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Dabbahu

Ethi o pia
12.60°N, 40.48°E; sum mit elev. 1,442 m

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

An erup tion be gan on 26 Sep tem ber 2005 in the Afar
tri an gle re gion of NW Ethi o pia, near the Afar’s W top o -
graphic mar gin, a spot ~ 330 km E of Lake Tan’a (the
source of the Blue Nile river) and ~ 320 km NNW of the
city of Dji bouti. The vent ing took place on the flanks of
Dabbahu (Boina), a vol cano with out pre vi ous his tor i cal
erup tions. What fol lows is a brief syn op sis of seis mic ity
avail able from the USGS and some field ob ser va tions from
Gezahegn Yirgu, Dereje Ayalew, Asfawossen Asrat, and
Atalay Ayele of Addis Ababa Uni ver sity (AAU). Shortly
af ter the Bul le tin ed i tors re ceived the AAU re port, nor mal
lines of com mu ni ca tion were tem po rarily halted due to civil 
un rest. Con se quently, this re port was re viewed and aug -
mented by An thony Philpotts of the Uni ver sity of Con nect -
i cut, who had flown to Erta Ale and Dabbahu with them
and other sci en tists on 16 Oc to ber 2005.

Dabbahu, a stratovolcano, also goes by sev eral other
names, in clud ing Mount Dabbahu, Boina, Moina, and
Boyna. The erup t ion occurred at  least  5 km NE of
Dabbahu’s sum mit area, at a flat spot re ferred to by the
names Da’Ure and Teru Boyna. The pro fu sion of names
and spell ings for this re gion of Af rica partly stems from
widely dis sim i lar al pha bets; the one used in the re gion has
over 100 let ters, com pli cat ing con ver sion into lan guages
hav ing only 26.

The Dabbahu erup tion has been con fus ing. Ini tial news
re ports shed lit tle light on the
erup tion’s source, size, or im pact. 
Several news re ports stated that
nearby earth quakes had caused an 
erup tion at Erta Ale, which is 113
km N of Dabbahu, but that was
not the crit i cal erup tion in this re -
gion dur ing late Sep tem ber. (Seis -
mic ity, how ever, did ap pear as so -
ci ated with an el e vated level of
un rest at Erta Ale in Oc to ber-see
re port in this is sue.) The con fu -
sion prop a gated into the Smith so -
nian-USGS Weekly Re port of
5-11 Oc to ber 2005, which in cor -
rectly at trib uted some de tails of
the Dabbahu erup tion to Erta Ale. 
A cor rec tion was is sued and the
re port was with drawn. Of fi cial
sources and news re ports also
seem to have ini tially over stated
the im pact (e.g., state ments like
50,000 no mads evac u ated, al most 
500 goats killed, etc.).

In a later, more mea sured re -
por t ,  The Ethi o  pian Her ald
posted a 6 Oc to ber ar ti cle on the
web that noted the fol low ing.

“... the [Di sas ter Pre ven tion
and Pre pared ness Com mis sion]
has sent re lief aid, house hold

uten sils and a tanker truck to ar eas af fected by the nat u ral
di sas ter. A re gional com mit tee set up in charge of study ing
the mag ni tude of the di sas ter has al ready sent its re port to
the com mis sion. Ac cord ing to the re port, 1,215 quin tals
[121,500 kg] of food aid has been dis patched to 6,384 cit i -
zens dis placed from Boya and Debawo ... and re set tled in
Debabo lo cal ity, 20 km from Teru. Some 18,234 var i ous
house hold uten sils, 1,280 blan kets as well as 119 roles of
plas tic sheets were be ing trans ported to the area.”

Ac cord ing to fac ulty at Addis Ababa Uni ver sity, prior
to the erup tion and in ad di tion to the earth quake swarm
there was also vol ca nic tremor, as well as fault ing, frac tur -
ing, and pos si ble lo cal land slides.

Earth quake swarm. Dur ing Sep tem ber-4 Oc to ber
2005, an earth quake swarm con sist ing of 131 events oc -
curred at and im me di ately sur round ing Dabbahu (fig ure 1
and ta ble 1). The swarm was sud den and com par a tively in -
tense, with mag ni tudes rang ing from body-wave mag ni tude 
(mb) 3.9 to 5.2. In stru ments reg is tered earth quakes of both
the high est num ber and mag ni tude dur ing 24-26 Sep tem -
ber, just prior to the 26 Sep tem ber erup tion. Seis mic ity in
the area de clined sharply on 27 Sep tem ber and stopped on 4 
Oc to ber. Ac cord ing to an other data set, earth quakes oc -
curred in the re gion dur ing the 5 years prior to this swarm at 
an av er age rate of ~ 12 per year.

First-hand ob ser va tions. Gezahegn Yirgu of AAU sub -
mit ted a pre lim i nary de scrip tion of the erup tion. He re -
ported that peo ple in the area noted that on 26 Sep tem ber at
about 1300 a very strong earth quake oc curred. That was
fol lowed by a dark col umn of “smoke” that rose high into
the at mo sphere and spread out to form an um brella-shaped
cloud. Emis sions dark ened the area for 3 days and 3 nights.
On their first visit, pro voked by the ab nor mal seis mic ity,
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Fig ure 1. A map show ing Dabbahu vol cano in the Afar tri an gle, along with epi cen ters from the earth quake swarm
of 14 Sep tem ber to 4 Oc to ber 2005 The solid tri an gles in di cate Ho lo cene vol ca noes, al though the one for
Dabbahu is swamped by the pat tern of epi cen ters. The Alayta shield vol cano (la beled “A”) sits 32.7 km NNE of
Dabbahu’s sum mit and erupted sev eral times in the early 1900’s. Epi cen ters were com piled from the U.S.
Geo log i cal Sur vey (USGS) Na tional Earth quake In for ma tion Cen ter website.



his team de parted the site just two hours be fore the 26 Sep -
tem ber erup tion. He went back to Dabbahu for sev eral more 
vis its, some of which in cluded ge ol o gists from over seas.

The vis i tors found that a mi nor ex plo sive erup tion had
taken place from a fis sure-vent sys tem, pro duc ing a
light-col ored ash layer that ex tended over 500 m from the
vent (fig ure 2). The erup tion threw out pre-ex ist ing
near-sur face pyroclastic de pos its (sed i ments) and fel sic
lavas, and re de pos ited them near the vent (fig ure 3). Some
of the rocks that were thrown 20 m from the vent mea sured
2-3 m across. Fine white ash fell in the sur round ing re gion
as far as Teru vil lage, 40 km SW of the eruption site.

Roughly two-thirds of the way 
from the S end of the fis sure vent,
a 30-m-di am e ter pum ice dome
formed. From within the frac tures 
in this dome, the team heard a
sound from be low re sem bling the
sound of a he li cop ter en gine or a
boil ing liq uid.

The bulk of Yirgu’s re port on
the sec ond visit to the erup tion
site, on 4-5 Oc to ber, fol lows.

“A team of three ge ol o gists
and one geo physi cist (Gezahegn
Yirgu,  Dereje  Ayalew,
Asfawossen Asrat, and Atalay
Ayele) re vis ited the Da’Ure lo cal -
ity (at ap prox i mately 120° 43' 37" 
N, 40° 32' 55" E) im me di ately ad -
ja cent to the NE flank of the Qua -
ter nary Boina fel sic com plex.
This lo cal ity is the south west ern
ex ten sion of the area we vis ited a
week ear lier and where we ob -
served a num ber of newly opened
par al lel fis sures and a ma jor re ac -
ti vated nor mal fault.

“We first in ves ti gated the area 
where a vol ca nic erup tion had
been re ported. Here we ob served

the pres ence of a wide and elon gate fis sure more than 500
m long and about 60 m deep [(fig ures 2 and 3)]. The elon -
gate fis sure at tains a max i mum width of about 100 m where 
a semi-cir cu lar pit has formed and from where the ex plo -
sive erup tion ap pears to have taken place. This elon gate
vent is ori ented al most N-S [trending N10W] and has bro -
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Date Events Max i mum Mag ni tude 

14 Sep 2005 1 4.6 mb

20 Sep 2005 2 5.5 Mw

21 Sep 2005 16 4.9 mb

22 Sep 2005 12 4.9 mb

23 Sep 2005 9 4.8 mb

24 Sep 2005 29 5.6 Mw

25 Sep 2005 42 5.2 mb

26 Sep 2005 9 5.2 mb

27 Sep 2005 1 4.5 mb

28 Sep 2005 5 5.1 mb

29 Sep 2005 2 4.8 mb

01 Oct 2005 1 4.5 mb

02 Oct 2005 1 5.0 mb

04 Oct 2005 1 4.5 mb

Ta ble 1. Daily num ber and max i mum mag ni tude of earth quakes lo cated in 
the Dabbahu re gion dur ing 14 Sep tem ber-4 Oc to ber 2005 (up to 42 per
day, with a to tal of 131 earth quakes). Mw stands for mo ment mag ni tude;
mb stands for body-wave mag ni tude. Data cour tesy of Na tional
Earth quake In for ma tion Cen ter, USGS.

Fig ure 2. An ae rial view of the fis sure vent at Da’Ure (Dabbahu) taken
around 4-5 Oc to ber 2005, show ing the post-erup tive scene cap tured by a
cam era that was aimed down and to ward the NW. The fis sure vent, which
ex tends ~500 m and trends nearly N-S, cuts across the photo di ag o nally
(for sense of scale, see peo ple in fig ure 4). The deep est part, ~100 m be low 
the sur face, lies along the vent’s base at its wid est point. It ex poses dark
ma te rial at the bot tom (see fig ure 3). N of that wide seg ment lies a
cau li flower-shaped pum ice dome, a fea ture ~30 m in di am e ter. What
ap pears as a short, nar row seg ment of the fis sure vent con tin u ing in the
dis tance be hind (to the N of) the dome is ac tu ally lon ger and more
prom i nent than it ap pears, ow ing to fore short en ing due to cam era an gle,
sur face to pog ra phy, and per spec tive to the more dis tant lo ca tion. This
north ern most seg ment of the vent  is roughly one-third as long as the
seg ment in front of the dome. Photo taken by Asfawossen Asrat.

Fig ure 3. An ae rial view of the fis sure vent at Da’Ure (Dabbahu) taken around 4-5 Oc to ber 2005, show ing the
post-erup tive scene cap tured by a cam era aimed down and ap prox i mately NE. This im age pres ents en larged
views of both the pum ice dome and the fis sure vent’s lower por tions. (For sense of scale, see fig ure 4). Photo
taken by Asfawossen Asrat.



ken through fel sic pyroclastic de pos its and lavas. Two
smaller pits were also ob served far ther N along the fis sure
[sit u ated] to the N of the ma jor pit. A very fine and light
grey ash has been de pos ited on both sides of the elon gate
fis sure with the ash cover ex tend ing more than 500 m away
from the vent. Be neath the ash de posit lies a se quence of
loose lay ers con sist ing of mixed vol ca nic ash and ejecta
from pre-ex ist ing fis sure wall rocks. These lay ers have a to -
tal thick ness of about 20 m near the large pit.”

