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Au gus tine

South west ern Alaska
59.363°N, 153.43°W; sum mit elev. 1,252 m

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

Al though the pre vi ous re port (BGVN 31:01) noted Au -
gus tine’s events through 22 Feb ru ary 2006, this one over -
laps and fur ther dis cusses some as pects of be hav ior dur ing
late Jan u ary through 1 Feb ru ary 2006. This re port then con -
tin ues with sum ma ries of Alaska Vol cano Ob ser va tory
(AVO) re ports dur ing 24 Feb ru ary to 26 March 2006.

Af ter  eight  months of  in  creas  ing  seis  mic i ty ,
gas-and-steam emis sions, and phreatic erup tions in De cem -
ber 2005, Au gus tine be gan mag matic eruptions on 11 Jan u -
ary 2006 (BGVN 30:12). Erup tions con tin ued through out
Jan u ary, pro duc ing ash clouds up to ~ 9 km al ti tude. The
erup tion was de scribed by Jon Dehn (Uni ver sity of Alaska
Fair banks, per sonal com mu ni ca tion) as oc cur ring in the
fol low ing three phases: I) 11-28 Jan u ary; II) 29 Jan u ary-4
Feb ru ary; and III) 5 Feb ru ary and into at least late March.

Dur ing 11 Jan u ary to 21 March 2006 (70 days), the An -
chor age Vol ca nic Ash Ad vi sory Cen ter (VAAC) is sued
text re ports (Vol ca nic Ac tiv ity Ad vi so ries) on Au gus tine
567 times (av er ag ing 8.1 re ports per day). These alerted the 
avi a tion com mu nity to the on go ing air borne-ash haz ards.

Au gus tine lies ~ 277 km SW of An chor age’s air port, a
key hub for flights across the North Pa cific. Ac cord ing to
the US De part ment of Trans por ta tion, dur ing 2003 An chor -
age’s air port sup ported the larg est ton nage of any in the US, 

and func tioned as the 8th busi est in the US by value of ship -
ments. Au gus tine’s erup tions can po ten tially im pact
avi a tion and op er a tions at the air port, and more gen er ally,
they com pli cate North Pa cific air travel.

Plumes, 28 Jan u ary-1 Feb ru ary. AIRS SO2 re triev als
for Au gus tine plumes on 28 and 29 Jan u ary were pro vided
by Fred Prata (fig ure 1). He com mented that the SO2

"blobs" seem to spread out rather than elon gate into a
plume shape, pos si bly be cause of calm winds or in ter mit -
tent ejec tions.
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Fig ure 1. At mo spheric SO2 from the AIRS in stru ment for Au gus tine plumes on 28 and 29 Jan u ary 2006. De tails of the pro cess ing and re sult ing anal y sis are
in cluded on the four pan els, which cor re spond to these dates and times (UTC): a) 12:11:25 on 28 Jan u ary, b) 21:47:25 on 28 Jan u ary, c) 23:29:25 on 28 Jan u ary,
and d) 12:53:25 on 29 Jan u ary. All im ages pro vided cour tesy of Fred Prata (Nor we gian In sti tute for Air Re search).

Fig ure 2. Ae rial view of Au gus tine dur ing an erup tion on 30 Jan u ary
2006. The vol cano was shrouded in ash cloud. The plume blew NE.
Cour tesy of Pavel Izbekov, AVO/UAF-GI.



Shortly af ter the 28-29 Jan u ary plumes men tioned
above, on 30 Jan u ary, an over flight by AVO con firmed a
~ 5-km-tall vol ca nic cloud and small ex plo sions and as so ci -
ated pyroclastic flows. The air borne ob ser va tions in di cated
that a con sid er able amount of ash was be ing pro duced dur -
ing this time pe riod from small ex plo sions and as so ci ated
pyroclastic flows. Fig ures 2 and 3 show im ages from 30
Jan u ary. AVO also pre sented 31 Jan u ary ther mal in fra red
im ages sim i larly in dic a tive of vig or ous erup tions and fresh
pyroclastic flows (fig ure 4).

René Servranckx looked at sev eral im ages from 1 Feb -
ru ary 2006 and sent as so ci ated mes sages and links to the
Volcanicclouds listserv. He found a hotspot at Au gus tine
and iden ti fied var i ous cloud fea tures from plumes. Us ing a
NOAA-12 IR im age taken at 1542 UTC, Servranckx could
not de tect an ash sig na ture in the split win dow.

On 4 Feb ru ary, Ken Dean (UAF) posted a mes sage on
the Volcanicclouds listserv dis cuss ing Au gus tine for 28
Jan u ary-1 Feb ru ary. He noted that, re gard ing SO2 de tec tion 
in north ern Alaska, they had been mon i tor ing the at mo -
spheric trans port di rec tion us ing Puff, a mod el ing rou tine
for pre dict ing the at mo spheric dis persal of ash clouds. Gen -
er ally speak ing, tra jec to ries were to the N and over Fair -
banks. Ac cord ingly, lidar sys tems at both the UAF’s Geo -
phys i cal In sti tute and ~ 50 km N of Fair banks at the Poker
Flat Rocket Range were turned on to see if they could de -
tect vol ca nic aero sols from the erup tion. Lidar uses la ser
en ergy to probe the at mo sphere, where it can de tect sus -
pended ma te rial such as vol ca nic aero sols in iden ti fi able re -
gions. Pre lim i nary re sults in di cated vol ca nic aero sols at 4.
6-6.6 km al ti tude in the at mo sphere above both Fair banks
and Poker Flats. There could also have been vol ca nic aero -
sols at lower al ti tudes in the weather clouds.

Dean also noted that ground-based event-mon i tor ing
col lec tors set out by Ca thy Cahill (UAF) sam pled vol ca nic
aero sols and pos si ble traces of ash at Fair banks. He noted
that these ob ser va tions and tra jec to ries were con sis tent with 
Prata’s  SO 2  ob ser  va  t ions  and Servranckx’s  back
tra jec to ries.

24 Feb ru ary-26 March 2006. On 24 Feb ru ary, AVO
noted re peated and on go ing un rest dur ing the past week.
This in cluded rel a tively low but above-back ground seis -
mic ity that in di cated small, in ter mit tent rockfalls and av a -
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Fig ure 3. A MODIS sat el lite im age for 30 Jan u ary at 12:30:00 show ing an
Au gus tine ash and steam plume. This im age was col lected at
ap prox i mately the same time as an AVO over flight, and shows the
vol ca nic cloud mov ing NE at ~ 4.8 km al ti tude. Pro cess ing and
in ter pre ta tion cour tesy of Dave Schnei der, USGS-AVO. Im age cour tesy
of MODIS Rapid Re sponse Pro ject at NASA/GSFC.

Fig ure 4. Two 31 Jan u ary 2006 (at 22:50:44 AST; 1 Feb ru ary 2006 UTC) night-time AS TER ther mal in fra red (TIR) im ages show ing hot pyroclastic flow
de pos its on Au gus tine’s N flank. The im age on the left also shows a broad ash and SO2 plume extending ENE. Im age pro cess ing and in ter pre ta tion cour tesy of
Rick Wessels (AVO-USGS); AS TER data cour tesy of NASA/GSFC/METI/ERSDAC/JAROS, and US/Ja pan AS TER Sci ence Team.



lanches from the lava dome. Sat el lites de tected a per sist ing
ther mal anom aly in the sum mit area. These data, along with 
a 20 Feb ru ary visit to the is land, in di cated con tin ued slow
growth at the sum mit lava dome. A veil of fresh, light ash
dressed Au gus tine’s flanks. The on go ing AVO re ports into
March noted sim i lar pro cesses and ob ser va tions, and soon
in cluded men tion of ash plumes, a lava flow, and a
pyroclastic flow.

An over flight of the vol cano on 1 March re vealed a
short, stubby lava flow that ex tended NE from the dome,
ter mi nat ing at ~ 1 km el e va tion. AVO noted a small di lute
ash plume as well as a 20-min ute in ter val of el e vated seis -
mic ity at 1010 on 5 March, in ter preted as a small ex plo sion
with as so ci ated ash emis sion, al though low clouds ob -
scured web-cam era views. On 6 March AVO re ported seis -
mic sig nals and the low-light cam era in Homer sug gested
rockfalls and av a lanches. Al though Au gus tine’s plumes in
this time frame were gen er ally char ac ter ized as lo cal, di -
lute, and un der ~ 1 km above the sum mit, pyroclastic flows
were also seen on 6 March.

Early on the morn ing of 8 March, AVO’s seis mom e ters
be gan re cord ing pe ri ods of dis crete, re pet i tive, small
events. These sig nals were taken to in di cate on go ing dome
growth, ob ser va tions con sis tent with those from web cam -
eras, which re vealed mi nor ash emis sions and mass wast -
ing. Re ports on 8 and 9 March dis cussed seis mic ity suf fi -
cient ly el  e  vated as  to some t imes sat  u rate  sev eral
in stru ments. In ad di tion, cam eras por trayed two ar eas of
high ther mal flux. AVO ini tially in ter preted these ob ser va -
tions as in clud ing el e vated rates of lava ex trud ing into the
dome, pos si bly with vig or ous lava movement, and
block-and-ash flows.

Later re ports dis closed fur ther de tails from around 9
March. AVO’s 8-10 March re ports noted that the sum mit
was steam ing more vig or ously than the previous 3-4 weeks. 
A brown ish-or ange plume rose from the top of the sum mit
lava dome. Fumaroles on the S and W side of the dome
were the source of the most vig or ous steam ing. Ar eas of
bare ground on the up per W and S flanks had sub stan tially
en larged since 1 March. The great est amounts of steam
came from bare ar eas on the up per NW flank. Web-cam era
im ages and ob ser va tions from over flights on 8 and 9 March 
in di cated regular small-scale col lapses of the sum mit lava
dome. Usu ally these col lapse events pro duce block-and-ash 
flows and small dif fuse ash clouds. Block-and-ash flows to
the E to NE sec tors ex tended to within about 1 km of the
coast line. Di lute ash clouds were ob served ris ing from the
block-and-ash flows to about the level of the summit and
drifting away with the wind.

10 March seis mic ity in cluded pro longed vol ca nic
tremor and an in crease in the fre quency of small vol -
cano-tec tonic earth quakes. Block-and-ash flows, rock av a -
lanches, and rockfalls orig i nat ing from the sum mit lava
dome con tinue to be re corded by the seis mic net work, par -
tic u larly at the E flank station.

