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Tungurahua

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

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

This re port dis cusses Tungurahua’s be hav ior dur ing
Au gust 2005 through the end of July 2006. Ma te rial pre -
sented here was chiefly gleaned from a se ries of spe cial re -
ports is sued in Span ish by the Instituto Geofísico of the
Escuela Politécnica Nacional (IGEPN, here af ter IG). Daily
re ports for mid-2005 through early 2006 were dom i nated
by de scrip tions of small plumes and mi nor ashfall; the re -
ports also noted oc ca sional small rain-gen er ated lahars. For
the most part 2005 was the qui et est year since erup tions
began in 1999, lead ing res i dents and vol ca nol o gists to pon -
der if emis sions were ter mi nat ing. This re port omits much
dis cus sion of evac u a tions and haz ard-sta tus post ings. Large 
erup tions with a Vol ca nic Explosivity In dex (VEI) of 3 that 
con tin ued into at least late Au gust 2006 will be the sub ject
of the next Bul le tin re port.

Dur ing late De cem ber 2005 seis mom e ters de tected sud -
den clus ters of tremor and earth quakes. In ter vals of quiet
were bro ken by the ar rival of sig nals with en ergy over a
broad fre quency range (fig ures 1 and 2). These sig nals and
later man i fes ta tions at the sur face in late March-early April
were thought to be re lated to a new in jec tion of magma. As
a con se quence, IG be gan to pro duce a se ries of spe cial re -
ports (ta ble 1). Be gin ning in Feb ru ary 2006 and par tic u larly 
dur ing May-June 2006, the vol cano was the scene of par tic -
u larly sig nif i cant events, in clud ing the larg est det o na tions
heard and seen since erup tions re newed in 1999. Other ob -
ser va tions in cluded a shift in erup tive style, and gen er a tion
of some pyroclastic flows dur ing the 14 July (VEI 2) erup -
tion. No ta ble also were con stant “roars” and vi bra tions of

such strength and du ra tion that they keep res i dents awake at 
night and caused some to vol un tarily evac u ate.

A map and ta ble of com monly re ferred-to lo ca tions ap -
peared in a pre vi ous is sue (BGVN 29:01). Our last re port on 
Tungurahua cov ered Feb ru ary 2004 to July 2005 (BGVN
30:06), dur ing which time vol ca nic and seis mic ac tiv ity
var ied, but in cluded some in ter vals with com par a tively low
ac tiv ity and seis mic ity such as Feb ru ary to mid-July 2005.

Ac tiv ity dur ing June to mid-De cem ber 2005. From
June 2005 through mid-De cem ber 2005, vol ca nic and seis -
mic ac tiv ity at Tungurahua was at rel a tively low lev els.
Low-en ergy plumes com posed of gas, steam, and oc ca sion -
ally small amounts of ash were emit ted fre quently. Some
note wor thy events dur ing this in ter val fol low.

On 7 June 2005, fine ash fell in the Puela sec tor, ~ 8 km
SW. On 24 June, about an hour af ter an ash erup tion, a nar -
row plume was iden ti fied in multispectral sat el lite im ag ery.
The ash plume was at an al ti tude of ~ 5.5 km and ex tended
35-45 km W from the sum mit.

Ash plumes rose to an al ti tude of 5.8 km on 4 July. On
21 and 22 Au gust, ash fell in the town of Bilbao, 8 km W of 
the vol cano. On 25 Au gust, ash fell NW of the vol cano in
the towns of Bilbao and Cusúa. On 1 Sep tem ber, ash fell
~ 8 km SW of the sum mit in the Puela sec tor.

On 10 Sep tem ber, a lahar af fected an area near the new
Baños-Penipe high way. On 14 Sep tem ber, a steam col umn
with lit tle ash reached  ~ 300 m above the crater and drifted
W; small amounts of ash fell in Puela. A small amount of
ash fell in the towns of Cusúa and Bilbao dur ing the morn -
ing of 21 Sep tem ber. Fumaroles on the outer edge of the
crater were vis i ble from Runtún (6 km NNE of the sum mit)
af ter not be ing seen for 6 months. Steam-and-gas plumes
rose ~ 1 km and drifted W. A pi lot re ported an ash plume
on 29 Sep tem ber at an al ti tude of ~ 6.1 km.

Dur ing Oc to ber, and No vem ber heavy rain caused
lahars to travel down some of the gorges on the vol cano’s

flanks. On 3 and 13 No vem ber
lahars caused the tem po rary clo -
sure of  the Baños-Riobamba
high way, and a high way in Pam -
pas. On 15 No vem ber ash plumes
rose to ~ 9.1 km; on 23 No vem ber 
plumes rose to ~ 6.7 km.

On 13 De cem ber, lahars were
gen er ated at Tungurahua that
trav eled down the Juive (NNW)
and Achupashal (W) gorges. On
14 De cem ber a steam-and-ash
cloud rose ~ 1 km above the vol -
cano. On 17 De cem ber, lahars
were gen er ated in the NW and W
zone of the vol cano. There were
re ports of lahars to the W in the
Chontapamba sec tor that blocked
the Baños-Penipe high way, in the
Salado sec tor where the vol ume
of wa ter in the Vazcún in creased
by 70 per cent, and in the NW (La
Pampa) sec tor.

Re turn, in ci dence, and sig -
nif i cance of broad band seis mic -
ity. An im por tant vari a tion in be -
hav ior was noted dur ing late
De cem ber 2005, with the ap pear -
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Fig ure 1. Plots show ing daily tal lies of Tungurahua’s seis mic ity–vol cano-tec tonic, long-pe riod, emis sion,
ex plo sion, to tal num ber of earth quakes, and to tal en ergy re lease–from 1 Jan u ary 2003 to end of July 2006.
Cour tesy of IG.



ance of long-pe riod-earth quake swarms. The swarms pre -
ceded emis sions and ex plo sions. Such swarms were as so ci -
ated with mid-Feb ru ary 2006 ash-bear ing ex plo sions
dis cussed be low. Af ter 21 March 2006, the swarms be came 
yet more com mon and stron ger. They were joined by
low-fre quency harmonic tremor.

In ter preted as re lated to the
mo tion of magma, the tremor and
swarms also seemed closely as so -
ci ated with lava foun tains seen in
the crater on 25 March 2006.
Along with long-pe riod earth -
quakes there were two ep i sodes of 
high-am pli tude tremor dur ing 4-5
April 2006. Such seis mic ity had
been ab sent for about a year.
Small lava foun tains wit nessed on 
the night of 17 April 2006 were
again pre ceded by long-pe riod
earth quakes and banded tremor.

As a re sult, IG dis trib uted two
spe cial re ports (#2 & 3). The lat -
ter con tained a spec tro gram for
late April 2006, il lus trat ing in ter -
vals of rel a tive quiet (up to ~ 5
hours  long)  punc tu  a ted by
broad-band sig nals (i.e. co in ci -
dent earth quakes and tremor)
some times in tight clus ters lasting 
~ 90 minutes.

Jan u ary-May 2006. At the
be gin ning of Jan u ary 2006, ex -
plo sions gen er ated mod er ate
amounts of ash, but seis mic ity re -
mained low. Though clouds ob -
scured the vol cano dur ing much
of 18-24 Jan u ary 2006, steam
clouds with mi nor ash con tent
were seen on 20 and 22 Jan u ary.
A dis  charge of  muddy,  sed i  -
ment-laden wa ter along W-flank
val leys on 23-24 Jan u ary blocked
the high way. On 25 Jan u ary light
rain caused lahars to flow in the
NW sec tor. The lahars de scended
a NNW-flank gorge from the vil -

lage of Juive, caus ing the clo sure of the Baños-Penipe high -
way. Around 28 Jan u ary, ash fell in the vil lage of Puela. On 
31 Jan u ary, a steam-and-ash plume rose ~ 1 km above the
vol cano and drifted W. A small lahar closed a road in Pam -
pas for 2 hours.
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Num ber Date Key ob ser va tion(s)

1 18 Feb 2006 Mod er ate ex plo sions and tephra falls in Puela (SW), Paillate (W), Ambato (NW) and Baños (N).

2 07 Apr 2006 Ep i sodes of strong vol ca nic tremor and in crease in num ber of long-pe riod seis mic events, in di cat ing new magma in jec tion.

3 25 Apr 2006 No ta ble banded tremor, the in ferred prod uct of new in jected magma in ter act ing with the hy dro ther mal sys tem.

4 12 May 2006 10 May–start of ma jor in crease in num ber of ex plo sions, long-pe riod seis mic events and tremor ep i sodes. Very strong
det o na tions (12 per hour). Peak of en ergy re lease on 14 May, then de cline. Aborted erup tion.

5 30 May 2006 Start ing 16 May, sig nif i cant de crease in ac tiv ity and su per fi cial man i fes ta tions. Ex plo sions oc cur 2-3 times per day; col umns
of gases (wa ter va por mainly) with light ash con tent pre dom i nate.

6 14 Jul 2006 Ad vi sory of in ten si fied erup tive ac tiv ity; no ta ble in crease in emis sions and strong det o na tions (at 2210 & 2250 UTC).
In can des cent lava flung from crater. Strong ground move ments re ported on W flank.

7 14 Jul 2006 Very strong det o na tions, pe riod of calm, then as cent of 15-km-high, dark, ash-laden col umn. First pyroclastic flow (at 2250
UTC) and oth ers to de scend six val leys (quebradas) on the W-NW-N flanks. In tense lava fountaining; mod er ate ash and
sco ria fall to the W.

8 15 Jul 2006 Un usu ally large dis charges with a det o na tion (at 0559 UTC), lead ing to the larg est reg is tered since 1999. Plume rose to ~ 15
km al ti tude. The erup tive style later shifted to pe ri odic det o na tions with in ter vals of calm.

Ta ble 1. A sum mary of spe cial re ports on Tungurahua is sued by the IG dur ing 2006 (re ports num bered 1-8; See IG web page-Informes Especiales-Volcanicos).

Fig ure 2. (Top) Sum mary of seis mic ity re corded at Tungurahua’s sta tion RETU dur ing 1 Jan u ary and into Au gust
2006 (slightly dif fer ent end points for two plots). Num bers of events ap pears on left-hand scale; RSAM (line), in
ap pro pri ate units, on right-hand scale (peak value is ~ 9 x 1019 ).  (Bot tom) To tal en ergy lib er ated from vol ca nic
tremor and ex plo sions dur ing Jan u ary 2003 to 1 Au gust 2006. The left-hand scale ap plies to tremor; the
right-hand scale, ex plo sions (re duced dis place ment). The sharp as cents formed by the “failed erup tion” in mid
May and the 14 July event are the larg est in creases since the ac tiv ity's on set in 1999. Note the pro nounced rise in
re duced dis place ment from ex plo sions in months 5-8 (May to Au gust) 2006. Cour tesy of IG.