At the pum ice dome Yirgu noted “... in tense de gas sing
is oc cur ring with the pro duc tion of SO2 as ev i denced by its
smell as far as 500 m away. De gas sing is also vis i ble along
the length of the vent as well as through nearby fis sures.
The lo cal peo ple have re ported that on 26 Sep tem ber 2005
at about 1300 lo cal time a very strong earth quake shook the
area. This was fol lowed by a dark col umn of ‘smoke’ that
rose high into the at mo sphere and spread out to form a
cloud, which dark ened the area for three days and three
nights. Our field ob ser va tions were con sis tent with . . . [a
mi nor ejec tion] of vol ca nic ash from a small vent or vents
along the opened fissure.”

“In the same lo cal ity, we also stud ied the newly formed
sec ond-or der frac tures and fis sures, most of which were lo -
cated on the east ern side of the main erup tive fis sure/vent.
Here, the [roughly N- to S-trending] frac tures and fis sures
were all par al lel to each other .... They were better de vel -
oped on un con sol i dated pyroclastic de pos its and sed i ments; 
they af fected an area nearly 700 m away from the main
erup tive vent/fis sure; spac ing is com monly be tween 10 and
20 m; some ex tend dis con tin u ously along strike for over
500 m, as ob served from the he li cop ter; open fis sures in the 
pyroclastic de pos its mea sure up to 20 cm wide with com -
mon el lip ti cal pits or col lapse struc tures be tween fissures
up to 4 m wide and up to 4 m deep.

“We have also ob served a ma jor re ac ti va tion on a N- to
S-trending nor mal fault lo cated some 500 m to the E of the
elon gate erup tive vent/open ing. This fault breaks through

fel  s ic  lavas and  unwelded
pyroclastic de pos its and has a re -
ac ti vated dis place ment (down
thrown to the W) reach ing half a
me ter in places. This re ac ti vated
fault ex tends . . . dis con tin u ously
for at least three ki lo me ters as ob -
served from the he li cop ter. De -
gas sing is oc cur ring along some
parts of this fault.”

Yirgu also said that, ac cord ing 
to the AAU Geo phys i cal Ob ser -
va tory, seis mic ity con tin ued in
early Oc to ber in the area af fected
by the erup tion, fault ing, and
fis sur ing.

Other data from a 16 Oc to ber 
visit. An thony Philpotts ac com pa -
nied a team who, along with AAU 
col leagues, were helicoptered to
the erup tion site, which had com -
pletely ceased by this time. At the
erup tion site and on the he li cop ter 
trip to and from it, he saw no dead 
nor in jured live stock. The team
also vis ited a ref u gee camp for
displaced nomads.

In dis cus sions with AAU col -
leagues who saw the fis sure vent
dur ing mul ti ple vis its, and in
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Fig ure 4. A view taken from Da’Ure’s (Dabbahu’s) new pum ice dome look ing S down the fis sure vent on 16
Oc to ber 2005, with peo ple for scale. Part of the outer flank of Dabbahu is vis i ble on the right side of the photo;
Dabbahu’s cen tral area lies far ther to the right off the mar gin of the photo. Cour tesy of An thony Philpotts.

Fig ure 5. Curv ing frac tures in the top of the new Da’Ure (Dabbahu)
pum ice dome; view look ing N. Two peo ple are vis i ble in the photo, one
im me di ately be hind the large cen tral frac ture. It was from these frac tures
the boil ing noise had been heard the pre vi ous week. No sound was heard
dur ing the visit on 16 Oc to ber. Cour tesy of An thony Philpotts.



com par ing photographs, it ap peared that ma te rial ex posed
at depth in the wall of the vent changed to a lighter color.
Pre sum ably, these color changes were linked to wa ter, ini -
tially pres ent but that had evap o rated in the in tense heat of
the Afar day. Philpotts sug gested that if the vent did pro -
vide a win dow into the wa ter ta ble, ground wa ter may have
added to the ex plo sive ac tiv ity.

Philpotts said that when they ar rived, on 16 Oc to ber, the 
pum ice dome (shown in close-up in fig ure 5) still yielded
tem per a tures of 400°C in cracks. The pum ice dome lacked
any de pos its on top of its up per sur faces, and thus clearly
rep re sented the last vol ca nic fea ture to form. Some
post-erup tive fault ing was no ticed with off sets on the order
of 10 m.

Philpotts made sev eral thin sec tions of pum ice dome
samples, and found it to be al most to tally aphyric. It con -
tains a very few rounded (resorbed) sanidine pheno crysts
(fig ure 6) and nee dle-shaped microlites with high re frac tive 
in dex (pyroxene?). He noted that “The microlites un doubt -
edly formed dur ing em place ment of the dome, but the re -
sorp tion of the sanidine pheno crysts must have oc curred at
depth prior to erup tion and prob a bly in di cates heat ing of
the source magma cham ber with an in flux of hotter
(basaltic?) magma.”

Back ground. Dabbahu, also known as Boina or Moina,
is a Ho lo cene vol ca nic mas sif form ing an ax ial range of the
Afar de pres sion SSW of the Alayta mas sif. Pantelleritic ob -
sid ian flows, lava domes, and pum ice cones form the sum -
mit and up per flanks of the vol cano, which rises above the
Teru Plain and was built over a base of ba saltic-to-trachytic
lava flows of a shield vol cano. Late-stage ba saltic fis sure
erup tions oc curred at the NW base of the vol cano. Abun -
dant fumaroles are lo cated along the crest of the vol cano
and extend NE towards Alayta.

In for ma tion Con tacts:  Gezahegn Yirgu, Dereje
Ayalew, Asfawossen Asrat, and Atalay Ayele, De part ment
of Earth Sci ences, Addis Ababa Uni ver sity, PO Box: 1176,
Addis Ababa, Ethi o pia (Email: yirgu.g@geol.aau.edu.et);
An thony Philpotts, Uni ver sity of Con nect i cut, U-45, Beach
Hall, Storres, CT 06269, USA (Email: philpotts@char ter.
net); Na tional Earth quake In for ma tion Cen ter (NEIC), US
Geo log i cal Sur vey, Geo logic Haz ards Team Of fice, Col o -

rado School of Mines, 1711 Il li nois St., Golden, CO 80401, 
USA (URL: http://wwwneic.cr.usgs.gov/neis/epic/
epic_rect.html); The Ethi o pian Her ald, Addis Ababa,
Ethiopia.

Erta Ale

Ethi o pia
13.60°N, 40.67°E; sum mit elev. 613 m
All times are lo cal (= UTC + 3 hours)

In con junc tion with their in ves ti ga tion of erup tive ac tiv -
ity re lated to a swarm of earth quakes at Dabbahu/Boina, a
team of ge ol o gists from Addis Ababa Uni ver sity (AAU)
also un der took field ob ser va tions at Erta Ale, with the aid
of a mil i tary he li cop ter (see map in this is sue of BGVN, the
re port on Dabbahu/Boina). What fol lows is their re port
com bined with other information they gathered.

Be tween 21 and 24 Sep tem ber 2005, the lo cal peo ple
saw, from a dis tance, red and glow ing light shoot ing and
ris ing into the air above Erta Ale. This was an in di ca tion
that a Strombolian erup tion prob a bly oc curred, emit ting a
sig nif i cant vol ume of fresh magma within and pos si bly out
of the pit.

The AAU team sur veyed Erta Ale’s crat ers at about
0930 on 26 Sep tem ber from the he li cop ter, as land ing was
not pos si ble. Within the small south ern pit crater of the
main crater, they ob served a new cone-shaped con struct
and the pres ence of an ac tively con vect ing lava lake in the
cen ter of the new cone. The lava lake oc cu pied the en tire
lower/in ner pit with hot red lava vis i bly over turn ing at the
edges of the pit. Mol ten lava was break ing through the
lake’s so lid i fied black crust. In the north ern pit crater, there
was a con spic u ous so lid i fied lava bulge with dark emis -
sions along the crater walls. No in can des cent lava was
visible in this pit.

In ad di tion to their di rect ob ser va tions, the AAU team
stud ied vid eos taken by Walta In for ma tion Cen ter of the
south ern pit on No vem ber 2004 and 26 Sep tem ber 2005.
The com par i son re vealed sig nif i cant changes, par tic u larly
in the mor phol ogy and ac tiv ity of the south ern pit crater. In
the later vid eos the main crater/pit had wid ened sig nif i -
cantly, with por tions of the ear lier crater walls hav ing col -
lapsed into the lava lake. There was a new cone-shaped
con struct within the crater in place of the pre vi ous plat form
that ex isted be tween the rim of the outer crater/pit and the
lower pit. The new cone was es ti mated to be some 20 to 30
m from the top of the crater rim. The new cone ap par ently
con tained lay ers of ba saltic sco ria cov ered by fresh lava
flows. The com bined thick ness of tephra and lava was es ti -
mated to be 20 to 30 m. The lava lake oc cu pied the en tire
width of the in ner crater/pit and was then bounded by steep
sides. The lake’s surface stood 20 to 30 m below the cone’s
top.

An thony Philpotts ac com pa nied Gezahegn Yirgu and
col leagues from Addis Ababa Uni ver sity fac ulty on a he li -
cop ter visit to Erta Ale on 15 Oc to ber. They found the lava
lake in cred i bly ac tive, much more so than when filmed by
ear lier vis i tors in March 2005.

A brief re view of sat el lite ther mal anom aly data from
MODIS/MODVOLC re vealed an ab sence of ther mal ac tiv -
ity be tween 12 Oc to ber 2004 and 31 March 2005, with a re -
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Fig ure 6. A rounded, twinned phenocryst of sanidine feld spar in pum ice
from the Da’Ure (Dabbahu) dome in the cen ter of the vent. Dark cir cles
are air bub bles trapped dur ing prep a ra tion of the thin sec tion. The photo
was taken with partly crossed po lar iz ing fil ters; the width of the en tire
field is 1.62 mm. Cour tesy of An thony Philpotts.



newal be gin ning on 31 March 2005, in creas ing sub stan -
tially in mid-2005 and con tin u ing vig or ously through at
least 2 November 2005.

