ex trud ing from ground just be hind the lower end of 
the ash cloud. Cour tesy USGS and CVO.

Names 
Un named

(the “old” dome)

The “new” dome

(un of fi cially called “the whaleback”)

Growth pe riod 1980-1986 (six years) Oc to ber 2004-Feb ru ary 2005 (and on go ing)

Size - length ~ 1.1 km in di am e ter ~ 475 m long

Size - width ~ 1.1 km in di am e ter ~ 152 m wide

El  e  va t ion /
ver ti cal height

2.2 km, nearly 267 m
above the 1980 crater
floor.

As of 1 Feb ru ary 2005, 2.3 km, nearly 415 m above the 1980
crater floor, 152 m above the top of the old 1980-86 lava
dome, and 213 m above the 2000 gla cier sur face. The new
dome’s top reached an el e va tion ~ 40 m be low Shoe string
Notch on the crater’s SE rim.

Vol ume ~ 75 x 106 m3 ~ 44 x 106 m3

Ta ble 3. A com par i son of the old (1980-86) and new (2004-) domes at St. Hel ens. The new dome started in
Oc to ber 2004, and the re ported data re flects con di tions seen un til 1 Feb ru ary 2005. Cour tesy of CVO.



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 2200 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 2200 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 :
GSCVOWEB@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).

Ebeko

Kurile Is lands, Rus sia
50.68°N, 156.02°E; sum mit elev. 1,156 m

All times are lo cal (= UTC +11 hours)

A few gas-and-steam plumes from Ebeko were re ported 
dur ing Feb ru ary-April 2004 (BGVN 29:04). The most re -
cent pre vi ous erup tion was in Jan u ary 1991. On 30 Jan u ary
2005 the Kamchatka Vol ca nic Erup tions Re sponse Team
(KVERT) raised the Con cern Color Code at Ebeko from
Green to Yel low af ter re ports of a strong smell of sul fur on
27 and 28 Jan u ary in the town of Severo-Kurilsk, ~ 7 km
from Ebeko.

Ob ser va tions by Leonid and Tatiana Kotenko in
Severo-Kurilsk during May-July 2004 in cluded occasional
gas-and-steam plume ris ing as high as 250 m above the vol -
cano dur ing clear weather and fumarolic plumes mov ing
close to the ground. There was no vis i ble ac tiv ity in Au -
gust, but a few plumes were seen again from Sep tem ber to
No vem ber.

Dur ing 28 Jan u ary, a white gas-and-steam plume was
seen from Severo-Kurilsk ris ing 400 m above the vol cano.
Sum mit ob ser va tions the next day re vealed a yel low-gray,
5-m-di am e ter, col umn ris ing 300 m from a vent on the NE
side of the ac tive crater. Three ash lay ers 2-3 mm thick
were noted 10 m from the vent, and ash ex tended ~ 500 m E 
into the crater. At this time a new 7 x 12 m tur quoise lake
had de vel oped in the SW part of the ac tive crater. The lake
dis ap peared on 30 Jan u ary, and there was in ten sive
fumarolic ac tiv ity where it had been. Shal low earth quakes
were re corded at the Severo-Kurilsk seis mic sta tion.

On 1 Feb ru ary gas-and-steam plumes rose to 450 m
above Ebeko’s crater and drifted NE. On 7 Feb ru ary a small 
emis sion of steam, gas, and pos si bly ash rose ~ 1 km above
the crater and drifted ~ 12 km SE. On 8 and 9 Feb ru ary

plumes rose to 600 m and thin ash de pos its were noted in
the town of Severo-Kurilsk.

The fol low ing in for ma tion came to KVERT from ob -
serv ers in Severo-Kurilsk (Leonid and Tatiana Kotenko).
On 15-16 Feb ru ary a dark-gray col umn rose up to 500 m
above the crater. A dark-gray plume ex tended 6 km E and a
light-gray plume 7 km SE. On 16 Feb ru ary ashfall to gether
with snow fall  was noted over the strait  to the E of
Paramushir Is land. On 17 Feb ru ary a white col umn up to
250 m above the crater was ob served. On 12 Feb ru ary and
16-17 Feb ru ary a strong smell of a H2S was noted at
Severo-Kurilsk. On 18-19 Feb ru ary white gas-and-steam
col umns 5 m in di am e ter rose from the two vents up to 450
m above the crater and a new lake (10 x 10 m) on the floor
of the ac tive crater was ob served. On 25 Feb ru ary white
gas-and-steam plumes rose to 450 m and 1,000 m above the 
crater. Gas-and-steam plumes were also ob served on 1-2,
4-5, and 9 March. No ash was seen. A strong smell of H2S
was noted at Severo-Kurilsk on 25 Feb ru ary and 2 March.

About 20 seis mic events of less than Ml 2.0 were ob -
served dur ing 1-9 March at the Severo-Kurilsk seis mic sta -
tion. No seis mic ac tiv ity was ob served from 12 to 14
March. On 15 March two seis mic events were noted. There
was no seis mic ity dur ing 18-25 March, so KVERT re duced
the haz ard status from Yellow to Green, the lowest level.

The Rus sian Emer gency Sit u a tions Min is try’s Sakhalin
de part ment re ported re newed ac tiv ity on 27 June in the
form of emis sion clouds ris ing to a max i mum height of 200
m above the crater and drift ing SW. KVERT did not re port
any ac tiv ity, and the Con cern Color Code for Ebeko
remained at Green.

Back ground. The flat-topped sum mit of the cen tral
cone of Ebeko vol cano, one of the most ac tive in the Kuril
Is lands, oc cu pies the north ern end of Paramushir Is land.
Three sum mit crat ers lo cated along a SSW-NNE line form
Ebeko vol cano proper, at the north ern end of a com plex of
five vol ca nic cones. Blocky lava flows ex tend W from
Ebeko and SE from the neigh bor ing Nezametnyi cone. The
east ern part of the south ern crater of Ebeko con tains strong
sol fa ta ras and a large boil ing spring. The cen tral crater of
Ebeko is filled by a lake about 20 m deep whose shores are
lined with steam ing sol fa ta ras; the north ern crater lies
across a nar row, low bar rier from the cen tral crater and con -
tains a small, cold cres cent-shaped lake. His tor i cal ac tiv ity,
re corded since the late-18th cen tury, has been re stricted to
small-to-mod er ate ex plo sive erup tions from the sum mit
crat ers. In tense fumarolic ac tiv ity oc curs in the sum mit
crat ers of Ebeko, on the outer flanks of the cone, and in
lateral explosion craters.

