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Re doubt

South west ern Alaska, USA
60.485°N, 152.742°W; sum mit elev. 3,108 m

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

The pre vi ous erup tion of Re doubt that be gan on 14 De -
cem ber 1989 (SEAN 14:11) lasted un til June 1990. On 15
March 2009, an erup tion again oc curred, af ter changes in
gas emis sions, seis mic ity, and heat out put were noted dur -
ing the pre vi ous 8 months (BGVN 33:11).

As back ground, in late July 2008, Alaska Vol cano Ob -
ser va tory (AVO) crews work ing near the sum mit smelled
hy dro gen sul fide (H2S) gas. About a month later, a pi lot re -
ported a strong sul fur-di ox ide (SO2) odor, and nearby res i -
dents heard noises com ing from the di rec tion of Re doubt.
Sci en tists also ob served sev eral frac tures and cir cu lar open -
ings in the up per Drift Glac ier, and they found fumaroles
atop the 1968 and 1990 lava domes more vig or ous than
when last ob served in mid-Au gust 2008. On 13 Oc to ber
2008, sat el lite in stru ments de tected warm ing at the sum mit, 
and on 2 No vem ber a slushy de bris-flow orig i nated near the 
1966-68 vent. On 16 De cem ber 2008 a short-lived steam
cloud rose no higher than the vol cano’s sum mit.

The rest of this re port dis cusses un rest start ing in late
Jan u ary 2009, and gives a brief over view of the erup tion
from the first ash-bear ing ex plo sions de tected on 15 March, 
through those con tin u ing dur ing mid-May. Fig ure 1 shows
a map of the area; the vol cano sits along the Cook In let ~ 80 
km WSW of An chor age (see also fig ure 12 in BGVN 15:04; 
and Waythomas and oth ers, 1998).

Dur ing 24-25 Jan u ary 2009, Re doubt’s seis mic ity in -
creased mark edly and steam and sul fu rous gases were
noted. On 25 Jan u ary, tremor be came sus tained and am pli -
tude in creased no ta bly. Steam ing in creased at pre vi ously
iden ti fied vent ar eas in the snow and ice cover, which also
emit ted sul fu rous gas. An over flight on 26 Jan u ary re vealed 
el e vated SO2 emis sions from the sum mit and new out flows
of muddy de bris along the gla cier that is downslope of the

sum mit. Seis mic ity was vari able dur ing the last few days of
Jan u ary ex tend ing into early March, but it re mained above
back ground lev els. Ob ser va tions re vealed in creased
fumarolic ac tiv ity, en larged melt fea tures in the sum mit gla -
cier, and in creased run off from along the mar gins of the
Drift gla cier, which feeds the river sys tem of the same name 
down Re doubt’s N-flank (fig ure 1). Steam plumes within
the sum mit crater were seen on the web cam era.

The 2009 erup tion be gan with a mi nor ash-and-steam
ex plo sion just af ter 1300 on 15 March; ma jor ex plo sions
be gan at about 2240. The emis sions orig i nated from a new
vent, lo cated just S of the 1990 lava dome and W of the
prom i nent ice col lapse fea ture near the N edge of the sum -
mit crater. A sed i ment-laden flow oc curred from a small
area in the ice on the up per part of Drift gla cier (fig ure 2).

Dur ing 15 March-4 April, AVO re corded more than 19
sep a rate ex plo sions and re ported that ash plumes ex ceeded

2    Re doubt Smithsonian Institution — Bulletin of the Global

Tom Simkin

Tom Simkin, who founded and for 28 years served as di rec tor of the Global Vol ca nism Pro gram, died on 10 June at
the age of 75 from com pli ca tions af ter sur gery for esoph a geal can cer, an ail ment di ag nosed ~ 6 months ear lier. Tom
saw our re port ing on Earth’s vol ca nism evolve from brief re ports trans mit ted by post card to its cur rent for mats in print
and in var i ous forms on the web. He be gan by in cor po rat ing pre vi ous da ta bases, and en list ing vol cano watch ers to
share their ob ser va tions with the Smith so nian. This led to the most com pre hen sive da ta base avail able on global vol ca -
nism dur ing the past 10,000 years (the Ho lo cene). This al lowed Tom to write au thor i ta tive, pi o neer ing pa pers de scrib -
ing the pace and char ac ter of ac tive global vol ca nism. He authored two edi tions of the sought-af ter ref er ence book, Vol -
ca noes of the World, and had been col lab o rat ing in re tire ment on the third edi tion, an ef fort that will con tinue in his
ab sence.

He re ceived a bach e lors de gree from Swarthmore Col lege and a Ph.D. from Prince ton Uni ver sity and was known
for his field stud ies on both North Skye in the U.K. and Fernandina and other Galápagos Is lands vol ca noes. He ed ited
books com mem o rat ing the Krakatau 1883 erup tion and the Parícutin 1943-52 erup tion. He led ef forts to cre ate the pop -
u lar wall map This Dy namic Planet, which plots earth quakes, vol ca noes, me te or ite im pacts, and tec tonic plate pa ram e -
ters; the map’s lat est (2006) edi tion fea tures a com pan ion website en abling us ers to pre pare cus tom ized im ages. In rec -
og ni tion of his con tri bu tions to vol ca nol ogy, Tom re ceived the Krafft Medal (IAVCEI) in 2004 and was re cently
awarded the Jef fer son Medal from the Vir ginia Mu seum of Nat u ral His tory for 2010.

Fig ure 1. Shaded re lief map of the Re doubt area, in di cat ing both the Drift
river and the oil ter mi nal with the same name. A sketch map of the Drift
river oil ter mi nal. Base maps cour tesy of Google Maps; fea ture locations
cour tesy of USGS-AVO.



al ti tudes of 15.2 km. The larg est ex plo sion oc curred at
0555 on 4 April. This ex plo sion lasted more than 30 min -
utes, and was com pa ra ble in size to the larg est event of the
1989-1990 erup tion. The ex plo sion pro duced an ash plume
that rose to an al ti tude of 15.2 km and drifted SE.

The erup tions caused melt ing of the Drift Glac ier and
greatly in creased dis charge, caus ing lahars in the Drift
River that trav eled more than 35 km, reach ing the Cook In -
let. On 23 March, AVO staff saw large lahar and flood de -
pos its in the Drift River val ley. In the mid dle to up per Drift
River val ley, high-wa ter marks reached 6-8 m above the
val ley floor. Some of these de pos its were ob served on 30
April (fig ure 3).

Sev eral of the ex plo sions re sulted in ashfall in sev eral
pop u lated ar eas, as far away as Delta Junc tion (~ 545 km
NE). More sig nif i cant ashfall oc curred in more con tig u ous
ar eas, in clud ing the Matanuska-Susitna Val ley, the Kenai
Pen in sula and the An chor age bowl. Sat el lite im ages
showed a broad layer of vol ca nic haze that ex tended over
these ar eas. On 22 March, ashfall was re ported in ar eas

190-250 km NE. Ac cord ing to a 29 March As so ci ated Press 
ar ti cle, flights in and out of An chor age and other lo cal ar eas 
were can celed or di verted dur ing 24-28 March. As many as
185 Alaska Air lines flights had been can celed since the be -
gin ning of the erup tion; air ports and other air lines also ex -
pe ri enced ser vice dis rup tions. The max i mum thick ness of
ashfall mea sured in a pop u lated area was about 1.5 mm
near Seldovia, fol low ing the 4 April ex plo sion. A mea sure -
ment of about 3 mm, fol low ing the ex plo sion on 26 March,
was re corded near Sil ver Salmon Creek Lodge, about 48
km S. Trace ashfall was also ob served be tween ex plo sive
events, dur ing times when the vol cano emit ted con tin u ous
low-al ti tude (un der 4.6 km) gas-and-ash plumes.