The 10 March re port stated that “Sat el lite and low-light
cam era im ages ob tained in ter mit tently through out the week 
show that ther mal anom a lies in the sum mit area and on the
up per NE flank per sist. On sev eral eve nings this past week,
a low-light cam era at the AVO site in Homer cap tured hot
av a lanches in prog ress and pro longed pe ri ods of in can des -
cence. AVO also re ceived sev eral re ports from ob serv ers in 
Homer and Nanwalek of sum mit glow in the eve ning hours. 
Air borne mea sure ments of gas emis sions made on March 9

in di cate both SO2 and CO2 gas in the plume. This is the first 
time since the fall of 2005 that CO2 has been a com po nent
of the gas plume and likely in di cates the pres ence of new
magma en ter ing the vol ca nic sys tem.”

The AVO re port for 17 March chron i cled low-level
erup tive ac tiv ity. It said that the past week’s seis mic ity
changed from pe ri ods of pro longed tremor and closely
spaced dis creet events to ep i sodic short-du ra tion events.
Ob serv ers in ter preted the change as in di cat ing that steady
ef fu sion of lava and dome growth had given way to slower
ef fu sion of lava and in ter mit tent block-and-ash flows, rock
av a lanches, and rock-falls from the sum mit lava dome. On
sev eral eve nings dur ing the week, clear at mo spheric con di -
tions enabled low-light cam eras at the AVO site in Homer
to cap ture hot av a lanches and pro longed pe ri ods of in can -
des cence in both the sum mit area and on the upper NE
flank. Satellite images also showed thermal anomalies.

The 17 March re port said that over flights in di cated two
lava flows were seen on the N and NE flanks. They ad -
vanced slowly. Oc ca sional col lapses of the lava flow fronts
shed hot blocks and pro duce mi nor ash emis sions. Es ti -
mates us ing pho to graphs in di cated that the new lava dome
stood ~ 70 m higher than the one formed in 1986.

Lit tle new in for ma tion was dis cussed in AVO re ports
is sued on 20-26 March. The 26 March re port in cluded the
re mark that sat el lite views were then ob scured by cloud
cover; how ever, vig or ous steam ing from the sum mit was
vis i ble with the on-is land web cam era.

Cor rec tion. A pre vi ous Au gus tine re port (BGVN 30:12; 
is sued in early 2006) had a ty po graphic er ror in the ti tle:
“Erup tions be gin 11 Jan u ary 2005 and eight out bursts oc -
cur by late Jan u ary).” The year has since been changed on
our website to 11 January 2006.

Geo logic Sum mary. Au gus tine vol cano, ris ing above
Kamishak Bay in the south ern Cook In let about 290 km
SW of An chor age, is the most ac tive vol cano of the east ern
Aleu tian arc. It con sists of a com plex of over lap ping sum -
mit lava domes sur rounded by an apron of volcaniclastic
de bris that de scends to the sea on all sides. Few lava flows
are ex posed; the flanks con sist mainly of de bris-av a lanche
and pyroclastic-flow de pos its formed by re peated col lapse
and regrowth of the vol cano’s sum mit. The lat est ep i sode of 
ed i fice col lapse oc curred dur ing Au gus tine’s larg est his tor -
i cal erup tion in 1883; sub se quent dome growth has re stored 
the vol cano to a height com pa ra ble to that prior to 1883.
The old est dated vol ca nic rocks on Au gus tine are more than 
40,000 years old. At least 11 large de bris av a lanches have
reached the sea dur ing the past 1,800-2,000 years, and five
ma jor pumiceous tephras have been erupted dur ing this in -
ter val. His tor i cal erup tions have typ i cally con sisted of ex -
plo  s ive  ac  t iv  i ty wi th  em place  ment  of  pumiceous
pyroclastic-flow deposits followed by lava dome extrusion
with associated block-and-ash flows.

In for ma tion Con tacts: Jon Dehn, Ca thy Cahill, Ken
Dean, and Pavel E. Izbekov, Geo phys i cal In sti tute, Uni ver -
sity of Alaska Fair banks, 903 Koyukuk Drive, P.O. Box
757320 Fair banks, AK 99775-7320 USA; An chor age
VAAC, Alaska Avi a tion Weather Unit, Na tional Weather
Ser vice, 6930 Sand Lake Road, An chor age, AK 99502,
USA (URL: http://aawu.arh.noaa.gov/vaac.php); Fred
Prata, Nor we gian In sti tute for Air Re search, P.O. Box 100, 
2027 Kjeller, Nor way; René Servranckx, Mon treal Vol ca -
nic Ash Ad vi sory Cen tre, Ca na dian Me te o ro log i cal Cen tre, 
Me te o ro log i cal Ser vice of Can ada, 2121 North Ser vice
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Road, Trans-Can ada High way, Dorval, Que bec, H9P 1J3
Can ada; 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.

Santa María

Gua te mala
14.756°N, 91.552°W; sum mit elev. 3,772 m

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

This sum mary of ac tiv ity at Santa María’s Santiaguito
lava-dome com plex, taken largely from Instituto Nacional
de Sismologia, Vulcanologia, Meteorologia e Hidrologia
(INSIVUMEH) re ported for Oc to ber 2005 to Jan u ary 2006. 
Dur ing this in ter val Santa María con tin ued to emit oc ca -
sional ash plumes.

Dur ing 26-31 Oc to ber 2005, sev eral ex plo sions took
place and plumes rose to a max i mum of ~ 5 km al ti tude on
28 Oc to ber. In early No vem ber, sev eral ex plo sions oc -
curred pro duc ing ash plumes to an al ti tude of ~ 5 km. A
few weak av a lanches of vol ca nic ma te rial were ob served
SW of the lava dome.

Ex plo sions produced sev eral ash plumes to ~ 5 km al ti -
tude during 11-14 No vem ber 2005.  Sev eral small
pyroclastic flows trav eled down the SW, NE, and S flanks
of Caliente dome. Fre quent av a lanches of vol ca nic ma te rial 
oc curred off of the fronts of ac tive lava flows mostly to the
W of Caliente dome, and less fre quently to the S and NE.
An ash-and-gas emis sion on 14 No vem ber pro duced a
cloud that was vis i ble on satellite imagery.

Dur ing 17-21 No vem ber, Santa María pro duced
weak-to-mod er ate ex plo sions, send ing ash plumes to an al -
ti tude of ~ 4.6 km. Sev eral small pyroclastic flows trav eled
down the SW and NE flanks of Caliente dome, stop ping at
the base of the dome. Av a lanches spalled off of the fronts
of ac tive lava flows and traveled SW.

On 24 No vem ber at 0955, an erup tion pro duced an ash
cloud to an al ti tude of ~ 4 km ac com pa nied by a pyroclastic
flow to the S. Fine ash fell 6-7 km S of the vol cano, im pact -
ing prop er ties in the area.

Moderate-to-strong ex plo sions in De cem ber pro duced
ash plumes that rose ~ 1.5-2.5 km. Pyroclastic flows oc ca -
sion ally ac com pa nied ex plo sions and trav eled to wards the
SW. Sev eral av a lanches of vol ca nic ma te rial also oc curred
during the report period.

Through out Jan u ary 2006, ex plo sions con tin ued to oc -
cur send ing re sul tant ash emis sions to the SW. Lava av a -
lanches orig i nated from the SW edge of the Caliente dome
and from the fronts of ac tive lava flows on the SW flank.
An ex plo sion on the morn ing of 11 Jan u ary 2006 gen er ated
a small pyroclastic flow that trav eled down Caliente dome
to the NE. INSIVUMEH re ported on 16 Jan u ary that a
slight de crease in ex plo sive ac tiv ity was ob served dur ing
the pre vi ous month. On 16 Jan u ary there were re ports of a
small amount of ashfall 25 km SW in the urban area of San
Felipe Retalhuleu.

Dur ing 1-3 Feb ru ary, weak-to-mod er ate ex plo sions
took place at Santiaguito’s lava-dome com plex, pro duc ing
plumes that rose to a max i mum height of 1 km above the
vol cano. On 1 Feb ru ary at 0657 and 0708, mod er ate ex plo -
sions were ac com pa nied by pyroclastic flows. Lava ex tru -
sion at Caliente dome pro duced block-and-ash flows that
de scended the dome’s S, E, and W sides. Sev eral ex plo -
sions on 9 Feb ru ary also pro duced small pyroclastic flows
that trav eled down the SW and SE sides of Caliente dome.
On 15-17 Feb ru ary, pyroclastic flows trav eled SW and NE,
as so ci ated with av a lanches of in can des cent vol ca nic ma te -
rial spalled off of active lava-flow fronts.

On 4, 6, and 7 March, sat el lite im ag ery showed small
ash plumes emit ted from the lava-dome com plex. The
plumes reached ~ 3 km above the vol cano. On 6 March
around 0733, a mod er ate ex plo sion pro duced an ash plume
and pyroclastic flows. A strong ex plo sion later that day, at
1025, sent an ash plume ~ 3 km above the vol cano that de -
pos ited ash through out the vol ca nic com plex. The ex plo -
sion was ac com pa nied by pyroclastic flows down the NE
and SW flanks. Fine ash drifted S fall ing on prop er ties in
that area. On 12 March, there were av a lanches of vol ca nic
blocks and ash. On 13 March, a pyroclastic flow trav eled
down the S flank of Caliente dome.

Geo logic Sum mary. Sym met ri cal, for est-cov ered Santa 
María vol cano is one of the most prom i nent of a chain of
large stratovolcanoes that rises dra mat i cally above the Pa -
cific coastal plain of Gua te mala. The 3,772-m-high
stratovolcano has a sharp-topped, con i cal pro file that is cut
on the SW flank by a large, 1.5-km-wide crater. The
oval-shaped crater ex tends from just be low the sum mit of
Volcán Santa María to the lower flank and was formed dur -
ing a cat a strophic erup tion in 1902. The re nowned plinian
erup tion of 1902 that dev as tated much of SW Gua te mala
fol lowed a long re pose pe riod af ter con struc tion of the large 
ba saltic-an de site stratovolcano. The mas sive dacitic
Santiaguito lava-dome com plex has been grow ing at the
base of the 1902 crater since 1922. Com pound dome
growth at Santiaguito has oc curred ep i sod i cally from four
west ward-younging vents, the most re cent of which is
Caliente. Dome growth has been ac com pa nied by al most
con tin u ous mi nor ex plo sions, with pe ri odic lava extrusion,
larger explosions, pyroclastic flows, and lahars.

In for  ma t ion Con tacts:  Inst i tuto  Nacional  de
Sismologia, Vulcanologia, Meteorologia e Hidrologia
(INSIVUMEH), Unit of Vol ca nol ogy, Geo logic De part -
ment of In ves ti ga tion and Ser vices, 7a Av. 14-57, Zona 13,
Gua te mala City, Gua te mala (URL: http://www.insivumeh.
gob.gt/).