Back ground. Erta Ale is an iso lated ba saltic shield vol -
cano that is the most ac tive vol cano in Ethi o pia. The broad,
50-km-wide vol cano rises more than 600 m from be low sea
level in the bar ren Danakil de pres sion. Erta Ale is the
name sake and most prom i nent fea ture of the Erta Ale
Range. The 613-m-high vol cano con tains a 0.7 x 1.6 km,
el lip ti cal sum mit crater hous ing steep-sided pit crat ers. An -
other larger 1.8 x 3.1 km wide de pres sion elon gated par al lel 
to the trend of the Erta Ale range is lo cated to the SE of the
sum mit and is bounded by curvilinear fault scarps on the SE 
side. Fresh-look ing ba saltic lava flows from these fis sures
have poured into the cal dera and lo cally over flowed its rim. 
The sum mit cal dera is re nowned for one, or some times two
long-term lava lakes that have been ac tive since at least
1967, or pos si bly since 1906. Re cent fis sure erup tions have
occurred on the northern flank of Erta Ale.

In for ma tion Con tacts: Gezahegn Yirgu, De part ment of
Earth Sci ences, Addis Ababa Uni ver sity, P.O.Box: 1176,
Addis Ababa, Ethi o pia, Email:yirgu.g@geol.aau.edu.et;
Walta In for ma tion Cen tre, Woreda Kirkos, Kebele 05,
House No. 095, PO Box 12918, Addis Ababa, Ethi o pia
(Email: wic@telecom.net.et, URL: http://www.waltainfo.
com); An thony Philpotts, Uni ver sity of Con nect i cut, U-45,
Beach Hall ,  Storrs ,  CT 06269,  USA (Email:
philpotts@char ter.net); MODIS/MODVOLC Ther mal
Alerts Team, Ha waii In sti tute of Geo phys ics and Plan e tol -
ogy (HIGP), Uni ver sity of Ha waii, 2525 Cor rea Road, Ho -
no lulu, HI 96822, USA (URL: http://www.modis.higp.ha -
waii.edu/).

Bar ren Is land

Andaman Is lands, In dian Ocean
12.278°N, 93.858°E; sum mit elev. 354 m

The lat est erup tion of Bar ren Is land be gan about 28
May 2005 (BGVN 30:05 and 30:07). The fol low ing ad di -
tional in for ma tion re gard ing this erup tion was pro vided by
Dhanapati Haldar (Pres i dency Col lege). A pho to graph (fig -
ure 7) taken on 21 July by the In dian Coast Guard in di cated 
that the lava pour ing from the main crater had cas caded
down to ar rive at two points on the W shore. The seawater
boiled profusely.

On 28 Au gust, a se nior ge ol o gist with the Cen tral
Ground Wa ter Board (CGWB), A. Kar, made ob ser va tions
from a ship (fig ure 8). Kar noted that Strombolian erup tive
ac tiv ity had in creased, and was both ex plo sive and ef fu sive
in na ture. The main crater and a newly cre ated vent on the
N flank were ac tive. Streams of hot lava flowed down the
slope of the cin der cone at the main crater. This cin der cone 
was built dur ing the erup tion in 1787-1832 and mod i fied
dur ing sub se quent erup tive pulses in 1991, in 1994-95, and
(the cur rent ep i sode) in 2005. Kar’s ob ser va tions on 28 Au -
gust 2005 noted that the de scend ing lava flows trav eled to
the W shore, en ter ing the sea near the lone pre ex ist ing land -
ing site and ~ 250 m S of it. The lat ter was where the lava
stream had met the sea dur ing the 1994-95 erup tion. Gas
col umns rose to more than 2 km, and fire fountains attained
a height of around 300 m.

Kar vis ited the is land again on 2 Sep tem ber and noted
that erup tive ac tiv ity was con tin u ing un abated. As be fore, a 
thick gas plume hov ered over the N part of the is land, and
hot lava still flowed down into the sea. The lava com ing in
con tact with sea wa ter was im me di ately bro ken into fine
par ti cles that were force fully thrown into the air to a height
of nearly 100 m. Ac com pa ny ing steam rose to a height of
about 300-400 m be fore be ing drawn away by the pre vail -
ing wind. The erup tion col umn’s top formed a spec tac u lar
mush room of gas and smoke, blow ing to the N. Sub se quent 
re ports re ceived from the In dian Coast Guard in di cated that 
the erup tion was con tinuous un til at least 25 Septembe.

All the ac tive vents so far ob served dur ing 2005 erup -
tion, in clud ing the S footwall vent, lie in a zone trending al -
most N-S. This zone con forms with a pre-ex ist ing surficial
frac ture. This align ment of the ac tive vents had been noted
dur ing the 1991 and 1994-95 eruptions, and, as pre vi ously
men tioned, the lava streams of the cur rent erup tion re traced 
the 1991 and 1994-95 lava routes.
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Fig ure 7. Photo taken on 21 July 2005 show ing the Bar ren Is land erup tion
con tin u ing un abated. Lava cas caded down and into the sea along the
is land’s W shore. It en tered the sea at two points fol low ing the
pre-ex ist ing lava routes of the 1991 and 1994-95 erup tions. Cour tesy of
the In dian Coast Guard.

Fig ure 8. Photo taken 26 Au gust 2005 show ing Bar ren Is land in
Strombolian erup tion. The main crater was ac tive, and both ex plo sive and
ef fu sive activity had shifted N. Hot lava (seen as in can des cent strips) was
flow ing down the slope of the cin der cone. As be fore, lava en tered the sea
at two points on the W shore. Cour tesy of A. Kar.



Ac cord ing to Haldar, re cent lava sam ples show large (to 
5 mm) megacrysts and pheno crysts of plagioclase (An
93-57), ol iv ine (Fo 85-70), and di op side (Mg 47-44, Fe
16-10). The sam ples also in cluded a groundmass of glass
charged with microlites of plagioclase (An 50-45), augite,
ol iv ine, titanomagnetite, and rare orthopyroxene. The 2005
lavas con tain rel a tively few ol iv ine megacrysts, but are rich 
in plagioclase megacrysts, sim i lar to the 1994-95 lavas.

The bulk chem i cal com po si tion of the lava falls within
the ba salt field (ta ble 2), which was com pa ra ble with the
com po si tions of the 1994-95 lava. In com par i son, the 2005
lava is slightly richer in both MgO and Na2O and slightly
lower in SiO2.

As this is sue went to press Haldar noted that Bar ren Is -
land con tin ued to vig or ously spew lava, gas, and ash at
least as late as 10 No vem ber 2005. The erup tion was un -
abated since the last week of May 2005.

Back ground. Bar ren Is land, a pos ses sion of In dia in the 
Andaman Sea about 135 km NE of Port Blair in the
Andaman Is lands, is the only his tor i cally ac tive vol cano
along the N-S-trending vol ca nic arc ex tend ing be tween Su -
ma tra and Burma (Myanmar). The 354-m-high is land is the
emer gent sum mit of a vol cano that rises from a depth of
about 2250 m. The small, un in hab ited 3-km-wide is land
con tains a roughly 2-km-wide cal dera with walls 250-350
m high. The cal dera, which is open to the sea on the west,
was cre ated dur ing a ma jor ex plo sive erup tion in the late
Pleis to cene that pro duced pyroclastic-flow and -surge de -
pos its. The mor phol ogy of a fresh pyroclastic cone that was 
con structed in the cen ter of the cal dera has var ied dur ing
the course of his tor i cal erup tions. Lava flows fill much of
the cal dera floor and have reached the sea along the west ern 
coast dur ing his tor i cal erup tions.

In for ma tion Con tacts: Dhanapati Haldar, Pres i dency
Col lege, Kolkata, 4/3K/2 Ho-Chi-Min Sarani, Shakuntala
Park, Biren Roy Road (West), Kolkata-700 061, In dia
(Email: haldar2115@ya hoo.co.uk); Geo log i cal Sur vey of
In dia, 27 Jawaharlal Nehru road, Kolkata 700 016, In dia
(URL: http://www.gsi.gov.in/bar ren.htm); In dian Coast
Guard, Na tional Sta dium Com plex, New Delhi 110 001,
In  dia  (URL: h t tp: / / indiancoas tguard .nic . in/
indiancoastguard/).

Pago

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

Dur ing the ob ser va tion in ter val 12-18 Sep tem ber 2005,
Pago con tin ued to be quiet. Very small vol umes of thin
white va por were re leased from all vents. No noises were
heard and no glow was ob served. Seis mic ac tiv ity was low,
with some small, high fre quency earth quakes be ing re -
corded. The high est num ber of high fre quency events on
any given day was 3, re corded on 18 September.

Back ground. Pago is a young post-cal dera cone that
was con structed within the 5.5 x 7.5 km Witori cal dera. Ex -
ten sive pyroclastic-flow de pos its are as so ci ated with for -
ma tion of the cal dera about 3,300 years ago. The gently
slop ing outer flanks of Witori vol cano con sist pri mar ily of
dacitic pyroclastic-flow and airfall de pos its pro duced dur -
ing a se ries of five ma jor ex plo sive erup tions from about
5,600 to 1,200 years ago. The Buru cal dera, which may
have formed around the same time, cuts the SW flank of
Witori vol cano. The post-cal dera cone of Witori, Mount
Pago, may have formed less than 350 years ago. Pago has
grown to a height above that of the Witori cal dera rim. A
se ries of ten dacitic lava flows from Pago cov ers much of
the cal dera floor. The youn gest of these was erupted dur ing
2002-2003 from vents ex tend ing from the summit nearly to
the NW caldera wall.

In for ma tion Con tacts: Ima Itikarai and Herman Patia,
Rabaul Vol cano Ob ser va tory (RVO), PO Box 386, Rabaul,
Pa pua New Guinea (Email: hguria@global.net.pg).

Ulawun

New Brit ain, Pa pua New Guinea
5.05°S, 151.33°E; sum mit elev. 2334 m
All times are lo cal (= UTC + 10 hours)

Dur ing the week of 22-28 Au gust 2005, Ulawun of ten
re mained quiet but also dis played con tin ued rest less ness.
Peo ple from Tauke, on the S side of the vol cano re ported
oc ca sional low roar ing, rum bling, and boom ing noises on
21-22 and 26-28 Au gust. Emis sions from the sum mit crater
con sisted of mod er ate vol umes of thick gray ish va por re -
leased force fully. Some traces of blue va por were also vis i -
ble, but no glow was ob served. Seis mic ity fluc tu ated be -
tween low and mod er ate, marked by small low-fre quency
earth quakes and small spo radic vol ca nic trem ors. Only one
high-fre quency earth quake was re corded. An earth quake
was felt on 22 Au gust by peo ple from Tauke. Ap par ently
the earth quake was not re ported by the ob server at
Ulamona, NW of the vol cano, sug gest ing it was local and
focused on the S side of the volcano.

Ulawun re mained quiet through mid-Sep tem ber 2005,
with the sum mit crater re leas ing weak to mod er ate vol umes 
of thick white vapor.