In for ma tion Con tacts: Olga 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); Alaska Vol cano Ob ser -
va tory (AVO), co op er a tive pro gram of the U.S. Geo log i cal
Sur  vey,  4200 Uni  ver  s i ty  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., Suite 200, Fairbanks, AK
99709, USA (Email: cnye@giseis.alaska.edu).
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Shiveluch

Kamchatka, 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])

Fol low ing ex plo sions from Shiveluch dur ing 25 Feb ru -
ary to 4 March 2005 ash fell in Ust’-Hairyuzovo, about 250
km W (BGVN 30:02). From March 2005 un til July 2005,
Shiveluch re mained at Con cern Color Code Or ange.
Through out March 2005 the lava dome at Shiveluch con tin -
ued to grow and on sev eral days ash-and-gas plumes and
gas-and-steam plumes rose to a max i mum of ~ 2.8 km
above the dome. Sat el lite im ag ery showed a ther mal anom -
aly at the dome dur ing the first week of March and a large
ther mal anom aly over the re cent pyroclastic-flow de posit
dur ing 11-12 March. Be tween 5-28 March a new lava ex -
tru sion added ~ 50 m height to the SW part of the dome.

Dur ing April 2005, in ten sive growth of the new ex tru -
sion at the W part of the dome con tin ued, and the E and W
parts of the lava dome be came nearly level. Gas-and-steam
plumes rose to a max i mum of ~ 1.2 km above the dome
dur ing April 2005. Sat el lite im ag ery showed a large ther -
mal anom aly at the dome dur ing mid-April and a small
anom aly as so ci ated with a pyroclastic flow on 19 April. On
25 April, a hot av a lanche on the dome’s W side pro duced
an ash plume that rose ~ 2 km above the 2.5-km-high lava
dome. Growth of the dome con tin ued dur ing May 2005
with a new ex tru sion to the W. Ash-and-gas plumes, some
ris ing 2 km above the dome, were fre quent. Sat el lite im ag -
ery showed a per sis tent ther mal anom aly at the lava dome
throughout May.

The dome con tin ued to grow dur ing June 2005. Dur ing
3-10 June, two shal low M 1.6-1.7 earth quakes oc curred 0-5 
km be neath the ac tive dome. Gas-and-steam plumes rose as
high as 400 m above the dome dur ing June. A per sis tent
ther mal anom aly was vis i ble through out June. Fumarolic
ac tiv ity was re ported dur ing the week of 18-24 June. Dur -
ing the last week of June, sat el lite im ag ery showed a per sis -
tent ther mal anom aly, and fumarolic ac tiv ity pro duced
steam to 4-5 km al ti tude. On 30 June, ash-and-gas plumes
rose 3-5 km al ti tude. and drifted NW. Hot av a lanches of
vol  ca nic  ma te  r ia l  were also re  corded.  On 6 July
ash-and-gas plumes rose to ~ 7 km al ti tude and drifted NW. 
On 7 July an 11-min ute-long seis mic event oc curred, and
ash-and-gas plumes may have reached a height of 10 km al -
ti tude. Around 8 July, KVERT raised the Con cern Color
Code from Or ange to Red, the high est level. On 8 July
2005, video foot age showed weak gas-and-steam plumes
ris ing to ~ 5 km al ti tude. On 9 July 2005, the Concern Color 
Code was reduced to 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 1300 cu km 
Shiveluch is one of Kamchatka’s larg est and most ac tive
vol ca nic struc tures. The sum mit of roughly 65,000-year-old 
Strary Shiveluch is trun cated by a broad 9-km-wide
late-Pleis to cene cal dera breached to the south. Many lava
domes dot its outer flanks. The Molodoy Shiveluch lava
dome com plex was con structed dur ing the Ho lo cene within 
the large horse shoe-shaped cal dera; Ho lo cene lava dome
ex tru sion also took place on the flanks of Strary Shiveluch.

At least 60 large erup tions of Shiveluch have oc curred dur -
ing the Ho lo cene, mak ing it the most vig or ous andesitic
vol cano of the Kuril-Kamchatka arc. Wide spread tephra
lay ers from these erup tions have pro vided valu able time
mark ers for dat ing vol ca nic events in Kamchatka. Fre quent
col lapses of dome com plexes, most re cently in 1964, have
pro duced de bris av a lanches whose de pos its cover much of
the floor of the breached 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,  Fairbanks ,  AK 99709,  USA (Email:
cnye@giseis.alaska.edu).

Karymsky

Kamchatka, Rus sia
54.05°N, 159.43°E; sum mit elev. 1,536 m

All times are lo cal (= UTC + 12 hours)

Dur ing 1 Jan u ary to mid-April 2004 (BGVN 29:04),
ash-and-gas ex plo sions and gas plumes were ob served and
seis mic ity re mained gen er ally above back ground lev els.
From May to the be gin ning of Sep tem ber 2004, seis mic ac -
tiv ity re mained above back ground lev els, vary ing over this
time from 100-800 small shal low earth quakes per day.
Ash-and-gas ex plo sions and gas plumes to a max i mum
height of 7.5 km were fre quent. On 1 Sep tem ber 2004 an
in crease in ac tiv ity led the Kamchatka Vol ca nic Erup tions
Re sponse Team (KVERT) to raise the Con cern Color Code
from Yel low to Or ange. From Sep tem ber to De cem ber
2004, seis mic ity re mained above back ground lev els, and
ash-and-gas ex plo sions and ash plumes were fre quent. On
12 November the hazard status was lowered to Yellow.