Masaya

Nic a ra gua
11.984°N, 86.161°W; sum mit elev. 635 m

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

 Pre vi ously re ported be hav ior at Masaya through 22
Sep tem ber 2003 con sisted pri mar ily of incandescence from 
San ti ago crater (BGVN 28:10). Monthly re ports pre pared
by the Instituto Nicaragüense de Estudios Territoriales
(INETER) since that time noted con tin u ing seis mic ity and
in can des cence through March 2005. A small ex plo sions
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was re ported on 29 No vem ber 2003. Masaya Vol cano Na -
tional Park work ers also re ported two ash-and-gas ex plo -
sions at 0121 on 12 De cem ber 2003. A col lapse event
within the crater was noted on 22 June 2004. A re port from
the Wash ing ton Vol ca nic Ash Ad vi sory Cen ter (VAAC)
noted that on 4 July 2004 at 0015 lo cal time, a nar row
plume of steam and/or ash from Masaya was vis i ble on sat -
el lite im ag ery ex tend ing to the SW. An hour later the plume 
had ex tended ~ 12 km from the sum mit. The re port be low
notes changes in duced in San ti ago crater af ter a land slide in 
early March 2005. A mag ni tude 1.9 earth quake at a depth
of 2.2 km be low Masaya on 30 March 2005 was fol lowed
by rum bling noises and gas-and-ash emis sions.

Field work during Feb ru ary-March 2005. Pa tri cia
Nadeau and Glyn Wil liams-Jones sent us a re port of an in -
ten sive, multi-com po nent field cam paign con ducted at
Masaya from 16 Feb ru ary 2005 to 12 March 2005. Two

FLYSPEC ul tra vi o let spec trom e ters were used in tan dem
with two Microtops sun pho tom e ters to con strain pas sive
SO2 and aero sol fluxes and also to eval u ate po ten tial down -
wind loss of SO2 by con ver sion to aero sols. Ad di tion ally,
self-po ten tial geo phys i cal mea sure ments were per formed at 
Masaya’s sum mit in a pre lim i nary at tempt to de lin eate the
hydrothermal system of the volcano.

On the morn ing of 3 March, Park work ers re ported that
a land slide had oc curred within San ti ago crater the pre vi ous 
night. A vis i bly di min ished plume from the crater’s ac tive
vent sug gested that the land slide may have caused a block -
age that re duced the es cape of SO2 (figures 5 and 6).

The vi sual ob ser va tions were sup ported by sub se quent
SO2-flux mea sure ments, which con firmed a sig nif i cant
drop in SO2 emis sions from an av er age of ~ 300 tons/day
prior to the land slide to an av er age of ~ 80 tons/day fol low -
ing the land slide (fig ure 7). This de crease in emis sions led
to con cerns over the pos si bil ity of a small vent-clear ing ex -
plo sion such as the one that oc curred on 23 April 2001
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Fig ure 6. A view into the San ti ago Crater at Masaya and its di min ished plume ris ing from the in ner crater, as taken from the tour ist park ing lot on 3 March 2005.
The di am e ter of the outer crater is ap prox i mately 500 m; the in ner crater is about 200 m across. Cour tesy of Pa tri cia Nadeau and Glyn Wil liams-Jones.

Fig ure 7. Graph show ing Masaya’s daily SO2 fluxes dur ing 25 Feb ru ary
2005-17 April 2005 (nor mal ized to a wind speed of 1 m/s) be fore and af ter 
the land slide dur ing the night of 2-3 March 2005. Cour tesy of Pa tri cia
Nadeau and Glyn Wil liams-Jones.

Fig ure 5. A photo taken from the tour ist park ing lot on 1 March 2005
show ing the in ner crater at Masaya emit ting a large plume prior to the 2-3
March 2005 land slide. The di am e ter of the crater in this view is es ti mated
to be 150-200 m. Cour tesy of Pa tri cia Nadeau and Glyn Wil liams-Jones.



(BGVN 26:04). That ex plo sion was pre ceded by a sim i lar
drop in SO2 emis sions for sev eral weeks due to a block age
of the vent that was ac tive at the time. The 2001 ex plo sion
re sulted in the open ing of a new vent, which has since been
the site of Masaya’s de gas sing. Af ter the 2001 ex plo sion,
the pre vi ously ac tive vent no lon ger degassed and was
assumed to be completely inactive.

In the days fol low ing the 2 March 2005 land slide, gas
out put was mon i tored closely, both vi su ally and with the
FLYSPEC, for any fur ther de creases, which could have
been in dic a tive of fur ther block age and pos si ble pres sur iza -
tion. Vi sual ob ser va tions of the crater on the nights of 4
March and 11 March re vealed that while the cur rently de -
gas sing vent was not in can des cent, the older vent (be lieved
to be in ac tive after the April 2001 ex plo sion) was in deed
in can des cent, though not degassing (figure 8).

As of 10 March, the vis i ble gas emis sions were the low -
est seen, de spite the ap par ent open con duit, as in di cated by
in can des cence in the old vent. Rum bling and slosh ing
sounds from within the crater had in creased from spo radic
to nearly con stant. How ever, the days fol low ing were
marked by a de crease in acous ti cal noise, as well as the ap -
par ent be gin ning of a climb back to higher SO2 emis sion
rates (~ 120 tons/day on 16 March). These ob ser va tions
were con sis tent with devlopments in the upper conduit.

Geo logic Sum mary. Masaya is one of Nic a ra gua’s most 
un usual and most ac tive vol ca noes. Masaya lies within the
mas sive Pleis to cene Las Si er ras pyroclastic shield vol cano

and is a broad, 6 x 11 km ba saltic cal dera with steep-sided
walls up to 300 m high. The cal dera is filled on its NW end
by more than a dozen vents erupted along a cir cu lar,
4-km-di am e ter frac ture sys tem. The twin vol ca noes of
Nindirí and Masaya, the source of his tor i cal erup tions, were 
con structed at the south ern end of the frac ture sys tem and
con tain mul ti ple sum mit crat ers, in clud ing the cur rently ac -
tive San ti ago crater. A ma jor ba saltic plinian tephra was
erupted from Masaya about 6,500 years ago. His tor i cal lava 
flows cover much of the cal dera floor and have con fined a
lake to the far east ern end of the cal dera. A lava flow from
the 1670 erup tion over topped the N cal dera rim. Masaya
has been fre quently ac tive since the time of the Span ish
con quis ta dors, when an ac tive lava lake prompted at tempts
to ex tract the vol cano’s mol ten “gold.” Pe ri  ods of
long-term vig or ous gas emis sion at roughly quarter-century 
intervals have caused health hazards and crop damage.

Ref er ences: Wil liams-Jones, G., Hor ton, K. A., Elias,
T., Garbeil, H., Mouginis-Mark, P. J., Sutton, A. J., and
Har ris, A. J. L., Ac cu rately mea sur ing vol ca nic plume ve -
loc ity with mul ti ple UV spec trom e ters: Bul le tin of Vol ca -
nol ogy, in press.

Wil liams-Jones, G., Delmelle, P., Baxter, P., Beaulieu,
A.,  Bur ton, M.,  Gar cia-Alvarez, J. ,  Gaonac’h, H.,
Horrocks, L., Oppenheimer, C., Rymer, H., Rothery, D.,
St-Amand, K., Stix, J., Strauch, W., and van Wyk de Vries,
B., (2001?), Projecto Laboratorio Geofisico-Geoquimico
Volcán Masaya, Geo chem i cal, geo phys i cal, and pet ro log i -
cal stud ies at Masaya vol cano (1997-2000), on INETER
website at <http://www.ineter.gob.ni/geofisica/vol/masaya/
doc/gases-glyn2000/gases-glyn2000.html>.

In for ma tion Con tacts: Pa tri cia Nadeau and Glyn Wil -
liams-Jones, De part ment of Earth Sci ences, Si mon Fra ser
Uni ver sity, Burnaby, Can ada (Email: panadeau@sfu.ca,
glynwj@sfu.ca); Kirstie Simpson, Geo log i cal Sur vey of
Can ada, Van cou ver, Can ada (Email: ksimpson@nrcan.gc.
ca); 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/
VAAC/); Wilfried Strauch and Mar tha Navarro, Instituto
Nicaragüense de Estudios Territoriales (INETER),
Apartado Postal 2110, Managua, Nic a ra gua (Email:
ineter@ibw.com.ni).

Sangay

Ec ua dor
2.002°S, 78.341°W; sum mit elev. 5,230 m

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

Our pre vi ous re port was in 1996 (BGVN 21:03); this re -
port cov ers the time in ter val Jan u ary 2004 to Jan u ary 2006.
Ac cord ing to a 2004 an nual sum mary on the Instituto
Geofísico (IG) website, Sangay was one of the most ac tive
vol ca noes in Ec ua dor, and has been in erup tion for ~ 80
years. Its iso lated lo ca tion (fig ure 9) has meant it has been
thought of as a rel a tively small haz ard risk. For this rea son,
mon i tor ing has been less than for other Ec ua dor ian vol ca -
noes. Ther mal, vi sual, and sat el lite mon i tor ing dur ing
2002-2004 con firmed the cen tral crater as the source of fre -
quent ex plo sions and con tin u ing steam-and-gas emis sions.
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Fig ure 8. A photo taken from the sec ond park ing lot over look ing
Masaya’s San ti ago Crater cap tured the scene at two vents within the in ner
crater  on 10 March 2005. The youn ger, ac tively de gas sing vent and plume 
are in the fore ground; the older, non-de gas sing vent is in the back ground.
The lat ter vent was in can des cent at night. The di am e ter of the ac tive vent
in this view is es ti mated to be 30-40 m. Cour tesy of Pa tri cia Nadeau and
Glyn Wil liams-Jones.



Dur ing 2004 ob serv ers did not see lava flows or
pyroclastic flows. An ab nor mally large erup tion cloud was
de tected on 14 Jan u ary 2004; it con tained dom i nantly steam 
and gases, with mi nor ash con tent. Al though only clearly
de tected and re ported then, such events are thought to occur 
with considerable frequency.

Ramon and oth ers (2006) sum ma rized Sangay’s ac tiv ity 
as con tin u ously erupt ing since 1934. Ther mal im ages taken
dur ing the last three years showed that only one of the three
sum mit crat ers was ac tive and doc u mented a lack of new,
vis i ble lava flows.
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Fig ure 11. Pho to graph doc u ment ing the climb ers tent camp high on the
snow bound slopes of Sangay dur ing their de scent. Ex act lo ca tion on
Sangay un known; this was la beled “day 4/5," and should cor re spond to 7
or 8 Jan u ary 2006. Photo credit to Boeckel and Rietze.