Back ground. The sym met ri cal ba saltic-to-andesitic
Ulawun stratovolcano is the high est vol cano of the Bis -
marck arc, and one of Pa pua New Guinea’s most fre quently 
ac tive. Ulawun vol cano, also known as the North Son, rises 
above the N coast of the is land of New Brit ain across a low

 Volcanism Network, Volume 30, Number 9, September 2005 Ulawun    7

An a lyzed
Ox ide

Bulk com po si tion
(%)

Groundmass glass com -
po si tion (EMPA) (%)

SiO2 49.80 58.31

TiO2 0.82 0.69

Al2O3 21.04 19.38

Fe2O3 (to tal) 8.45 —

FeO (to tal) — 6.16

MnO 0.14 0.02

MgO 4.23 1.30

CaO 10.91 7.13

Na2O 3.47 5.26

K2O 0.39 0.71

P2O5 0.10 0.18

Ta ble 2. Anal y sis of one lava sam ple (num ber B1/05) erupted in June
2005 from Bar ren Is land vol cano. EMPA stands for elec tron microprobe
anal y sis. Cour tesy of Dhanapati Haldar.



sad dle NE of Bamus vol cano, the South Son. The up per
1,000 m of  the 2 ,334-m-high Ulawun vol cano is
unvegetated. A prom i nent E-trending es carp ment on the S
may be the re sult of large-scale slump ing. Satellitic cones
oc cupy the NW and east ern flanks. A steep-walled val ley
cuts the NW side of Ulawun vol cano, and a flank lava-flow
com plex lies to the S of this val ley. His tor i cal erup tions
date back to the be gin ning of the 18th cen tury. Twen ti -
eth-cen tury erup tions were mildly ex plo sive un til 1967, but
af ter 1970 sev eral larger erup tions pro duced lava flows and
ba saltic pyroclastic flows, greatly modifying the summit
crater.

In for ma tion Con tacts: Rabaul Vol cano Ob ser va tory
(see Pago).

Montagu Is land

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

The first re corded erup tion of Mt. Belinda vol cano
(Montagu Is land), which be gan around 20 Oc to ber 2001,
con tin ued (as re ported in BGVN 28:02, 29:01, 29:09,
29:10) un til at least the lat ter part of 2005. In for ma tion for
the fol low ing re port was pre pared and sub mit ted by Matt
Pat rick of the Hawai’i In sti tute of Geo phys ics and Plan e tol -
ogy (HIGP) and John Smelie of the Brit ish Ant arc tic Sur -
vey, with the as sis tance of the HIGP Thermal Alerts Team.

This erup tion was de tected by the MODVOLC au to -
mated sat el lite de tec tion sys tem, which scans for anom a -

lous ther mal ac tiv ity in MODIS (Mod er ate Res o lu tion Im -
ag ing Spectroradiometer) sat el lite data over the en tire Earth 
ap prox i mately twice per day (Wright and oth ers, 2004). In -
ves ti ga tors ac quired a re cent, 23 Sept 2005, cloud-free AS -
TER (Ad vanced Spaceborne Ther mal Emis sion and Re flec -
tion Ra di om e ter) im age (15-30 m pixel size), which
pro vided valu able in for ma tion on a new phase of ac tiv ity. It 
re vealed a larger effusive erup tion than pre vi ously iden ti -
fied in sat el lite im ag ery of Montagu Is land (fig ure 9).

Based on fre quent MODVOLC alerts (fig ure 10) and
oc ca sional high-res o lu tion sat el lite data (AS TER,
IKONOS, and Quickbird), Mount Belinda has main tained
per sis tent ac tiv ity since the start of the erup tion. Ac tiv ity
has con sisted of con tin u ous steam ing and low-in ten sity ex -
plo sive events at the sum mit (pre sum ably Strombolian),
pro duc ing low-level ash plumes and ubiq ui tous tephra de -
pos its on the is land’s ice cover, and at least three dis tinct ef -
fu sive events. Sev eral sat el lite im ages were posted by
HIGP on the Na tional Aero nau tics and Space Ad min is tra -
tion (NASA) Earth Ob server website, 13 October 2004 and
19 October 2005.

Sci en tists noted an in tense shortwave-IR anom aly at the 
sum mit of Mt. Belinda in all cloud-free AS TER im ages ac -
quired through out the erup tion. This sug gested the pres ence 
of a lava lake in the sum mit crater (see Pat rick and oth ers,
2005, for more de tailed in for ma tion on the eruption).

Far from slow ing down, the ac tiv ity through out 2005
marked the high est lev els yet reg is tered by MODVOLC
(fig ure 10a). For the first time in 2005, ra di ant heat out put
ex ceeded 150 MW (see Wright and Flynn, 2004, and
Wright and oth ers, 2005, for cal cu la tion details).

By plot ting the po si tion of each anom a lous MODVOLC 
pixel rel a tive to the cen tral vent
(fig ure 10b) one can see that most 
pix els are within 1 km of the vent. 
This re flects the ap prox i mate
scale of MODIS pix els and thus
the in her ent level of lo ca tion am -
bi gu ity (note, how ever, these re -
sults fail to show the 2-km-long
lava f low emplaced in
mid-2003–see BGVN 29:01).

For the first time dur ing this
erup tion, anom a lous pix els be gan
ap pear ing more than 2 km away
from the cen tral vent on the sat el -
lite im age for 0100 UTC on 15
Sep tem ber 2005, some up to 3.3
km away (fig ure 10b). This sug -
gested the pres ence of a ~ 3 km
long lava flow. Cor rob o rat ing this 
was the AS TER im age from 23
Sep tem ber 2005 (fig ure 9), which 
in di cated height ened ac tiv ity and
a 3.5-km long lava flow ex tend -
ing from the sum mit cone of Mt.
Belinda into the sea. A steam
plume orig i nated in the vi cin ity of 
the ocean en try. Note that the
steam plume ap pears to drift W
from its or i gin (where the plume
is whit est), while the ash plume
from the sum mit of Mt. Belinda
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Fig ure 9. AS TER im age show ing Montagu Is land’s Mount Belinda on 23 Sep tem ber 2005. Cour tesy of HIGP
Ther mal Alerts Team.



(1,370 m elev.) drifts E, in di cat ing vary ing wind di rec tions
at dif fer ent el e va tions.

The lava flow ini tially trav eled NE from the vent, but
far ther on it ran into a rocky arete, which di verted its path to 
due N. A 90-m-wide lava chan nel is vis i ble at a dis tance of
1 km from the sum mit. The flow ap pears to be cov ered
(per haps en ter ing a tube) within its first ki lo me ter, where
no anom a lous shortwave IR pix els ex ist. It is un likely that
the flow is subglacial in this first ki lo me ter, as its path is co -
in ci dent with em place ment of the pre vi ously men tioned
lava flow of mid-2003, which was 2 km long and had
already melted ice along this route.

At the re quest of the Brit ish Ant arc tic Sur vey, the Royal 
Air Force sent an air plane from the Falkland Is lands on 11
Oc to ber 2005. The plane en coun tered cloudy con di tions
but those on board rec og nized steam ris ing from the sea.
This flight took place prior to study of the 23 Sep tem ber
AS TER im age and thus it marked the first ob ser va tion that
lava reached the sea.

Ref er ences: Pat rick, M., Smellie, J.L., Har ris, A.J.L.,
Wright, R., Dean, K., Izbekov, P., Garbeil, H., and Pilger,
E., 2005, First re corded erup tion of Mount Belinda vol cano 
(Montagu Is land), South Sand wich Is lands: Bul le tin of
Vol ca nol ogy, v. 67, p. 415-422.

Wright, R., and Flynn, L.P., 2004, A space-based es ti -
mate of the vol ca nic heat flux into the at mo sphere dur ing
2001 and 2002: Ge ol ogy, v. 32, p. 189-192.

Wright, R., Flynn, L.P., Garbeil, H., Har ris, A.J.L., and
Pilger, E., 2004, MODVOLC: near-real-time ther mal mon i -
tor ing of global vol ca nism: Jour nal of Vol ca nol ogy and
Geo ther mal Re search, v. 135, p. 29-49.

Wright, R., Carn, S., and Flynn, L.P., 2005, A sat el lite
chro nol ogy of the May-June 2003 erup tion of Anatahan
vol cano: Jour nal of Vol ca nol ogy and Geo ther mal Re -
search, v. 146, p. 102-116.

Back ground. The larg est of the South Sand wich Is -
lands, Montagu con sists of one or more stratovolcanoes
with par a sitic cones and/or domes. The sum mit of the 10 x
12 km wide, po lyg o nal-shaped is land rises about 3,000 m
from the sea floor be tween Bris tol and Saunders Is lands.
Around 90% of the is land is ice-cov ered; gla ciers ex tend to
the sea over much of the is land, form ing ver ti cal ice cliffs.
The name Mount Belinda has been ap plied both to the high
point at the south ern end of a 6-km-wide ice-filled sum mit
cal dera and to the young cen tral cone. Mount Oceanite, an
iso lated 900-m-high peak, lies at the SE tip of the is land
and was the source of lava flows ex posed at Mathias Point
and Allen Point. There was no re cord of Ho lo cene or his -
tor i cal erup tive ac tiv ity at Montagu un til MODIS sat el lite
data, be gin ning in late 2001, re vealed ther mal anom a lies
con sis tent with lava lake ac tiv ity that has been per sis tent
since then. Ap par ent plumes and sin gle anom a lous pix els
were ob served in ter mit tently on AVHRR im ages dur ing the 
pe riod March 1995 to Feb ru ary 1998, pos si bly indicating
earlier unconfirmed and more sporadic volcanic activity.

In for ma tion Con tacts: Matt Pat rick, Uni ver sity of Ha -
waii, Ha waii In sti tute of Geo phys ics and Plan e tol ogy
(HIGP) Ther mal Alerts Team, 2525 Cor rea Road, Ho no -
lulu, HI 96822 (URL: http://www.modis.higp.ha waii.edu,
Email: pat rick@higp.ha waii.edu); John Smelie, Brit ish
Ant arc tic Sur vey, Nat u ral En vi ron ment Re search Coun cil,
High Cross, Madingly Road, Cam bridge CB3 0ET, United
King dom (URL: http://www.anarctica.ac.uk, Email:
jtsm@pcmail.nerc-bas.ac.uk); NASA Earth Ob server
(URL: http://earthobservatory.nasa.gov/NaturalHazards/).