In creas ing seis mic ity, rock av a lanches and pos si ble ash
plumes to 2.5 km al ti tude led KVERT to raise the Con cern
Color Code to Or ange again on 7 De cem ber 2004. On 28
De cem ber, an ob served erup tion at Karymsky pro duced a
plume com posed pri mar ily of gas and steam, but with some
ash, that rose to ~ 1 km above the crater. Ther mal anom a lies 
were also vis i ble on sat el lite im ag ery on 27 and 28 De cem -
ber. On 30 De cem ber the To kyo VAAC re ported that a
plume was pres ent up to ~ 8 km altitude extending SW.

There were no seis mic data from 12 De cem ber 2004 till
late Jan u ary 2005. Through Jan u ary and Feb ru ary ther mal
anom a lies were fre quently vis i ble on sat el lite im ag ery.
Seis mic ity re mained above back ground lev els from Feb ru -
ary 2005 through July 2005.

Through March and April 2005, ash-and-gas ex plo sions 
and gas plumes were fre quent. Ash de pos its ex tended
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10-15 km S and SW of the vol cano. On 20 April, vol ca nic
bombs rose to 50 m above the crater, and ash fell to the NE
on 21 April. On 26 and 27 April, Strombolian ac tiv ity was
seen in two of the vol cano’s crat ers; vol ca nic bombs rose to 
~ 300 m above the crat ers. Ash fell to the SE on 22-23 April 
and pyroclastic-flow de pos its were seen on the NNW flank
of the vol cano. Dur ing May 2005, ash-and-gas ex plo sions
and plumes were again fre quent, and a ther mal anom aly
con tin ued to be vis i ble on satellite imagery.

Due to a de crease in seis mic and vol ca nic ac tiv ity dur -
ing 3-10 June, KVERT de creased the alert level from Or -
ange to Yel low. Seis mic ac tiv ity in creased start ing on 22
June. Ash ex plo sions up to 3,000 m al ti tude trav el ing SW
were ob served by pi lots. Ac cord ing to seis mic data, about
10 ash-and-gas plumes and av a lanches oc curred at the vol -
cano. On 23 June KVERT in creased the alert level to Or -
ange. Sat el lite im ag ery of Karymsky showed a nar row
ash-and-gas plume at a height of ~ 3.5 km al ti tude on 30
June. Based on in ter pre ta tions of seis mic data, ash-and-gas
plumes may have reached 3 km above the crater.

The To kyo VAAC posted four mes sages on Karymsky
dur ing the 90 days prior to 8 Au gust 2005; in each, ash was
not iden ti fi able from sat el lite. The ear li est, 18 May was
sim i lar to the last one, on 23 June. Both noted a re ported
plume to FL100 (‘flight level 100’ sig ni fies 10,000 feet; 3.
05 km al ti tude). Re ports on 22 and 24 May both noted ash
to FL 120 (3.65 km altitude).

Back ground. Karymsky, the most ac tive vol cano of
Kamchatka’s east ern vol ca nic zone, is a sym met ri cal
stratovolcano con structed within a 5-km-wide cal dera that
formed dur ing the early Ho lo cene. The cal dera cuts the
south side of the Pleis to cene Dvor vol cano and is lo cated
out side the north mar gin of the large mid-Pleis to cene
Polovinka cal dera, which con tains the smaller Akademia
Nauk and Odnoboky cal de ras. Most seis mic ity pre ced ing
Karymsky erup tions orig i nated be neath Akademia Nauk
cal dera, which is lo cated im me di ately S of Karymsky vol -
cano. The cal dera en clos ing Karymsky vol cano formed
about 7600-7700 ra dio car bon years ago; con struc tion of the 
Karymsky stratovolcano be gan about 2000 years later. The
lat est erup tive pe riod be gan about 500 years ago, fol low ing
a 2300-year qui es cence. Much of the cone is man tled by
lava flows less than 200 years old. His tor i cal erup tions have 
been vulcanian or vulcanian-strombolian with mod er ate ex -
plo sive activity and occasional lava flows from the summit
crater.

In for ma tion Con tacts: KVERT (see Shiveluch); To kyo
Vol ca nic Ash Ad vi sory Cen ter (VAAC), Ja pan Me te o ro log i -
cal Agency, To kyo Avi a tion Weather Ser vice Cen ter,
Haneda Air port 3-3-1, Ota-ku, To kyo 144-0041, Ja pan
(URL: http://www.jma.go.jp/JMA_HP/jma/jma-eng/
jma-cen ter/vaac/; Email: vaac@eqvol.kishou.go.jp).

Canlaon

cen tral Phil ip pines
10.412°N, 123.132°E; sum mit elev. 2,435 m

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

Through out  May 2005,  PHIVOLCS noted that
ash-and-steam emis sions from Canlaon pro duced plumes to 
500-1,000 m above the vol cano. The haz ard sta tus re -

mained at Alert Level 1. The SO2 flux re mained above the
‘nor mal’ level of 500 met ric tons/day (t/d) with val ues of
2,700 t/d on 1 May, 2,080 on 22 May, and 1,400 on 26
May. Ac cord ing to news re ports, flights to and from nearby 
Kalibo air port were sus pended on 3 May due to re duced
visibility.

Al though vo lu mi nous white steam con tin ued to be dis -
charged from the ac tive vent early in June 2005, af ter 25
May ash ejec tions stopped and ash con tents in the steam
plume were sig nif i cantly re duced. On 3 June PHIVOLCS
low ered the haz ard sta tus of Canlaon from Alert Level 1 to
Alert Level Zero, list ing a va ri ety of rea sons. For one, they
noted the down trend in the SO2 gas emis sion rate from a
high of about 4,900 t/d, to the pre vail ing level of 1,500 t/d.
For an other, they noted the ab sence of sig nif i cant seis mic
ac tiv ity be fore, dur ing, and af ter the ash emis sions. And fi -
nally, they cited a lack of sig nif i cant ob ser va tions in di cat -
ing near-sur face hy dro ther mal ac tiv ity. Since Canlaon has a 
his tory of sud den out bursts, the pub lic was re minded to re -
frain from en ter ing the 4-km-ra dius Per ma nent Dan ger
Zone (PDZ) and to co or di nate with PHIVOLCS and
Disaster Management Councils in any attempt to climb the
volcano.