Fig ure 10. A vista of Sangay at night fall in early Jan u ary 2006. Di rec tion
of view is ap prox i mately WNW. Photo credit to Boeckel and Rietze.

Fig ure 9. Sat el lite im ag ery show ing the re gion around the city of Riobamba (cen ter) in Ec ua dor), in clud ing Sangay (lower right), Chimborazo (up per left),
Tungurahua (up per right), and Licto (cen ter) vol ca noes. An erup tion plume can be discerned com ing from Tungurahua, but the date of the im age is un known.
The city of Riobamba is about 50 km NW of Sangay. Cour tesy of Google Earth.



On 14 Jan u ary 2004 a plume from Sangay was ob served 
around 0500. The plume ex tended about 45 km E and most
likely con tained ash. Dur ing this time a hotspot was also
vis i ble on the sat el lite im ag ery. On 27 Jan u ary 2004 a nar -
row ash plume emit ted by Sangay rose to 6 km al ti tude and
drifted SW.

On 1 May 2004, based on a pi lot’s re port, the Wash ing -
ton VAAC noted that ash from an erup tion at Sangay pro -
duced a plume to a height of ~ 6 km al ti tude at 1750. Ash
was not vis i ble on sat el lite imagery.

On 28 De cem ber 2004 around 0715 a plume from
Sangay, most likely com posed of steam with lit tle ash, was
de tected. The plume was E of the vol cano’s sum mit at a
height of ~ 6.4 km al ti tude. A hotspot was prom i nent on
sat el lite im ag ery, but ash was more dif fi cult to distinguish.

On 16 Oc to ber 2005 around 0645 Sangay emit ted an
ash plume. The plume moved SSW very slowly, cor re -
spond ing to a pos si ble height of ~ 6.7 km al ti tude. By 0900
the plume was too thin to be vis i ble on sat el lite im ag ery and 
thun der storms de vel oped in the area, fur ther ob scur ing the
ash cloud. Based on in for ma tion from the IG, on 26 Oc to -
ber 2005 the Wash ing ton VAAC noted that ash was seen
over Sangay at 0758. No ash was vis i ble on sat el lite
imagery.

Climber’s photo jour nal. Climb ers Thorsten Boeckel
and Mar tin Rietze cre ated a website briefly de scrib ing a
trek to Sangay’s sum mit dur ing 4-12 Jan u ary 2006. Sev eral
of their posted pho tos from that trip ap pear here (fig ures
10-13; un for tu nately, the pho tos, which are strik ingly beau -
ti ful, were gen er ally pre sented with out much geo graphic
con text). The team in cluded at least one lo cal guide and
was aided by horses. Set tle ments on the ap proach and re -
turn in cluded the moun tain vil lage St. Edu ar do, which they
de scribed as ~ 50 km S of Riobamba.

Ex cept for some de gas sing, the group saw no other ac -
tiv ity. Al though lo cal res i dents in di cated that the last erup -
tion had oc curred about 2 months prior to their visit, in ter -
mit tent erup tions pose haz ards to climb ers; in 1976 two
climb ers were killed by ex plo sions from Sangay (SEAN
01:10).

Geo logic Sum mary. The iso lated Sangay vol cano, lo -
cated E of the An dean crest, is the south ern most of Ec ua -
dor’s vol ca noes, and its most ac tive. The dom i nantly

andesitic vol cano has been in fre quent erup tion for the past
sev eral cen tu ries. The steep-sided, 5,230-m-high gla -
cier-cov ered vol cano grew within horse shoe-shaped cal de -
ras of two pre vi ous ed i fices, which were de stroyed by col -
lapse to the E, pro duc ing large de bris av a lanches that
reached the Am a zo nian low lands. The mod ern ed i fice dates 
back to at least 14,000 years ago. Sangay tow ers above the
trop i cal jun gle on the E side; on the other sides flat plains of 
ash from the vol cano have been sculpted by heavy rains
into steep-walled can yons up to 600 m deep. The ear li est
re port of a his tor i cal erup tion was in 1628. More or less
con tin u ous erup tions were re ported from 1728 un til 1916,
and again from 1934 to the pres ent. The more or less con -
stant erup tive ac tiv ity has caused frequent changes to the
morphology of the summit crater complex.

Ref er ence: Ramón, P., Rivero, D., Böker, F., and
Yepes, H., 2006, Ther mal mon i tor ing us ing a por ta ble IR
cam era: results on Ec ua dor ian vol ca noes in “Cit ies on Vol -
ca noes IV"; 23-27 January 2006.

In for  ma t ion Con tacts:  P. Ramón ,  Inst i tuto
Geofísico-Departamento de Geofísica (IG), Escuela
Politécnica Nacional, Casilla 17-01-2759, Quito, Ec ua dor
(Email: pramon@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/VAAC/); Thorsten
Boeckel  and Mar t in Rietze ,  c /o  Kermarstr .10,
Germerswang, D-82216, Ger many (URL: http://www.
tboeckel.de/, Email: tboeckel@tboeckel.de).

Las car

North ern Chile
23.37° S, 67.73° W; sum mit elev. 5,592 m

Las car’s erup tion on 4 May 2005 (BGVN 30:05) was
fol lowed by a new erup tive cy cle, which be gan on 18 April
2006 and lasted 5 days. Ob serv ers fa mil iar with Las car
judged this erup tive ep i sode un usual com pared to those ob -
served pre vi ously in terms of erup tive char ac ter, fre quency, 
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Fig ure 13. A crater on Sangay as seen by the climb ers from the sum mit or
up per flanks, de scribed by them as the “snow cov ered east crater.” This
photo cor re sponds to 7 or 8 Jan u ary 2006. Photo credit to Boeckel and
Rietze.

Fig ure 12. A top o graphic high form ing part of the Sangay struc ture,
gently steam ing, ap par ently seen from the sum mit. This cor re sponds to 7
or 8 Jan u ary 2006. Photo credit to Boeckel and Rietze.



and du ra tion time. The Vol ca nic Ash Ad vi sory Cen ter
(VAAC) in Bue nos Ai res and Servicio Metererológico
Nacional of Ar gen tina de tected the erup tion from sat el lite
im ages, and air craft warn ings were posted. All of the times
cited are in UTC (lo cal time = UTC - 4 hours).

Erup tions start, 18 April. Four ex plo sions reg is tered (at 
1520, 1722, 1900, and 2100 hours UTC). The first ex plo -
sion, the larg est of four, was vis i ble from El Abra coo per
mine (220 km NW) and reached ~ 10 km above the sum mit
crater (fig ure 14). The shape of the erup tive col umn sug -
gested that it reached the tropo pause (~ 15 km al ti tude in
this re gion). The white to gray plume, con tain ing lit tle ash
but a large amount of wa ter, dispersed to the NNE.

The sec ond ex plo sion reached 3 km above the sum mit
crater, while the third and fourth ex plo sions reached 800 m. 
These lat ter erup tive plumes were gray col ored, had higher
con tents of ash than the first ex plo sion, and were dis persed

NNE. Only slight ash fall was reg is tered on the N side of
the vol cano. No seis mic ac tiv ity or erup tion noises were
reg is tered. Anal y sis of GOES sat el lite im ages (fig ure 15)
in di cated that for the first and sec ond erup tive plumes the
mean hor i zon tal ve loc i ties were 70 and 85 km/hour, re spec -
tively, while the max i mum plume ar eas were ~ 8,240 and
1,074 km2, re spec tively. Min i mum vol umes erupted were
~ 4.1 x 106 and ~ 0.54 x 106 m3 as sum ing a hy po thet i cal ash 
fall de posit of 0.5 mm over the stated ar eas. The third and
fourth explosions were not detected by satellite.

19-22 April erup tions and com par a tive calm that fol -
lowed. On 19 April 2006 at 1504 hours (UTC) an ex plo sion 
gen er ated a gray-col ored erup tive col umn that reached 3
km above the sum mit crater and was dis persed NNE. Slight 
ash fall was noted on the N side of the vol cano. Nei ther
seis mic ac tiv ity nor erup tion noises were re ported. Two ex -
plo sions were re corded 20 April at 1505 and 1739 hours
(UTC). The first erup tive plume reached 2.5 km above the
sum mit crater and con tained a small amount of ash. The
plume from the sec ond ex plo sion, the larger of the pair,
reached 7 km above the crater. The erup tion lasted 1 hour
and 50 min. Both plumes were dis persed N and slight ash
fall was reg is tered on the N side of the vol cano. No seis mic
ac tiv ity or eruption noises were registered.

Anal y sis of sat el lite data from the se quence of GOES
im ages (fig ure 16) in di cated that the first and sec ond erup -
tive plumes had mean hor i zon tal ve loc i ties of 40 km/h,
while the max i mum ar eas were ~ 430 and ~ 800 km2, re -
spec tively. Min i mal vol umes erupted were ~ 0.4 x 106 and
~ 0.2 x 106 m3, again as sum ing a hy po thet i cal 0.5 mm
ash-fall deposit.

Two ex plo sions were re corded on 21 April 2006 at
1248 and 1547 UTC, each last ing ~ 15 min utes. Their erup -
tive col umns reached 3 km above the sum mit crater and
rap idly dis persed ESE. Seis mic ac tiv ity and erup tion noises 
were not noted.

On 22 April at 1518 UTC an ex plo sion gen er ated an
erup tive col umn that reached 3 km above the sum mit crater; 
it was blown SE. Lo cal in hab it ants heard sub ter ra nean
noises. On 23 April at 1600 UTC an ex plo sion gen er ated a
gray-col ored erup tive col umn that reached 2.5 km above
the sum mit crater and dis persed NNW (fig ure 17). Seis mic
ac tiv ity and erup tion noises were not reg is tered. Dur ing the
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Fig ure 15. GOES sat el lite im age cap tur ing Las car’s first and sec ond
erup tive plumes. Rivers and in ter na tional bor ders are also shown. Im age
is for 1829 UTC on the 18 April 2006. The first plume (ob long black area
la beled ‘cloud’ in Span ish–‘nube’) stretched over N Ar gen tina and S
Bolivia. A sec ond plume ap pears as a much smaller dark area be tween
Las car and the first plume. It lay over the NE Chil ean bor der. Cour tesy of
Comisión Nacional de Asuntos Espaciales (CONAE), Ar gen tina.

Fig ure 14. Las car’s first ex plo sion of 18 April 2006 as pho to graphed from 
El Abra cop per mine, 220 km NW from vol cano. Cour tesy of per son nel at
the El Abra cop per mine.