Galeras

Co lom bia
1.22°N, 77.37°W; sum mit elev. 4,276 m

In a meet ing ab stract Gomez and oth ers (2004) wrote,
“Fol low ing 11 years of rel a tively low ac tiv ity, Galeras . . .
pro duced a se quence of ash erup tions in July and Au gust
2004. . .. Ini tial ev i dence of the ac tiv ity tran si tion ap peared
in the gas mea sure ments [of] early June, fol lowed by a
strong in crease in the shal low seis mic ac tiv ity be low the ac -
tive cone on 27 June. As in many cases at other vol ca noes,
the most clear ev i dence for the tran si tion came in the form
of seis mic swarms and tremor. The cur rent ac tiv ity has cul -
mi nated in two brief ep i sodes of ash emis sion, on 16 July
and 21 July, fol lowed by two lon ger ep i sodes, [dur ing] 27
July-8 Au gust and 11-19 Au gust. This last ep i sode be gan
with a large ex plo sion and re leased more ash than any in di -
vid ual ep i sode from 1989 to 1993. Sud den de for ma tion, as
well as changes in the elec tric and mag netic [EM] fields at
the crater EM sta tion, and [in] gas pa ram e ters such as CO2

con cen tra tion and fumarole tem per a ture ac com pa nied the
[16 and 21 July] ash emis sions. Un for tu nately, the EM and
gas instruments were lost to ashfall shortly afterward.”
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Fig ure 10. (A) Chro no log i cal graph of ra di ant heat out put from Mount
Belinda mea sured from sat el lite sen sors. The date range de picted along
the x-axis of this graph is from late 2001 to Sep tem ber 2005. (B) A plot
show ing the dis tance of sat el lite-mea sured ther mal anom aly pix els from
the Mount Belinda vent dur ing the pe riod 2001 to Sep tem ber 2005.
Cour tesy of HIGP Ther mal Alerts Team.



The same ab stract also noted that “Start ing in March
1996, a multiparameter real-time mon i tor ing sys tem was in -
stalled at Galeras, as a part of a co op er a tive pro gram be -
tween INGEOMINAS [Instituto Colombiano de Geología y 
Minería] (Co lom bia) and the BGR [Bundesanstalt für
Geowissenschaften und Rohstoffe] (Ger many). Broad band
seis mom e ters were in stalled first, with elec tro mag netic
(EM) sen sors, sen sors for the chem is try and phys ics of the
fumarole gases, and a weather sta tion fol low ing later. The
data from these in stru ments aug ment the short-pe riod seis -
mic net work and tiltmeters of Observatorio Vulcanológico
de Pasto (OVP). Ad di tional spot mea sure ments [re lied
upon] vi sual in spec tion from the ground or he li cop ter, a
ther mal cam era[,] and regular geological forays onto
Galeras’ slopes.”

Our pre vi ous re port cov ered events through late July
2004 (BGVN 29:07); this re port dis cusses events through
mid-Oc to ber 2005. Be sides the erup tions of July through
Au gust 2004, an other month with vig or ous ac tiv ity was
No vem ber 2004. A sud den ex plo sion on 21 No vem ber
drove a plume to 9-10 km al ti tude. The lat ter por tion of this
re port in ter val (June to mid-Oc to ber 2005) typ i cally in -
volved on go ing though di min ished in ten sity of volcanism
and seismicity.

In re sponse to the cri sis, au thor i ties pro duced en gag ing
graphics, rem i nis cent of land scape paint ings, but also con -
tain ing risk as sess ments (fig ures 11 and 12), in the orig i nals 
as color-coded lines. These graphics ac com pa nied ex plan a -
tory text. The au thor i ties also pro duced a col or ful poster. In 
ad di tion, ar ti cles on Galeras haz ards ap peared in lo cal pa -
pers, many along with clear graphics. The dis tance from the 
summit to central Pasto is only ~ 9 km.

July-De cem ber 2004. INGEOMINAS noted that the
July 2004 emis sions came from El Pinta crater and from
Deformes fumarolic field. Field ob ser va tions on 19 July

dis closed ash freshly vented from El Pinta crater, form ing a
de posit that ranged in thick ness from 3 mm at the base of
the cone to ~ 20 cm near the point of emis sion.

Dur ing the lat ter half of July 2004 INGEOMINAS
noted that emis sions rose ~ 600 m above the vol cano’s
sum mit. Ash was not then vis i ble on sat el lite im ag ery. On
21 July 2004 a seis mic sig nal cor re sponded with a vis i ble
plume ris ing ~ 500 m above the vol cano and seen from
Pasto. Ac cord ing to a news re port, a wide area around the
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Fig ure 11. A haz ards map pre pared for Galeras. The key (up per left)
shows sym bols for risk zones (high, me dium, and low). The set tle ment
Genoy is also spelled Jenoy. This map is slightly mod i fied from one by
Observatorio Vulcanológico y Sismológico de Pasto, INGEOMINAS.

Fig ure 12. A sam ple of Galeras haz ards graphics avail able dur ing the
2004-2005 cri sis. Galeras and sur round ings ap pear in a se ries of
per spec tives that also il lus trate likely paths of de struc tive pro cesses. The
art work em pha sizes im por tant ge og ra phy, la bels many set tle ments, and
por trays fa mil iar build ings and sky lines.  Haz ard zones are shown by
sym bols (see key at the bot tom). Views are as fol lows: A–NW-look ing
view (S-SE flanks, “Pasto”), B–NE-look ing view (SW flanks,
“Consaca-Yacuanquer”), C–SE-look ing view, (NW flanks, “La
Florida-Sandona”) ,  and D–SW-look ing view,  (NE f lanks,
“Genoy-Nariño”). Copy righted im ages cour tesy of Observatorio
Vulcanológico y Sismológico de Pasto, INGEOMINAS.



vol cano had been de clared off lim its to vis i tors. Sev eral
higher plumes followed.

Ac cord ing to the Wash ing ton VAAC, sev eral ash
plumes emit ted were vis i ble on sat el lite im ag ery dur ing
7-10 Au gust 2004. The high est ris ing plume reached ~ 6
km altitude.

INGEOMINAS re ported that on 11 Au gust at 2349 an
erup tion sent an ash-and-gas cloud to an un known height
and gen er ated vis i ble in can des cence. Ac cord ing to the
Wash ing ton VAAC, sat el lite im ag ery showed an ash plume 
that rose to ~ 10.7 km al ti tude. This plume spread in all di -
rec tions, but mainly to the NE, E, and SW. Later, a thin
plume reached a height of ~ 7.3 km al ti tude and drifted SW
into north ern Ec ua dor. A dis tinctly sep a rate plume also oc -
curred, drift ing NW at an altitude of ~ 6.1 km.

Fig ure 13 shows a graph i cal de pic tion of the two
plumes is sued by the Wash ing ton VAAC, which in cor po -
rated GOES-12 sat el lite im ag ery as part of an ad vi sory sent
out at 0807 on 12 Au gust 2004. The ob ser va tions were
from about an hour ear lier. This fol low ing mes sage was in
the ‘re marks’ part of the advisory.

“Ash head ing [NE] ear lier in the night can no lon ger be
seen in sat el lite im ag ery. A faint plume of ash is head ing
SW into north ern Ec ua dor but is slowly be com ing dif fused
in sat el lite im ag ery. The ash head ing SW is es ti mated to
FL240 [~ 7.3 km al ti tude]. An ash plume mov ing NW from
the sum mit is es ti mated to FL200 [~ 6.1 km al ti tude]. We
will con tinue to closely mon i tor and ad vise earlier than
normal if needed.”

The next ad vi sory noted that ash had ceased to be vis i -
ble in the im ag ery af ter 0715 (1215 UTC) on 12 Au gust
2004 (in other words, af ter the im age as so ci ated with the
graphic in figure 13).

Fine ash from the 11 Au gust erup tion was de pos ited in
vil lages near the vol cano, in clud ing La Florida (~ 10 km
NW of the vol cano), Nariño, Sandoná, and Consacá, and

far ther afield in Ancuya, Linares, and Sotomayor (~ 40 km
NW of the vol cano). News ar ti cles re ported that dur ing
these ep i sodes ~ 230 fam i lies were evac u ated, mainly from
the vol cano’s N flank. The vil lage of La Florida on the vol -
cano’s NW flank was most strongly im pacted by the erup -
tion. Ash con tam i nated po ta ble wa ter in some vil lages, im -
pacted farm an i mal’s health, and left hun dreds of dead fish
float ing in rivers. On 16 Au gust, ash emis sions con tin ued,
depositing ash in several villages.

INGEOMINAS re ported that gas-and-ash emis sions
con tin ued at Galeras as of 18 Au gust. Ash fell in vil lages
near the vol cano, in clud ing La Florida, Sandoná, El Ingenio 
(within 15 km of the vol cano), and far ther afield in
Samaniego and Sotomayor (be tween 20 and 40 km from the 
vol cano). Dur ing 19 Au gust to 1 Sep tem ber, there was a de -
crease in the level of seis mic ity and the num ber of ash
emis sions. But, gas-and-steam emissions continued.

Dur ing Sep tem ber 2004, tremor as so ci ated with
ash-and-gas emis sions was re corded at Galeras. On the
23rd, ash de pos its were seen on the up per N flank. By the
27th, the amount of tremor had de creased sig nif i cantly, a
change that co in cided with a de crease in ash emis sions.
Dur ing most of Oc to ber 2004, emis sions of gas and fine ash 
con tin ued at Galeras. Plumes rose to a max i mum height of
~ 1.5 km above the vol cano. In stru ments re corded
small-am pli tude tremor as so ci ated with gas-and-ash
emissions.

INGEOMINAS re ported that at 1544 on 21 No vem ber
2004 Galeras erupted ex plo sively. A re sult ing shock wave
was felt as far away as Cimarrones (18 km N of the vol -
cano), Chachagui (17 km N of the vol cano), and Laguna de
La Cocha (20 km SW of the vol cano). Ef fects of the shock
wave var ied from a loud roar, to the vi bra tion of large win -
dows, to the vi brat ing sen sa tion of an earth quake. Hot bal -
lis tic blocks fell nearly 3 km from the vol cano on its east ern 
flank, pro duc ing short-lived for est fires. The erup tion pro -
duced an ash-and-gas col umn that rose to an es ti mated 9-10 
km al ti tude and drifted to the S and W. The Wash ing ton
VAAC re ported that sat el lite im ag ery of 21 No vem ber at
1815 (i.e., 22 No vem ber at 0015 UTC) re vealed two sep a -
rate plumes, a sit u a tion some what anal o gous to 11-12 Au -
gust (fig ure 13). One set of plumes from the 21 No vem ber
erup tion were es ti mated to reach 9 km al ti tude, and they
blew to the W. Other plumes in ter preted as low-level ash
were es ti mated to be near 4-5 km al ti tude; these remained
in the vicinity of the volcano and showed little motion.

Jan u ary-Sep tem ber 2005. Dur ing Jan u ary 2005,
low-level rel a tively shal low seis mic ity con tin ued, and a
small amount of de for ma tion to wards the W por tion of the
vol ca nic cone oc curred. On 30 Jan u ary an emis sion of gas
and ash rose ~ 800 m above the vol cano. Dur ing the first
week of Feb ru ary 2005, small gas-and-ash emis sions con -
tin ued. Ash was de pos ited in the sec tors of Consacá (~ 15
km W of the vol cano) and La Florida, and in the city of
Pasto (~ 10 km E). Low-level seis mic ity and a small
amount of deformation were recorded.