Back ground. Canlaon vol cano (also spelled Kanlaon),
the most ac tive of the cen tral Phil ip pines, forms the high est
point on the is land of Negros. The mas sive 2435-m-high
stratovolcano is dot ted with fis sure-con trolled pyroclastic
cones and crat ers, many of which are filled by lakes. The
sum mit of Canlaon con tains a broad elon gated north ern cal -
dera with a crater lake and a smaller, but higher, his tor i cally 
ac tive crater to the south. The larg est de bris av a lanche
known in the Phil ip pines trav eled 33 km to the SW from
Canlaon. His tor i cal erup tions, re corded since 1866, have
typ i cally con sisted of phreatic ex plo sions of small-to-mod -
er ate size that pro duce minor ashfalls near the volcano.

In for ma tion Con tacts: Phil ip pine In sti tute of Vol ca nol -
ogy and Seis mol ogy (PHIVOLCS), De part ment of Sci ence
and Tech nol ogy, PHIVOLCS Build ing, C.P. Gar cia Av e -
nue, Univ. of the Phil ip pines Cam pus, Diliman, Quezon
City, Phil ip pines (URL: http://www.phivolcs.dost.gov.ph/); 
Chris Newhall, USGS, Box 351310, Uni ver sity of Wash -
ing ton,  Se a t  t le ,  WA 98195-1310,  USA(Email:
cnewhall@ess.wash ing ton.edu); Phil ip pine Star (URL:
http://www.philstar.com/).

Kilauea

Ha wai ian Is lands, USA
19.425°N, 155.292°W; sum mit elev. 1,222 m

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

Ac tiv ity at Kilauea through Oc to ber 2004 was pre vi -
ously re viewed in re ports that in cluded maps show ing the
ex tent of key lava flows through most of Au gust 2004
(BGVN 29:09). Dur ing No vem ber 2004 through Jan u ary
2005, lava flows were abun dant and made com plex pat -
terns. Their over all ad vance can be seen by com par ing
maps of the ex tent of the lava flows as of late Au gust 2004
(fig ure 10) and 2 Feb ru ary 2005 (figure 11).

On 4 No vem ber 2004 lava from the Prince Kuhio
Kalaniana `ole (PKK) flow en tered the sea, form ing a new
delta sea ward of the E end of the old Lae’apuki delta. The
PKK flow has been con tin u ously ac tive since 26 July 2004,
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and lava con tin ued to en ter the sea through 26 No vem ber
2004. This was the first time lava en tered the sea since the
Ba nana lava flow ceased in early Au gust 2004. The Ba nana 
flow de vel oped from break outs when lava es caped from the 
con fines of the Mother’s Day lava tube, emerg ing near the
for mer Ba nana Tree kipuka. This flow stag nated early in
Sep tem ber 2004, and the Mother’s Day tube ceased
carrying lava late in 2004.

Dur ing the first week in De cem ber 2004, the lava flow
at Lae’apuki abated. Ac tiv ity re sumed dur ing the sec ond

week along all ar eas of the PKK flow from high on the
Pulama pali fault scarp. By 13 De cem ber lava again en tered 
the sea at the East Lae’apuki delta. The flow mod er ated
dur ing the sec ond half of De cem ber with only sev eral ar eas
of vis i ble sur face lava ap par ent on the Pulama pali fault
scarp and on the coast.

New vents opened at the south ern base of Pu`u `O`o on
19 Jan u ary 2004 and fed the Mar tin Lu ther King (MLK)
flows (fig ure 11). The PKK flow orig i nated from two vents
~ 250 m S of the base of Pu `u `O`o. By 2 Feb ru ary 2005

the PKK flow had en tered the sea
at West Highcastle, Lae’apuki,
and Ka`ili`ili (fig ure 11).

Dur ing Jan u ary 2005, sur face
lava was vis i ble along the three
main arms of the PKK flow as
they ad vanced downslope to -
wards the coast (figure11). The
mid dle arm of the PKK flow was
com par a tively small, and it failed
to reach the ocean dur ing this re -
port ing in ter val; it re mained high
on Pulama pali. In con trast, lava
from the E and W arms of the
PKK flow be gan to en ter the
ocean on 31 Jan u ary. The large E
arm of the PKK lava flow fed the
larger Ka`ili`ili en try. The W
branch of the PKK lava flow once 
sup plied lava to Lae’apuki (an E
branch of the W arm), but later
also be gan feed ing the West
Highcastle ocean en try (the W
branch of the W arm, figure 11).

Seis  mic i ty .  Af  ter  seven
months of rel a tive qui es cence re -
newed seis mic ity and nu mer ous
small long-pe riod (LP) events
again be came vis i ble in No vem -
ber  2004 on the  North  Pi t
seismogram. El e vated ac tiv ity be -
gan on 16 No vem ber, peak ing at
over 2,000 events a day by late
No vem ber (fig ure 12). Nearly all
of these earth quakes were too
small to cat a log. To ob tain this
plot, a daily event count was ex -
trap o lated from a rep re sen ta tive
par t  of  the  North  Pit  (NPT)
seismogram. Sci en tists com bined
the counts for two shal low (0-5
km deep) earth quake types, those
des ig nated by HVO as short-pe -
riod sum mit or short-pe riod cal -
dera (SPC) and those des ig nated
as shal low, long-pe riod (long-pe -
riod cal dera A, LPC-A) earth -
quakes. The sim i lar fre quency
con tent of these two kinds of
earth quakes make them dif fi cult
to dis tin guish on the drum re cord. 
In ad di tion, small-mag ni tude
deeper earth quakes, des ig nated as 
long-pe riod earth quakes orig i nat -
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Fig ure 10. Kilauea lava flows erupted dur ing ac tiv ity from 1983-Au gust 2004 of Pu`u `O`o and Kupaianaha.
Note the lo ca tion of Kupaianaha, the ac tive vent area dur ing 1986-1992, ~ 4 km ENE of Pu`u ̀ O`o. Cour tesy of
the U.S. Geo log i cal Sur vey’s Ha wai ian Vol cano Ob ser va tory.