Fig ure 16. GOES sat el lite im age of Las car show ing the sec ond erup tive
plume (black cir cle) at 1807 hours (UTC) of 20 April erup tion dis persed
to NE. Cour tesy of Servicio Meteorológico Nacional and Comisión
Nacional de Asuntos Espaciales (CONAE), Ar gen tina.



fol low ing 2 days, the color of the plume was white and it’s
top re mained ~ 1.5 km above the crater.

Other stud ies. Af ter the 4 May 2005 erup tion (BGVN
30:05), a team of sci en tists from Universidad Católica del
Norte (UCN) car ried out a gas sam pling cam paign on new
fumaroles around the S edge of the cen tral ac tive crater.
They used the di rect sam pling of fumaroles tech nique de -
scribed by Giggenbach (1975) and Giggenbach and Goguel 
(1989). Gas data showed in creas ing amounts of H2O, H2S,
and CH4 with re spect to sam ples taken in 2002 from in side
the ac tive crater (Tassi et al., 2004). How ever, acid gases
also dis played very high val ues. Dur ing De cem ber 2005 a
team of sci en tists from UCN and Universidad Autónoma de 
México (UNAM) car ried out field in ves ti ga tions to
generate hazard maps.

Sci en tists from Università degli Studi di Firenze (It aly)
and Universidad Católica del Norte (Chile) are con duct ing
a sys tem atic gas sam ple cam paign at Las car and other ac -
tive vol ca noes in the Cen tral Vol ca nic Zone (e.g. Putana,
Lastarria,  and Isluga). Fi nally,  sci en tists from the
Universidad Católica del Norte, the Universidad Nacional
de Salta and SEGEMAR (Ar gen tina) are pro cess ing data
from Land sat The matic Map per (TM) and En hanced The -
matic Map per Plus (ETM+) and Ad vanced Spaceborne
Ther mal Emis sion and Re flec tion Ra di om e ter (AS TER)
im ages, with the ob jec tive of un der stand ing the be hav ior of
Lascar volcano during the 1998-2004 period.

Ref er ences: Giggenbach, W., 1975, A sim ple method
for the col lec tion and anal y sis of vol ca nic gas sam ple: Bul -
le tin of Vol ca nol ogy, 39, 132–145.

Giggenbach, W., and Goguel, R., 1989, Col lec tion and
anal y sis of geo ther mal and vol ca nic wa ter and gas dis -
charges: DSIR Chem is try, Rept. No. 2401.

Matthews, S., Gardeweg, M., and Sparks, R., 1997, The 
1984 to 1996 cy clic ac tiv ity of Las car vol cano, north ern
Chile: cy cles of dome growth, dome sub si dence, de gas sing
and ex plo sive erup tions: Bul le tin of Vol ca nol ogy, v. 59, p.
72-82.

Tassi, F., Viramonte, J., Vaselli, O., Poodts, M.,
Aguilera, F., Martínez, C., Rodríguez, L., and Wat son, I.,
2004, First geo chem i cal data from fumarolic gases at Las -
car vol cano, Chile: 32nd In ter na tional Geo log i cal Con -
gress, Flor ence, Au gust 20-28, 2004.

Viramonte, J., Aguilera, F., Delgado, H., Rodríguez, L., 
Guzman, K., Jiménez, J., and Becchio, R., 2006, A new
erup tive cy cle of Las car Vol cano (Chile): The risk for the
aeronavigation in north ern Ar gen tina. Garavolcan 2006,
Tenerife, Spain.

Geo logic Sum mary. Las car is the most ac tive vol cano
of the north ern Chil ean An des. The andesitic-to-dacitic
stratovolcano con tains six over lap ping sum mit crat ers.
Prom i nent lava flows de scend its NW flanks. An older,
higher stratovolcano 5 km to the east, Volcán Aguas
Calientes, dis plays a well-de vel oped sum mit crater and a
prob a ble Ho lo cene lava flow near its sum mit (de Silva and
Fran cis, 1991). Las car con sists of two ma jor ed i fices; ac tiv -
ity be gan at the east ern vol cano and then shifted to the
west ern cone. The larg est erup tion of Las car took place
about 26,500 years ago, and fol low ing the erup tion of the
Tumbres sco ria flow about 9000 years ago, ac tiv ity shifted
back to the east ern ed i fice, where three over lap ping crat ers
were formed. Fre quent small-to-mod er ate ex plo sive erup -
tions have been re corded from Las car in his tor i cal time
since the mid-19th cen tury, along with pe ri odic larger erup -
tions that pro duced ashfall hun dreds of ki lo me ters away
from the vol cano. The larg est his tor i cal erup tion of Las car
took place in 1993, pro duc ing pyroclastic flows to 8.5 km
NW of the summit and ashfall in Buenos Aires.

In for ma tion Con tacts: Felipe Aguilera, Edu ar do Me -
dina, and Ka ren Guzmán, Programa de Doctorado en
Ciencias mención Geología and Departamento de Ciencias
Geológicas, Universidad Católica del Norte, Avenida
Angamos 0610, Antofagasta, Chile (Email: faguilera@ucn.
cl, emedina@ucn.cl, kgm001@ucn.cl; URL: http://www.
geodoctorado.cl; http://www.ucn.cl/FacultadesInstitutos/
Fac_geologia.asp); José G. Viramonte, Raúl Becchio, and
Marcelo J. Arnosio, Instituto GEONORTE and CONICET, 
Universidad Nacional de Salta, Bue nos Ai res 177, Salta
4400, Ar gen tina (Email: viramont@unsa.edu.ar; URL:
http://www.unsa.edu.ar/natura/); Ricardo Valenti and
Sergio Haspert, Servicio Metereológico Nacional, Ar gen -
tina (Email: rvalenti@meteo.edu.ar; sergio_sah@email.
com);  Hugo G.  Delgado ,  Ins t i tu to  de  Geofís ica,
Universidad Nacional Autónoma de México (UNAM),
Coyoacán 04510, México, D.F. (Email: hugo@tonatiuh.
igeofcu.unam.mx); Bue nos Ai res Vol ca nic Ash Ad vi sory
Cen ter (VAAC), Servicio Meteorológico Nacional-Fuerza
Aérea Ar gen tina, Bue nos Ai res, Ar gen tina (URL: http://
www.meteofa.mil.ar/vaac/vaac.htm, http://www.ssd.noaa.
gov/VAAC/OTH/AG/mes sages.html).

Mi chael

Antarctica
57.78°S, 26.45°W; sum mit elev. 990 m

The last re ported ac tiv ity of Mount Mi chael was noted
in the SI/USGS Weekly Re port of 12-18 Oc to ber 2005. At
that time the first MODVOLC alerts for the vol cano since
May 2003 in di cated an in creased level of ac tiv ity in the is -
land’s sum mit crater and a pre sumed semi-per ma nent lava
lake that ap peared con fined to the sum mit crater. Those
alerts oc curred on 3, 5, and 6 Oc to ber 2005. Since that time
there has been no ad di tional in for ma tion con cern ing Mount 
Mi chael and pre sum ably little to no activity.
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Fig ure 17. Pho to graph of Las car taken 23 April 2006 from the SW bor der
of the Atacama salar (salt pan), ~ 40 km SW of the vol cano. Cour tesy of
Ga briel González.



Geo logic Sum mary. The young con struc tional Mount
Mi chael stratovolcano dom i nates gla cier-cov ered Saunders
Is land. Sym met ri cal 990-m-high Mount Mi chael has a
700-m-wide sum mit crater and a rem nant of a somma rim to 
the SE. Tephra lay ers vis i ble in ice cliffs sur round ing the is -
land are ev i dence of re cent erup tions. Ash clouds were re -
ported from the sum mit crater in 1819, and an ef fu sive
erup tion was in ferred to have oc curred from a N-flank fis -
sure around the end of the 19th cen tury and be gin ning of
the 20th cen tury. A low ice-free lava plat form, Blackstone
Plain, is lo cated on the N coast, sur round ing a group of for -
mer sea stacks. A clus ter of par a sitic cones on the SE flank,
the Ashen Hills, ap pears to have been mod i fied since 1820
(LeMasurier and Thomson 1990). Va por emis sion is fre -
quently re ported from the sum mit crater. AVHRR and
MODIS sat el lite im ag ery, the most re cent from Oc to ber
2005 has re vealed ev i dence for lava lake activity in the
summit crater of Mount Michael.

In for ma tion Con tacts: Matt Pat rick, Luke Flynn, Har -
old  Garbei l ,  Andy Har r is ,  Eric Pilger ,  Glyn Wil  -
liams-Jones, and Rob Wright, 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); John Smellie, Brit ish
Ant arc tic Sur vey, Nat u ral En vi ron ment Re search Coun cil,
High Cross, Madingly Road, Cam bridge CB3 0ET, United
King dom (URL: http://www.antarctica.ac.uk/, Email:
jlsm@pcmail.nerc-bas.ac.uk).

Soputan

Sulawesi, In do ne sia
1.108°N, 124.725°E; sum mit elev. 1,784 m

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

Our last re port cov ered events through July 2005
(BGVN 30:08); this re port in cludes ac tiv ity that took place
in late De cem ber 2005 and also pres ents a dis cus sion of the
wide dis crep ancy of cloud-height es ti mates between
ground, air craft, and sat el lite re mote-sens ing observations.

Ac tiv ity dur ing 21-27 De cem ber 2005. A phreatic erup -
tion be gan at Soputan on 26 De cem ber 2005 around 1230
fol low ing heavy rain. Ob serv ers con cluded that rain wa ter
con tacted lava at the vol cano’s sum mit. On 27 De cem ber at
0400, a Strombolian erup tion be gan that lasted about 50
min utes. In can des cent ma te rial was ejected ~ 35 m, and av -
a lanches spalling off the mar gins of the sum mit trav eled as
far as 750 m E. Boom ing noises were heard 5 km from the
sum mit. The Dar win VAAC re ported that an ash plume
reached a height of ~ 5.8 km altitude and drifted SE.

As of 28 De cem ber, erup tive ac tiv ity con tin ued, pro -
duc ing ash plumes to a height of ~ 1 km above the vol cano.
Strombolian erup tions ejected in can des cent ma te rial up to
200 m above the sum mit. Pyroclastic av a lanches trav eled
~ 500 m E and SW. This was Soputan’s fourth event in
2005, with pre vi ous ac tiv ity on 14 and 20 April, and on 12
Sep tem ber. The Alert Level re mained at 2, since the vol -
cano is about 11 km from the near est set tle ment. Vis i tors

were pro hib ited from climb ing Soputan’s sum mit and from
camping around Kawah Masem.