On 30 March a ther mal anom aly at the vent seen on sat -
el lite im ag ery was caused by the ex tru sion of a lava dome
in the sum mit crater (con firmed by AVO on 3 April). Ob -
serv ers also rec og nized that the dome had al ready be gan
spill ing oc ca sional av a lanches of hot blocks a short dis -
tance down the N flank. Ob ser va tions on 9 April de ter -
mined that the lava dome, which had grown in the same lo -
ca tion as the pre vi ous one, was cir cu lar in shape, and 400 m 
in di am e ter. By 16 April, the lava dome was es ti mated to be 
about 500 x 700 m across and at least 50 m thick (fig ure 4).
A vol ume es ti mate of the still-ex pand ing dome made dur -
ing 29 April-5 May sug gested a volume of 25-30 million
cubic meters.
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Fig ure 2. Pho to graph of Re doubt’s N face taken about 35 min utes af ter the 
ash burst of 15 March 2009 dur ing a mon i tor ing flight. A dark area of
fresh ash de pos its lies on top of the snow on the slop ing crater floor. In
front of that a gas plume escapes from a vent near the crater rim. The
sin u ous dark stripe in the fore ground is a wa tery de bris flow that emerged
from be neath the ice about 20 min utes af ter the ash event. Photo by
Heather Bleick; cour tesy of USGS-AVO.

Fig ure 3. Im age taken on 30 April 2009 show ing sev eral the large blocks
of gla cial ice de pos ited in the Drift River val ley dur ing the flood caused by 
the erup tive event on 4 April 2009. The N shoul der of the west ern end of
Dumb bell Hills is on left side of im age. The high-wa ter mark near this site
was nearly 10 m. Note the ge ol o gist stand ing to the left of the larg est block 
for scale. Photo by Game McGimsey, cour tesy of USGS-AVO.

Fig ure 4. Im age from 16 April 2009 of the ac tive lava dome that grew in
Re doubt’s sum mit crater. The steam plume near the base of the dome
co mes from a pocket where abun dant hot blocks shed ding off the dome
ac cu mu lated. The wa ter fall (dark area in lower part of photo) is ~ 75 m
high. Photo by Game McGimsey, cour tesy of USGS-AVO.



Af ter the last ex plo sion de tected on 4 April and un til
mid-May, small steam-and-gas plumes oc ca sion ally con -
tain ing some ash were seen on sat el lite im ag ery and on the
web cam era. El e vated seis mic ity and sat el lite im ag ery in di -
cated that the lava dome con tin ued to grow. SO2 plumes
were also de tected by sat el lite im ag ery. Oc ca sional
rockfalls orig i nat ing from the lava dome’s flanks were
observed on the web camera.

Ref er ence: Waythomas, C.F., Dorava, J.M., Miller, T.
M., Neal, C.A., and McGimsey, R.A., 1998, Pre lim i nary
vol cano-haz ard as sess ment for Re doubt vol cano, Alaska: 
USGS Open File re port 97-857, plate 1.

Geo logic Sum mary. Re doubt is a 3,108-m-high gla -
cier-cov ered stratovolcano with a breached sum mit crater
in Lake Clark Na tional Park about 170 km SW of An chor -
age. Next to Mount Spurr, Re doubt has been the most ac -
tive Ho lo cene vol cano in the up per Cook In let. The vol cano 
was con structed be gin ning about 890,000 years ago over
Me so zoic gra nitic rocks of the Alaska-Aleu tian Range
batholi th .  Col lapse  of  the  sum mit  of  Re doubt
10,500-13,000 years ago pro duced a ma jor de bris av a -
lanche that reached Cook In let. Ho lo cene ac tiv ity has in -
cluded the em place ment of a large de bris av a lanche and
clay-rich lahars that dammed Lake Cres cent on the S side
and reached Cook In let about 3,500 years ago. Erup tions
dur ing the past few cen tu ries have af fected only the Drift
River drain age on the N. His tor i cal erup tions have orig i -
nated from a vent at the N end of the 1.8-km-wide breached 
sum mit crater. The 1989-90 erup tion of Re doubt had se vere 
eco nomic im pact on the Cook Inlet region and affected air
traffic far beyond the volcano.

In for ma tion Con tacts: Alaska Vol cano Ob ser va tory
(AVO), a co op er a tive pro gram of a) U.S. Geo log i cal Sur -
vey, 4200 Uni ver sity Drive, An chor age, AK 99508-4667
USA (Email: tkeith@tun dra.wr.usgs.gov; URL: http://
www.avo.alaska.edu/), b) Geo phys i cal In sti tute, Uni ver sity 
of Alaska, P.O. Box 757320, Fair banks, AK 99775-7320
USA (Email: eich@dino.gi.alaska.edu), and c) Alaska Di -
vi sion of Geo log i cal & Geo phys i cal Sur veys, 794 Uni ver -
sity Ave., Suite 200, Fair banks, AK 99709 USA (Email:
cnye@giseis.alaska.edu); As so ci ated Press (URL: http://
www.ap.org/).

Asama

Hon shu, Ja pan
36.403 N, 138.526 E; sum mit elev. 2,568 m

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

As we pre vi ously re ported (BGVN 33:12), Asama
erupted in Jan u ary and Feb ru ary 2009. As re ported there,
sci en tists noted that sul fur-di ox ide fluxes sud denly rose
dur ing late 2008 from more than two years of very low val -
ues, that yel low sub li mates sub se quently ap peared, and that 
thin ash fell on the rim of the sum mit crater by 21 Jan u ary.
Our state ment that high seis mic ity be gan 1 Jan u ary 2009 is
clar i fied in this re port, where we pres ent long-base line seis -
mic data. A larger erup tion fol lowed on 2 Feb ru ary, reach -
ing 2 km above the sum mit and drop ping mi nor ash on parts 
of Tokyo (~ 140 km SE of the vent) and beyond.

This re port be gins with a brief men tion of a sat el lite im -
age from the 2004 erup tion, and then con tin ues with de -

scrip tions of the 2009 be hav ior chron i cled in a pre vi ous re -
port (BGVN 33:12). Much of this in for ma tion has come
from the  Ja  pan Me te  o  ro  log i  cal  Agency (JMA).
Translations of those de tailed and in for ma tive re ports from
the orig i nal Japanese were pro vided by Yukio Hayakawa.

Sat el lite im age of 2004 activity. An an no tated sat el lite
im age not in cluded in Bul le tin re ports on the 2004 erup tion
(BGVN 29:08, 29:10; 30:01; 30:02) has come to light (fig -
ure 5). On 16 Sep tem ber 2004, a plume at ~ 3,700 m al ti -
tude (in di cated on the fig ure in avi a tion par lance as
“FL120,” flight level 12,000 feet) trav eled due S leav ing a
thin ash de posit.

Multi-year erup tions and seis mic ity. Seis mic ity re -
corded at Asama be tween June 2002 and Feb ru ary 2009
(fig ure 6) in cluded a num ber of dif fer ent types of sig nals
(fig ure 7). Erup tions are in di cated by ar rows of vari able
length cor re spond ing to very small to me dium erup tions as
they oc curred dur ing 2003, 2004, 2008, and 2009. 

As brief back ground, seis mic sig nals at vol ca noes are
of ten de scribed us ing some com mon terms (Minakami,
1960; McNutt, 2000). Tremor con sists of semi-con tin u ous
sig nal with du ra tions of min utes to days or lon ger.
Tremor’s dom i nant fre quen cies are 1-5 Hz (of ten 2-3 Hz).
Many in ves ti ga tors have con cluded that tremor is akin to a
se ries of low-fre quency earth quakes oc cur ring ev ery few
sec onds. Ex plo sion earth quakes ac com pany ex plo sions and 
fea ture compressional, first P-wave ar riv als. Some of the
ex plo sion en ergy en ters the air where it trav els much more
slowly than through rocks, prop a gat ing as an acous tic wave 
that may be re corded by mi cro phones or bar o graphs. This
air wave also cou ples back into the ground, allowing
detection by a seismometer.

B-type earth quakes some times lack clear S waves, gen -
er ally fea ture low fre quency sig nals, but may in clude
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Fig ure 5. An an no tated sat el lite im age show ing a 2004 Asama ash and
steam plume at 0017 UTC on 16 Sep tem ber 2004. En hanced De fense
Me te o ro log i cal Sat el lite Pro gram (DMSP) vi sual im ag ery. Note dashed
lines of lat i tude and lon gi tude and the out lines of the coast of Hon shu
Is land. This and at least seven other im ages were pre pared by Charles
Holliday and staff around that time. Im age cour tesy of US Air Force
Weather Agency (AFWA).



high-fre quency sig nals as well. The types BL and BH re -
spec tively stand for low- and high-fre quency (but the two
types may also grade from one to the other).