Ac cord ing to a news ar ti cle, on 24 May 2005 the Co -
lom bian gov ern ment or dered the evac u a tion of ~ 9,000
peo ple liv ing near Galeras due to an in crease in vol ca nic
ac tiv ity. INGEOMINAS re ported that dur ing 16-23 May,
small shal low earth quakes oc curred be neath the vol cano.
Earth quakes be lieved as so ci ated with frac tur ing within the
vol cano in creased dur ing the night of 21 May to the morn -
ing of 22 May. De for ma tion con tin ued to be re corded at the 
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Fig ure 13. The Galeras ash plumes were dis trib uted in a Vol ca nic Ash
Ad vi sory (VAA) is sued at 1307 UTC on 12 Au gust 2004. When this
im age was taken at 1215 UTC, the two vis i ble plumes had sep a rated
widely; one lin ger ing slightly N of the vol cano, the other, larger, reached a 
higher al ti tude and drifted over Ec ua dor. Plume top al ti tude es ti mates
were ‘flight level’ (FL) 200 and 240, equiv a lent to 20,000 and 24,000 feet, 
~ 6.1 and ~ 7.3 km al ti tude. In for ma tion sources listed in cluded the
GUAYAQUIL Me te o ro log i cal Watch Of fice (MWO) and the GOES-12
sat el lite. (This VAA was is sued un der the header FVXX20 KNES
121307). Cour tesy of the Wash ing ton VAAC; anal y sis by Jamie Kibler.



vol cano’s sum mit. There were no ash emis sions. Galeras
re mained at alert level II (‘prob a ble erup tion in terms of
days or weeks’) as it has since 19 April 2005.

Dur ing early June 2005, seis mic ity and de for ma tion de -
creased in com par i son to the pre vi ous week. On 6 June the
alert level was de creased from II to III (‘changes in the be -
hav ior of vol ca nic ac tiv ity have been noted’). Dur ing July
and Au gust 2005, seis mic ity chiefly re mained low. One ex -
cep tion, a M 2.5 vol cano-tec tonic earth quake on 4 July
2005, was felt in sec tions of some towns near the vol cano.
Gen er ally, ob serv ers also noted small amounts of de for ma -
tion and low rates of gas dis charge, with con tin ued emis -
sions from the main and sec ond ary crat ers. Thirty vol -
cano-tec tonic earth quakes were re corded at Galeras dur ing
19-21 Au gust 2005. The earth quakes oc curred 3-4 km NW
of the vol cano’s ac tive cone, near the towns of Santa
Bárbara, Nariño, and La Florida. About five earth quakes
felt by nearby pop u la tions oc curred at depths of 6-8 km,
with the largest (M 4.7) occurring at a depth of 6 km on 21
August.

Dur ing Sep tem ber 2005, mi nor seis mic ity and mi nor
de for ma tion con tin ued. Seis mic sig nals in cluded 365 mi nor 
events near the vol cano at less than 6 km depth. The larger
Sep tem ber re cord con sisted of 179 vol cano-tec tonic events, 
291 long-pe riod events, 258 hy brid events, and 96 tremor
ep i sodes. Some of these earth quakes cor re lated with gas
and fine ash dis charges. Flyovers at the end of Sep tem ber
con firmed that gas emis sions were sig nif i cantly reduced
compared to August 2005.

Oc to ber INGEOMINAS re ports noted oc ca sional steam 
plumes vis i ble from Pasto, of ten cor re lated with and pre -
sum ably re lated to in creases in rain fall and in fil tra tion of
wa ter into hot por tions of the vol cano. A 5 Oc to ber 2005
over flight re vealed a small in crease in gas emis sions com -
pared to sim i lar flights dur ing Sep tem ber 2005. Seis mic ity
fluc tu ated and some in stru men tally measured deformation
continued.

Ref er ence: Gomez, D., Hellweg, M., Buttkus, B.,
Boker, F., Calvache, M. L., Cortes, Faber, E., Gil Cruz, F.,
Greinwald, S., Laverde, C , Narváez, L., Ortega, A.,
Rademacher, H., Sandmann, Seidl, D., Silva, B., and
Torres, R., 2004, A Vol cano Re awak ens: Multiparameter
Ob ser va tions of Ac tiv ity Tran si tion at Galeras Vol cano
(Co lom bia), Trans ac tions, Amer i can Geo phys i cal Un ion,
Fall meet ing (ses sion en ti tled “Sources of Os cil la tory Phe -

nom ena in Vol ca nic Sys tems I; Post ers”), De cem ber 2004,
San Francisco, CA

Back ground. Galeras, a stratovolcano with a large
breached cal dera lo cated im me di ately W of the city of
Pasto, is one of Co lom bia’s most fre quently ac tive vol ca -
noes. The dom i nantly andesitic Galeras vol ca nic com plex
has been ac tive for more than 1 mil lion years, and two ma -
jor cal dera col lapse erup tions took place dur ing the late
Pleis to cene. Long-term ex ten sive hy dro ther mal al ter ation
has af fected the vol cano. This has con trib uted to large-scale 
ed i fice col lapse that has oc curred on at least three oc ca -
sions, pro duc ing de bris av a lanches that swept to the W and
left a large horse shoe-shaped cal dera in side which the mod -
ern cone has been con structed. Ma jor ex plo sive erup tions
since the mid Ho lo cene have pro duced wide spread tephra
de pos its and pyroclastic flows that swept all but the south -
ern flanks. A cen tral cone slightly lower than the cal dera
rim has been the site of nu mer ous small-to-mod er ate
historical  eruptions s ince the t ime of  the Spanish
conquistadors.

In for ma tion Con tacts:  Diego Gomez Mar ti nez,
Observatorio Vulcanológico y Sismológico de Pasto
(OVSP), INGEOMINAS, Carrera 31, 1807 Parque Infantil, 
PO Box 1795, Pasto,  Co lom bia (Email:  dgomez@
ingeomin.gov.co; URL: http://www.ingeomin.gov.co/
pasto/; Email: ovp@ingeomin.gov.co); 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/); El Spectador; El Pais
(URL: http://elpais-cali.terra.com.co/paisonline/); Reuters.

Si erra Negra

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

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

At about 1730 on 22 Oc to ber 2005 Si erra Negra be gan
erupt ing. This shield vol cano with a large oval-shaped cal -
dera is lo cated at the S end of Isabela Is land. Cir cumfer -
ential frac tures de fine the north ern edge of the cal dera.
Volcán Chico, noted for its 1963 and 1979 erup tions, is
com prised of a se ries of sco ria cones and other vents
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Fig ure 14. View look ing W from the NE rim of Si erra Negra’s cal dera (right) on 23 Oc to ber 2005. The cal dera floor is to the left. The four ac tive vents are
su per im posed in this photo, aligned along the E-W frac ture that lies at the base of the in ner cal dera wall. Nu mer ous lava flows de scended south wards to the left
where they joined to form one sin gle flow of a’a lava ~ 1 km wide and 7 km long that had al ready reached the south ern in ner wall of the cal dera on 23 Oc to ber.
Cour tesy of M. Hall.



aligned along sev eral prom i nent frac tures on the outer slope 
of the N cal dera rim. The pres ent ac tiv ity is not re lated to
the Volcán Chico frac ture sys tem, but is vent ing from frac -

tures along the N in ner cal dera wall. The most prom i nent
frac ture can be traced west ward ~ 3 km where it lies along
the rim. This ini tial re port was pro vided by a sci en tific team 
from the Instituto Geofísico.

The erup tion was pre ceded by a seis mic event at 1438
on 22 Oc to ber, felt in the coastal vil lage of Villamil (20 km
SE of the cal dera bor der) and by Park War dens on Cerro
Azul. Oth ers re ported sin gle earth quakes on 19 Oc to ber
and two weeks ear lier. At 1730 the erup tion be gan with an
ex plo sion heard by many peo ple in the Villamil area. Hik -
ers in the area of the sub se quent lava emis sion in the
mid-af ter noon of both 21 and 22 Oc to ber wit nessed no un -
usual ac tiv ity. By 1745 the erup tion col umn had reached an
es ti mated al ti tude of 5 km, and the set ting sun il lu mi nated
the light gray erup tion col umn. At 1815 the team ob served
the col umn af ter sun set from Point (Punto) Ayora, Santa
Cruz Is land (80 km E) and es ti mated its height at 10 km.
The still-ris ing col umn was 4-6 km wide, not spread ing lat -
er ally, and a small len tic u lar cloud was be gin ning to form a
cap over the col umn. As night fell, the west ern sky above
the cal dera was a bur gundy red, sug gest ing that lava had
cov ered an ex ten sive area of the cal dera floor. Sat el lite im -
ag ery of the erup tion at 1745 showed an erup tion cloud at
an es ti mated al ti tude of at least 15 km mov ing SW. A very
large hotspot in the multispectral imagery was also
observed and continued on 27 October.

Ob ser va tions at 1945 from the Santa Cruz high lands (75 
km away) em ploy ing a cam corder with night vi sion ca pa -
bil i ties con firmed ex ten sive lava fountaining es ti mated to
be 200-300 m high along a seg ment of the cal dera rim, as
well as the in can des cence from a lava flow sev eral ki lo me -
ters long de scend ing the NW outer flank. Al though the
com plete erup tion col umn was not vis i ble, it may have
reached an al ti tude close to 20 km and had spread out.
Tour ist boats be tween Isabela and Fernandina Is land re -
ported see ing two lava flows descending the N flank.

Dur ing an over flight be tween 0715 and 0900 on 23 Oc -
to ber the team did not wit ness ac -
tive lava flows or ev i dence of lava 
hav ing en tered the sea. A thin
khaki-col ored ash cloud layer was 
ob served, be tween about 1,200
and 1,500 m al ti tude, that had
spread out lat er ally and ex tended
E as far as St. Cruz Is land and N
to San ti ago Is land. Later in the
day the plume was di rected NNW 
in agree ment with sat el lite in for -
ma tion. From the plane the team
con firmed that the main erup tion
was vent ing from four crat ers
along a 500-m-long frac ture at the 
base of the NNE in ner cal dera
wall. The high est lava fountaining 
(up to 200 m high) was be ing gen -
er ated at the two mid dle vents,
while the end vents were feed ing
many lava flows S onto the cal -
dera floor. The frac ture ap par -
ently ex tended W along the in ner
wall, but then climbed to the cal -
dera rim where its trace was not
ob vi ous. How ever, small vents
with fountaining and in can des -
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Fig ure 15. A 150-m-high lava foun tain rises on 23 Oc to ber 2005 from one
of four ac tive vents that de fine the ac tive frac ture sys tem at the base of the
north ern in ner wall of Si erra Negra’s cal dera. From these four prin ci pal
vents lava flows moved south wards at ve loc i ties es ti mated at close to 20
m/sec ond on 23 Oc to ber. Cour tesy of M. Hall.