Oc to ber 2005 erup tion plume height dis cus sion. The
Dar win Vol ca nic Ash Ad vi sory Cen tre and the Co op er a tive 
In sti tute for Me te o ro log i cal Sat el lite Stud ies (CIMSS) at
the Uni ver sity of Wis con sin – Mad i son col lab o rated to
com pare var i ous es ti mates for the height of the 27 De cem -
ber cloud (BGVN 30:08). The erup tion height had been ini -
tially re ported at less than 6 km al ti tude on the 27th by an
air line pi lot, and 1 km above the sum mit (~ 2.8 km al ti tude)
by ground ob serv ers on the 28th. Dar win VAAC, on re -
view ing hourly MTSAT im ag ery on the 27th, es ti mated the
plume top at 15 km al ti tude op er a tion ally and then 12.5 km
altitude in post-analysis studies.

Mi chael Rich ards of CIMSS used an es tab lished re -
mote-sens ing tech nique known as “CO2 slic ing” (Menzel et 
al., 1983, Rich ards et al., 2006), to ob tain heights of the
cloudscape around Soputan af ter the erup tion. The tech -
nique takes ad van tage of the fact that the emissive in fra red
CO2 bands avail able on the MODIS sat el lite be come more
transmissive with de creas ing wave length, as the bands
move away from the peak wave length of CO2 ab sorp tion at
15 µm. There were two good MODIS im ages ob tained over 
the erup tion on the 27th, with the first, at 0210 UTC or
1010 lo cal time. These im ages were taken at close to the
time of the peak cloud height ob served on MTSAT im ag -
ery, and the CO2 slic ing tech nique ap pears to val i date the
post-analyzed VAAC height of ~ 12.5 km altitude.

The dif fer ent re sults for the height of the erup tion cloud
il lus trate the dif fi culty that ob serv ers would have had view -
ing the cloud from any an gle. Weather clouds in the trop ics
typ i cally ex tend up to 16 km or more al ti tude. Cir rus cloud
from a storm com plex can ob scure the view of a sat el lite for 
hours. On the other hand, mid dle-level clouds, such as
altostratus, will typ i cally lie be tween air craft cruis ing al ti -
tudes and the ground, mean ing that pi lots at cruis ing al ti -
tude may not as so ci ate any erup tion cloud with a vol cano
on the ground, un less the cloud is ob vi ously vol ca nic.
Ground ob serv ers are com pletely un able to view the full
height of the cloud if  i t is  penetrating through the
middle-level clouds.

The ap pear ance of the cloud on true-color, near-in fra red 
and in fra red im ag ery is con sis tent with an ice-rich (gla ci -
ated) vol ca nic cloud, in-line with the CVGHM ac count of
wa ter in ter ac tions at the ground, and also with a high wa ter
load ing in the at mo sphere. The ex ten sive ar eas of cloud in
the area hin dered sat el lite de tec tion of the erup tion un til af -
ter the pi lot re port of the eruption had been received.

Geo logic Sum mary. The small Soputan stratovolcano
on the south ern rim of the Qua ter nary Tondano cal dera on
the north ern arm of Sulawesi Is land is one of Sulawesi’s
most ac tive vol ca noes. The youth ful, largely unvegetated
vol cano rises to 1784 m and is lo cated SW of Sempu vol -
cano. It was con structed at the south ern end of a SSW-NNE 
trending line of vents. Dur ing his tor i cal time the lo cus of
erup tions has in cluded both the sum mit crater and Aeseput,
a prom i nent NE-flank vent that formed in 1906 and was the
source of in ter mit tent major lava flows until 1924.

Ref er ences: Menzel, W. P., Smith, W. L., and Stew art,
T. R., 1983, Im proved cloud mo tion wind vec tor and al ti -
tude as sign ment us ing VAS: Jour nal of Ap plied Me te o rol -
ogy, v. 22, p. 377-384.

Rich ards, M. S., Ackerman, S. A., Pavolonis, M. J.,
Feltz, W. F., and Tupper, A.C., 2006, Vol ca nic ash cloud
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heights us ing the MODIS CO2-slic ing al go rithm: AMS
12th, con fer ence on aero space and range me te o rol ogy, At -
lanta,  Geor gia, USA (http://ams.confex.com/ams/
pdfpapers/104055.pdf).

In for ma tion Con tacts: Cen tre of Vol ca nol ogy and
Geo log i cal Haz ard Mit i ga tion, Jalan Diponegoro 57,
Bandung 40122, In do ne sia (Email: dali@vsi.esdm.go.id;
URL: http://www.vsi.esdm.go.id/); An drew Tupper and
Rebecca Pat rick, Dar win Vol ca nic Ash Ad vi sory Cen tre
(VAAC), Aus tra lian Bu reau of Me te o rol ogy (URL: http://
www.bom.gov.au/info/vaac/soputan.shtml); Mi chael Rich -
ards and Wayne Feltz, Co op er a tive In sti tute for Me te o ro -
log i cal Sat el lite Stud ies (CIMSS), Uni ver sity of Wis con sin, 
1225 West Dayton Street, Madison, WI 53706, USA.

Bulusan

Luzon, Phil ip pines
12.770°N, 124.05°E; sum mit elev. 1,565 m

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

Bulusan, af ter re main ing rel a tively quiet since 1995,
erupted mul ti ple times dur ing March and April 2006. There 
were no ca su al ties or dam age from these erup tions. On 21
March at 1044 the sum mit crater erupted, send ing a col umn 
of ash 1.5 km into the sky ac com pa nied by light ning and
rum bling noises. Ash drifted N, W, and SW of the vol cano
and an hour af ter the event light ash fell on neigh bor hoods
such as Barangays Cogon, Tinampo, Gulang-Gulang, and
Bo los in the town of Irosin, as well as Barangays Puting
Sapa and Bura-Bu ran in the town of Juban.

Ash ejected at 1058 on 22 March co in cided with an ex -
plo sion-type earth quake. Three other earth quakes were re -
corded at 2330, 2332, and 2337. The haz ard sta tus had been 
raised to Alert Level 1; the area within a 4 km ra dius of the
sum mit is a Per ma nent Dan ger Zone.

On 29 April the vol cano erupted in a sim i lar fash ion,
emit ting ash nearly 1.6 km into the air. There was no sign of 
lava and no re ports of rum bling noises. It was re ported that
ash rained on nearby com mu ni ties.

Geo logic Sum mary. Luzon’s south ern most vol cano,
Bulusan, was con structed within the 11-km-di am e ter
dacitic Irosin cal dera, which was formed more than 36,000
years ago. A broad, flat moat is lo cated be low the prom i -
nent SW cal dera rim; the NE rim is bur ied by the andesitic
Bulusan com plex. Bulusan is flanked by sev eral other large
intracaldera lava domes and cones, in clud ing the prom i nent 
Mount Jormajan lava dome on the SW flank and Sharp
Peak to the NE. The sum mit of Bulusan vol cano is
unvegetated and con tains a 300-m wide, 50-m-deep crater.
Three small crat ers are lo cated on the SE flank. Many mod -
er ate ex plo sive erup tions have been re corded at Bulusan
since the mid-19th century.

In for ma tion Con tacts: R. Punongbayan and E. Corpuz, 
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/); Inq7.net, a ven -
ture be tween The Phil ip pine Daily In quirer Inc., and
GMANetwork Inc. (http://news.inq7.net/).

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)

This re port cov ers the in ter val 31 Jan u ary 2005 to 7
Feb ru ary 2006 and is drawn ex clu sively from U.S. Geo log -
i cal Sur vey Ha wai ian Vol ca nic Ob ser va tory (USGS HVO)
sources. Dur ing this in ter val, ac tive lava flows dur ing
tended to re main along the W to cen tral por tions of the ex -
ist ing field (fig ures 18 and 19). On 31 Jan u ary 2005, lava
from Kilauea be gan pour ing into the ocean at two en try
points. The Ka`ili`ili en try to the E of the flow field was the
larg est and was fed by the large W arm of the Prince Kuhio
Kalaniana (PKK) lava flow. The West Highcastle ocean en -
try was sup plied by the W branch of the W arm of the PKK
lava flow.

From 7 Feb ru ary 2005 to 20 Feb ru ary 2005, lava flows
were vis i ble on the Pulama pali fault scarp and on the
coastal flat. In stru ments re corded a few small earth quakes
and no tremor at Kilauea’s sum mit. At Pu`u `O`o, vol ca nic
tremor re mained mod er ate. Small amounts of de for ma tion
were recorded.

On 21 Feb ru ary 2005 a new ocean en try formed, named
E Lae`apuki. The en try was lo cated be tween the other two
ocean en tries (Ka`ili`ili and West Highcastle) that had been
ac tive since 31 Jan u ary 2005. This was the first time there
had been three ocean en tries ac tive since early 2003 (fig -
ures 18-20).

Dur ing 23-26 Feb ru ary 2005, lava from Pu`u `O`o en -
tered the sea at three ocean en tries–West Highcastle, East
Lae’apuki, and Ka`ili`ili–spots along 4.7 km of the is land’s
SE coast (fig ure 21). Lava may have stopped flow ing into
the sea at the W en try (West Highcastle) on 26 Feb ru ary
2005. The num ber of sur face lava flows di min ished in com -
par i son to the pre vi ous weeks, and small earth quakes con -
tin ued to oc cur at Kilauea’s sum mit with out ac com pa ny ing
tremor. Tremor re mained at mod er ate lev els at Pu`u `O`o,
and as of 28 Feb ru ary 2005, de fla tion had oc curred at Pu`u
`O`o for more than a week and at the summit since 24
February 2005.

Dur ing the month of March 2005, lava from Kilauea
con tin ued to en ter the ocean at the Ka`ili`ili and E
Lae`apuki, but there were no signs of ac tiv ity at the West
Highcastle en try. Sur face lava flowed down the Pulami pali 
fault scarp and the coastal flat. Small earth quakes oc curred
at Kilauea’s sum mit, and no tremor was re corded. Tremor
re mained at mod er ate lev els at Pu`u `O`o.

On 29 March 2005, lava from Kilauea en tered the ocean 
at five ar eas. The larg est, named Kamoamoa, con sisted of
six or more places where lava en tered the wa ter along the
front of a grow ing lava delta (fig ure 22). At one of the two
Highcastle en tries, a cas cade of lava streamed down the old
sea cliff. A bright glow came from Ka`ili`ili en try, and a
weak glow from E Highcastle en try. Seis mic ity re mained
above back ground lev els at Kilauea’s sum mit, con sist ing
mainly of tremor and some long-pe riod earth quakes. Sur -
face waves from an M 8.7 earth quake on 28 March 2005 off 
Su ma tra, In do ne sia dis turbed tilt mea sure ments at Kilauea
but oth er wise the tilt change was small.