Fig ure 11. Kilauea lava flows erupted dur ing ac tiv ity from 1983-2 Feb ru ary 2005 of Pu`u ̀ O`o and Kupaianaha.
Cour tesy of the U.S. Geo log i cal Sur vey’s Ha wai ian Vol cano Ob ser va tory.



ing at depths over 5 km, may have also reg is tered within the 
sum mit cal dera to ap pear on the plot, al though they would
be ex pected to con tain a lower dom i nant fre quency of
oscillation than the LPC-A earthquakes. Tremor episodes
were rare or absent.

A mi nor peak in seis mic ity oc curred in later Jan u ary,
dur ing the two days be fore and af ter the 25 Jan u ary in fla -
tion-de fla tion event. Most of the events on 25 Jan u ary ap -
peared to be of the SPC variety.

Tilt and de for ma tion. The tiltmeter re cord at Kilauea
sum mit (UWE) and Pu`u `O`o (POC) showed nu mer ous
cor re lated tilt changes, with a short time de lay be tween
UWE and POC sta tions and larger mag ni tude de lays at
POC (fig ure 13). One of the larg est of these de for ma tions
took place on 25-26 No vem ber and re sulted in about 3
microradians of tilt at UWE, and 5 microradians at POC.
This was sim i lar in char ac ter to the tilt events of re cent
months, start ing with fairly rapid de fla tion, fol lowed by a
sim i lar rate and mag ni tude of in fla tion. Though they dif fer
in char ac ter from the de fla tion-in fla tion-de fla tion (DID)
cy cles of the past few years, they seem to be orig i nat ing
from the same shal low stor age area near Halemaumau, the
crater at Kilauea’s summit.

Kilauea con tin ued to in flate over this re port ing pe riod.
The ex ten sion rate across the sum mit in creased dra mat i -
cally in early Jan u ary 2005, from an av er age rate of about 8
cm/yr to over 40 cm/yr. There was a short in fla tion-de fla -
tion event on 25 Jan u ary, fol lowed by about 2-3 days of ex -
tremely rapid move ment of the S flank; con tin u ous GPS
sta tions on the S coast were dis placed by up to 2 cm. The
pat tern and rate of mo tion are very sim i lar to the slow earth -
quake of No vem ber 2000. The slip event oc curred dur ing a

swarm of earth quakes  (see seis mic sec tion above), but the
cu mu la tive mag ni tude of these earth quakes was not nearly
as great as the es ti mated equivalent moment magnitude of
the slip.

Other large ep i sodes of cor re lated multistation tilt oc -
curred on 14 De cem ber 2004 and 25 Jan u ary 2005. In De -
cem ber, both UWE and POC re corded de fla tion ary tilts of
about 4 and 2.5 microradians, re spec tively, over about 12
hours. In mid-Jan u ary, the sum mit started show ing a high
rate of in fla tion ary tilt, co in cid ing with the in crease in
cross-sum mit ex ten sion, mea sured by con tin u ously re cord -
ing GPS. In the early morn ing of 25 Jan u ary, sum mit
tiltmeters and POC re corded a rapid in fla tion (about 5.5
microradians in an hour at UWE, 2 at POC) fol lowed by an
equal amount of de fla tion over the next day. The event was
sim i lar to the fairly fre quent de fla tion-in fla tion-de fla tion
(DID) events at Kilauea. Sim i lar i ties in cluded the ap par ent
source re gions of the in fla tion, the seis mic sig na ture, the
de lay time be tween the sum mit and the rift zone, and the
timing of in creased ac tiv ity.

SO2 emis sion rate mea sure ments. Sum mit SO2 emis -
sion rates for Oc to ber/No vem ber ranged from 80 to 130
met ric tons per day (t/d) with an av er age of 105 t/d (stan -
dard de vi a tion, s.d.=20 t/d for 36 mea sure ments made over
6 days). Al though this rep re sents a slight de crease over
emis sion rates mea sured dur ing the pre vi ous re port ing pe -
riod, it does not rep re sent a sig nif i cant change. Cor re la tion
spec trom e ter (COSPEC) SO2 mea sure ments along the
Chain  of  Crat  ers  Road yielded SO 2  f lux rates of
1,080-1,660 t/d with a mean value of 1,270 t/d (s.d. of 260
t/d for 27 mea sure ments made over 4 days). The drop in
emis sions, which be gan in May 2004, had con tin ued
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Fig ure 12. A time se ries of Kilauea’s daily earth quakes (SPC, LPC-A, and pos si bly LPC-C types) reg is tered at the sum mit dur ing Oc to ber 2004 through Jan u ary 
2005. Cour tesy of U.S. Geo log i cal Sur vey’s Ha wai ian Vol cano Ob ser va tory.

Fig ure 13. Elec tronic tiltmeter re cords from the N flank of Pu`u ̀ O`o cone (POC) and NW rim of Kilauea cal dera (UWE) for (A) Oc to ber and No vem ber 2004
and (B) De cem ber 2004 through Jan u ary 2005. Only the ra dial com po nent is plot ted, i.e., the di rec tion that max i mizes sig nal from the most com mon sources of
tilt at both lo ca tions. Cour tesy of U.S. Geo log i cal Sur vey’s Ha wai ian Vol cano Ob ser va tory.



through No vem ber 2004. A lack of trade winds hin dered
SO2 flux mea sure ments dur ing No vem ber and De cem ber.
Six tra verses on 6 De cem ber yielded an emis sion rate of
105 t/d (s.d.=10 t/d) con sis tent with the more fre quent mea -
sure ments made dur ing Sep tem ber-Oc to ber 2004. The re -
turn of the tradewinds in early Feb ru ary al lowed mea sure -
ments to re sume and showed that sum mit emis sions had
de creased mark edly, likely due to the heavy rain fall on 4
Feb ru ary.