Fig ure 16. An AS TER im age of Santa Ana from 2001 fea tured in one of sev eral Earth Ob ser va tory re ports. N is to 
the top left of the im age and Santa Ana is the large, blunt-topped ed i fice clos est to the left side of the im age. In the
color ver sion of this im age can be seen a tiny blue spot in the cen ter of the in ner-most crater—a crater lake (of ten
called the la goon). Be hind Santa Ana is a large (7-km-di am e ter) lake in side the Coatepeque cal dera. In the center
is Izalco vol cano, with dark-col ored his tor i cal lava flows. Cour tesy of NASA’s Earth Ob ser va tory.



cent lava were ob served on the
rim along this gen eral frac ture
sys tem, im ply ing that the active
fracture extended ~ 2 km W of the 
main vents.

Dur ing the mid-day hours of
23 Oc to ber the team as cended the
S flank, fol lowed the E rim of the
cal dera, and reached a point ~ 800 
m from the ac tive vents, from
which the fol low ing de scrip tion
was made. From the four prin ci -
pal vents the lava flowed S with
ex cep tional force, vol ume, and
speed downslope in three main
chan nels (fig ures 14 and 15).
Based on the ap par ent speed of
the lava, and the more than 10-m
height of the waves in the stream
of pass ing lava, the team es ti -
mated that the main lava flow was 
trav el ing nearly 20 m/sec ond as it
left its vent. The W chan nels,
some 30-50 m wide, main tained
their red in can des cent color and
high speeds, al beit less than that
near the vent.

By 1500 the E chan nel was
slow ing and cool ing to a gray sur -
face color; this thin solid ve neer
was sub se quently frag mented
when the flow went over the edge
of the bench and cas caded to the
cal dera floor. On the cal dera floor 
the in can des cent lavas of all three
chan nels dis ap peared un der the
black so lid i fied a’a lava that al -
ready cov ered about 12% of the
cal dera. In the 22 hours since the
erup tion had be gun, the lavas had
formed one large flow 1-1.5 km
wide that trav eled SE along the
base of the E in te rior cal dera wall, 
then W along the S wall reach ing
a point al most half way across the
cal dera. As such it had trav eled a
to tal dis tance of 7 km and had
started small brush fires on the
floor and in te rior walls of the cal -
dera. With an es ti mated thick ness
of no more than 3 m, the vol ume
of the lava ejected by 1530 on 23
October was calculated at about
25 million cubic meters.

Along the trail lead ing to the
vent area an in creas ing amount of
sco ria frag ments was ob served on 
the rim’s edge. Frag ments ~ 1 cm
in size were first ob served ~ 4 km
SE of the ac tive vents, and they
in creased in size (up to 15 cm)
and abun dance to wards the vents.
Very lit tle fine ash was in the air
or on the ground along the E cal -
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Fig ure 17. Two im ages of a Santa Ana erup tive plume on 1 Oc to ber 2005. (top) The plume at 1516 UTC; (bot tom)
the plume at 1650 UTC. Note that the la bel ‘FL 460,’ stands for ‘flight level 460,’ which is equiv a lent to an
al ti tude of 46,000 feet or 14 km. Cour tesy of the US Air Force Weather Agency.



dera rim. The sco ria was black, ex ceed ingly vesiculated,
with ves i cles from mil li me ter to many cen ti me ters in di am -
e ter; it seemed com pa ra ble in den sity to pop corn. No crys -
tals were ob served in the glassy sco ria ma te rial. At their
clos est ap proach to the vent, sco ria frag ments formed a
deposit 3-5 cm thick.

An ex plo sion heard at 1900 on 25 Oc to ber was ac com -
pa nied by a dark erup tive col umn and mi nor ashfall along
the E rim of the cal dera and prob a bly else where. By early
26 Oc to ber the Park War dens were re port ing that one of the 
four prin ci pal vents had shut down. Ob ser va tions made late
on 26 Oc to ber in di cated that the a’a flow on the cal dera
floor had slowed and was still sev eral ki lo me ters from the
sul fur mine area. Civil De fense of fi cials also re ported that
ap par ently less lava was leav ing the vents and that lava ex -
tru sion might have shifted to the outer N flank, pos si bly to
the Volcán Chico fracture system.

The only in hab ited ar eas in clude the small town of
Villamil, lo cated 20 km SE of the cal dera’s bor der on the S
coast, plus sev eral other small pop u lated ar eas about half -
way be tween the cal dera and Villamil. There was no im me -
di ate threat to those res i dents, given the fact that in or der to
spill out of the cal dera and de scend the S flanks the en tire
100-m depth of the cal dera would have to fill with lava. The 
south ern cal dera bor der has not been ac tive in the recent
geologic past.

Back ground. The broad shield vol cano of Si erra Negra
at the south ern end of Isabela Is land con tains a shal low 7 x
10.5 km cal dera that is the larg est in the Galápagos Is lands.
The 1,490-m-high vol cano is elon gated in a NNE di rec tion. 
Al though Si erra Negra is the larg est of the five ma jor
Isabela vol ca noes, it has the flat test slopes, av er ag ing less
than 5 de grees and di min ish ing to 2 de grees near the coast.
A sin u ous, N-S-trending ridge oc cu pies the west part of the
cal dera floor, which lies only 100 m be low its rim. Volcán
de Azufre, the larg est fumarolic area in the Galápagos Is -
lands, lies within a graben be tween this ridge and the west
cal dera wall. The most re cent lava flows of Si erra Negra
oc cupy the up per north ern flank in an area dot ted with cin -
der and spat ter cones. Prior to the cur rent erup tion, un like
most other Isabela is land vol ca noes, the cal dera floor was
de void of young lava flows. Si erra Negra, along with Cerro
Azul and Volcán Wolf, is one of the most active of the
Isabela Island volcanoes.

In for ma tion Con tacts: Minard Hall and Patricio
Ramón, Instituto Geofísico, Escuela Politecnica Nacional,
Apartado 17-01-2759, Quito, Ec ua dor (URL: http://www.
igepn.edu.ec/ ;  Emai l:  mhal l@igepn.edu.ec ,
pramon@igepn.edu.ec); Wash ing ton Tapia and Os car
Caravajal, Parque Nacional Galápagos, Pto. Ayora, Santa
Cruz Is land, Ec ua dor (Email: os car_caravajal@yahoo.es).

Santa Ana

El Sal va dor
13.853°N, 89.630°W; sum mit elev. 2,381 m

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

This re port dis cusses a 1 Oc to ber 2005 erup tion at Santa 
Ana (also called Ilamatepec) that sent a plume to 14 km al ti -
tude and led to ini tial es ti mates cited in the press of two
deaths (per haps from land slides), sev eral in ju ries, and the

evac u a tion of over 2,000 peo ple. Ob ser va tions of glow ing
fumaroles and re lease of mag matic gas dur ing 2000-2001
were pre vi ously re ported at Santa Ana (BGVN 26:04).
Servicio Nacional de Estudios Territoriales (SNET) sci en -
tists no ticed that be tween the sum mer of 2000 and April
2001 there was in creased vent ing of a well-de vel oped hy -
dro ther mal sys tem through the crater lake, hot springs, and
fumaroles, but these changes were not ac com pa nied by de -
tected seis mic ity, which was then taken to sug gest that the
in crease in hy dro ther mal ac tiv ity was not driven by the ar -
rival of new magma be neath the crater. An AS TER (Ad -
vanced Spaceborne Ther mal Emis sion and Re flec tion Ra di -
om e ter) im age from 3 Feb ru ary 2001 shows the volcano’s
setting well before the eruption (figure 16).

SNET re ported that a sud den erup tion at Santa Ana took 
place around 0820 on 1 Oc to ber 2005. They es ti mated that
it pro duced an ash-and-gas plume to a height of ~ 10 km
above the vol cano. Ac cord ing to the Wash ing ton VAAC,
ash was vis i ble on sat el lite im ag ery at an al ti tude of ~ 14
km. The US Air Force Weather agency pro vided im ages of
the plume (figure 17).

Ash fell in towns W of the vol cano, in clud ing in
Naranjos, Nahuizalco, Juayúa, Ahuachapán (NW), and La
Hachadura (at the bor der, ~ 40 km W, fig ure 18). SNET
pro duced a graphic sim i lar to an isopach map that showed
near-source thick nesses pro vi sion ally to over 10 cm. The
10 cm isopach stretched ~ 5 km W; the 1 mm isopach, ~ 20
km W. The out er most isopach, pre sum ably where mea sur -
able ash fell, was not closed; in stead it was cut off along the 
Gua te ma lan bor der (~ 40 km to W of Santa Ana) and the
cap tion said that ash would fall into val leys in Gua te mala
and to the sea. Vol ca nic blocks up to a me ter in di am e ter
fell as far as 2 km S of the vol cano’s crater. Lahar de pos its
were seen SE of the vol cano. The alert level within a 4-km
ra dius around the vol cano’s cen tral crater was raised to
Red, the highest level.

Ac cord ing to news re ports, two peo ple were killed by
land slides (pos si bly caused by heavy rain in the area) in the
town of Palo Campana, and thou sands of res i dents near the
vol cano were evac u ated. As many as 1,400 hect ares of
crops were dam aged by ash (1 hect are = 10,000 m2). News
also men tioned other pro cesses such as a flood of boil ing
mud and wa ter, and mol ten rocks, some the size of small
au to mo biles, that will be dis cussed in later re ports. A sev -
eral-min ute-long video from the LPG Tele vi sion website
ap pears as both a hyperlink and an ac tive file on our
website. In ad di tion to nu mer ous in ter views with evac u ees,
it shows a host of fea tures in clud ing what ap pear to be the
swaths left by pre vi ously in flated mudflows passed down
steep-sided valleys.

Prior to the erup tion, no sig nif i cant change in seis mic ity 
was ob served. On 3 Oc to ber, af ter the erup tion, seis mic ity
fluc tu ated and small ex plo sions oc ca sion ally oc curred.
Earth quakes as so ci ated with ex plo sions were re corded. In
ad di tion, there was a de crease in the amount of SO2 emitted
from the volcano.