Lava from Kilauea con tin ued to flow into the ocean at
sev eral points dur ing 1-13 April 2005. Seis mic ity re mained
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above back ground lev e ls a t
Kilauea’s sum mit, con sist ing
mainly  of  tremor  and some
long-pe riod earth quakes. Vol ca -
nic tremor was at mod er ate lev els
at Pu`u `O`o. Dur ing 14-19 April, 
sur face lava flows from Kilauea
were vis i ble on the Pulama pali
fault scarp but lava was not seen
entering the ocean.

Seis mic ity re mained above
back ground lev els at Kilauea’s
sum mit dur ing 14-19 April 2005,
con sist ing mainly of tremor and
some long-pe riod earth quakes.
Vol ca nic tremor was at mod er ate
lev els at Pu`u `O`o. Ep i sodes of
in fla tion and de fla tion oc curred
during the week.

Dur ing 21-25 April,  there
were fewer sur face lava flows vis -
i ble at Kilauea than dur ing the
pre vi ous week. On 24 April a
small amount of lava again be gan
to en ter the sea. Seis mic ity re -
mained above back ground lev els
at Kilauea’s sum mit, con sist ing
mainly  of  tremor  and some
long-pe riod earthquakes.

Dur ing 27 April-3 May 2005,
lava en tered the ocean at the
Kamoamoa en try. Nu mer ous sur -
face lava flows were vis i ble on
the coastal flat. Seis mic ity re -
mained above back ground lev els
at Kilauea’s sum mit, con sist ing of 
both tremor and long-pe r iod
earthquakes.

A third ocean en try, in the E
Lae`apuki area, be came ac tive on
5 May 2005. That en try and the
Far E Lae`apuki en try were both
be ing fed by lava falls down the
old sea cliff and were rel a tively
small. Based on the brighter glow, 
the Kamoamoa en try was thought
to be more sub stan tial. By the
morn ing of  9  May lava was
stream ing over the old sea cliff in
four lo ca tions: two falls went into
the sea and two other falls landed
on an old delta. The branch of the
PKK flow feed ing E Lae`apuki
sprung nu mer ous new lava flows
on 9 May. The next day, the mid -
dle branch of the PKK flow de -
vel oped an open-chan nel stream
on the Pulama pali; it was 10-20
m wide, 500-600 m long, and
moving rapidly.

Ocean en tries re mained ac tive
dur ing 11-17 May 2005 in the E
Lae`apuki and Kamoamoa ar eas.
By 16 May the E Lae`apuki and E 
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Fig ure 18. A se ries of maps por traying Kilauea’s sur face lava flows at var i ous times dur ing 31 Jan u ary 2005 to 7
Feb ru ary 2006. New vents opened at the south ern base of Pu`u `O`o on 19 Jan u ary 2004. Map pan els are as
fol lows: a) A map with fea tures as of Feb ru ary 2005, b) as of April 2005, c) as of May 2005, d) as of 31 July 2005,
and e) as of 30 Sep tem ber 2005. Cour tesy of Chris tina Heliker, USGS HVO.



Kamoamoa en tries both had benches ~ 350 m long and up
to 75 m wide. A large plume from West Highcastle on 10
May prob a bly re corded a col lapse of part of that lava delta,
which has been in ac tive for the past sev eral weeks fol low -
ing growth in March and April. The mid dle branch of the
PKK flow re mained ac tive and ex tended down Pulama Pali. 
The E branch reached out far ther but was nar rower and
con tained fewer break outs. The W branch was re duced to a
clus ter of break outs about half way down the pali. Glow
was seen from all of the Pu`u `O`o crater vents, as well as
the MLK vent at the SW foot of the cone.

Dur ing 18-31 May 2005, lava from Kilauea con tin ued
to en ter the sea at three ar eas. Sur face lava flows were vis i -
ble on the coastal plain and on the Pulama pali fault scarp.
Dur ing 1-4 June 2005 lava en tered the sea at three points
along the S flank of Kilauea, and then at only two points
through 7 June. Small sur face lava flows were vis i ble on
the Pulama pali fault scarp and the coastal flat.

Lava again en tered the sea at three points on 13 June.
Dur ing the 14-21 June lava con tin ued to en ter the sea and
there was a small num ber of lava flows on the Pulama pali
fault scarp. On 22 June lava in the W branch of the cur rent

flow de scended onto the coastal flat for
the first time in sev eral months. On 24
June it was noted that Kilauea’s sum mit
con tin ued its in fla tion, while Pu`u `O`o
was de flat ing dur ing the same period.

On 27 June par t  of  the  ac t ive  E
Lae`apuki lava delta col lapsed. Lava
stored within the delta gushed out onto
the sur face and into the wa ter. Foun tains
of lava re ported to be about 25 m high
spurted from the cen tral part of the delta
soon af ter ward. Lava also en tered the sea
dur ing 4-5 July and a few sur face flows
were on Pulama pali.
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Fig ure 20. Pho tos of Kilauea ac tiv ity taken along the coast on 21 Feb ru ary 2005. (A) A photo show ing the walls of a large crack into which lava pours at E
Lae`apuki. Sea cliff is to the right, at shelf’s edge be yond the glow. (B and C, re spec tively) The top and bot tom of lava falls at E Lae`apuki ocean en try look ing
W. (D) A closer view fo cused on show ing the base of the lava falls. The sea cliff’s height is ~ 12 m. Cour tesy of HVO.

Fig ure 19. Map por tray ing Kilauea’s near-shore and coastal lava flows ar eas in the vi cin ity of East
Lae’apuki and East Kamoamoa as of 23 Sep tem ber 2005. Cour tesy of Chris tina Heliker, USGS HVO.



Dur ing 6-19 July 2005, lava con tin ued to en ter the sea
at E Kamoamoa and E Lae`apuki. The lat ter en try was
much larger, with sev eral en try points. E Kamoamoa barely 
glowed. Sur face lava was vis i ble along the PKK lava flow
through out the month of July. Back ground vol ca nic tremor
re mained above nor mal lev els at Kilauea’s sum mit and at
mod er ate lev els at Pu`u `O`o. Slight in fla tion and de fla tion
oc curred at the vol cano. An M 4.5 earth quake oc curred on
25 July at 2209 along the SE edge of Kilauea’s SW rift
zone at a depth of ~ 30 km.

Up to seven ocean-en try points were vis i ble off the
W-fac ing front of the E Lae`apuki lava delta dur ing 3-9 Au -
gust; still oth ers were hid den from view off the E-fac ing
front. On Pulama pali, the W branch of the PKK flow
reached its great est ex tent of the week on 5 Au gust, when it
broad ened to in clude hun dreds of me ters of scat tered break -
outs and reached from 460 m down to 260 m el e va tion.
Dur ing 15-16 Au gust 2005, sur face lava at Kilauea was
again vis i ble on the W and E branches of the PKK lava
flow. Lava con tin ued to en ter the sea at the E Lae`apuki en -
try through 5 Sep tem ber. Back ground vol ca nic tremor was
near nor mal lev els at Kilauea’s sum mit and at mod er ate
lev els at Pu`u `O`o cone. There were small pe ri ods of in fla -
tion and de fla tion at Kilauea’s sum mit and Pu`u `O`o. By
22 Au gust, sur face lava on the W branch of the PKK lava
flow was no lon ger vis i ble. On 27 August, part of a
lava-bench collapsed.

Through out Sep tem ber, lava en tered the sea at the E
Lae`apuki area with sur face lava flows vis i ble on the
Pulama Pali fault scarp. Lava filled a scar left by the
lava-bench col lapse on 27 Au gust. Back ground vol ca nic
tremor con tin ued to re main around nor mal lev els at the
sum mit. Vol ca nic tremor was at mod er ate lev els at Pu`u
`O`o. On 11 Sep tem ber, sub stan tial de fla tion at the vol cano 
was fol lowed by sharp in fla tion. On 19 Sep tem ber, sev eral
small shal low earth quakes oc curred along the Kao`iki fault
sys tem with small amounts of inflation and deflation.

In Oc to ber 2005, lava from Kilauea con tin ued to en ter
the sea at the E Lae`apuki area, and sur face lava flows were 
vis i ble along the PKK lava flow. Lava flows con tin ued to
en ter the sea at E Lae`apuki area, mostly NE of the point of

the lava delta. On 18 Oc to ber, weak sur face lava flows
were vis i ble at Kilauea and one cas cade of lava flowed off
of the west ern front of the E Lae`apuki delta.

Ac tiv ity dur ing No vem ber 2005 was sim i lar to the pre -
vi ous month. Lava con tin ued to en ter the sea at the E
Lae`apuki area and sur face lava flows were vis i ble on the
Pulama pali fault scarp. Back ground vol ca nic tremor was
near nor mal lev els at Kilauea’s summit.

A lava-bench col lapse in the E Lae`apuki area on 29
No vem ber 2005 was the larg est bench col lapse of the cur -
rent erup tion, which be gan in Jan u ary 1983. The col lapse
lasted sev eral hours, send ing the 137,588 m2 of bench and
an ad di tional 40,467 m2 of ad ja cent cliff, into the sea. The
col lapse left a 20-m-high cliff, from which a 2 m thick
stream of lava was emit ted from an open lava tube. Cracks
had been ob served on the in land por tion of the bench sev -
eral months ear lier; vis i tors were not al lowed near the
bench, but a view ing area was pro vided ~ 3 km away.
Growth of the new delta at E Lae`apuki was con tin u ing as
of 6 De cem ber 2005. At that time break outs were also
active on Pulama Pali.

Dur ing De cem ber, lava from Kilauea con tin ued to en ter 
the sea at the E Lae`apuki area and sur face lava flows were
vis i ble on the Pulama pali fault scarp.

From 28 De cem ber 2005 to 9 Jan u ary 2006, lava from
Kilauea con tin ued to en ter the sea at the E Lae`apuki area
build ing a new lava delta with sur face lava flows vis i ble on
the Pulama pali fault scarp. Back ground vol ca nic tremor
was near nor mal lev els at Kilauea’s sum mit. Vol ca nic
tremor reached mod er ate lev els at Pu`u `O`o. Small
amounts of de for ma tion oc curred. On 10 Jan u ary, the sum -
mit de fla tion switched abruptly to in fla tion af ter a loss of 5.
2 µrad. Rel a tively high tremor oc curred at this time. The
tremor quickly dropped, be com ing weak to mod er ate when
de fla tion ended, with seis mic ity punc tu ated by a few small
earth quakes. By 13 Jan u ary, back ground vol ca nic tremor
was near nor mal lev els at Kilauea’s sum mit and reached
mod er ate lev els at Pu`u `O`o. On 14 Jan u ary, the lava delta
was about 500 m long (par al lel to shore) and still 140 m
wide. By the end of the month the lava delta was 615 m
long and 140 m wide. Back ground vol ca nic tremor was
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Fig ure 22. A photo taken 25 March 2005 show ing Kilauea’s new
Kamoamoa ocean en try, lo cated just NE of East Lae’apuki. De scend ing
lava poured over an old sea cliff to land upon, and flow across, an old
delta; it then dropped into the sea, form ing a new delta. Cour tesy of USGS
HVO.