Back ground. Kilauea vol cano, which over laps the E
flank of the mas sive Mauna Loa shield vol cano, has been
Ha waii’s most ac tive vol cano dur ing his tor i cal time. Erup -
tions of Kilauea are prom i nent in Poly ne sian leg ends; writ -
ten doc u men ta tion ex tend ing back to only 1820 re cords fre -
quent sum mit and flank lava flow erup tions that were
in ter spersed with pe ri ods of long-term lava lake ac tiv ity
that lasted un til 1924 at Halemaumau crater, within the
sum mit cal dera. The 3 x 5 km cal dera was formed in sev eral 
stages about 1500 years ago and dur ing the 18th cen tury;
erup tions have also orig i nated from the lengthy East and
SW rift zones, which ex tend to the sea on both sides of the
vol cano. About 90% of the sur face of the ba saltic shield
vol cano is formed of lava flows less than about 1,100 years
old; 70% of the vol cano’s sur face is youn ger than 600
years. A long-term erup tion from the East rift zone that be -
gan in 1983 has pro duced lava flows cov er ing more than
100 km2, de stroy ing nearly 200 houses and adding new
coastline to the island.

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

Tungurahua

Ec ua dor
1.467°S, 78.442°W: sum mit elev. 5,023 m

All times are lo cal (= UTC - 5 hours)

The erup tion of Tungurahua that be gan at the end of
De cem ber 2003 (BGVN 28:11) con tin ued through Jan u ary
2004 (BGVN 29:01). Fig ure 14 shows an ash plume emit -
ted on Jan u ary 2004 in a Mod er ate Res o lu tion Im ag ing
Spectroradiometer (MODIS) image.

On 5 Feb ru ary 2004 there was a slight in crease in seis -
mic ac tiv ity at Tungurahua; steam emis sions rose to low
lev els, and small lahars trav eled down the vol cano’s W
flank via the Achupashal and Chontapamba gorges. On 9
Feb ru ary emis sions of steam, gas, and mod er ate amounts of 
ash oc curred, de pos ited to the W in the sec tors of Pillate
and San Juan. Dur ing mid Feb ru ary, sev eral av a lanches of
in can des cent vol ca nic blocks trav eled ~ 1 km down the vol -
cano’s flank. Dur ing late Feb ru ary through mid April 2004, 
de gas sing con tin ued at Tungurahua with oc ca sional ex plo -
sions of steam, gas, and ash, pro duc ing plumes to ~ 500 m
above the volcano.

On 2, 11, and 15 March lahars trav eled through the
Pam pas sec tor. Dur ing the night of 28-29 March in can des -
cent ma te rial was ob served avalanching on the up per
slopes. From 30 March to 3 April, vol ca nic ac tiv ity was at
rel a tively low lev els, but emis sions of steam and ash oc -
curred, and in can des cence was vis i ble in the crater. On 4
April at 1902 an ex plo sion pro duced a plume con tain ing a
mod er ate amount of ash that rose to 800 m above the crater, 

and on the eve nings of 10 and 11
April, in can des cence was vis i ble
in the crater.

Sul fur-di ox ide flux mea sure -
ments taken on 11 April were the
high est mea sured for sev eral
weeks; 1,600-1,700 met ric tons
per day. Heavy rain dur ing the af -
ter noon and night of 13 April trig -
gered  a lahar  that  cut  the La
Pampa sec  t ion of  the
Baños-Pelileo road.

Vol  ca nic  ac t iv  i ty  at
Tungurahua at the end of April
2004 was at mod er ate lev els. On
21 April, a col umn of steam, gas,
and ash rose to a height of ~ 1 km
above the vol cano and drifted
NW. Ash fell in Bilbao, Cusúa,
San Juan, Cotaló, Pillate, and
Juive sec tors. A plume reached
~ 0.5 km on 22 April and de pos -
ited ash in the towns of Ambato
(to the NW) and Baños (to the N). 
Dur ing the eve ning of 24 April,
in can des cence was vis i ble in the
crater, and in can des cent blocks
rolled a few me ters down the vol -
cano’s NW flank.

Vol cano-tec tonic earth quakes
on 27 and 28 April pre ceded a
slight in crease in the num ber of
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Fig ure 14. A NASA MODIS im age show ing an ash plume from Tungurahua ac quired 14 Jan u ary 2004. N is up;
the plume’s height and length were un dis closed. Ar row points to Tungurahua and is along the ap prox i mate trend
of the dens est por tion of the plume. The plume blew NE across the An des and re mained vis i ble well over the
thickly veg e tated low lands far ther E. (Vis i ble Earth v1 ID 26233.) Cour tesy of NASA. In set map show ing ma jor
ac tive Ec ua dor ian vol ca noes cour tesy of the USGS.



sud den ex plo sions at Tungurahua on 30 April. Ac cord ing
to news re ports, ash fell in the towns of Cotaló, and San
Juan (W of the vol cano) on 1 and 2 May. The level of seis -
mic ity at Tungurahua de creased on 4 May. On 12 May, an
ex plo sion pro duced an ash cloud to ~ 3 km above the vol -
cano that drifted SW, and on 13 May seis mic ity in creased
mod er ately, re lated to the in creased num bers of emis sions.
In can des cence was vis i ble at the lava dome dur ing some
nights.

From mid May through June, small-to-mod er ate emis -
sions of gas, steam, and ash con tin ued at Tungurahua. The
high est ris ing plume reached ~ 2.5 km above the vol cano
on 23 May. On the morn ing of 19 May a mud flow oc curred
in the Pam pas sec tor, but it did not af fect the high way.
Strombolian ac tiv ity was vis i ble in the crater on the eve ning 
of 23 May. Dur ing 2-8 June, ac tiv ity re mained mod er ate 
with sev eral weak to mod er ate ex plo sions re corded per day. 
Spo rad i cally ob served gas-and-ash and gas-and-steam
plumes rose up to 1 km above the sum mit. A strong ex plo -
sion on 5 June pro duced a gas-and-ash plume that rose 2
km above the sum mit. All plumes drifted W. Seis mic ity re -
mained at mod er ate lev els. On 3 June, pos si ble lahars were
noted on the N and NW flanks.

Sev eral ex plo sions oc curred on 10 June, with the larg est 
ris ing ~ 3 km above Tungurahua’s sum mit and drift ing W.
A small amount of ash fell in the Pillate area, and a lahar
de stroyed a bridge in the Bibao zone. Dur ing mid to late
June, there was a slight in crease in vol ca nic ac tiv ity at
Tungurahua in com par i son to the pre vi ous weeks. There
were sev eral emis sions of steam, gas, and mod er ate
amounts of ash, and 5-10 ex plo sions oc curred daily. Seis -
mic ity was char ac ter ized by long-period earthquakes.