Type A earth quakes are also called tec tonic and vol -
cano-tec tonic. Their sig nals dis play clear P- and S-wave ar -
riv als and are of ten thought to rep re sent pro cesses such as
slip on a fault or break ing rock as so ci ated with intrusions.

Prior to the 2009 erup tions, tremor had been some what
el e vated at times dur ing the lat ter half of 2007 and more
con sis tently dur ing the lat ter half of 2008. BL-Ex plo sion
earth quakes be came scarce dur ing late 2006, and from then
un til about mid-2008 they fluc tu ated to oc ca sion ally some -
what higher daily num bers. Af ter mid-2008, these BL-Ex -
plo sion earth quakes grew dra mat i cally in num ber, peak ing
with the 2009 erup tion. This pat tern was sim i lar to seis mic -
ity as so ci ated with the September 2004 eruption.

BH earth quakes gen er ally stood at back ground af ter
mid-2006 un til just be fore the 2008 erup tion. In the mid dle
to lat ter months of 2008 they again grew, of ten re main ing
el e vated un til the start of 2009, when they in creased still
further.

Type-A earth quakes re mained con sis tently small in
num ber through 2007 on wards un til their num bers peaked
sud denly 2 Feb ru ary 2009. They were, how ever, pres ent on 
more days ap proach ing the 2009 eruptions.

The 2004, 2008, and 2009 erup tions in cluded con spic u -
ous in creases in tremor, BL-Ex plo sion earth quakes, and to
some ex tent, BH earth quakes. Least di ag nos tic were type-A 
earth quakes, though they were pres ent on more days with
ap proach to the point of the 2009 eruption.

The pre dicted 2 Feb ru ary 2009 erup tion. Suf fi cient
pre cur sory data were avail able for JMA to con fi dently an -
nounce the el e va tion of the haz ard sta tus to Level 3 (on a
scale where the high est level is 5) at 1300 on 1 Feb ru ary
2009. In dis cuss ing the sit u a tion at a meet ing around that
time, a JMA of fi cer said that an erup tion sim i lar to that of
2004 would take place within 2 days. Ac cord ingly, au thor i -

ties closed a vul ner a ble, 7-km stretch of Oni-oshi high way.
It re opened the day after the 2 February eruption.

The vol cano is heavily in stru mented, and those main -
tained by JMA’s Asamayama ob ser va tory are shown on
fig ure 8. Pre cur sory data used as a ba sis for the fore cast in -
cluded seis mic ity (fig ure 6), sul fur-di ox ide fluxes (BGVN
33:12), and tilt (e.g., figure 9).

In ac cord with JMA’s pre cur sory warn ings, rep re sen ta -
tives of Komoro City de cided to close the moun tain hut 2
km W of the sum mit. The af ter noon of 1 Feb ru ary, the res i -
dent and of fi cial ob server there, Keisuke Kanda, read ied
the hut for clo sure. Af ter that, he went to bed, plan ning to
climb down the moun tain the next morn ing. At the time of
the erup tion (0151) he nei ther felt nor heard any dis tur -
bance. At 0200 (about 9 min utes af ter the erup tion be gan),
he was awak ened by his ring ing cell phone.

The erup tion that started at 0151 on 2 Feb ru ary gen er -
ated a plume that rose to 2,000 m above the sum mit (to an
al ti tude of ~ 4.6 km). Vol ca nic bombs were thrown to the N 
as far as 1 km. An air wave ob served at Oiwake, 8 km SSE,
had a pres sure of 7 Pa. For com par i son, the erup tion of 1
Sep tem ber 2004 had a re corded air wave of 205 Pa. Cit ies
re cord ing ashfall in cluded Karuizawa, Kamogawa,
Tomioka, Chichibu, and in the broader To kyo met ro pol i tan

area, Kawasaki, and Yokohama.
Avi a tion sources sug gested

that the 2 Feb ru ary erup tion only
lasted un til 0800 (that is equiv a -
lent to  1  Feb ru  ary dur  ing
1651-2300 UTC).  Char les
Holliday noted air port weather
data. Down town, at To kyo In ter -
na tional Air port (RJTT), me te o -
rol o gists re ported ‘Vol ca nic Ash
Cloud’ dur ing 0530-0636 on 2
Feb ru  ary .  Me te  o  rol  o  gis ts  a t
Nar i ta  In  ter  na t ional  air  por t
(RJAA) had one re port in ter val
where they noted vol ca nic cloud,
at 1300 lo cal time (~ 3 km al ti tude 
with ~ 9 km vis i bil ity), but this
cloud did not cause lo cal ashfall.

A US Air Force video clip
noted that on 2 Feb ru ary ash fell
on Yokota Air Base, 105 km SE
of Asama. The video said that
Yokota re  ceived 3-5 mm of
ashfall but the fea tures in the field 
of view ap peared to show con sid -
er ably less, per haps sug gest ing
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Fig ure 6. Asama erup tions and seis mic data re corded from June 2002 through 2 Feb ru ary 2009 de picted in a
se ries of five pan els. The top panel shows erup tions (ar rows) sorted into the size cat e go ries of very small, small,
and me dium (rep re sented by re spec tive ar row lengths). The sec ond panel down shows the daily num ber of
vol ca nic tremor events. The third through fifth pan els show, re spec tively, daily num bers of earth quakes of types
BL-Ex plo sion, BH, and A. Cour tesy of JMA.

Fig ure 7. Typ i cal seis mic sig nals of four types of earth quakes seen at
Asama dur ing June 2002-Feb ru ary 2009. Scales show time in sec onds.
Cour tesy of JMA.



some ar eas of thick ened ash de po si tion. Holliday noted that 
ash fell at the Base hours af ter the erup tion; al though he
was un able to es tab lish the ex act start time there, ashfall
ended at 0800.

Dur ing the erup tion, Masakatsu Umeda, work ing in a
French res tau rant 7 km N of the sum mit, felt small but con -
tin u ous shak ing and saw a red plume ris ing from the sum -
mit crater. He heard a far softer sound than he did on 1 Sep -

tem ber 2004 but then he was 4 km NE of the sum mit at
Rokurigahara parking lot.

An 18 Feb ru ary JMA re port pre sented a se quence of
night pho tos cap tur ing in can des cent ex plo sions on 2 Feb ru -
ary at 0200 and for the next 15 min utes (fig ure 10). These
pho tos por tray the erup tive stage of ten termed the jet- or
gas-thrust phase (see di a grams and mod els on a website by
Camp, 2009).

Wan ing erup tions dur ing next few months. A se ries of
small erup tions fol lowed, in clud ing those on 9, 10, 11, 16,
and 17 Feb ru ary, 15 and 23 March, and at least as late as 2
May. The haz ard sta tus, ini tially raised to 3 on 1 Feb ru ary,
dropped to 2 on 7 April.

JMA said that on 9 Feb ru ary at 0746, a plume rose 400
m above the sum mit; at 1700, a plume was 1,000 m above
the sum mit. A trace of ashfall blew NE, to Kitakaruizawa.
As of 0200 on 10 Feb ru ary, the plume height was 600 m
above the sum mit; at 0500, it was 1400 m. As of 2300 on 10 
Feb ru ary the plume height was 300 m above the sum mit.
Takayuki Nagai, a teacher at a mid dle school 12 km N of
Asama’s sum mit; said that few stu dents ar riv ing there ap -
peared to rec og nize that the erup tion con tin ued. One had
seen a gray ash plume.

As of 2100 on 11 Feb ru ary, the erup tion ap par ently con -
tin ued, but JMA could not see plumes, prob a bly be cause of
bad weather. The erup tion de ter mi na tion was seem ingly
based on el e vated seis mic ity. The To kyo Vol ca nic Ash Ad -
vi sory Cen ter (VAAC) in di cated plumes in the range of
3-3.7 km al ti tude dur ing 11-12 and 16-17 Feb ru ary. JMA
noted an erup tion dur ing 1310-1400 on 16 Feb ru ary. A col -
ored plume rose to 400 m above the summit and moved E.