On 5 Feb ru ary at 0600, a mod er ate ex plo sion sent a
steam plume, with a small amount of ash, to ~ 1 km above
the vol cano; the plume drifted SW. Light rain fall on 7 Feb -
ru ary gen er ated a lahar in the La Pampa area NW of the
volcano.

Dur ing 6-14 Feb ru ary, sev eral mod er ate-sized emis -
sions of gas and ash oc curred at Tungurahua, with plumes
ris ing to ~ 500 m above the vol cano. Long-pe riod earth -
quakes in creased in num ber on the 6th. An ex plo sion
around mid night on 12 Feb ru ary ex pelled in can des cent vol -
ca nic ma te rial that trav eled down the N flank of the vol -
cano. A small amount of ash fell in the town of Puela, SW
of the volcano.

IG is sued a re port (#1; Boletín Es pe cial Volcán
Tungurahua) on 18 Feb ru ary 2006 not ing slight in creases
in ac tiv ity that week. Ex plo sions were mod er ate; how ever,
ashfall oc curred in some set tle ments bor der ing the vol cano. 
IG sum ma rized the week with a ta ble sim i lar to one be low,
with mul ti ple cases of ash fall on local towns (table 2).

Ac tiv ity at Tungurahua dur ing 28 Feb ru ary to 6 March
con sisted of low-level seis mic ity and emis sions of steam
and gas, with low ash con tent. An
ex plo sion on the 28th pro duced a
plume com posed of steam, gas,
and some ash that reached ~ 3 km
high.

In ad di tion to the mod er ate
ex plo sions dur ing 8-10 March,
light driz zle pro duced muddy wa -
ter in the gorges on the vol cano’s
W flank.  As a  re  sul t  the
Baños-Penipe high way was
closed for sev eral hours. On 9
March, ash fell in the zone of
Juive on the vol cano’s NW flank.
On 10 March,  ash fell  in  the
towns of Pillate, Pondoa, Runtún,
and Cusúa (on the W to NW to
NNE flanks).

Dur  ing 16-20 March,
small-to-mod er ate ex plo sions oc -
curred at Tungurahua that con -
sisted of gas, steam, and small
amounts of ash. Plumes rose to
~ 3 km above the vol cano. Dur ing 
22-27 March, similar ex plo sions
con sisted of gas, steam, and small
amounts of ash. Plumes rose as
high as ~ 1 km above the vol cano
on sev eral days. An ex plo sion on
26 March was ac com pa nied by
in can des cent blocks that rolled
down the volcano’s NW flank.

On 18 Feb ru  ary,  smal l
amounts of ashfall were re ported
at the ob ser va tory, Cotaló, Cusúa, 
and other set tle ments (ta ble 2).
On 19 Feb ru ary, rain fall gen er -
ated a small mud flow SW of the
vol cano in the Quebrada Rea sec -
tor of Puela.

Ta ble 3 sum ma rizes ob ser va -
tions as so ci ated with plumes and
seis mic ity dur ing 15 Feb ru ary to

8 May 2006. Many ob ser va tions in that in ter val noted
small-to-mod er ate ex plo sions or other emis sions. Ash
plumes to 1-3 km above the vol cano (6-8 km altitude) were
typical.

Dur ing this 15 Feb ru ary to 8 May time in ter val ash af -
fected lo cal i ties as fol lows. Dur ing 29 March to 2 April, ash 
fell in the Bilbao, Choglontus, Puela, and Manzano sec tors,
and in can des cent blocks rolled down the vol cano’s NW
flank. Around 9 March, ash fell in the Baños, Guadalupe,
Chogluntus, Bilbao, and Manzano sec tors. Around 1500 on 
9 March, sev eral lahars trav eled down W-flank gorges, dis -
rupt ing traf fic along the Baños-Penipe high way. An ex plo -
sion on 26 March was ac com pa nied by in can des cent blocks 
that rolled down the NW flank. Dur ing 11-17 April, a small 
amount of ash fell in the Pondoa sector N of the volcano.

In creased ac tiv ity start ing 10 May 2006. Seis mic ity for 
mid-April 2006 to mid-Au gust 2006 ap pears in fig ure 3.
The fig ure shows the time se quence of hypocenters with
var i ous sig nal types given sep a rate sym bols. Be tween April 
and May there was a shallowing of event lo ca tions (in di -
cated by the ar row on the left) from -4 km to +2 km. At that
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Date
Num ber of
ex plo sions

Lo ca tion and com ment

13 Feb 2006 1 Puela (~ 8 km SW of the sum mit), ashfall dur ing the day.

14 Feb 2006 4 Puela, ashfall dur ing the af ter noon.

15 Feb 2006 4 No ashfall re ported.

16 Feb 2006 9 Runtún, ashfall at dawn; Ob ser va tory (OVT), Pelileo, Baños, and Gar cia
Moreno sub jected to light ashfall in the morn ing; Bilbao, Cusúa, Puela,
Humbaló, Bolívar, and Pillate sub jected to strong ashfall in the morn ing.

17 Feb 2006 3 In Chacauco, Cusúa, and Juive ash fell at dawn and part of the morn ing. In
Pillate, Cotaló, Cusúa, and Huambaló, ash in the morn ing. In Bilbao,
ashfall all day; and Chogluntus, small ashfall dur ing the af ter noon.

18  Feb 2006
(un t i l  about
1200)

1 In Baños, OVT, Salasaca, Pondoa, Bilbao, San Juan, and Pelileo, ashfall
at dawn. In Baños and Ambato, ashfall in both the morn ing and af ter noon.

Ta ble 2. A sum mary of Tungurahua’s ash falls dur ing an ac tive in ter val, 13-18 Feb ru ary 2006, and the set tle ments
af fected. OVT stands for the Observatorio Volcán Tungurahua, a fa cil ity 13 km NW of the sum mit, down val ley
from the town of Patate. The re port was is sued at 1330 on the 18th, ex plain ing why the en tries only ap plied to the
first half of that day. Cour tesy of IG (spe cial re port #1).

Date range (2006) De scrip tion of activity (plume heights in ki lo me ters above the sum mit).

15 Feb-19 Feb Ash plume as high as 3 km.

26 Feb-27 Feb Steam and gas with low ash con tent; on the 26th, 1 plume to ~ 3 km; on the 27th, to 1
km. Both plumes drifted NW.

28 Feb-06 Mar Steam and gas with low ash con tent; on the 28th, 1 plume to ~ 3 km. Low seis mic ity.

08 Mar-10 Mar Sev eral ex plo sions with low ash con tent re sult ing in plumes un der 2 km.

16 Mar-20 Mar Small-to-mod er ate ex plo sions con sist ing of gas, steam, and small amounts of ash.
Plumes rose to ~ 3 km.

22 Mar-27 Mar Small-to-mod er ate ex plo sions con sist ing of gas, steam, and small amounts of ash.
Plumes rose as high as ~ 1 km above the vol cano on sev eral days.

29 Mar-02 Apr Small-to-mod er ate ex plo sions con sist ing of gas, steam, and small amounts of ash.

04 Apr-10 Apr Small-to-mod er ate ex plo sions at Tungurahua con sist ing of gas, steam, and small
amounts of ash. On the 9th, plumes rose to ~ 3 km.

11 Apr-17 Apr Small-to-mod er ate ex plo sions pro duced gas, steam, and small amounts of ash. On the
13th, plumes rose to ~ 2 km. High seis mic ity.

19 Apr-23 Apr Small-to-mod er ate ex plo sions pro duced gas, steam, and small amounts of ash. On the
19th, plumes rose to ~ 3 km. High seis mic ity.

28 Apr-01 May Small-to-mod er ate ex plo sions; gas, steam, and small amounts of ash. On the 28th, a
plume rose to a max i mum height of ~ 2 km. High seis mic ity.

04 May-08 May Small-to-mod er ate ex plo sions; gas, steam, and small amounts of ash. High
seis mic ity, dom i nated by ex plo sions and long-pe riod earth quakes.

Ta ble 3. A com pi la tion of some daily and weekly ob ser va tions from Tungurahua dur ing 15 Feb ru ary to 8 May
2006. Cour tesy of IG.



point, ex plo sion sig nals sud denly be gan to dom i nate. Those 
ex plo sion sig nals came from depths in the range from 0 to
over +4 km depth. The 14 May seis mic cri sis seem ingly
ended with out a large erup tion. Ex plo sion sig nals con tin -
ued; how ever, they ceased dom i nat ing un til around the time 
of the 14 July erup tion when they again be came the chief
sig nal (cir cled area) just prior to the eruption breaking out
at the surface.

IG put out spe cial re port #4 with a cau tion ary tone. In
the 48 hours start ing around 10 May, there was a very im -
por tant in crease in ac tiv ity. IG judged the anom a lous,
high-ac tiv ity con di tions as se vere as pre vi ous ones dur ing
this cri sis (spe cif i cally, equiv a lent to those of Oc to ber-De -
cem ber 1999, Au gust 2001, Sep tem ber 2002, and Oc to ber
2003). The sum mary that fol lows largely omits the dis cus -
sion of plau si ble sce nar ios aimed at pub lic safety; how ever, 
the IG noted that if rapid es ca la tion were to oc cur dur ing
the cur rent un sta ble sit u a tion, they might not have time to
is sue alerts. They also noted that the eruption might calm.

Dur ing the roughly two-day in ter val, seis mom e ters reg -
is tered over 130 ex plo sion sig nals, av er ag ing about three
ex plo sions per hour, but with a max i mum of 12 per hour.
The gen eral ten dency was to wards yet more in creases in the 
num ber of ex plo sion sig nals. The ac tiv ity was ac com pa nied 
by con tin u ous sig nals de scribed as har monic tremor and
emis sion-re lated tremor, and af ter 10 May these tremor sig -
nals were also more in tense and fre quent. In spite of the in -
crease in ex plo sion and tremor signals, emis sions of mag -
matic gases (SO2) and ash stayed at relatively low levels.

First-hand ob ser va tions dur ing 10-12 May de scribed
ex traor di narily loud ex plo sions heard from 30-40 km away
in Pillaro and from~ 31 km NW in Ambato, but ab sent 30
km SW in Riobamba. In set tle ments near the vol cano, in -
clud ing Cusúa on the vol cano’s W foot, glass win dows
shat tered. In some ar eas, roars were suf fi ciently in tense that 
vi bra tions in win dows and houses kept in hab it ants awake at 
night. The in ten si ties of erup tions from 10 May were rem i -
nis cent of the erup tion’s onset in 1999.
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Fig ure 3. Tem po ral evo lu tion of depth for var i ous kinds of hypocenters re corded at Tungurahua be tween April and Au gust 2006. Left-hand scale, depth, is fixed 
to sea level (i.e. 0 is at mean sea level.). The leg end shows the sym bols for the var i ous sig nal types shown: VT (vol cano-tec tonic earth quakes), LP (long-pe riod
earth quakes), EXP (ex plo sion sig nals), and EMI (emis sion sig nals). Cour tesy of IG.