From July through De cem ber 2004 the level of vol ca nic 
and seis mic ac tiv ity di min ished at Tungurahua, with spo -
radic mod er ate ex plo sions of ash and gas. The high est ris -
ing plume reached ~ 1.5 km above the vol cano. Seis mic ity
was at rel a tively low lev els. In can des cence in the crater was 
ob served at night on sev eral oc ca sions. Some ex plo sions on 
20 Sep tem ber gen er ated plumes with ash, caus ing ashfall in 
Bilbao and Pondoa, and on the eve ning of 21 Sep tem ber,
Strombolian ac tiv ity was seen, with vol ca nic blocks thrown 
as high as 200 m above the vol cano. On 27 Oc to ber an ex -
plo sion pro duced an ash col umn to a height of ~ 3.5 km
above the vol cano. Dur ing the eve ning, ash fell in the towns 
of Baños, Runtón, and El Salado. Ex plo sions on 31 Oc to ber 
also de pos ited small amounts of ash in Bilbao and
Motilone, and on 15 No vem ber, in can des cence was ob -
served in the crater of the vol cano and ex plo sions gen er ated 
steam col umns with mod er ate ash con tent that rose ~ 2 km

above the crater and drifted S. Dur ing 22-27 De cem ber, ac -
tiv ity at Tungurahua con sisted of small-to-mod er ate
ex plo sions, sev eral long- pe riod earth quakes, and ep i sodes
of tremor. Emis sions of steam, gas, and small amounts of
ash rose a max i mum of 1.5 km on 22 De cem ber.

In creased seis mic ity and vol ca nic tremor reg is tered at
Tungurahua dur ing early Jan u ary 2005. There were eleven
sig nals sug gest ing vol ca nic emis sions and one small ex plo -
sion. Seis mic ity then re turned to a low level. On 11 Jan u -
ary, steam plumes rose ~ 300 m above the vol cano and ex -
tended WNW, and in can des cence was ob served em a nat ing
from the crater dur ing 12-13 Jan u ary. On 14 Jan u ary, a
white col umn of steam-and-gas was ob served that reached
a height of 500 m above the crater and ex tended to the NW.
A steam- and-gas plume reached a height of 200-300 m
above the crater on 16 January, and extended SE.

The Wash ing ton Vol ca nic Ash Ad vi sory Cen ter
(VAAC) re ported 18 Jan u ary that an ash plume reached
~ 5.5 km al ti tude and ex tended to the E of Tungurahua’s
sum mit for ~ 15 km. Dur ing 19-24 Jan u ary 2005, there
were sev eral emis sions from Tungurahua of steam, gas, and 
ash. The plumes that were pro duced rose to a max i mum
height of ~ 1 km above the vol cano and drifted in mul ti ple
di rec tions, small amounts of ash fall ing in the sec tors of
Agoyán, San Fran cisco, Runtón, Pondoa, and Baños. Seis -
mic ity was at rel a tively low lev els. Ash emis sion from
Tungurahua on the eve ning of 25 Jan u ary 2005 de pos ited a
small amount of ash in the sec tor of Puela; ash was de pos -
ited on the vol cano’s N and W flanks on 26 Jan u ary. The
char ac ter of the erup tion changed on 30 Jan u ary to low-en -
ergy emis sions of pre dom i nately steam. This type of ac tiv -
ity con tin ued through 31 Jan u ary.

Vol ca nic and seis mic ac tiv ity was at low lev els at
Tungurahua dur ing the pe riod of Feb ru ary-mid July 2005.
Low- en ergy plumes were emit ted, and long-pe riod earth -
quakes were re corded. Ashfall was re ported in towns near
the vol cano, in clud ing Puela (SW of the vol cano), San Juan 
de Pillate, Cusúaua, and Quern. On 23 Feb ru ary the daily
sul fur-di ox ide flux was 1,200 tons/day. On 27 and 28 Feb -
ru ary, rains gen er ated lahars in the W zone of the vol cano
into the gorges of Cusúa and Bilbao. A mod er ate ex plo sion
oc curred 18 April at 2057 that sent in can des cent vol ca nic
blocks roll ing down the vol cano’s flanks. Ash fell S of the
city of Ambato. On 20 and 21 April rain gen er ated lahars
that trav eled down the vol cano’s W flank near the set tle -
ment of Bilbao (8 km W). An emis sion on 19 May around
1200 pro duced an ash-and- steam plume to ~ 500 m al ti tude 
that drifted N. On 7 June fine ash fell in the Puela sec tor,
~ 8 km SW of the vol cano. On 24 June a nar row plume was
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Month/Year Long -pe riod Vol cano-tec tonic Emis sion Ex plo sions Hy brid

Jan 2004 365 6 217 28 0

Feb 2004 255 8 147 16 0

Mar 2004 123 7 123 2 0

Aug 2004 620 5 142 22 0

Sep 2004 674 9 119 43 0

Oct 2004 390 14 168 53 0

Jan 2005 138 8 92 6 0

Feb 2005 113 20 29 0 0

Mar 2005 54 20 1 0 0

Ta ble 4. Sum mary of avail able seis mic ity (num ber of events) at Tungurahua dur ing Jan u ary 2004-March 2005 as pub lished in IG monthly re ports of March
2004, Oc to ber 2004, and April 2005. Cour tesy of the Instituto Geofisico-Escuela Politecnica Nacional (IG).



iden ti fied in multispectal sat el lite im ag ery about an hour af -
ter an ash erup tion was ob served by the Instituto Geofisica.
The ash plume was at an al ti tude of ~ 5.5 km and ex tended
35-45 km W from the sum mit. On 4 July 2005, low-en ergy
plumes were emitted that rose to a maximum of ~ 5.8 km
altitude.

Ta ble 4 gives ex am ples of some seis mic sta tis tics for
sev eral months dur ing the re port ing pe riod from the
Instituto Geofisico-Escuela Politecnica Nacional (IG).