Asama again erupted at 1833 on 17 Feb ru ary. A plume
bear ing ash rose to 400 m above the sum mit, and moved to
E. Web cam eras dis closed crater glow.

6    Asama Smithsonian Institution — Bulletin of the Global

Fig ure 8. A sketch map show ing Asama mon i tor ing in stru men ta tion
dis cussed in 2009 JMA re ports. Note the sta tions F, A, and D, points for
col lect ing tilt data pre sented in the next fig ure. The con tour in ter val is 200
m. The moun tain hut is 0.7 km W of sta tion G. The set tle ment Oiwake
(near map’s S edge) is now part of Karuizawa city. The sta tion Oiwake is
the site of JMA’s Karuizawa weather sta tion. (Oiwake is an an cient
set tle ment lo cated on the route be tween Kyoto and Edo (To kyo), a path in
use dur ing the Edo pe riod, 4,000-100 years ago). Cour tesy of JMA.

Fig ure 9. Tilt ver sus time at three Asama sta tions (F, A, and D) un der go ing 
strong tilt ex cur sions that helped sci en tists pre dict the 2 Feb ru ary
erup tion. The x-axis cov ers from 1200 on 31 Jan u ary to 1200 on 2
Feb ru ary; the time of erup tion (0151) in di cated by heavy ar row at top.
Clear tilt ex cur sions (all in the EW di rec tion) started roughly mid-day on
31 Jan u ary at sta tion A, and early on 1 Feb ru ary at sta tions F and D. At or
shortly af ter the erup tions tilt ex cur sions re bounded and made sud den
shifts back to wards their pre vi ous trends. Sta tions D and F re turned most
di rectly to their pre vi ous trends. With re spect to time af ter the erup tion,
sta tion A’s ex cur sions, though in creas ingly less ex treme, con tin ued for
hours. Cour tesy of JMA.

Fig ure 10. On set of an Asama ex plo sion cap tured pho to graph i cally on 2
Feb ru ary 2009, as viewed from ~ 8 km NW at 1400 m el e va tion. The
se quence starts in the up per left and pro ceeds down the first col umn and
then to the sec ond col umn (nu mer i cal val ues in each photo’s up per
left-hand cor ner rep re sent time stamps; e.g., 02 08 rep re sents 0208 hours). 
Note the growth of a dark bil low ing plume in the last two frames (from
0212 and 0215). The cam era be longs to Min is try of Land, In fra struc ture,
Trans port, and Tour ism.



The To kyo VAAC noted a plume to 3 km al ti tude on 15
March. JMA re ported in can des cence from the crater on 23
March, and an ob server 50 km E at Maebashi saw strong
steam plumes on 30 March. Al though au thor i ties had low -
ered the alert level, sim i lar erup tions con tin ued (with
plumes to 3.4 km al ti tude) as late as 2 May. This was the
last erup tion clearly noted in avail able re ports through the
end of May.

2 Feb ru ary erup tion’s min i mum mass. Sev eral de -
tailed maps of the SE-trending, elon gate (ci gar-shaped)
2009 de pos its were com piled in the days af ter the 2009
erup tions. Such de tailed maps (fig ure 11) en abled sci en tists 
to es ti mate the mass of ma te rial that fell on Honshu Island.

For the map in the prox i mal re gion (inset), tra verses
were made across por tions of the 2009 tephra de pos its in
early Feb ru ary at ap prox i mate dis tances of 5, 10, and 13 km 
from the crater. Be sides show ing points with mea sur able
ash (solid cir cles), the maps dis close con sid er able points
where the ash was ab sent or neg li gi ble (open cir cles). The
in ves ti ga tors took many mea sure ments at ~ 5 km near the
axis of the de posit. Such de pos its are of ten ephem eral, ow -
ing to post-depositional pro cesses such as wind and par tic u -
larly rain fall, which fre quently strip the tephra away before
de tailed mea sure ments.

For the map in clud ing the me dial to more dis tal re gions
(fig ure 11), trace amounts of Asama tephra ex tended be -
yond To kyo’s large bay (To kyo-wan) to the coast line of the 
Chiba Pen in sula, ~ 220 km SE. Ad di tional fine ash clearly

blew be yond the coast line, set tling over the ad ja cent Pa cific 
Ocean. The GSJ es ti mated the erupted mass fall ing on Hon -
shu Is land at 20,000-30,000 metric tons (20-30 Gg).

Fig ure 12 il lus trates the near-source de posit’s mass as -
sess ment (for fig ure 7 inset). This yielded an erupted-mass
es ti mate of about 2.0-2.4 met ric tons. Var i ous other maps
and so lu tions for con tours exist.
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Fig ure 11. Isomass maps com piled from sam pling tephra from Asama’s 2 Feb ru ary 2009 erup tion. Maps show data points and con tours for the mass of ash found 
over S-cen tral Hon shu Is land and (in set) in the 5-16 km dis tance range from Asama’s sum mit vent. Data cred its: (large map) Geo log i cal Sur vey of Ja pan (GSJ
18 Feb ru ary 2009 re port); (in set) Earth quake Re search In sti tute (ERI), Uni ver sity of To kyo.

Fig ure 12. A plot sum ma riz ing mass data for the tephra blan ket as so ci ated
with the 2 Feb ru ary Asama erup tion (the isomass map shown at right in
the fig ure above). This is a plot of log10 [mass per unit area (kg/m2)]
ver sus log10 [area (m2)]. The plot shows mass con tri bu tions along var i ous 
seg ments. Cour tesy of ERI, Univ. of To kyo.



Fig ure 13 pres ents ba sic grain-size in for ma tion on the
de posit. The photo shows some of the larger grains found at 
dis tance from the vent. The grains con sisted largely of
pre-ex ist ing rocks. In ves ti ga tors found very few ex am ples
of ju ve nile glass grains (less than 1%). These ju ve nile
grains were rhyolitic to dacitic.

Few thin ash blan kets have been as sessed in more de tail
than the one shown here. The rel e vance of these ef forts in -
clude un der stand ing the char ac ter and size of the erup tion
and cal i brat ing ashfall with sat el lite ob ser va tions. Vol ca nic
Ash Ad vi sory Cen ters (VAACs) reg u larly model erup tions
such as this in or der to fore cast the trans port of ash in the at -
mo sphere. This is based in part on the height of ash plumes
and on me te o ro log i cal ob ser va tions such as wind-ve loc ity
pro files. One goal of those ash trans port mod els is to steer
air craft clear of ash in the at mo sphere. Vol ca nic ash plumes 
can reach higher al ti tudes than com mer cial air craft can fly,
and encounters with ash may lead to severe engine damage.

Ref er ence: Camp, V., 2009, Erup tion model (on line):
De part ment of Geo log i cal Sci ences, San Diego State Uni -
ver sity (URL: http://www.ge ol ogy.sdsu.edu/how_vol ca -
noes_work/).

Minakami, T., 1960. Fun da men tal re search for pre dict -
ing vol ca nic erup tions (part 1); Earth quakes and crustal de -
for ma tions orig i nat ing from vol ca nic ac tiv i ties: Bull. Earth -
quake Res. Ins., v. 38, p. 497–544.

McNutt, S., 2000, Vol ca nic seis mic ity, in En cy clo pe dia
of Vol ca noes, Sigurdsson, H., Hought on, B., McNutt, S.,
Rymer, H, and Stix, J. (eds.), Ac a demic Press, San Diego,
p. 1015-1034

Geo logic Sum mary. Asama, Hon shu’s most ac tive vol -
cano, over looks the re sort town of Karuizawa, 140 km NW
of To kyo. The vol cano is lo cated at the junc tion of the
Izu-Marianas and NE Ja pan vol ca nic arcs. The mod ern
cone of Maekake-yama forms the sum mit of the vol cano
and is sit u ated E of the horse shoe-shaped rem nant of an
older andesitic vol cano, Kurofu-yama, which was de -
stroyed by a late-Pleis to cene land slide about 20,000 years
be fore pres ent (BP). Growth of a dacitic shield vol cano was 
ac com pa nied by pumiceous pyroclastic flows, the larg est of 
which oc curred about 14,000-11,000 years BP, and by
growth of the Ko-Asama-yama lava dome on the E flank.
Maekake-yama, capped by the Kama-yama pyroclastic
cone that forms the pres ent sum mit of the vol cano, is prob a -
bly only a few thou sand years old and has an his tor i cal re -
cord dat ing back at  least  to  the  11th cen tury AD.
Maekake-yama has had sev eral ma jor plinian erup tions, the 

last two of which oc curred in 1108 AD (Asama’s largest
Holocene eruption) and 1783 AD.