Fig ure 4. Con sec u tive re cords for 14-15 July 2006 (up per and lower
pan els, re spec tively) ob served from the broad band seis mic sta tion Mson
lo cated on Tungurahua’s SW flank at 3.2 km elevation. Time marks on the
y-axis show hours (0 to 24) of the day, x-axis marks show min utes (0 to
60). Note the rel a tive quiet on 14 July prior to erup tion's on set at 1733.
The lat ter  was pre ceded by ~ 20 min utes of tremor. Cour tesy of IG.



From the ob ser va tory in the Guadelupe sec tor (13 km
NW of the cone) night ob serv ers saw the ejection and roll -
ing de scent of large glow ing blocks of lava, and the crater
gave off a per ma nent glow. How ever, ash emis sions were
con sid er ably re duced; the chief com po nent vent ing was
steam with few other gases. The re sult ing out bursts were
not con tin u ous and they were too weak to form mush room
clouds. This was in con trast to other pe ri ods of high ac tiv ity 
(e.g. Au gust 2001, Sep tem ber 2002, and Oc to ber 2003),
when sus tained ash-bear ing erup tion columns and ash falls
were common.

IG spe cial re port #4 noted that the tremor sig nals dur ing 
a 48-hour in ter val af ter 10 May
were the stron gest re corded since
the erup tions re newed in 1999.
The num ber of ex plo sions and
their seis mic en ergy were the
high est re corded since the end of
2003, but was less than reg is tered
dur  ing No vem ber  1999 and
mid-2000.

On 30 May IG is sued its next
spe cial re port (#5), which noted
el e vated erup tive ac tiv ity dur ing
8-14 May, but a clear de crease
there af ter. Dur ing 10-21 May, the 
fol low ing in stru ments de tected
the stated num bers of ex plo sions:
seis mom e ters, 801; and in fra sonic 
re cord ers, 682. The peak in these
ex plo sions oc curred on 14 May, a 
day when the in stru ment counts
were as fol lows: seis mom e ters,
221; in fra sonic, 204. As in the
pre vi ous re port, in hab it ants close
to the vol cano heard loud roars,
and in some cases were sleep less
due to vi bra tions heard or felt in
their homes at night. These con di -
t ions con vinced res  i  dents in
Cusúa to move dur ing the night.
But start ing the 16th, the num ber
and in ten sity of ex plo sions per
day de creased dras ti cally, with
only 17 ex plo sions re corded on
the 16th, drop ping in later days to
2 or 3 daily ex plo sions. Ac cord -
ing to a lo cal mayor, given the
lack of noises and rel a tive calm,
evacuees from Cusúa returned
home.

The lull in ex plo sions co in -
cided with on go ing fluc tu a tions in 
seis mic ity. The IG in ter preted this 
as a sign of con tin ued in sta bil ity
linked to the mo tion of flu ids at
depth. The lull in ex plo sion sig -
nals ac com pa nied in creased gas
emis sions, which grad u ally came
to con tain more and more ash.
Small, lo cal ash fall again be gan
to oc cur. Start ing 17 May it be -
came com mon to see ash col umns 

ex tend ing to 4 km above the summit, frequently blown
NW.

Re ports for the week fol low ing 17 May by the Wash -
ing ton VAAC also dis cussed the in creas ing ash plumes. On 
18 May, an ash plume reached an al ti tude of 5.2 km above
the crater and ex tended NW. The Wash ing ton VAAC also
noted that on 19 May, the Instituto Geofísico ob served an
ash plume that reached an al ti tude of 12 km. On sat el lite
im ag ery, ash plumes were vis i ble on 20 and 23 May and ex -
tended SW. Hotspots were vis i ble on sat el lite im ag ery 19,
20 and 23 May. The ash plume and in can des cence on 23
May were also ob served on the scene by Instituto Geofísico 
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Fig ure 6. Pyroclastic flow routes and de pos its on Tungurahua’s lower W flank (near Cusúa). Photographed 14
July 2006 Cour tesy of IG.

Fig ure 5. Paths where pyroclastic flows de scended dur ing Tungurahua’s erup tion of 14-15 July 2006. The
as so ci ated ashfall de pos its are iden ti fied at points W of the vol cano’s sum mit (thick nesses in mm). For scale,
ad ja cent E-W grid lines are 4.44 km apart (and Cotalo, on the NW flank is ~8.5 km from the sum mit).  Grid lines
are lat i tude and lon gi tude in de grees (heavy type) and dec i mal de grees (light type); lines are sep a rated by 0.04
de grees N-S, and 0.05 de grees E-W. Cour tesy of IG.



staff. On 25 May a sig nif i cant me te o ro log i cal ad vi sory
(SIGMET) in di cated an ash plume to an al ti tude of 5 km.
On 27 and 30 May, the VAAC re ported that the Instituto
Geofísico ob served ash plumes at al ti tudes of 7.9 km and 5
km re spec tively. IG noted that be hav ior dur ing the last few
weeks of May seemed con sis tent with a grad ual de crease
from the state of elevated activity seen in mid-May.

Al though sat el lite ther mal data pro duced alerts dur ing
8-14 May, these ceased later in the month. The re duced
ther mal flux was taken to sug gest re duced man i fes ta tions in 
the crater dur ing mid to late May. Co in ci dent with that, de -
for ma tion data sug gested rel a tive sta bil ity, par tic u larly
com pared to the sig nif i cant variations seen earlier in May.

Dur ing 28 June-4 July, small-to-mod er ate ex plo sions at
Tungurahua pro duced plumes com posed of gas, steam, and
small amounts of ash that reached 1.5 km above the sum -
mit. Light ashfall was re ported in nearby lo cal i ties dur ing
29 June-2 July. On 29 June, re ports of ground move ment
co in cided with an ex plo sive erup tion that sent blocks of in -
can des cent ma te rial as far as 1 km down the W flank.

Dur ing 5-11 July, seis mic ac tiv ity in di cat ing ex plo sions 
in creased at Tungurahua. In can des cent blocks were ejected

from the crater dur ing 5 to 8 July,
when blocks rolled ap prox i mately 
1  km down the NW flank.
Ash-and-steam plumes with mod -
er ate to no ash con tent were ob -
served to reach max i mum heights
of 2.5 km above the sum mit and
drifted to the W and NW.

Erup tive style changes af ter
pow er ful dis charges of mid-July
2006. On 14 and 15 July, IG is -
sued its next spe cial re ports (#6,
7, and 8) doc u ment ing events sur -
round ing the stron gest erup tion
yet seen dur  ing the  en t ire
1999-2006 erup tive pro cess. The
ba sis for the size assesment was
made from the seis mic re cord
based on re duced dis place ment,
some times called nor mal ized or
root-mean-square am pli tude (a
means to cor rect seis mic data to a
com mon ref er ence point; McNutt, 
2000)  The larg  es t  d is  charge
occurred at 0559 on 15 July.

On 14 July, seis mic ity was el -
e vated above that seen in the pre -
vi ous sev eral days. IG noted that
at 1710 sev eral large ex plo sions
were re corded on in stru ments, as
wel l  as  heard by peo ple .  An
eruption col umn formed, bear ing
mod er ate ash. It ini tially rose sev -
eral ki lo me ters but later was es ti -
mated to have at tained ~ 15 km
al ti tude. This was fol lowed by 20
min utes of quiet. At 1733 a huge
ex plo sion pre sum ably opened the
con duit. Im me di ately lo cal au -
thor i ties were con tacted and they
evac u ated peo ple liv ing on the
lower NW-W flanks of the cone.

Pyroclastic flows and ex plo sion sig nals are no ta ble in the
seis mic re cord (fig ure 4).
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Fig ure 7. Three pho tos de pict ing the on set of strong pyroclastic flows on Tungurahua at about 1814 on 14 July
2006. This par tic u lar pyroclastic flow de scended the Juive Grande river val ley. Photo taken from Loma Grande,
lo cated about 9 km NNW of the crater. Pho to graphed by L. Gomezjurado; cour tesy of IG.

Fig ure 8. At Tungurahua, a pyroclastic flow de scend ing the NW-trending
Mandur val ley at 0653 on 16 July 2006. Photo by P. Mothes, IG.



At 0050 on 14 July a pyroclastic flow poured down the
NW flank (the Juive Grande drain age). An as so ci ated fine
ashfall was noted 8 km SW in the town of Puela. In tense
Strombolian ac tiv ity en sued, in clud ing glow ing blocks
tossed 500 m above the crater that bounced downslope for
con sid er able dis tances. As so ci ated noises were par tic u larly
loud and heard widely, in clud ing in Ambato (30 km NW).
Look outs de scribed these sounds as dis tinc tive (“bramidos
doble golpe;” roughly trans lated as ‘dou ble roars’), a new
sound in the suite of those heard since 1999. In the Cusúa
area, and up to 13 km NW in the sec tor of the Ob ser va tory
of Guadelupe, res i dents felt intense ground movements.

At 1930 that day pum ice fell on the W flank (the sec tor
of Pillate) reach ing a thick ness of ~ 1 cm. About 10 minutes 
af ter the pum ice fall, the IG is sued the sec ond spe cial re port 
(#7) on the 14 July events. It cau tioned res i dents to re main
away from the vol cano’s W side. The next spe cial re port
(#8) noted that vari a tions in ac tiv ity pre vailed through the
end of 14 July, and that much of the first hour of 15 July
brought de creased ac tiv ity. Tremor con tin ued on 15 July,
of ten in ep i sodes with du ra tions of 4 to 5 min utes, sep a rated 
by in ter ven ing calm intervals of similar duration.

Af ter 0500 on 15 July the erup tive pro cess changed,
with the new re gime char ac ter ized by se quences of abun -
dant large ex plo sions fol lowed by in ter vals of calm last ing

30-40 min utes. A crit i cal det o na tion oc curred at 0559 on 15 
July. On the ba sis of re duced dis place ment, it ranked as the
larg est since the erup tion be gan in 1999. Other det o na tions
with sim i lar char ac ter fol lowed the ini tial one. Dur ing
0500-0555 there were 20 large det o na tions. In as sess ing the 
14-15 July erup tions, sat el lite anal y sis by both the Wash -
ing ton Vol ca nic Ash Ad vi sory Cen ter and the U.S. Air
Force Weather Agency con firmed the high est ash-plume
tops to al ti tudes of 15-16 km.

At sunup on 15 July ob serv ers found signs that a
pyroclastic flow had de scended a W-flank drain age
(Achupashal val ley, be tween Cusúa and Bilbao). The de -
pos its filled the val ley (to 5- to 10-m thick ness). Small fires
had ig nited in the veg e ta tion. A rockfall was also seen in
the Bilbao area. Ash falls were re ported, con tain ing both
ash and sco ria frag ments, af fect ing the cit ies of Penipe,
Quero, Cevallo, Mo cha, Riobamba, and Guaranda.