Fig ure 21. A Kilauea pho to graph taken on 23 Feb ru ary 2005 de pict ing
ac tive lava delta con struc tion at E Lae`apuki ocean en try. Note the fan
build ing out ward from the sea cliff and the per son (up per right) for scale.
Cour tesy of USGS HVO.



near nor mal lev els at Kilauea’s sum mit, with nu mer ous
shal low earth quakes occurring at the summit and upper E
rift zone during several days.

Dur ing 2-7 Feb ru ary 2006, lava from Kilauea con tin ued 
to en ter the sea at the E Lae`apuki area and sur face lava
flows were vis i ble on the Pulama pali fault scarp. Back -
ground vol ca nic tremor was near nor mal lev els at Kilauea’s 
sum mit, with nu mer ous shal low earth quakes con tin u ing to
oc cur at the sum mit and up per E rift zone. Vol ca nic tremor
reached mod er ate lev els at Pu`u `O`o. Small amounts of in -
fla tion and de fla tion were re ported. From mid-to-late Feb -
ru ary, sur face lava flows were not vis i ble on Kilauea’s
Pulama pali fault scarp due to lava trav el ing un der ground
through the PKK lava tube un til reach ing E Lae`apuki lava
delta and flow ing into the sea. Ob ser va tions on 7 Feb ru ary
2006 re vealed that the lava delta had broadened 120 m W
since 30 January 2006.

Geo logic Sum mary. Kilauea vol cano, which over laps
the east 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 1100 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 sq
km, de stroy ing nearly 200 houses and adding new coastline 
to the island.

In for ma tion Con tacts: 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).

Karymsky

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

Karymsky was last re ported on in BGVN 30:11. Af ter
fre quent ex plo sions from De cem ber 2004 to June 2005
(BGVN 30:06) a brief de crease in seis mic and vol ca nic ac -
tiv ity took place but this ended in late June when ash and
gas plumes rose to 3 km above the crater. Seis mic ity re -
mained above back ground lev els through out Au gust-De -
cem ber 2005. Dur ing this pe riod, ash and gas plumes and
ther mal anom a lies were observed at the volcano.

Seis mic ac tiv ity in di cated that ash ex plo sions from the
sum mit crater of Karymsky con tin ued dur ing 14-20 Jan u -
ary 2006. Ash plumes ex tend ing 6-9 km S from the vol cano 
were ob served on 12 Jan u ary and a ther mal anom aly over
the dome was ob served dur ing 13-15 Jan u ary. Ac cord ing to 
seis mic data, two pos si ble ash plumes rose to 3.0-3.4 km
altitude on 14-15 January.

Ac cord ing to re ports from pi lots of lo cal air lines, ash
emis sions from Karymsky rose to 4-5 km al ti tude dur ing
30-31 Jan u ary. The ash plumes ex tended 13-29 km to the
SW and SE, re spec tively. A ther mal anom aly was vis i ble at
the lava dome dur ing 27 Jan u ary to 3 Feb ru ary, ex cept
when the vol cano was ob scured by clouds on 28 Jan u ary.
KVERT warned that ac tiv ity from the vol cano could af fect
nearby low-flying aircraft.

Strombolian ac tiv ity con tin ued through April 2006.
Dur ing 10 Feb ru ary to 10 March, a large ther mal anom aly
was vis i ble at the crater and nu mer ous ash plumes were vis -
i ble on sat el lite im ag ery ex tend ing as far as 140 km. On 9
March, a pi lot re ported an ash plume at a height of ~ 3 km
altitude.

Dur ing 17-24 March, sev eral ash plumes were vis i ble
on sat el lite im ag ery at a height of ~ 4 km al ti tude and ex -
tend ing SE and E. A ther mal anom aly was seen at the vol -
cano dur ing pe ri ods of vis i bil ity. About 40-450 small earth -
quakes occurred daily.

Dur ing 7-14 April sat el lite im ag ery showed ash plumes
ex tend ing ~ 40-145 km E and SE of the vol cano, and a
large ther mal anom aly at the crater. Karymsky re mained at
Con cern Color Code Or ange from Jan u ary to April 2006.

Geo logic Sum mary. 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 south 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: 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), the Kamchatka Ex per i -
men tal and Me thod i cal Seis mo log i cal De part ment
(KEMSD), GS RAS (Rus sia), and the Alaska Vol cano Ob -
ser va tory (USA); Alaska Vol cano Ob ser va tory (AVO), a
co op er a tive pro gram of the U.S. Geo log i cal Sur vey, 4200
Uni ver sity Drive, An chor age, AK 99508-4667, USA
(URL: http://www.avo.alaska.edu/; Email: tlmurray@ usgs.
gov), the Geo phys i cal In sti tute, Uni ver sity of Alaska, P.O.
Box 757320, Fair banks, AK 99775-7320, USA (Email:
eisch@dino.gi.alaska.edu), and the Alaska Di vi sion of
Geo log i cal and Geo phys i cal Sur veys, 794 Uni ver sity Ave.,
Sui te  200,  Fair  banks ,  AK 99709, USA (Email:
cnye@giseis.alaska.edu); To kyo Vol ca nic Ash Ad vi sory
Cen ter (VAAC) (URL: http://www.jma.go.jp/JMA_HP/
jma/jma-eng/jma-center/vaac/; Email: vaac@eqvol.kishou.
go.jp).
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Bezymianny

Kamchatka Pen in sula, Rus sia
55.98°N, 160.59°E; sum mit elev. 2,882 m

All times are lo cal (= UTC + 13 hours)

This re port de scribes a sub stan tial erup tion on 9 May
2006,  and events  be fore  and shor t ly  af  ter  wards .
Bezymianny was last re ported on in BGVN 30:11, cov er ing
a se ries of events dur ing mid-Jan u ary through late De cem -
ber 2005.

An ex plo sive erup tion oc curred on 30 No vem ber 2005.
Seis mic ity de creased sub se quently and from Jan u ary to the
end of April 2006, Bezymianny re mained com par a tively
calm; fumarolic ac tiv ity and a small ther mal anom aly were
ob served dur ing pe ri ods of good vis i bil ity. A 1 April ae rial
photo of the sum mit area appears as figure 23.

Dur ing 28 April to 5 May, Bezymianny’s lava dome
con tin ued to grow. Seis mic ity was above back ground lev -
els dur ing 30 April to 3 May. In can des cent av a lanches were 
vis i ble on 4 May. At the lava dome, fumarolic ac tiv ity oc -
curred and ther mal anom a lies were vis i ble on sat el lite im -
ag ery. Bezymianny was at Yel low on the four stage Con -
cern Color Code (low to high–Green, Yellow, Orange,
Red).

On 7 May the Con cern Color Code was raised to Or -
ange due to an in crease in seis mic ity and the num ber of in -
can des cent av a lanches (14 oc curred on 6 May in com par i -

son to 4-6 dur ing the pre vi ous 2 days). In tense fumarolic
ac tiv ity oc curred, with oc ca sional small amounts of ash.
KVERT re ported that an ex plo sive erup tion was pos si ble in 
the next 1 or 2 weeks.

9 May erup tion. On 9 May around 1935, the Con cern
Color Code was raised to Red, the high est level, due to in -
creased seis mic ity and in can des cent av a lanches. A gas
plume rose higher than 7 km al ti tude and a strong ther mal
anom aly was vis i ble on sat el lite imagery.

An ex plo sive erup tion oc curred on 9 May dur ing 2121
to 2145. The ex plo sion pro duced an ash col umn that rose to 
a height of ~ 15 km al ti tude. A co-ignimbrite ash plume was 
about 40 km in di am e ter and mainly ex tended NE of the
vol cano. Ash plumes ex tended more than 500 km ENE
from the vol cano. Pyroclastic flows de pos its ex tended 7-8
km from the volcano.

On 10 May around 0100, seis mic ity re turned to back -
ground lev els and the Con cern Color Code was re duced to
Or ange. Small fumarolic plumes were ob served dur ing the
early morn ing of the 10th and lava prob a bly be gan to flow
at the lava dome.

By 11 May seis mic ac tiv ity was still at back ground lev -
els. Gas and steam plumes were vis i ble above the vol cano.
A ther mal anom aly was noted at the vol cano on 10-11 May. 
Lava ef fu sion was prob a bly oc cur ring at the lava dome.
This was in ter preted to mean that the like li hood of a large,
ash-pro duc ing erup tion had diminished.

Geo logic Sum mary. Prior to its noted 1955-56 erup tion, 
Bezymianny vol cano had been con sid ered ex tinct. The

mod ern Bezymianny vol cano,
much smaller in size than its mas -
s ive neigh bors  Kamen and
Kliuchevskoi, was formed about
4700 years ago over a late-Pleis -
to cene lava-dome com plex and an 
an ces tral vol cano that was built
be tween about 11,000-7000 years 
ago. Three pe ri ods of in ten si fied
ac tiv ity have oc curred dur ing the
past 3000 years. The lat est pe riod, 
which was pre ceded by a
1,000-year qui es cence, be gan
with the dra matic 1955-56 erup -
tion. This erup tion, sim i lar to that
of Mount St. Hel ens in 1980, pro -
duced a large horse shoe-shaped
crater that was formed by col lapse 
of the sum mit and an as so ci ated
lat eral blast. Sub se quent ep i sodic
but on go ing lava-dome growth,
ac com pa nied by in ter mit tent ex -
plo sive ac tiv ity and pyroclastic
flows, has largely filled the 1956
crater.

In for  ma t ion Con tacts:
KVERT  and AVO  ( see
Karymsky).
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Fig ure 23. Bezymianny ae rial photo taken on 1 April 2006, show ing the large dome within the breached sum mit
crater. La bels in di cate both a fis sure on the dome’s flank and a large ex tru sive block (or spine) on the dome’s top.
Con sid er able ar eas dis charged light steam. Photo by Yu. Demyanchuk and pro vided cour tesy of KVERT.