In for ma tion Con tacts: Ja pan Me te o ro log i cal Agency
(JMA), Otemachi, 1-3-4, Chiyoda-ku To kyo 100-8122, JA -
PAN (URL: www.jma.go.jp/ ); Vol cano Re search Cen ter,
Earth quake Re search In sti tute (ERI), Uni ver sity of To kyo,
Yayoi 1-1-1, Bunkyo-ku, To kyo 113, Ja pan (URL: http://
www.eri.u-to kyo.ac.jp/top ics/ASAMA2004/in dex-e.html); 
Charles Holliday ,  (US) Air Force Weather Agency
(AFWA); Yukio Hayakawa, Gunma Uni ver sity, Fac ulty of
Ed u ca tion, Aramaki 4-2, Maebashi 371-8510, Ja pan; Min -
is try of Land, In fra struc ture, Trans port and Tour ism (URL: 
http://www.mlit.go.jp/tonesui/)

Dieng Vol ca nic Com plex

Java, In do ne sia
7.20°S, 109.92°E; sum mit elev. 2,565 m

All times are lo cal (= UTC + 7 hours)

This re port dis cusses a small phreatic erup tion at Dieng
from Sibanteng crater in Jan u ary 2009. The Dieng com plex
cov ers  more  than 80 km2  in  Cen  tral  Java NW of
Yogyakarta. The vol ca nic field trends E and con tains two
or more stratovolcanoes, more than 20 crat ers and cones,
sev eral crater lakes, a cal dera, and ac tive ther mal fea tures
(van Bergen and oth ers, 2000). Phreatic erup tions are those
that eject both mag matic gas ses and steam, and con tain
frag ments of pre-ex ist ing solid rock from the vol ca nic con -
duit or vent, but with out pri mary erupted magma. Many of
these erup tions are at trib uted to subsurface in ter ac tion be -
tween magma and ground wa ter (Germanovich and Lowell,
1995). Some are pre cur sors to phreatomagmatic and
magmatic eruptions.

Recent re ports dis cussed mud ejected from the ac tive
Sileri crater in July 2003 as so ci ated with a mod est in crease
in seis mic ity and steam plumes dur ing April-July 2002 and
Au gust 2003 (BGVN 27:05, 28:06, 28:07, and 28:09). A
May 2005 pi lot re port of a steam plume turned out to be 
caused by pipe main te nance at Dieng’s geo ther mal site.

Jan u ary 2009 land slide and erup tion. This event be -
gan when, af ter three days of heavy rain, one or more land -
slides broke loose in steep vol ca nic ter rain at about the
1900- to 2000-m el e va tion at 0800 on 15 Jan u ary 2009.
Land slide de bris cov ered the floor of Sibanteng crater, seal -
ing the vent there. At 0830 a sud den and short-lived
phreatic erup tion took place. The alert level was raised to 2
(on a scale of 1 to 4).

Much of these and other de tails were learned by an
emer gency re sponse team from the Cen ter of Vol ca nol ogy
and Geo log i cal Haz ard Mit i ga tion (CVGHM), who con -
ducted a field in ves ti ga tion be tween 16-21 Jan u ary. The
team’s find ings are dis cussed be low (as ex tracted from the
CVGHM re port dated 22 Jan u ary 2009 (“Tanggap Darurat
G. Dieng Kab. Wonosobo, Prov. Jawa Tengah, tanggal
16-21 Januari 2009").

The erup tion left an ex plo sion crater about 50 m in di -
am e ter and de pos ited the bulk of the erupted ma te rial in a
~ 50 m ra dius. The erupted de pos its con sisted of ma te rial
from the land slide and vent area. This re la tion ship in di cated 
that the land slide pre ceded the phreatic erup tion. The land -
slides cov ered an area 100 × 200 m, with an es ti mated
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Fig ure 13. (Left). Grain size frac tions for Asama ash from the 2 Feb ru ary
erup tion (col lec tion site 8 km SE of Asama). (Right) Ash washed and
sieved to cap ture par ti cles above the 1 mm mesh size. The pic ture is 20
mm wide. Cour tesy of ERI, Univ. of To kyo.



40,000 m3 of de bris. In places, the land slide de bris cre ated
tem po rary dams. One blocked the Kali Putih River, and
downstream, the Kali Tulis River.

On 17 Jan u ary, four ad di tional seis mic sta tions were in -
stalled. Three were in the vi cin ity of the Sibanteng and
Sikidang crat ers and one was near the ther mally ac tive col -
ored lake Telaga Warna. Earth quakes and tremor were both 
ab sent on the seis mo graphic re cord at Timbang crater dur -
ing 17-20 Jan u ary fol low ing the phreatic eruption.

The team re ported that wit nesses in the field had heard
two ex plo sions. The first came from the land slide; the sec -
ond, the phreatic erup tion. Dur ing their visit, the erup tion
vent emit ted a white plume 5 m high. The vent was largely
cov ered by land slide de bris from Sibanteng crater’s up per
wall. In Sibanteng and other crat ers tem per a ture ranges
were 93.2-93.6° C, val ues sim i lar to previous data.

The con cen tra tions of gases, in clud ing hy dro gen sul fide 
(H2S), sul fur di ox ide (SO2), meth ane (CH4), car bon di ox ide 
(CO2), and car bon mon ox ide (CO) were re ported for eight
lo ca tions. The CO and CO2 con cen tra tions were be low ~ 1
ppm. H2S con cen tra tions were un der ~ 7 ppm, with the
high est value seen near a ther mal fea ture at Skikdang, but a
6 ppm value near a bul le tin board in a tour ist area. The
eight SO2 con cen tra tions were un der 18 ppm. CH4 con cen -
tra tions ranged be tween 5 and 17 ppm. (More de tailed data
are available in the 22 January CVGHM report.)

The in ves ti ga tion in di cated that the phreatic erup tion
was pre ceded by one or more land slides that cov ered the
floor of Sibanteng crater. The team sug gested that the seal -
ing ac tion and pres sure buildup due to the land slide caused
the phreatic erup tion. They con cluded that the phreatic
erup tion posed no dan ger to the pub lic be cause the
Sibanteng crater is not close to an in hab ited area. How ever,
they noted that land slide de bris was still un sta ble and could
be eas ily dis lodged and transported by rainwater.

Ref er ence: Germanovich, L.N., and Lowell, R.P., 1995, 
The mech a nism of phreatic erup tions:  J. Geophys. Res., v.
100 (B5), p. 8417-8434.

van Bergen, M.J., Ber nard, A., Sumarti, S., Sriwana, T., 
and Sitorus, K., 2000, Crater lakes of Java: Dieng, Kelud
and Ijen, Ex cur sion Guide book, IAVCEI Gen eral As sem -
bly, Bali 2000 (URL:  www.ulb.ac.be/sci ences/cvl/
DKIPART1.pdf).

Geo logic Sum mary. The Dieng pla teau in the high lands 
of cen tral Java is re nowned both for the va ri ety of its vol ca -
nic scen ery and as a sa cred area hous ing Java’s old est
Hindu tem ples, dat ing back to the 9th cen tury AD. The
Dieng vol  ca  nic  com plex con s ists  of  two or  more
stratovolcanoes and more than 20 small crat ers and cones
of Pleis to cene-to-Ho lo cene age over a 6 x 14 km area.
Prahu stratovolcano was trun cated by a large Pleis to cene
cal dera, which was sub se quently filled by a se ries of dis -
sected to youth ful cones, lava domes, and crat ers, many
con tain ing lakes. Lava flows cover much of the pla teau, but 
have not oc curred in his tor i cal time, when ac tiv ity has been
re stricted to mi nor phreatic erup tions. Toxic vol ca nic gas
emis sion has caused fa tal i ties and is a haz ard at sev eral
crat ers. The abun dant ther mal fea tures that dot the pla teau
and high heat flow make Dieng a major geothermal
prospect.