Ad di tional field work re vealed that pyroclastic flows
had trav eled down at least six quebradas around the vol -
cano, in clud ing Achupasal, Cusúa, Mandur, Ha ci enda,
Juive Grande, and Vascún val leys (the lat ter, upslope from
the west ern part of the touristic city of Baños).

Fig ures 5-8 de pict the dis tri bu tion of fresh de pos its as
well as some pho tos taken dur ing the 14-15 July erup tions.
Tilt and SO2 mon i tored at Tungurahua ap pear on fig ures 9
and 10. Sat el lite pho tos from 25 June and 18 July ap peared
on the NASA Earth Ob ser va tory website.

Ref er ence. McNutt, S., 2000, Seis mic mon i tor ing, in
En cy clo pe dia of Vol ca noes: Ac a demic Press (ed i -
tor-in-chief, Haraldur Sigurdsson), p. 1095-1119, ISBN
0–12-643140-X.

Geo logic Sum mary.  Tungurahua, a steep-sided
andesitic-dacitic stratovolcano that tow ers more than 3 km
above its north ern base, is one of Ec ua dor’s most ac tive
vol ca noes. Three ma jor vol ca nic ed i fices have been se -
quen tially con structed since the mid-Pleis to cene over a
base ment of meta mor phic rocks. Tungurahua II was built
within the past 14,000 years fol low ing the col lapse of the
ini tial ed i fice. Tungurahua II it self col lapsed about 3000
years ago and pro duced a large de bris-av a lanche de posit
and a horse shoe-shaped cal dera open to the W, in side

which the mod ern gla cier-capped
stratovolcano (Tungurahua III)
was con structed. His tor i cal erup -
tions have all orig i nated from the
sum mit crater. They have been
ac com pa nied by strong ex plo -
s ions and some t imes by
pyroclastic flows and lava flows
that reached pop u lated ar eas at
the vol cano’s base. Prior to a
long-term erup tion be gin ning in
1995 that caused the tem po rary
evac u a tion of the city of Baños at
the foot of the vol cano, the last
ma jor erup tion had oc curred from 
1916 to 1918, although minor
activity continued until 1925.

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/).
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Fig ure 9. Plot show ing ra dial  tilt (at sta tion RETU lo cated at 4 km
elevation on the N flank), 13 April-11 Au gust 2006. Dur ing mid-May to
mid-June 2006, tilt at the in stru ment had been in an in fla tion ary trend. 
Around 22 June the tilt shifted to de fla tion, which be came strong for a few
day just prior to the erup tion.  The erup tion oc curred af ter sev eral hours of
sud den in fla tion. Af ter the erup tion, the broad de fla tion ary trend
con tin ued un til around the be gin ning of Au gust.Cour tesy of IG.

Fig ure 10.  SO2 flux at Tungurahua as mea sured by DOAS, July 2004-July 2006. Cour tesy of IG.



Galeras

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

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

On 24 No vem ber 2005 an erup tion be gan at Galeras
that re sulted in lo cal ash fall (BGVN 31:01and 31:03). This
re port dis cusses be hav ior through mid-Au gust 2006.

Through De cem ber 2005 to the end of March 2006, the
lava dome in the main crater con tin ued to grow and seis -
mic ity re mained el e vated. Be cause of an in crease in tremor
at Galeras on 28 March 2006, Instituto Colombiano de
Geología y Minería (INGEOMINAS) raised the Alert
Level from 3 (changes in the be hav ior of vol ca nic ac tiv ity
have been noted) to 2 (likely erup tion in days or weeks).
Al though the seis mic ac tiv ity ap par ently de creased on 29
March, Galeras re mained at Alert Level 2.

INGEOMINAS re ported that Galeras re mained at a crit -
i cal state dur ing April and May 2006, with a par tially so lid -
i fied lava dome in the main crater. Seis mic ity, de for ma tion,
gas emis sions, and tem per a tures all de creased. Dur ing
10-17 April, there were small gas emis sions from the vol -
cano. Dur ing 9-15 May, there were small gas and spo radic
ash emis sions. Dur ing 12-19 June, ash col umns reached
heights of 0.6-1.4 km above the summit.

Ac cord ing to Reuters and BBC re ports, an in crease in
vol ca nic ac tiv ity 12 July prompted the Co lom bian gov ern -
ment to or der the evac u a tion of ~ 10,000 peo ple liv ing near
Galeras. INGEOMINAS re ported an in crease in seis mic ac -
tiv ity and at least two ex plo sive erup tions. Ash ac cu mu -
lated in the towns of La Florida and Nariño, about 10 km N, 
and in the town of Genoy, 5 km NE. The Alert Level was
in creased from 2 (likely erup tion in days to weeks) to 1
(erup tion im mi nent or oc cur ring). On 13 July, be cause of
de creased ac tiv ity, the Alert Level was low ered from 1 to 3. 
Ap prox i mately 2,000 people had been taken to shelters.

On 17 July, INGEOMINAS re ported that af ter the 12
July erup tion of Galeras, seis mic ac tiv ity de creased con sid -
er ably. Ob ser va tions of the dome and sec ond ary crat ers in
the W sec tor af ter 12 July showed mi nor phys i cal changes.
Weak gas plumes were ob served with out as so ci ated seis -
mic ac tiv ity. Through the first two weeks of Au gust 2006,
seis mic ac tiv ity re mained at low lev els. Gas and steam
emis sions from the main crater con tin ued. Galeras re -
mained at Alert Level 3 (changes in the be hav ior of
volcanic activity have been noted).

Geo logic Sum mary. Galeras, a stratovolcano with a
large breached cal dera lo cated im me di ately W of the city of 
Pasto, is one of Co lom bia’s most fre quently ac tive vol ca -
noes. The dom i nantly andesitic Galeras vol ca nic com plex
has been ac tive for more than 1 mil lion years, and two ma -
jor cal dera col lapse erup tions took place dur ing the late
Pleis to cene. Long-term ex ten sive hy dro ther mal al ter ation
has af fected the vol cano. This has con trib uted to large-scale 
ed i fice col lapse that has oc curred on at least three oc ca -
sions, pro duc ing de bris av a lanches that swept to the W and
left a large horse shoe-shaped cal dera in side which the mod -
ern cone has been con structed. Ma jor ex plo sive erup tions
since the mid Ho lo cene have pro duced wide spread tephra
de pos its and pyroclastic flows that swept all but the south -
ern flanks. A cen tral cone slightly lower than the cal dera
rim has been the site of nu mer ous small-to-mod er ate

historical  eruptions s ince the t ime of  the Spanish
conquistadors.

In for ma tion Con tacts: Diego Gomez Mar ti nez,
Observatorio Vulcanológico y Sismológico de Pasto
(OVSP), INGEOMINAS, Carrera 31, 1807 Parque Infantil, 
PO Box 1795, Pasto,  Co lom bia (Email:  dgomez@
ingeomin.gov.co; URL: http://www.ingeomin.gov.co/
pasto/; Email: ovp@ingeomin.gov.co); Wash ing ton Vol ca -
nic Ash Ad vi sory Cen ter (VAAC), Sat el lite Anal y sis Branch 
(SAB), NOAA/NESDIS E/SP23, NOAA Sci ence Cen ter
Room 401, 5200 Auth Rd., Camp Springs, MD 20746 USA 
(URL: http://www.ssd.noaa.gov/); El Pais (URL: http://
elpais-cali.terra.com.co/paisonline/); Reuters; Brit ish
Broad cast ing Com pany (BBC) (URL: http://www.bbc.co.
uk/).

Karthala

Como ros
11.75°S, 43.38°E; sum mit elev. 2,361 m

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

On 28 May 2006, a mag matic erup tion oc curred in side
the Chahalé cal dera of Karthala vol cano. In for ma tion in the 
pre vi ous re port (BGVN 31:06) was based on news pa per ac -
counts. This re port co mes from Hamidou Nassor, Julie
Morin, Chris to pher Gomez, Magali Smietana, François
Sauvestre, and Chris to pher Gomez.  They noted some key
ref er ences re lat ing to Karthala, in clud ing a 2001 dis ser ta -
tion (Bachèlery and oth ers, 1995; Krafft, 1982; and Nassor, 
2001).

The 28 May 2006 cri sis be gan with a few hours of el e -
vated seis mic ac tiv ity, be gin ning around 1230 (lo cal time).
Three hours later, seis mic sta tions re corded a small cri sis
that lasted for 6 hours and pro duced both SP and LP sig -
nals. Around 2107 the mag matic erup tion be gan. Seis mo -
graphs re corded a tremor only a few seconds later.

From the coast of the is land a red cloud was vis i ble
above the vol cano. Sci en tists at the Karthala ob ser va tory
met with gov ern ment rep re sen ta tives and con firmed a mag -
matic erup tion. It was not yet known if the erup tion had oc -
curred on the cal dera floor or in side the main crater. A trip
to the vol cano was nec es sary in or der to as sess the vol ca nic
ac tiv ity and de ter mine the ex act lo ca tion of the erup tion.
Two hy poth e ses were pro posed: (1) If the erup tion was lo -
cated in the N part of the cal dera, the lava could flow out -
side the cal dera, to wards pop u lated ar eas; (2) If the erup tion 
was lo cated in side the main crater, to the S, lava would re -
main in side the crater. The Comorian au thor i ties helped the
sci en tific team to get as sis tance from the South African
Army (AMISEC) to fly over the volcano.

On the morn ing of 29 May 2006, the sci en tific team and 
AMISEC per son nel flew over the vol cano. They saw that
the erup tion was con tained in side the main (Chahalé)
crater, where the past three erup tions had oc curred. A lava
foun tain was ob served in the mid dle of the lava lake (fig ure
11). No lava flow was ob served out side the cal dera. Seis -
mic re cords showed a tremor caused by the lava foun tain;
the foun tain was ap par ently spurt ing since the be gin ning of
the eruption.

On the morn ing of 31 May, the sci en tific team re turned
to Karthala with AMISEC forces. Part of the lake was still
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mo bile and bub bling, but part had so lid i fied on the sur face
in the SE and a few blocks were float ing on the side of the
lake (fig ure 12). No pro jec tiles over shot the caldera rim.

On 1 June 2006 seis mic mon i tor ing in di cated the end of
the tremor phase. On 2 June sci en tists re turned to the sum -
mit with AMISEC forces. They ob served that the sur face of 
the lava lake was so lid i fied, but the deeper por tions of the
lake re mained hot (figure 13).