Strong de gas sing had been mea sured at the vol cano
since June 2004. An ash emis sion oc curred on 16 June
2005, and a slight in crease in seis mic ity and a sig nif i cant
in crease in gas emis sion were mea sured from 27 July un til
at least 30 Au gust. SNET also re ported a sig nif i cant in -
crease in seis mic ac tiv ity at Santa Ana on the night of 27
Au gust. A clus ter of 17 vol cano-tec tonic earth quakes were
re corded, with four lo cated S of the vol cano. Af ter wards,
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con tin u ous high-fre quency tremor was re corded un til at
least 30 Au gust. Ob ser va tions made on 29 Au gust re vealed
in can des cent rocks in the fumarole field, ef fects at trib uted
to hot gases heat ing the rocks to suf fi cient tem per a ture to
glow. A sig nif i cant in crease in SO2 emis sion was re corded,
and gas-and-steam plumes rose 500-1,000 m above the vol -
cano’s crater. As a safety measure, access to the volcano’s
crater was restricted.

From 27 July un til the erup tion on 1 Oc to ber, seis mic ity 
and gas emis sions were above nor mal lev els, and Santa Ana 
was at alert level yel low. Dur ing the first week of Sep tem -
ber, tremor con tin ued to be re corded, and on 2 Sep tem ber a
clus ter of at least eight small earth quakes oc curred, which
were not felt by lo cal res i dents. Gas plumes rose to ~ 500 m 
above the vol cano, and the SO2 flux was over 1,000 met ric
tons per day dur ing the first two weeks of Sep tem ber. Sat el -
lite im ag ery from 5 Sep tem ber showed a thermal anom aly.

Microseismicity in creased sig nif i cantly on 12 Sep tem -
ber. Dur ing a visit to the vol cano on 8 Sep tem ber, larger ar -
eas of in can des cence were vis i ble at a field of fumaroles
than dur ing a visit on 29 Au gust. Sat el lite im ag ery showed
a ther mal anom aly at the vol cano on sev eral days dur ing the 
second week of September.

Dur ing 15-19 Sep tem ber gas plumes rose to ~ 500 m
above the vol cano, and the SO2 flux reached a max i mum of
3,320 met  r ic tons  per  day on 16 Sep tem ber .
Microseismicity re mained at rel a tively high lev els. No sig -

nif i cant changes were seen at the vol cano’s crater when
ob served on 19 Sep tem ber in com par i son to 13 Sep tem ber.
In tense de gas sing con tin ued and the crater lake (la goon) re -
mained a dark cof fee color. In can des cence was visible
inside some cracks.

Dur ing a visit to the crater on 21 Sep tem ber, ob serv ers
noted that the la goon had be come greener and small rock
land slides oc curred in the field of fumaroles. Gas plumes
rose to ~ 1 km above the vol cano on 26 Sep tem ber.

Fol low ing the erup tion of 1 Oc to ber, small ex plo sions,
de gas sing, and low-to-mod er ate seis mic ity oc curred at
Santa Ana dur ing 5-11 Oc to ber. In clem ent weather pro hib -
ited ground and sat el lite ob ser va tions, and sul fur-di ox ide
(SO2) mea sure ments dur ing much of the re port pe riod. Dur -
ing an ae rial in spec tion of the vol cano on 11 Oc to ber, no
changes were ob served at the crater. Around 11 Oc to ber,
SO2 mea sure ments were around 600-700 met ric tons per
day. The alert level within a 5-km ra dius around the
volcano’s central crater remained at Red.

Back ground. Santa Ana, El Sal va dor’s high est vol cano, 
i s  a mas s ive,  2 ,381-m-high andesit ic- to-ba sa lt ic
stratovolcano that rises im me di ately west of Coatepeque
cal dera. Col lapse of the vol cano dur ing the late Pleis to cene
pro duced a vo lu mi nous de bris av a lanche that swept into the 
Pa cific Ocean, form ing the Acajutla Pen in sula. Re con struc -
tion of the vol cano sub se quently filled most of the col lapse
scarp. The broad sum mit of the vol cano is cut by sev eral
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Fig ure 18. Graphic from SNET show ing ashfall dis tri bu tion from Santa Ana that ap peared in the news pa per, La Prensa Grafica, fol low ing the 1 Oc to ber
erup tion. N is up wards; Santa Ana lies ~ 40 km E of the Gua te ma lan bor der. This clearly trans mit ted the mes sage that the ashfall was vari able and W-di rected
over parts of El Sal va dor and neigh bor ing Gua te mala. The bot tom of the graphic dis cussed the im pact of the ash fall, in clud ing dam age to spe cialty cof fee farms. 
Credit: Ricardo Orellana, La Prensa Grafica.



cres cen tic crat ers, and a se ries of par a sitic vents and cones
have formed along a 20-km-long fis sure sys tem that ex -
tends from near the town of Chalchuapa NNW of the vol -
cano to the San Marcelino and Cerro la Olla cin der cones
on the SE flank. His tor i cal ac tiv ity, largely con sist ing of
small-to-mod er ate ex plo sive erup tions from both sum mit
and flank vents, has been doc u mented since the 16th cen -
tury. The San Marcelino cin der cone on the SE flank
produced a lava flow in 1722 that traveled 13 km E.

In for ma tion Con tacts: Servicio Nacional de Estudios
Territoriales (SNET), Alameda Roo se velt y 55 Avenida
Norte, Edificio Torre El Sal va dor, Quinta Planta, San Sal -
va dor, El Sal va dor (URL: http://www.snet.gob.sv); Wash -
ing ton Vol ca nic Ash Ad vi sory Cen ter (VAAC), NOAA/
NESDIS, Sat el lite Anal y sis Branch, 5200 Auth Road,
Camp Springs, MD 20746 USA; Charles Holliday and
Jenifer E. Piatt, U.S. Air Force Weather Agency (AFWA)/
XOGM, Offutt Air Force Base, NE 68113, USA (Email:
Charles.Holliday@afwa.af.mil); NASA Earth Ob ser va tory
(http://earthobservatory.nasa.gov/NaturalHazards/); La
Prensa Grafica and La Prensa Grafica Tele vi sion, Fi nal
bulevar Santa Elena, frente a embajada de EUA, Antiguo
Cuscatlán, La Libertad, San Salvador, El Salvador.

Cleve land

Aleu tian Is lands
52.825°N, 169.944°W; sum mit elev. 1,730 m

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

Mount Cleve land produced sig nif i cant ash plumes dur -
ing March 2001 (BGVN 26:04). Vol ca nic un rest con tin ued
through 4 May 2001, and sig nals con sis tent with vol ca nic
seis mic ity were de tected by an Alaska Vol cano Ob ser va -
tory (AVO) seis mic net work 230 km E. By the end of May,
nei ther erup tive ac tiv ity nor ther mal anom a lies were ob -
served. Un til July 2005, no alert level was as signed, and
AVO mon i tor ing produced no reports on Cleveland.

Cleve land lacks a real-time seis mic net work. Ac cord -
ingly, even dur ing times of per ceived quiet there is an ab -
sence of de fin i tive in for ma tion that ac tiv ity level is at back -
ground. AVO’s pol icy for vol ca noes with out seis mic
net works is to not get as signed a color code of Green.

Sat el lite im ag ery of Cleve land taken dur ing 24 June to 1 
July 2005 showed in creased heat flow from the vol cano and 
a pos si ble de bris flow. AVO stated that al though ob ser va -
tions were in hib ited by cloudy weather, they in di cated the
pos si bil ity of in creased vol ca nic ac tiv ity. AVO did not as -
sign a Con cern Color Code to Cleve land due to the lack of
seis mic mon i tor ing and limited satellite observations.

Sat el lite im ages dur ing 1-8 July showed in creased heat
flow, thin ash de pos its, and pos si ble de bris flows ex tend ing 
~ 1 km down the flanks from the sum mit crater. AVO as -
signed a Con cern Color Code of Yel low on 7 July. On 18

July sat el lite im ag ery showed steam em a nat ing from Cleve -
land’s sum mit and ev i dence of mi nor ash emis sions. Me te -
o ro log i cal clouds ob scured Cleve land dur ing the third week 
of July. Dur ing 22-29 July sat el lite im ages showed mi nor
steam ing from the sum mit, pos si ble fresh lo cal ized ash
deposits, and a weak thermal anomaly.

On 4 Au gust sat el lite im ages showed a ther mal anom -
aly. On 27 Au gust AVO re duced the Con cern Color Code
at Cleve land from Yel low to “Not As signed” be cause there
had been no ev i dence of ac tiv ity since a ther mal fea ture was 
ob served on sat el lite im ag ery from 11 Au gust. A ther mal
fea ture was de tected on sev eral sat el lite im ages ob tained on 
31 Au gust, and one on 19 Sep tem ber, but there was no ev i -
dence of eruptive ac tiv ity.

On 7 Oc to ber, AVO raised the Con cern Color Code to
Or ange af ter de tect ing a small drift ing vol ca nic ash cloud.
The cloud was seen in sat el lite data at a spot ~ 150 km ESE
of Dutch Har bor at 1700 UTC. Based on data from a re -
gional seis mom e ter at Nikolski, AVO con cluded that the
ash came from a small Cleve land erup tion at ap prox i mately 
0145. AVO, in con sul ta tion with the Na tional Weather Ser -
vice, es ti mated the top of the ash cloud to be no more than
4,600 m al ti tude. The ash cloud dis si pated and was not de -
tected via sat el lite af ter 1800 UTC. Three days passed dur -
ing which there were no new ob ser va tions of erup tive ac tiv -
ity at Cleve land from sat el lite data, pi lots, or ground-based
ob serv ers. Ac cord ingly, on 10 Oc to ber the Concern Color
Code was reduced to Yellow.

Back ground. Beau ti fully sym met ri cal Mount Cleve -
land stratovolcano is sit u ated at the west ern end of the un in -
hab ited, dumb bell-shaped Chuginadak Is land. It lies SE
across Carlisle Pass strait from Carlisle vol cano and NE
across Chuginadak Pass strait from Her bert vol cano. The
1,730-m-high Mount Cleve land is the high est of the Is lands 
of the Four Moun tains group and is one of the most ac tive
of the Aleu tian Is lands. Cleve land is joined to the rest of
Chuginadak Is land by a low isth mus. Nu mer ous large lava
flows de scend the steep-sided flanks of the vol cano. It is
pos si ble that some 18th to 19th cen tury erup tions at trib uted
to Carlisle should be as cribed to Cleve land (Miller et al.
1998). In 1944 Cleve land pro duced the only known fa tal ity
from an Aleu tian erup tion. Re cent erup tions from Mount
Cleve land have been char ac ter ized by short-lived ex plo sive 
ash emis sions, at times ac com pa nied by lava fountaining
and lava flows down the flanks.

In for ma tion Con tacts: 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), Geo phys i cal In -
sti tute, Uni ver sity of Alaska, P.O. Box 757320, Fair banks,
AK 99775-7320, USA, and 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; Wash ing ton Vol ca nic Ash
Ad vi sory Cen ter (VAAC), Wash ing ton, DC, USA (URL:
http://www.ssd.noaa.gov/VAAC/washington.html).
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