In for ma tion Con tacts: Cen ter of Vol ca nol ogy and
Geo log i  cal Haz ard Mit i  ga t ion (CVGHM) ,  Ja lan
Diponegoro 57, Bandung 40122, In do ne sia (URL: http://
por tal.vsi.esdm.go.id/joomla/).

Lewotobi

Lesser Sunda Is lands, In do ne sia
8.542°S, 122.775°E; sum mit elev. 1,703 m

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

Un rest caused au thor i ties to el e vate the alert level here
to 2 in May 2008 (BGVN 34:01). No ash emis sions were re -
ported, as has been the case since 2003 (BGVN 28:06,
28:10, 34:01).

On 23 March 2009, the Cen ter for Vol ca nol ogy and the
Mit i ga tion of Geo logic Di sas ter (CVGHM) low ered the
alert level on Lewotobi from 2 to 1 (on a scale of 1-4). This
shift was based on vi sual ob ser va tions and de creased seis -
mic ity dur ing March. Rarely seen dif fuse white plumes rose 
25 m above the crater and drifted E. Vis i tors and res i dents
con tin ued to be ad vised not to approach the crater.

Over the pe riod 1-23 March 2009 a clus ter of shal low
vol ca nic earth quakes oc curred. Their ini tial num bers, 5-25
daily, soon de clined to 1-5 oc cur rences per day. The to tal
num ber of deep vol ca nic earth quakes did not change, av er -
ag ing 1-3 daily. No tremor had been re corded since 1 Feb -
ru ary 2009 and at least as late as mid-2009.

Geo logic Sum mary. The Lewotobi “hus band and wife”
twin vol cano (also known as Lewetobi) in east ern Flores Is -
land is com posed of the Lewotobi Lakilaki and Lewotobi
Perempuan stratovolcanoes. Their sum mits are less than 2
km apart along a NW-SE line. The con i cal 1,584-m-high
Lewotobi Lakilaki has been fre quently ac tive dur ing the
19th and 20th cen tu ries, while the taller and broader
1,703-m-high Lewotobi Perempuan has erupted only twice
in his tor i cal time. Small lava domes have grown dur ing the
20th cen tury in the cres cen tic sum mit crat ers of both vol ca -
noes, which are open to the north. A prom i nent flank cone,
Iliwokar, oc curs on the east flank of Lewotobi Perampuan.

In for ma tion Con tacts: Cen ter of Vol ca nol ogy and
Geo log i  cal Haz ard Mit i  ga t ion (CVGHM) ,  Ja lan
Diponegoro 57, Bandung 40122, In do ne sia (URL: http://
por tal.vsi.esdm.go.id/joomla/); Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem,
School of Ocean and Earth Sci ence and Tech nol ogy
(SOEST), Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu,
HI 96822, USA (URL: http://hotspot.higp.ha waii.edu/);
Dar win Vol ca nic Ash Ad vi sory Cen tre (VAAC), Bu reau of
Me te o rol ogy, North ern Ter ri tory Re gional Of fice, PO Box
40050, Ca sua rina, NT 0811, Aus tra lia (URL: http://www.
bom.gov.au/info/vaac/); Agence France-Presse (URL:
http://www.afp.com/); Ja karta Post (URL: http://www.
thejakartapost.com/).

Apoyeque

Nic a ra gua
12.242°N, 86.342°W; sum mit elev. 518 m

Seis mic swarms took place dur ing 2001 and 2007. The
last over view of Apoyeque (BGVN 14:04) re ported slight
vari a tions of the crater lake’s sur face tem per a ture of be -
tween 25 and 30°C (which be gan to rise in 1988). Faint sul -
fu rous odors were noted as well as some ac tive fumaroles.
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Swarms were  re por ted by INETER (Inst i tu to
Nicaragüense de Estudios Territoriales) in a 23 Sep tem ber
2007 report. The first swarm, dur ing Jan u ary 2001, in -
cluded earth quakes up to MR 5.2. This swarm was felt
strongly in the cit ies of Managua (~ 8 km away) and in
Ciudad Sandino. No dam age was re ported. The sec ond
swarm be gan on 21 Sep tem ber 2007, be com ing more in -
tense on 23 Sep tem ber, by which time there had been 10
earth quakes up to MR 2.8. Scores of smaller earth quakes
were also de tected at a seis mom e ter in Apoyeque’s crater.

INETER stated that, based on past cases at this vol cano, 
such swarms can con tinue for days and might reach M 4-M
5 (as they had in Jan u ary 2001). The typ i cal pat tern is for a
se ries of smaller vol ca nic earthquakes to pre cede one or
more larger ones. This is in con trast to earth quakes as so ci -
ated with the subduction of the Cocos plate, where larger
earth quakes of ten pre cede sub stan tially smaller ones.

Apoyeque re mains in re pose with out doc u mented his -
tor i cal erup tions. Tephrochronology (the study of ash lay -
ers, in this case in clud ing ra dio met ric dat ing) in di cates the
most re cent erup tion here was large and took place about 50 
BC (± 100 years) de pos it ing the Chiltepe tephra. That
tephra de posit has an es ti mated 4 km3 on-land vol ume and a 
to tal vol ume (in clud ing the off shore com po nent) of about
18 km3 (Kutterolf and oth ers, 2008).

Ref er ence: Kutterolf, S., Freundt, A., and Perez, W.,
2008, Pa cific off shore re cord of Plinian arc vol ca nism in
Cen tral Amer ica: 2. Tephra Vol umes and erupted masses: 
Geo chem is try, Geo phys ics, Geosystems (G3), v. 8, 
Q02S02, doi: 10.1029/2007GC001791.

Geo logic Sum mary. The Apoyeque vol ca nic com plex
oc cu pies the broad Chiltepe Pen in sula, which ex tends into
S-cen tral Lake Managua. The pen in sula is part of the
Chiltepe pyroclastic shield vol cano, one of three large
ignimbrite shields on the Nic a ra guan vol ca nic front. A 2.
8-km wide, 400-m-deep, lake-filled cal dera whose floor
lies near sea level trun cates the low Apoyeque vol cano,
which rises only about 500 m above the lake shore. The cal -
dera was the source of a thick man tle of dacitic pum ice that
blan kets the sur round ing area. The 2.5 x 3 km wide
lake-filled Xiloá (Jiloá) maar, is lo cated im me di ately SE of
Apoyeque. The Talpetatl lava dome was con structed be -
tween Laguna Xiloá and Lake Managua. Pumiceous
pyroclastic flows from Laguna Xiloá were erupted about
6,100 years ago and over lie de pos its of com pa ra ble age
from the Masaya plinian eruption.

In for ma tion Con tact: Instituto Nicaragüense de
Estudios Territoriales (INETER), Apartado Postal 2110,
Managua, Nic a ra gua (Email: ineter@ibw.com.ni).

Colima

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

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

Our most re cent re ports on Colima (BGVN 33:04 and
33:10) dis cussed new dome growth be tween Feb ru ary 2007 
and No vem ber 2008. This re port pro vides an up date on the
dome growth through May 2009.

Ac cord ing to a re port from the Colima Ob ser va tory, the
slow growth of Colima’s new lava dome con tin ued (fig ure
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Fig ure 14. Dome vol ume ver sus time at Colima dur ing Jan u ary 2007 to
March 2009. Cour tesy of Colima Vol cano Ob ser va tory.

Fig ure 15. A typ i cal daily seismogram at Colima, show ing small
ex plo sions dur ing 1800 hours on 28 Feb ru ary to 1800 hours on 29
Feb ru ary 2009. Re corded at sta tion EZV4, lo cated 1.7 km from the crater;
ver ti cal lines are 1-min ute in ter vals. Cour tesy of Colima Vol cano
Ob ser va tory.