Ref er ences: Bachèlery, P., Damir, B.A., Desgrolard, F., 
Toutain, J.P, Coudray, J.P., Cheminée, J-L., Delmond, J.C., 
and Klein, J.L. 1995, L’éruption phréatique du Karthala
(Grande Comore) en juillet 1991:  C.R Acad. Sci.  Paris,
320, série Iia, p. 691-698.

Krafft, M., 1982, L’éruption volcanique du Karthala en
avril 1977 (Grande Comore, Océan Indien):  C.R. Acad.
Sci.  Paris, t 294, série II, p. 753-758.

Nassor, H., 2001, Con tri bu tion à l’étude du ris que
volcanique sur les grands volcans boucliers basaltiques: le
Karthala et le Pi ton de la Fournaise:  Ph.D. the sis, Univ.
Re union.

Geo logic Sum mary. The south ern most and larger of the 
two shield vol ca noes form ing Grand Comore Is land (also
known as Ngazidja Is land), Karthala con tains a 3 x 4 km

sum mit cal dera gen er ated by re peated col lapse. Elon gated
rift zones ex tend to the NNW and SE from the sum mit of
the Ha wai ian-style ba saltic shield, which has an asym met ri -
cal pro file that is steeper to the south. The lower SE rift
zone forms the Mas sif du Badjini, a pen in sula at the SE tip
of the is land. His tor i cal erup tions have mod i fied the mor -
phol ogy of the com pound, ir reg u lar sum mit cal dera. More
than twenty erup tions have been re corded since the 19th
cen tury from both sum mit and flank vents. Many lava flows 
have reached the sea on both sides of the is land, in clud ing
dur ing many 19th-cen tury erup tions from the sum mit cal -
dera and vents on the north ern and south ern flanks. An
1860 lava flow from the sum mit cal dera trav eled ~ 13 km to 
the NW, reach ing the western coast north of the capital city
of Moroni.

In for ma tion Con tacts: Hamidou Nassor (LSTUR)
Université de la Réun ion BP 7151, 15 Av e nue, René
Cassin ,  97715 Saint-Denis  (Emai l:  hamidou.
nassor@univ-re union.fr; hamidounassor@hotmail.com;
Julie Morin, Email: julieapi@ya hoo.fr; Chris to pher
Gomez, Laboratoire de géographie phy sique CNRS LGP,
Email: kurisusing@hotmail.com; Magali Smietana , Email: 
magali.smietana@etudiant.univ-rennes1.fr; François
Sauvestre (CNDRS), BP 169, Moroni (URL: http//vol cano.
ipgp.jussieu.fr:8080/Karthala/stationkar.html).

Etna

It aly
37.734°N, 15.004°E; sum mit elev. 3,350 m

All times are lo cal (= UTC + 1 hours)

This re port cov ers the new erup tion from an E-flank fis -
sure dur ing mid July 2006. Pre vi ously, on 7 Sep tem ber
2004, an erup tive pe riod be gan that lasted un til March 2005 
(BGVN 29:09, 30:01). From March 2005 un til No vem ber
quiet de gas sing took place at the sum mit crat ers; on 16 De -
cem ber 2005 an ex plo sive se quence at the sum mit was ac -
com pa nied by an ash emis sion from the Bocca Nuova crater 
(BGVN 30:12).  This re port is from Sonia Calvari of the
Istituto Nazionale di Geofisica e Vulcanologia (INGV) and
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Fig ure 13. The floor of Karthala’s Chahalé crater re mained filled by lava
on 2 June, al though a crust had formed cov er ing much of the lava lake. 
Photo cour tesy of Chris to pher Gomez.

Fig ure 11. This lava lake was seen in the main crater, Chahalé, on 29 May.
The lava foun tain was in the N part of the lake. Some lava blocks larger
than 1 m in di am e ter are vis i ble. The gas and va por plume reached an
al ti tude of about 3 km. Photo cour tesy of Julie Morin.

Fig ure 12. Karthala’s lava lake on 31 May.  In the lake’s NW, a lava
foun tain was ac tive, while the lake’s S part had started to so lid ify. Photo
cour tesy of Magali Smietana.



cov ers the in ter val through 26 July.  Brief men tion is made
at the end of the re port about an other ep i sode start ing on 31
Au gust and go ing into at least mid-September.

On 14 July 2006 at 2330 a fis sure opened on the E flank
of the South-East Crater (SEC) sum mit cone. Two vents
along the fis sure pro duced a lava flow spread ing E to the
Valle del Bove (fig ure 14). A he li cop ter sur vey car ried out
on 16 July at 0730 showed a braided lava flow field up to 1.
7 km long. Based on the sur face area and ap prox i mate vol -
ume of this lava flow field, work ers es ti mated a mean out -
put rate of ~ 2.6 m3/s dur ing the first 32 hours of erup tion.
Dur ing the open ing phase of the erup tive fis sure, mod er ate
strombolian emis sions oc curred at a third up per vent, lo -
cated at about 3,100 m on the E flank of the SEC, just be -
low the wide de pres sion that cuts its east ern flank. It pro -
duced mi nor ash fall out on Catania. The com po si tion of the
ash was 80% ju ve nile, with small amount of lithics prob a -
bly due to the opening phase of the vents.

On 17 July, the lava flow field was sit u ated on the W
wall of the Valle del Bove, and the two main flow fronts
reached about 2,100 m el e va tion, spread ing N of the Serra
Giannicola Piccola ridge. The lava dis charge peaked on 20
July (fig ure 15), when an ef fu sion rate of ~ 10 m3/s drove
the lava flow ad vance to a max i mum dis tance of ~ 3 km
within the Valle del Bove. The lava flow front wid ened at
the base of Monte Centenari, at 1,800 m elevation, lo cated
at least 15 km from the clos est vil lages. The ef fu sion rate on 
23 July de creased to ~ 3 m3/s. At that time the lava chan nels 
had nar rowed and lev ees had par tially col lapsed. The erup -
tion ap peared to end on 24 July.

On 26 July, ob serv ers on the rim of the NE Crater heard
strong ex plo sions, and saw lapilli fall. This crater, to gether
with the south pit within Bocca Nuova, showed sig nif i cant
ther mal anom a lies dur ing a he li cop ter sur vey car ried out on 
24 July.

In the early morn ing of 31 Au gust, Strombolian ac tiv ity
re sumed at SEC’s sum mit.  In the next two weeks SEC was
the scene of a se ries of dra matic events.  By 11 Sep tem ber,
lava from the SE flank of the SEC had ad vanced to reach
~ 3 km ESE.  The re sult ing rib bon of lava was in places
over 200 m wide.  More de tails will fol low in a sub se quent
report.

Geo logic Sum mary. Mount Etna, tow er ing above
Catania, Sic ily’s sec ond larg est city, has one of the world’s

lon gest doc u mented re cords of his tor i cal vol ca nism, dat ing
back to 1500 BC. His tor i cal lava flows of ba saltic com po si -
tion cover much of the sur face of this mas sive vol cano,
whose ed i fice is the high est and most vo lu mi nous in It aly.
The Mongibello stratovolcano, trun cated by sev eral small
cal de ras, was con structed dur ing the late Pleis to cene and
Ho lo cene over an older shield vol cano. The most prom i nent 
mor pho log i cal fea ture of Etna is the Valle del Bove, a 5 x
10 km horse shoe-shaped cal dera open to the E. Two styles
of erup tive ac tiv ity typ i cally oc cur at Etna. Per sis tent ex -
plo sive erup tions, some times with mi nor lava emis sions,
take place from one or more of the three prom i nent sum mit
crat ers, the Cen tral Crater, NE Crater, and SE Crater (the
lat ter formed in 1978). Flank vents, typ i cally with higher
ef fu sion rates, are less fre quently ac tive and orig i nate from
fis sures that open pro gres sively down ward from near the
sum mit (usu ally ac com pa nied by strombolian erup tions at
the up per end). Cin der cones are com monly con structed
over the vents of lower-flank lava flows. Lava flows ex tend 
to the foot of the volcano on all sides and have reached the
sea over a broad area on the SE flank.

In for ma tion Con tact: Sonia Calvari, Istituto Nazionale 
di Geofisica e Vulcanologia Sezione di Catania, Pi azza
Roma 2, 95123 Catania, It aly (Email: calvari@ct.ingv.it,
URL: http://www.ct.ingv.it/); Reuters (URL: http://to day.
reuters.com/).

St. Hel ens

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

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

The cur rent and on go ing erup tion of the St. Helens
started on 11 Oc to ber 2004. Ex tru sion of the grow ing lava
dome has con tin ued in the same qui es cent mode ex hib ited
over the past year, and lev els of seis mic ity re mained gen er -
ally low, with low emis sions of steam and vol ca nic gases
and mi nor pro duc tion of ash. From 1830 hours on 26 Oc to -
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Fig ure 14. Lava flows de scend ing from vents near Et na’s sum mit cone.
Reuters photo.

Fig ure 15. On 21 July 2006, the Mod er ate Res o lu tion Im ag ing
Spectroradiometer (MODIS) fly ing onboard NASA’s Terra sat el lite
cap tured this im age as Etna emit ted a faint ash plume  that blew SW.
MODIS also de tected a hotspot near the summit, where sur face
tem per a tures were much higher than in the sur round ing area (red out line).
Cour tesy the MODIS Rapid Re sponse Team, NASA GSFC.



ber 2004 to 15 Au gust 2006, a total of 13,841 seismic
triggers have oc curred. Fig ures 16 and 17 sum ma rize seis -
mic ity over the past year. A de cade-long time-depth plot
clearly shows the start of the cur rent erup tion (fig ure 18).

Pic tures and mov ies taken in Au gust 2006 with the
Brutus cam era (lo cated on the E rim of the 1980 Mount St.
Hel ens crater) showed con tin ued ex tru sion of spine 7 on the 
grow ing lava dome (fig ure 19) (pho tos and mov ies are also
avail able on the CVO website). Be tween 4-5 and 7-8 Au -
gust a seg ment of the mid dle part of spine 7 tem po rarily
stopped mov ing. At 1310 on 5 Au gust a mag ni tude 3.6
earth quake oc curred, and sub se quent pho to graphs showed
that the “stuck” seg ment be came un stuck. Mo tion again
stopped some time af ter 1310 on 7 Au gust and much of 8
Au gust, when a M 3.3 earth quake oc curred at 2001 on 8
Au gust. Clouds ob scured the vol -
cano from view on 9 Au gust, but
parted enough on 10 Au gust to
show that once again the seg ment
be came un stuck. One ex pla na tion 
by CVO sci en tists for these ob ser -
va tions is that the large earth -
quakes were caused by parts of
the  spine  st icking and then
slipping.