Back ground.  Tungurahua,  a  s teep-sided,
andesitic-dacitic stratovolcano that tow ers more than 3 km
above its north ern base, is one of Ec ua dor’s most ac tive
vol ca noes. Three ma jor vol ca nic ed i fices have been se -
quen tially con structed since the mid-Pleis to cene over a
base ment of meta mor phic rocks. Tungurahua II was built
within the past 14,000 years fol low ing the col lapse of the
ini tial ed i fice. Tungurahua II it self col lapsed about 3000
years ago and pro duced a large de bris-av a lanche de posit
and a horse shoe-shaped cal dera open to the west, in side
which the  mod ern  gla  c ier-capped s t ratovolcano
(Tungurahua III) was con structed. His tor i cal erup tions
have all orig i nated from the sum mit crater. They have been
ac com pa nied by strong ex plo sions and some times by
pyroclastic flows and lava flows that reached pop u lated ar -
eas at the vol cano’s base. Prior to a long-term erup tion be -
gin ning in 1995 that caused the tem po rary evac u a tion of the 
city of Baños at the foot of the vol cano, the last ma jor erup -
tion had oc curred from 1916 to 1918, al though mi nor ac tiv -
ity con tin ued un til 1925.

In for ma tion Con tacts: Geo phys i cal In sti tute (IG),
Escuela Politecnica Nacional, Apartado 17-01-2759, Quito, 
Ec ua dor (URL: http://www.igepn.edu.ec/); 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/); Jacques
Descloitres, MODIS Rapid Re sponse Team, NASA/GSFC, 
8800 Greenbelt Road, Greenbelt, MD 20771, USA (URL:
http://earthobservatory.nasa.gov/NaturalHazards/; http://
rapidfire.sci.gsfc.nasa.gov/).

Mc Don ald Is lands

South ern In dian Ocean
53.03°S, 72.60°E; sum mit elev. 230 m

The fol low ing re port co mes from Matt Pat rick of the
HIGP Ther mal Alerts Team. Two night-time AS TER im -
ages (Band 10, 8.3 mi crons, at 90 m pixel size) of Mc Don -
ald Is land show ac tiv ity cen tered on the NW shore of the is -
land. The December 2002 image was ex am ined some
months ago, but it  was not de ter mined whether the
long-wave in fra red (IR) anom aly was gen u ine, since it was
rel a tively low in ten sity and there was no anom aly in the

shortwave IR. The most re cent AS TER im age (12 July
2005) shows a some what larger long-wave IR anom aly, but 
more im por tantly, there are five pix els in the shortwave IR
(Band 9, 2.4 mi crons; not shown) which are sat u rated, in di -
cat ing this is a sig nif i cantly hot tar get. Based upon Mc Don -
ald’s typ i cal ac tiv ity, the anomaly probably reflects
low-level effusive activity.

The first and only MODVOLC alert pixel showed up in
No vem ber 2004 (BGVN 29:12). These AS TER im ages
show that re cent ac tiv ity is cen tered around the NW flank
of the is land, very close to shore. Com par ing the July 2005
im age with the December 2002 im age, there might be an in -
di ca tion of the shore line grow ing west ward, but it is hard to 
tell for sure with this res o lu tion (90 me ters). The lo ca tion of 
this ac tiv ity is gen er ally con sis tent with re cent BGVN re -
ports: in 1999 steam ing was ob served on the N-NE part of
the is land (BGVN 24:01), and a re cent Land sat ETM im age 
in di cated that is land con struc tion over the last two de cades
has ex panded the north ern por tion of the volcano (BGVN
26:02 and 27:12).

An drew Tupper noted that he found the hot spot iden ti -
fi ca tion plau si ble. The ques tion of ed i fice col lapse and pos -
si ble tsu nami gen er a tion as so ci ated with Mc Don ald Is lands 
has re cently been a sub ject of in ter est but lit tle tech ni cal in -
for ma tion is avail able on top ics such as ed i fice mor phol ogy 
and slope stability.

Back ground. His tor i cal erup tions have greatly mod i -
fied the mor phol ogy of the Mc Don ald Is lands, lo cated on
the Kerguelen Pla teau about 75 km west of Heard Is land.
The larg est is land, Mc Don ald, is com posed of a lay ered
phono lit ic tuff pla teau cut by phono lit ic dikes and lava
domes. A pos si ble nearby ac tive sub ma rine cen ter was in -
ferred from phono lit ic pum ice that washed up on Heard Is -
land in 1992. Vol ca nic plumes were ob served in De cem ber
1996 and Jan u ary 1997 from Mc Don ald Is land. Dur ing
March of 1997 the crew of a ves sel that sailed near the is -
land noted vig or ous steam ing from a vent at the north ern
side of the is land along with pos si ble pyroclastic de pos its
and lava flows. A sat el lite im age taken in No vem ber 2001
showed the is land to have more than dou bled in area since
pre vi ous re ported ob ser va tions in No vem ber 2000. The
high point of the is land group had shifted to the northern
end of McDonald Island, which had merged with Flat
Island.

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 (http://hotspot.higp.ha -
waii.edu/, Email: pat rick@higp.ha waii.edu); An drew
Tupper, Dar win Vol ca nic Ash Ad vi sory Cen tre (VAAC),
Com mon wealth 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/; Email: 
darwin.vaac@bom.gov.au).
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Sub scrip tions: The Bul le tin of the Global Vol can ism Net work (ISSN: 1050- 4818) is avail able by sub scrip tion from the
Ameri can Geo physi cal Un ion (2000 Flor ida Ave nue NW, Wash ing ton, DC 20009, phone 202:462- 6900 or 800:966- 2481, fax
202:328- 0566, Email: service@agu.org). An nual sub scrip tion price (2005) is $26 to US ad dresses and $43 to all other
coun tries. Back is sues can be or dered through AGU Sepa rates; con tact AGU for cur rent pric ing in for ma tion. Or ders must be
pre paid; make checks pay able to AGU; VISA/MC are ac cepted. The Smith sonian does not han dle any Bul le tin or ders.

Email Ac cess: The text of the Bul le tin is dis trib uted through the VOL CANO List serv (vol cano@asu.edu) maintained by
Jona than Fink at Ari zona State Uni ver sity (subscribe via listserv@asu.edu).