Fig ure 16. Pho tos of Colima show ing the ed i fice (top) and close-up of the
crater (bot tom). View is from the Nevado video sta tion on 25 March 2009.
Cour tesy of Colima Vol cano Ob ser va tory.



14). By March 2009, the vol ume was about 1,400,000 m3,
roughly 80% of the to tal crater vol ume. Since the be gin ning 
of Oc to ber 2007 the mean ef fu sion rate has been ~ 0.03 m3/
s. Dur ing the last two years, dome growth has been ac com -
pa nied by 5-10 small ex plo sions daily with out sig nif i cant
variations (figure 15).

To im prove mon i tor ing of the dome growth and any
lava flows, pyroclastic flows, and ex plo sive col umns, the
video sta tion Nevado has been up graded with two ad di -
tional video cam eras. These cam eras al low dig i tal im ages
of the crater and the whole vol ca nic ed i fice of Colima to be
taken ev ery 4 sec onds (fig ure 16). The sta tion is sit u ated at

~ 4,000 m el e va tion, be low the
sum mit of Nevado de Colima and
5.8 km N of the Volcán de Colima 
crater.

Ta ble 1 con tains a con den sa -
tion of re ports on Colima ash
plumes and se lected erup tions
dur ing 4 Jan u ary 2006 though 25
May 2009.

Geo logic  Sum mary.  The
Colima vol ca nic com plex is the
most prom i nent vol ca nic cen ter of 
the west ern Mex i can Vol ca nic
Belt. It con sists of two south -
ward-younging vol  ca noes ,
Nevado de Colima (the 4320 m
high point of the com plex) on the
N and the 3,850-m-high his tor i -
cally ac tive Volcán de Colima at
the south.  A group of  cin der
cones of late-Pleis to cene age is
lo cated on the floor of the Colima
graben W and E of the Colima
com plex. Volcán de Colima (also
known as Volcán Fuego) is a
youth ful  s tra tovolcano con -
structed within a 5-km-wide cal -
dera, breached to the S, that has
been the source of large de bris av -
a lanches. Ma jor slope fail ures
have oc curred re peat edly from
both the Nevado and Colima
cones, and have pro duced a thick
apron of de bris-av a lanche de pos -
its on three sides of the com plex.
Fre quent his tor i cal erup tions date
back to the 16th cen tury. Oc ca -
sional ma jor ex plo sive erup tions
(most re cently in 1913) have de -
stroyed the sum mit and left a
deep, steep-sided crater that was
slowly ref i l led and then
overtopped by lava dome growth.

In for  ma t ion Con tacts:
Observatorio Vulcanológico de la 
Universidad de Colima, Colima,
Col., 28045, México (URL: http:/
/www.ucol.mx/volcan); Wash ing -
ton Vol ca nic Ash Ad vi sory Cen ter 
(VAAC) ,  Sat  el  l i te  Anal  y s is
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/
); Gobierno del Estado de Colima
(URL: http://www.colima-estado.
gob.mx/2006/index.php).
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Date
Max plume

altitude (km)

Plume drift

direction
Re marks

04 Jan-09 Jan 2006 6.7 NE, SW —

11 Jan-15 Jan 2006 9.1 ENE —

04 Feb-07 Feb 2006 8.5 — —

22 Feb-26 Feb 2006 9.1 NE —

26 Mar-27 Mar 2006 6.1 — —

01 Apr-03 Apr 2006 7.9 — —

08 Jul 2006 — — Ash emis sion to un known height.

29 Oct 2006 6.1 S —

06 Nov 2006 6.1 NE —

19 Nov 2006 5.5 W, SW —

30 Nov 2006 6.7 SE, NE —

15 Dec 2006 — SE, W Con tin u ous ash-and-steam emis sions.

21 Mar-27 Mar 2007 5.2 NE In can des cent ma te rial to 50-150 m.

11 Apr-16 Apr 2007 6.1 W Mul t i  p le ,  some t imes  con t in  u  ous
ash-and-steam emis sions.

26 Apr 2007 — NW —

28 and 30 Apr 2007 — — In can des cent ma te rial to 100 m.

31 May 2007 — S, SW —

19 Sep-23 Sep 2007 4-4.9 Var i ous —

31 Oct-01 Nov 2007 4.5 N —

26 Nov-29 Nov 2007 7.3 W, NNE Mul ti ple steam and steam-and-ash plumes
to 3.9-4.6 km.

03 Dec-04 Dec 2007 — — Mul ti ple steam and steam-and-ash plumes
to 3.9-4.6 km.

12 Dec-18 Dec 2007 4-4.4 Var i ous Mul ti ple plumes

20 Dec-25 Dec 2007 4.3-4.7 — —

29 Dec-30 Dec 2007 4-4.3 Var i ous In can des cent ma te rial ejected.

14 Feb-19 Feb 2008 4.4 Var i ous —

12 Mar-18 Mar 2008 3.9-4.8 Var i ous —

01 Apr-07 Apr 2008 4.2-6.4 Var i ous Mul ti ple plumes; in can des cent ma te rial
ejected 150 m; in can des cent av a lanches.

08 Apr-15 Apr 2008 4.5-4.9 Var i ous Mul ti ple plumes; in can des cent ma te rial
ejected 50 m.

13 May 2008 — NW —

03 Jun-09 Jun 2008 4-4.8 Var i ous —

13 Aug-18 Aug 2008 4-4.7 Var i ous Mul ti ple plumes

22 Oct-28 Oct 2008 3.9-4.5 Var i ous Mul ti ple plumes

30 Oct-31 Oct 2008 4.1-4.3 — White plumes

02 Nov 2008 4.6 SW, E Gray plumes

03 Dec-08 Dec 2008 6.4 — Gray plumes and white plumes.

09 Dec-16 Dec 2008 3.9-5.8 SE, N —

02 Jan 2009 4.1 — In can des cent ma te rial ejected 100 m.

03 Jan-05 Jan 2009 4-4.2 Var i ous Mul ti ple gray and white plumes

03 Feb-10 Feb 2009 3.9-4.9 — Mul t i  p le  gray and whi te p lumes;
in can des cent ma te rial ejected 50 m.

25 Feb-03 Mar 2009 3.9-4.5 — Mul ti ple gray and white plumes.

25 Mar-31 Mar 2009 3.9-4.6 Var i ous Mul ti ple gray and white plumes

08 Apr-13 Apr 2009 3.9-5.2 Var i ous Mul ti ple gray and white plumes

21 May-25 May 2009 3.9-4.2 E, SE, S Mul ti ple gray and white plumes

Ta ble 1. Ash plumes from Colima seen be tween 4 Jan u ary 2006 and May 2009. The plume al ti tudes (height above 
mean sea level) are ap prox i mate and in di cate the high est plume dur ing the spec i fied pe riod. In can des cent
ejec tions are me ters above the sum mit. Data from the Wash ing ton Vol ca nic Ash Ad vi sory Cen ter, Universidad de
Colima, Gobierno del Estado de Colima, and news ar ti cles.



Fernandina

Galápagos Is lands, Ec ua dor
0.37°S, 91.55°W; sum mit elev. 1,476 m

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

In early April 2009, Fernandina (also known as La
Cumbre vol cano) erupted. Ac cord ing to the Ec ua dor In sti -
tute of Geo phys ics (IG), sat el lite data sug gested that the
erup tion be gan some time be tween 2200 on 10 April and
0030 on 11 April. The seis mic sta tion at Puerto Ayora, on
the nearby is land of Santa Cruz, re corded no earth quakes
as so ci ated with this erup tion. High num bers of ther mal
anom a lies ended af ter 28 April. Al though no re port is avail -
able, pho tos posted by the IG show steam ris ing from the
erup tive fis sure, but no active lava emission, on 1 May.

On the morn ing of 11 April an erup tive col umn was
seen by both a pass ing tour ist boat and Galápagos Na tional
Park rang ers lo cated on Ca nal Bolívar. Au thor i ties at the
Na tional Park re ported both lava flows and ash plumes. A
true-color MODIS im age taken on the morn ing of 11 April
showed an ash-and-steam plume ris ing from the area of ac -
tive lava flows (figure 17).