Geo logic Sum mary. Prior to
1980, Mount St. Hel ens formed a
con i cal, youth ful vol cano some -
times known as the Fuji-san of
Amer ica. Dur ing the 1980 erup -
tion the up per 400 m of the sum -
mit was re moved by slope fail ure, 
leav ing a  2  x  3 .5  km horse  -
shoe-shaped crater now par tially

filled by a lava dome. Mount St. Hel ens was formed dur ing
nine erup tive pe ri ods be gin ning about 40-50,000 years ago
and has been the most ac tive vol cano in the Cas cade Range
dur ing the Ho lo cene. Prior to 2200 years ago, tephra, lava
domes, and pyroclastic flows were erupted, form ing the
older St. Hel ens ed i fice, but few lava flows ex tended be -
yond the base of the vol cano. The mod ern ed i fice was con -
structed dur ing the last 2200 years, when the vol cano pro -
duced ba saltic as well as andesitic and dacitic prod ucts
from sum mit and flank vents. His tor i cal erup tions in the
19th cen tury orig i nated from the Goat Rocks area on the
north flank, and were witnessed by early settlers.
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Fig ure 17. Plots of the num ber of well-lo cated events and their main root
of strain en ergy for St. Hel ens earth quakes be tween 1 July 2005 and 15
Au gust 2006 de scrib ing a to tal of 1,768 earth quakes. Each point on the
strain en ergy plot’s curve rep re sents the sum of en ergy re leased by all
earth quakes in a 14-day pe riod; en ergy is com puted in 14-day time
win dows, ev ery 7 days. Cour tesy of the PNSN.

Fig ure 16. Epi cen ters of St. Hel ens earth quakes be tween 1 July 2005 and
15 Au gust 2006, a to tal of 1,768 well-lo cated earth quakes. The cir cle with 
an "x" rep re sents events on 15 Au gust 2006, and filled circles rep re sent
events since 15 July 2006; open cir cles rep re sent older events  in the past
year. Black tri an gles locate Pa cific North west Seis mo graph Net work
(PNSN) seis mic sta tions. Cour tesy of the PNSN.

Fig ure 18. Time-depth plot of well-lo cated earth quakes at St. Hel ens be tween 1996 and 14 September 2006, a
to tal of 22,485 events. Cour tesy of the PNSN.



In for ma tion Con tacts: U.S. Geo log i cal Sur vey Cas -
cades Vol cano Ob ser va tory, Van cou ver, WA (URL: http://
vul can.wr.usgs.gov/); The Pa cific North west Seis mo graph
Net work, Uni ver sity of Wash ing ton Dept. of Earth and
Space Sci ences, Box 351310, Se at tle, WA (URL: http://
www.geophys.wash ing ton.edu/SEIS/PNSN/).

Cleve land

Aleu tian Is lands, USA
52.825°N, 169.944°W; sum mit elev. 1,790 m

On 23 May 2006, the Alaska Vol cano Ob ser va tory
(AVO) re ceived a re port from the In ter na tional Space Sta -
tion in di cat ing that a plume was ob served mov ing W from
Cleve land vol cano at 2300 UTC (BGVN 31:06). A pho to -
graph of the plume taken from the In ter na tional Space Sta -
tion was re leased by the Na tional Aero nau tics and Space
Ad min is tra tion (NASA) (fig ure 20).

Start ing at about 2300 UTC, just be fore this im age was
taken, Cleve land un der went a short erup tion. The vol ca nic
plume was seen in Ad vanced Very High Res o lu tion Ra di -
om e ter (AVHRR) po lar-or bit ing sat el lite data be gin ning
from 2307 UTC. By 0100 UTC on 24 May the ash plume
had de tached from the vent and was ap prox i mately 130 ki -
lo me ters SW of the volcano. Sat el lite data showed a cloud
height of about 6.1 km asl (ta ble 4). The plume was no lon -
ger de tect able in sat el lite im ag ery by 0057 UTC on 25 May. 
In re sponse to the event, AVO raised the Level of Concern
Color Code to ‘Yellow.’

The last erup tion of Cleve land was 6 Feb ru ary 2006
(BGVN 31:01). Since 24 May 2006, no new in for ma tion

about ash emis sions had been re -
ceived, nor have in di ca tions of
con tin u ing ac tiv ity been de tected
from sat el lite data for the vol cano. 
This short-lived event was typ i cal 
of re cent Cleve land ac tiv ity. On 7
Au gust 2006, AVO down graded
the Level of Con cern Color Code
for Cleve land from ‘Yel low’ to
‘Not As signed.” Be cause Cleve -
land is  not  mon i  tored wi th
real-time seis mic in stru men ta tion, 
dur ing in ter vals of re pose it does
not re ceive an as sign ment of
Color Code ‘Green,’ but in stead
is left ‘Not As signed.’

Geo logic Sum mary. Beau ti -
fully sym met ri cal Mount Cleve -
land stratovolcano is sit u ated at
the west ern end of the un in hab -
i ted ,  dumb bel l-shaped
Chuginadak Is land. It lies SE
across Carlisle Pass strait from
Carlisle vol cano and NE across
Chuginadak Pass strait from Her -
bert vol cano. Cleve land is joined
to the rest of Chuginadak Is land
by a  low is th  mus.  The
1,730-m-high vol cano is the high -
est of the Is lands of the Four

Moun tains group and is one of the most ac tive of the Aleu -
tian Is lands. The na tive name for Mount Cleve land,
Chuginadak, re fers to the Aleut god dess of fire, who was
thought to re side on the vol cano. Nu mer ous large lava
flows de scend the steep-sided flanks of the vol cano. It is
pos si ble that some 18th to 19th cen tury erup tions at trib uted
to Carlisle should be as cribed to Cleve land (Miller and oth -
ers, 1998). In 1944 Cleve land pro duced the only known fa -
tal ity from an Aleu tian erup tion. Re cent erup tions from
Mount Cleve land have been char ac ter ized by short-lived
ex plo sive ash emis sions, at times ac com pa nied by lava
fountaining and lava flows down the flanks.

In for ma tion Con tacts: Na tional Aero nau tics and Space 
Ad min is tra tion (NASA) Earth Ob ser va tory (URL: http://
earthobservatory.nasa.gov/); Wash ing ton Vol ca nic Ash
Ad vi sory Cen ter (VAAC) (URL: http://www.ssd.noaa.gov/
VAAC/wash ing ton.html); Jeffery Wil liams, NASA, ISS
Crew Earth Ob ser va tions and the Im age Sci ence & Anal y -
sis Group, John son Space Cen ter 2101 NASA Park way,
Hous ton, TX 77058, USA.
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Fig ure 19. Spine 7 of the grow ing lava dome of Mount St. Hel ens taken 3 Au gust 2006. Cour tesy of CVO.

Date and Time (UTC) Plume al ti tude Di rec tion and speed

24 May 2006 (0200) 8.2 km SW at 55 km/hour

24 May 2006 (0800) 6.7 km SW at 37-46 km/hour

24 May 2006 (1400) 6.1 km W at 37-46 km/hour

Ta ble 4. Sat el lite ob ser va tions of ash plume from Cleve land vol cano.
Cour tesy of the Wash ing ton Vol ca nic Ash Ad vi sory Cen ter (VAAC).



Karymsky

Kamchatka Pen in sula, Rus sia
54.05°N, 159.45°E; sum mit elev. 1,536 m

 Dur ing April, May and June 2006, in ter mit tent erup tive 
ac tiv ity at Karymsky con tin ued. Pi lots had pre vi ously re -
ported ash emis sions from Karymsky ris ing to 3-5 km al ti -
tude dur ing Jan u ary to April 2006, dur ing which time
Karymsky re mained at Con cern Color Code Or ange
(BGVN 31:04). The same color code stayed in ef fect
through August 2006.

Based on in ter pre ta tions of April-June 2006 seis mic
data, ash plumes rose to al ti tudes of be tween 3 and 8 km.
Sat el lite im ag ery showed a large ther mal anom aly at the
vol cano’s crater from Jan u ary to Au gust 2006, and nu mer -
ous ash plumes and de pos its ex tended 10-200 km SE and E
of the volcano.

Dur ing 10-16 June 2006, 400-600 shal low earth quakes
oc curred daily. Ash plumes up to 5 km al ti tude trav el ing SE 
were ob served by pi lots. On 19 June, the Ad vanced
Spaceborne Ther mal Emis sion and Re flec tion Ra di om e ter
(AS TER) on NASA’s Terra sat el lite cap tured a false-color
im age of an ash plume from Karymsky (fig ure 21). Dur ing
21-27 June 200-700 shal low earth quakes oc curred daily;
dur ing 23-30 June, 100-350 shal low earthquakes occurred
daily.

Ac cord ing to the To kyo VAAC, the Kamchatkan Ex -
per i men tal and Me thod i cal Seis mo log i cal De part ment
(KEMSD) re ported that dur ing July 2006 ash plumes
reached al ti tudes be tween 3 and 7 km. Ap prox i mately

100-350 shal low earth quakes oc -
curred daily dur ing 29 June to 3
July, and in creased to 1,000 per
day during 4-5 July.

Ac tiv ity at Karymsky con tin -
ued dur  ing 8-14 July ,  with
250-1000 shal low earth quakes
oc cur ring daily. Based on in ter -
pre ta tions of seis mic data, ash
plumes reached al ti tudes of 5 km.

Dur ing Au gust 2006, 100-300 
shal low earth quakes oc curred
daily. Based on in ter pre ta tions of
seis mic data, ash plumes reached
al ti tudes of 3-3.7 km.

Geo logic  Sum mary.
Karymsky, the most ac tive vol -
cano of Kamchatka’s east ern vol -
ca nic zone,  is  a sym met r i  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 S side of the
Pleis to cene Dvor vol cano and is
lo cated out side the N mar gin of
the large mid-Pleis  to  cene
Polovinka cal dera, which con -
tains the smaller Akademia Nauk
and Odnoboky cal de ras. Most
seis mic ity pre ced ing Karymsky
erup tions orig i nated be neath
Akademia Nauk cal dera, which is

lo cated im me di ately S of Karymsky vol cano. The cal dera
en clos ing Karymsky vol cano formed about 7,600-7,700 ra -
dio car bon years ago; con struc tion of the Karymsky
stratovolcano be gan about 2,000 years later. The lat est
erup tive pe riod be gan about 500 years ago, fol low ing a
2,300-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
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Fig ure 20. Erup tion of Mount Cleve land on 23 May 2006 as pho to graphed from the In ter na tional Space Sta tion at
an or bital al ti tude of ~ 400 km. The pho to graph (N at the top; Carlisle Is land to the NW) shows the ash plume
mov ing SW from the sum mit. Banks of fog (ar cu ate clouds at up per right) are com mon fea tures around the
Aleu tian Is lands. The event proved to be short-lived; ~ 2 hours later, the plume had com pletely de tached from the
vol cano. Cour tesy of Jeffrey N. Wil liams, Flight En gi neer and NASA Sci ence Of fi cer, In ter na tional Space
Sta tion Ex pe di tion 13 Crew, NASA Earth Ob ser va tory web site.

Fig ure 21. Karymsky had been erupt ing sev eral times a day for about a
week prior to emit ting this ash plume on 19 June 2006. The AS TER
in stru ment on NASA’s Terra sat el lite cap tured this false-color im age. Red
in di cates veg e ta tion, which is lush around the vol cano but very sparse on
its slopes. The wa ter of Karymskoye Lake ap pears in blue. The vol cano’s
bar ren sides are dark gray, and the vol ca nic plume and nearby haze ap pear
in white or gray. Im age cour tesy of NASA; cre ated by Jesse Allen, Earth
Ob ser va tory, us ing ex pe dited AS TER data pro vided the NASA/GSFC/
MITI/ERSDAC/JAROS and U.S./Ja pan AS TER Sci ence Team.



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).

Mayon

Luzon, Phil ip pines
13.257°N, 123.685°E; sum mit elev. 2,462 m

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

Mayon was last re ported on in March 2006 (BGVN
31:03), dis cuss ing an erup tion in Feb ru ary 2006. Low-level 
ac tiv ity and seis mic ity pre vailed through early July. This
re port cov ers an erup tive pulse that be gan on 13 July 2006
and con tin ued through Au gust 2006. On 13 July there were
phreatic erup tions that pro duced light ashfall in the ar eas of
Calbayog and Malilipot. At 2200 on 14 July, au thor i ties
raised the Alert Level from 1 to 3 due to mod er ate white
steam  drift ing NE and lava flows ex tend ing 0.7-1.0 km
from the sum mit onto the SE slopes. On 15 July, the lava
flow con tin ued its SE pro gres sion to wards Bonga gully.

On 16 July, the 6 km ra dius haz ard zone known as the
Per ma nent Dan ger Zone (PDZ) es tab lished around the SE
area, was ex tended to 7 km and dur ing the pe riod cov ered
by this re port the ra dius of the dan ger zone around the
south ern sec tor was ex tended to 8 km. On 18 July, the Phil -
ip  pine  In  s t i  tu te  of  Vol  ca  nol  ogy and Seis  mol  ogy
(PHIVOLCS) re ported that the lava flow had reached 1 km
in length and in can des cent boul ders had rolled 3 km to -
wards the Bonga gully. Seis mic ity, re ported SO2 fluxes,
and posted alert levels appear in table 5.

Pyroclastic flows on the SE slopes prompted ap prox i -
mately 100 fam i lies to evac u ate on 20 July. On 22 July,
lava flows ad vanced NE to wards the Mabinit chan nel. By
24 July, lava flows had trav eled SSE, ~ 4 km from the sum -
mit to ward Bonga gully, and branched off to the W and E.
In can des cent blocks shed from the toe and mar gins of the
flows trav eled SE and were vis i ble at night. Ad di tion ally,
on 24 July seis mo graphs re corded more than 324 tremor
ep i sodes and 11 vol ca nic earth quakes. SO2 emis sions from

the sum mit crater reached 7,000 met ric tons per day, sev -
eral times larger than fluxes re ported ear lier.

PHIVOLCS re ported lava flow ad vance in terms of
straight-line dis tances, which pro gressed as fol lows: 26
July, 4.45 km; 27 July, 4.7 km; and 29 July, 5.4 km. Dur ing
this time, SO2 rates re mained high (ta ble 5), sug gest ing
fresh magma at shal low lev els in the vol cano. The num ber
of tremor ep i sodes and earth quakes also re mained high.
Tremor was thought to in di cate near-con tin u ous lava
blocks de tach ing from the lava flows. Vol ca nic earth quakes 
were thought to re flect as cend ing magma. Fig ure 22 shows
the lava flow front on 29 July.

On 29 July, light ash ac cu mu la tion was re ported about
12 km S and SE, in Daraga mu nic i pal ity and Legazpi City
and vi cin ity, re spec tively. Emis sions of sul fur-di ox ide
reached ~ 12,500 tons per day on 31 July, a re cord high for
this re port ing in ter val. By 1 Au gust, in the SE sec tor of the
Bonga gully, lava flows had ad vanced ~ 1.35 km, and in the 
SSE sec tor they had ad vanced a max i mum dis tance of 5.8
km from the summit.

Ac cord ing to a Phil ip pine In for ma tion Agency (PIA)
press re port, mil i tary and po lice check points were set up on
2 Au gust around the 6-km-ra dius PDZ to pro hibit en try. A
large lava de posit had grown on the SE flanks. The lava
which faced Legazpi and Daraga, had piled up dur ing the
ini tial two weeks of the erup tion and threat ened to cross the
PDZ. PHIVOLCS had re ported that the ad vanc ing in can -
des cent front of the lava flow was ~ 20 m high and 50 m
wide (fig ure 23). PHIVOLCS es ti mated that the lava front
could breach the 6-km-ra dius PDZ within two to three days.

An over flight of Mayon on 6 Au gust re vealed that lavas
dis charg ing from the sum mit crater ex tended along the
Mabinit chan nel and spill ed into the Bonga gully, E of the
Mabinit chan nel. Due to the de creased sup ply of lava to the
Mabinit chan nel, the flow there was ex pected to cease a
short dis tance be yond the 6-km-ra dius PDZ. Six ash ex plo -
sions sent ash col umns up to 800 m above the sum mit,
prompt ing PHIVOLCS to raise the alert level from 3 to 4,
in di cat ing an erup tion is im mi nent. Ac cord ing to the Ma -
nila Bul le tin On line, as many as 50,00 peo ple in the Albay
province were evacuated.

On 7 Au gust, an ad vanc ing lava flow crossed 100 m be -
yond the 6-km-ra dius PDZ. Ac cord ing to the Ma nila Stan -
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Fig ure 22. Photograph taken on 29 July 2006 at Mayon show ing the lava
front as it con tin ued to ad vance down the Mabinit chan nel. Cour tesy of C.
Sagution, PHIVOLCS.



dard To day, au thor i ties warned res i dents of more lava and
fires as the lava flows crept along the Mabinit and Bonga
gullies.

Dur ing 9-15 Au gust, ex plo sive ac tiv ity con tin ued at
Mayon af ter a brief re spite on 8 Au gust. Based on in ter pre -
ta tions of seis mic data, mi nor ex plo sions dur ing 9-11 and
13-15 Au gust were ac com pa nied by lava ex tru sion and col -
laps ing lava flow fronts that re leased blocks and small frag -
ments. A drop in SO2 emis sions on 9 Au gust wor ried vol ca -
nol o gists that some thing had blocked the flow of magma in
Mayon’s con duit and could there fore cause a build up in
pres sure re sult ing in a larger erup tion. Vi sual ob ser va tions
were com monly ob scured by clouds. On 11 Au gust an ash
plume was seen drift ing ESE. On 12 Au gust, four ex plo -
sions oc curred; one pro duced a pyroclastic flow that trav -
eled over the SE and E slopes and gen er ated a plume that
rose to an al ti tude of 500 m and then drifted NE. On 15 Au -
gust, a brief break in the clouds al lowed for a view and con -

f irmed the pres ence of  fresh
pyroclastic de pos its from ac tiv ity
in the pre vi ous days. Ap prox i -
mately 40,000 peo ple re mained in 
evac u a tion cen ters and au thor i ties 
maintained an Extended Danger
Zone at 8 km from the summit in
the SE sector.

PHIVOLCS re ported that ex -
plo sions from Mayon con tin ued
dur ing 16-19 Au gust. On 17 Au -
gust ,  ash-and-s team plumes
drifted at least 5.3 km NE and
reached the town Calbayog,
where light ashfall was re ported.
Lava ex tru sion con tin ued and on
the SE slopes lava-flow fronts
shed blocks and small frag ments.
On 18 Au gust, the Mibinit and
Bonga gully lava flows reached
~ 6.8 km SE from the sum mit.
PHIVOLCS es ti mated the vol ume 
of erupted ma te ri als at be tween
36 and 41 million cubic meters.

Geo logic Sum mary. Beau ti -
fully sym met ri cal Mayon vol -
cano, which rises to 2,462 m
above the Albay Gulf, is the Phil -
ip pines’ most ac tive vol cano. The
struc tur ally sim ple vol cano has
steep up per slopes av er ag ing
35-40 de grees that are capped by
a small sum mit crater. The his tor -
i  ca l  erup t ions  of  th is  ba  -
saltic-andesitic vol cano date back
to  1616 and range f rom
strombolian to ba saltic plinian,
with cy cli cal ac tiv ity be gin ning
with ba saltic erup tions, fol lowed
by lon ger term andesitic lava
flows. Erup tions oc cur pre dom i -
nately from the cen tral con duit
and have also pro duced lava
flows that travel far down the
flanks. Pyroclastic flows and
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Fig ure 23. On the eve ning of 3 Au gust 2006, lava ad vanc ing down the
Mayon’s Mabinit chan nel formed this im pres sive front. For scale, note
tree at right. Al though the gov ern ment had is sued an evac u a tion warn ing,
many tour ists flocked to the scene to watch the lava flows. Cour tesy of
Ro meo Ranoco (Reuters).

Date
Vol ca nic

earth quakes

Tremor

ep i sodes
SO2 flux (t/d) Alert Level

15 Jul 2006 — 111 2,211 3

17 Jul 2006 — 314 1,513 3

18 Jul 2006 — — — 3

19 Jul 2006 — 250 2,157 3

20 Jul 2006 — — — —

21 Jul 2006 — — — —

22 Jul 2006 — — — —

23 Jul 2006 — — — —

24 Jul 2006 11 324 7,020 3

25 Jul 2006 12 564 5,886 3

26 Jul 2006 7 316 9,275 3

27 Jul 2006 6 421 4,550 3

28 Jul 2006 8 423 8,724 3

29 Jul 2006 4 394 6,099 3

31 Jul 2006 — 388 12,548 3

01 Aug 2006 — 354 7,418 3

02 Aug 2006 16 450 7,050 3

03 Aug 2006 51 343 4,760 3

04 Aug 2006 18 354 2,965 3

05 Aug 2006 18 354 2,965 3

06 Aug 2006 12 371 1,919 3

07 Aug 2006 — — — —

08 Aug 2006 109 344 12,745 4

09 Aug 2006 21 294 7,829 4

10 Aug 2006 3 501 6,573 4

11 Aug 2006 6 213 6,876 4

12 Aug 2006 6 191 3,423 4

13 Aug 2006 13 158 5,427 4

14 Aug 2006 16 152 3,493 4

16 Aug 2006 15 154 8,086 4

17 Aug 2006 5 130 2,937 4

18 Aug 2006 32 307 2,937 4

19 Aug 2006 22 240 2,712 4

20 Aug 2006 15 253 6,634 4

21 Aug 2006 15 274 5,390 4

22 Aug 2006 24 431 2,445 4

23 Aug 2006 10 316 5,215 4

24 Aug 2006 18 451 6,328 4

Ta ble 5. Mayon’s re ported seis mic ity, SO2 fluxes, and alert lev els dur ing 15 July 2006 to 24 Au gust 2006. "—"
in di cates in for ma tion not avail able. Cour tesy of PHIVOLCS.



mudflows have com monly swept down many of the ap -
prox i mately 40 ra vines that ra di ate from the sum mit and
have of ten dev as tated pop u lated low land ar eas. Mayon’s
most vi o lent erup tion, in 1814, killed more than 1,200
people and devastated several towns.