Galápagos Na tional Park Rang ers con ducted a fly over
on 13 April 2009 (fig ure 18) and found the erup tion’s in -
ten sity un di min ished. The erup tion source was a fis sure on
the SW flank, in an area ~ 500 m from the sum mit crater
near the site of the 2005 erup tion. The fis sure was ~ 200 m
long and 10 m wide, and ejected lava foun tains 15 m high.
A gas-and-ash plume drifted SW. Lava traveled sev eral ki -
lo me ters in a sin gle flow, then downslope it di vided into
three branches. Fur ther downslope it merged into two
flows, both of which reached the ocean. A large col umn of
steam rose where lava poured into the ocean.

Dur ing an over flight on the morn ing of 15 April, per -
son nel from the Galapagos Na tional Park Ser vice (GNPS)
ver i fied that the erup tion con tin ued, but with less in ten sity.
Three vents at ~ 400 m el e va tion on the south west flank

along the ra dial fis sure were ac tive (fig ure 19), feed ing a
lava flow up to 10 m wide. The area was free of clouds,
mak ing it pos si ble to ob serve a band of hot wa ter along the
coast line of the is land, near the point at which the lava en -
ters the ocean. Ac cord ing to a pre lim i nary re port from the
re search ves sel sent by the GNPS to the erup tion site, the
lava has caused deaths among dif fer ent spe cies of fish and
killed sev eral fur seals. Dur ing 15-16 April gas-and-steam
plumes from Fernandina drifted up to 555 km W.

Sat el lite im ag ery. Sat el lite im ages posted by NASA
Earth Ob ser va tory showed ash plumes on 11, 12, and 27
April in MODIS im ag ery. All of the plumes were mov ing
W and in ter preted as ash-bear ing. Based on anal y sis of sat -
el lite im ag ery, the Wash ing ton VAAC re ported that dur ing
11-14 April, gas and pos si ble ash plumes ex panded lat er -
ally up to both 300 km W and 270 km N. The erup tion also
pro duced a sub stan tial plume of sul fur di ox ide (SO2) seen
in Ozone Mon i tor ing In stru ment (OMI) im ag ery that ex -
tended far W of the is lands over the Pa cific Ocean (fig ure
20). The Aura im age in di cated a ten ta tive mass of 1.47 x
105 met ric tons. NASA’s Cloud-Aero sol Lidar and In fra red 
Path finder Sat el lite Ob ser va tions (CALIPSO) also de tected 
a sub stan tial low-altitude sulfate aerosol plume at an
altitude of ~ 3 km.

MODVOLC data. Ther mal anom a lies de tected by the
MODVOLC sys tem were mea sured from 11 April to at
least 12 May 2009 (fig ure 21). Af ter the ini tial wide spread
pix els on 11 April, the ther mal alerts were all lo cated on the 
SW flank be low the cal dera, and ex tended down to the
ocean. From 11-28 April, the num ber of the alerts dur ing
any sat el lite pass was rather large, rang ing from 45 pix els at 
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Fig ure 17. Terra MODIS sat el lite im age of vol ca nic ac tiv ity on Isla
Fernandina, 11 April 2009 (1610 UTC). Its larger neigh bor, Isla Isabela,
en cir cles the is land’s E side. The plume ex tended over the ocean and
dif fuse por tions re mained vis i ble at least 150 km W. The dif fuse plume’s
con tours partly cover denser zones of bil lowy weather clouds. The out line 
on the SW side of Isla Fernandina shows the mar gin of the hotspot
de tected on this date by MODIS. Cour tesy of Jeff Schmaltz and Michon
Scott, NASA MODIS Rapid Re sponse Team and NASA Earth
Ob ser va tory.

Fig ure 18. Ae rial photo of Fernandina, 13 April 2009, show ing
fountaining lava along a fis sure feed ing lava flows downslope (left).
Cour tesy of the Of fice of Pub lic Re la tions, Galápagos Na tional Park
Ser vice.

Fig ure 19. Ae rial photo of Fernandina, 15 April 2009, show ing three
ac tive vents along the ra dial fis sure. Cour tesy of the Of fice of Pub lic
Re la tions, Galápagos Na tional Park Ser vice.



the on set of the erup tion to 20 pix els af ter two weeks. In ter -
mit tent anom a lies were detected through 21 May 2009.

Geo logic Sum mary. Fernandina, the most ac tive of
Galápagos vol ca noes and the one clos est to the Galápagos
man tle plume, is a ba saltic shield vol cano with a deep 5 x 6.
5 km sum mit cal dera. The vol cano dis plays the clas sic
“over turned soup bowl” pro file of Galápagos shield vol ca -
noes. Its cal dera is elon gated in a NW-SE di rec tion and
formed dur ing sev eral ep i sodes of col lapse. Cir cumfer ential 
fis sures sur round the cal dera and were in stru men tal in
growth of the vol cano. Re port ing has been poor in this un -
in hab ited west ern end of the ar chi pel ago, and even a 1981
erup tion was not wit nessed at the time. In 1968 the cal dera
floor dropped 350 m fol low ing a ma jor ex plo sive erup tion.
Sub se quent erup tions, mostly from vents lo cated on or near
the cal dera bound ary faults, have pro duced lava flows in -
side the cal dera as well as those in 1995 that reached the
coast from a SW-flank vent. Col lapse of a nearly 1 cu km
sec tion of the E cal dera wall dur ing an erup tion in 1988
pro duced a de bris-av a lanche de posit that covered much of
the caldera floor and absorbed the caldera lake.

In for ma tion Con tacts: Geo phys i cal In sti tute (IG),
Escuela Politécnica Nacional, Apartado 17-01-2759, Quito, 
Ec ua dor (URL: http://www.igepn.edu.ec/); Galápagos Na -
tional Park Ser vice, Min is try of the En vi ron ment, Isla
Santa Cruz, Galápagos, Ec ua dor (URL: http://www.
galapagospark.org/); Galapagos Con ser vancy, 11150
Fairfax Blvd, Suite 408, Fairfax, VA 22030, USA (URL:
http://www.galapagos.org/); Wash ing ton Vol ca nic Ash Ad -
vi sory Cen ter (VAAC), Sat el lite Anal y sis Branch, NOAA/
NESDIS E/SP23, NOAA Sci ence Cen ter Room 401, 5200
Auth Road, Camp Springs, MD 20746 USA (URL: http://
www.ssd.noaa.gov/); Hawai’i In sti tute of Geo phys ics and
Plan e tol ogy (HIGP) Ther mal Alerts Sys tem, School of
Ocean and Earth Sci ence and Tech nol ogy (SOEST), Univ.
of Hawai’i, 2525 Cor rea Road, Ho no lulu, HI 96822, USA
(URL: http://hotspot.higp.ha waii.edu/); Si mon Carn, Dept
of Geo log i cal and Min ing En gi neer ing and Sci ences, Mich -
i gan Tech no log i cal Uni ver sity, 1400 Townsend Dr.,
Hought on, MI 49931, USA (URL: http://www.volcarno.
com/, http://so2.umbc.edu/omi/; Email: scarn@mtu.edu);
NASA Earth Ob ser va tory (URL: http://earthobservatory.
nasa.gov/).
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Fig ure 20. Plume of SO2 that ex tended far W of Fernandina, over the
Pa cific Ocean, im aged by the Ozone Mon i tor ing In stru ment (OMI) on
NASA’s Aura sat el lite from 1947-2130 UTC on 14 April 2009. In this
im age, SO2 is mea sured in Dobson Units. (See key to shad ing of col ors
along bot tom edge.) NASA im age cour tesy Si mon Carn.

Fig ure 21. Graph show ing the larg est num ber of daily MODVOLC
ther mal alerts at Fernandina, 10 April-22 May 2009. For many of the days
dur ing this event, ther mal alerts were mea sured in 3-4 sat el lite cross ings;
only the cross ing with the high est num ber of pix els per day were se lected
for the graph. Data cour tesy of Hawai’i In sti tute of Geo phys ics and
Plan e tol ogy (HIGP) Ther mal Alerts Sys tem.