In for ma tion Con tacts: Phil ip pine In sti tute of Vol ca nol -
ogy and Seis mol ogy (PHIVOLCS), PHIVOLCS Build ing,
C.P. Gar cia Av e nue, U.P. Cam pus, Diliman, Quezon City,
Phil ip pines, Reuters Alert Net work (URL: http://www.
alertnet.org/thenews/newsdesk/MAN212904.htm); The As -
so ci ated Press (URL: http://www.ap.org/); Ma nila Stan -
dard To day (URL: http://www.manilastandardtoday.com);
Ma nila Bul le tin On line (URL: http://www.mb.com.ph/).

Sulu Range

New Brit ain, SW Pa cific
5.50°S, 150.942°E; sum mit elev. 610 m
All times are lo cal (= UTC + 10 hours)

On 7 July 2006, ob serv ers re ported the first his tor i cal
in di ca tion of vol ca nic ac tiv ity in the Sulu Range of New
Brit ain (in the na tion of Pa pua New Guinea (PNG)). As
shown on fig ure 24, the Sulu Range lies near the N coast of
New Brit ain Is land.  This spot sits in the Prov ince of West
New Brit ain but in terms of ge om e try, lies closer to the
mid dle of the is  land ~100 km E of the prom i  nent ,
N-trending Willaumez Pen in sula and ~200 km SW of
Rabaul at the is land’s E end.

Rabaul Vol cano Ob ser va tory (RVO) noted that ground
ob ser va tions at the Sulu Range, con firmed by ae rial in spec -
tion, in di cated that the emis sions were com ing from an area
ini tially in cor rectly dis closed as Mount Karai.  (Karai is re -
port edly equiv a lent to Mount Ruckenberg, men tioned be -
low.) Later re ports cor rect ing the ini tial vent lo ca tion,
stated that the erup tion took place 2 km SW of Mount Karai 
be tween Ubia and Ululu vol ca noes.

Con sid er able light on the Sulu Range and other vol ca -
noes in the vi cin ity is shed by an Aus tra lian Bu reau of Min -
eral Re sources re port by John son (1971). The co or di nates
and sum mit el e va tion given in the header above ap ply to the 
high est point in the Sulu Range, Mount Malopu (syn onyms
in clude “Malutu” and “Malobu”).

Changes in our no men cla ture. We in di cate Walo hot
springs on the lower map of fig ure 24, the only fea ture in
this vi cin ity pre vi ously iden ti fied in our da ta base on ac tive
vol ca noes. Walo was listed as a ther mal fea ture in the Mel -
a ne sian por tion of the Cat a log of Ac tive Vol ca noes of the
World (Fisher, 1957) and in Simkin and Siebert (1994).
Walo rests in a low swampy area ~ 3 km W of the edge of
the Sulu Range, which we ap ply broadly to a ~ 10 km di am -
e ter moun tain ous area with mul ti ple peaks of ~ 500-600 m
el e va tion. The high land ar eas as so ci ated with the Sulu
Range’s NE end con tains a cone near the coast, which is la -
beled “Mount Ruckenberg (ex tinct vol cano)” on the
Bangula Sheet (Pa pua New Guinea 1:100,000 Top o graphic 
Sur vey, 1975).

The Sulu Range erup tion has spurred re struc tur ing of
our nam ing con ven tions. Walo is now listed as a ther mal
fea ture as so ci ated with the larger vol ca nic field called the
Sulu Range (and it pre serves the Vol cano Num ber that used 
to ap ply only to Walo, 0502-09=).

2006 erup tion and earth quakes. RVO re ported that
there were in di ca tions as early as Feb ru ary 2006 that some -
thing was chang ing at Sulu Range be cause veg e ta tion there
was dy ing off.  RVO noted that earth quakes be gan on 6
July and most river sys tems near Mount Karai had turned
muddy due to the con tin u ous shak ing. Seis mic ac tiv ity was
fol lowed by the emis sion of puffs of white va por from the
area and loud boom ing and rum bling noises ac com pa nied
strong trem ors. 

Erup tions started with force ful dark emis sions late on 7
and 8 July and de creased to mod er ate emis sions by 10 July.
At the set tle ment Bialla, ~20 km NE of the Sulu Range,
trem ors were felt.  These were also picked up by the seis mic 
sta tions at Garbuna and Ulawun (~100 km W and ENE,
re spec tively).

In a re port dis cuss ing 10-11 July, RVO re ported that
three vil lages N of Mount Karai had been evac u ated. For
the 10th, RVO de scribed the ac tiv ity as weak-to-mod er ate
emis sion of white va por with no ev i dence of ashfall and
with oc ca sional weak-to-mod er ate roar ing noises ac com pa -
ny ing the emis sions.  On the 11th, as so ci ated with earth -
quakes, white puffs dis charged.  Sim i lar ob ser va tions of
white emis sions pre vailed through the 12th.

Earth quakes in creased both in size and fre quency of oc -
cur rence, and on 11 July at Bialla they took place ev ery
10-20 min utes. Near Ubia vol cano, seis mic ity was very el e -
vated, with earth quakes ev ery few min utes. At 0820 on 12
July a large earth quake of Mod i fied Mercalli (MM) in ten -
sity VII or more oc curred in the re gion. It dis turbed the
shore line, which dis col ored the sea wa ter; shak ing also
caused the sea sur face to be come choppy.

The USGS epi cen ter for the above-cited 12 July (lo cal
time) earth quake was listed at very nearly the same time (in
UTC, on 11 July at 2222) with epi cen ter at 5.48°S, 150.
83°E, a depth of 37 km and a body mag ni tude (mb) of 4.90.  
That spot lies 12 km NE of Sulu Range (us ing the co or di -
nates listed in the header above). On a ta ble of earth quakes
the same day (11 July, UTC), seven oth ers, mb 3.9-4.7 oc -
curred within sev eral hun dred ki lo me ters of Sulu Range. 
All took place ear lier, but a pat tern of sub stan tial on go ing
earth quakes also pre vailed later as well.

RVO noted that from 1600 on 12 July to 0900 on 13
July high-fre quency earth quakes oc cur ring at the rate of
one ev ery min ute were re corded on the seis mo graph de -
ployed at Bialla. The earth quakes re corded were of vary ing
(though un stated) mag ni tudes and to wards 0900 de creased
slightly to one ev ery 30 min utes. Shortly af ter wards, from
1000 to 1400 on 13 July, the seis mo graph was de ployed in
Kaiamu vil lage on the small point im me di ately NW of the
up lands por tions of the Sulu Range, where it re corded  con -
tin u ous strings of high fre quency earth quakes.  Al though
the in stru ment was out of ser vice af ter 1400 on the 13th, re -
cord ing re sumed that af ter noon and seis mic ac tiv ity con tin -
ued at a high level through 0900 on 15 July. Dur ing this
time, the oc cur rence of felt earth quakes with max i mum
MM in ten sity V in creased from one ev ery 40-60 min utes to
one ev ery 2-3 min utes. De tails of a sub se quent de cline in
seis mic ity are sketchy.

The last re ported vis i ble emis sions from the Sulu Range 
were on 12 July.  By early Au gust 2006 seis mic ac tiv ity had 
de creased to earth quakes of MM in ten sity I to II oc cur ring
at in creas ing in ter vals.

Again re fer ring to USGS seis mic ity ta bles, the pre vi -
ously men tioned pat tern of on go ing earth quakes on 11 July, 
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gen er ally mb 3.9-4.9, con tin ued. 
An ex cep tion, the larg est mag ni -
tude event dur ing 9-18 July struck 
31 km from Sulu Range, listed in
UTC on 13 July at 2248; mb 5.1. 
It was at 39 km depth with epi -
cen ter ~12 km away.   About 5
hours later a mb 4.7 event was re -
corded di rectly at vol cano.  On
the 19th two larger earth quakes
struck.  One an Ms 6.4 cen tered
28 km away; the sec ond, an Mw
5.90, 33 km away.  These were
the larg est earth quakes within 50
km dur ing 1 July to 11 Sep tem ber 
2006.

Ref er  ences:  Fisher  N H,
1957, Mel a ne sia: Cat a log of Ac -
tive Vol ca noes of the World and
Solfatara Fields, Rome, IAVCEI,
v. 5, p. 1-105.

John son, R.W., 1971, Bamus
vol cano, Lake Hargy area, and
Sulu Range, New Brit ain: Vol ca -
nic ge ol ogy and pe trol ogy, Aust.
Bur. Min. Res. Geol. Geophys.
Rec, 1971/55, p. 1-36.

Pa pua New Guinea 1:100,000
Top o graphic  Sur  vey,  1975,
Bangula Sheet, Sheet 9187, Se ries 
T601: Royal Aus tra lian Sur vey
Corps (Re printed by the Na tional
Map ping Bu reau, 1985).

Simkin, T., and Siebert, L.,
1994, Vol ca noes of the World:
Geoscience Press, Tuc son, Ar i -
zona,  349 p .  ( ISBN
0-945005-12-1).

Geo logic Sum mary. The Sulu 
Range con sists of a group of par -
t ia l ly over  lap  ping small
stratovolcanoes in north-cen tral
New Brit ain off Bangula Bay.
The 610-m Mount Malopu forms
the high point  of  the ba  -
saltic-to-rhyolitic com plex at its
SW end. Lava Point (also known
as Lara Point) forms a pen in sula
of volcaniclastic-cov ered lava
flows with a small lake ex tend ing about 1 km into Bangula
Bay at the NW side of the Sulu Range. The Walo hy dro -
ther mal area, con sist ing of sol fa ta ras and mud pots, lies on
the coastal plain about 3 km W of the SW base of the Sulu
Range. Prior to 2006, no his tor i cal erup tions had oc curred

from the Sulu Range, al though some of the cones dis play a
rel a tively undissected mor phol ogy.

In for ma tion Con tacts:  Herman Patia  and Steve
Saunders, Rabaul Vol cano Ob ser va tory (RVO), P.O. Box
386, Rabaul, Pa pua New Guinea.

18    Sulu Range Smithsonian Institution — Bulletin of the Global

Fig ure 24. Two maps in di cat ing the con text of the Sulu Range on New Brit ain Is land.  Vol ca noes with cur rently
listed Ho lo cene ac tiv ity are shown (solid tri an gles). (Top map) Cov er ing all of New Brit ain and parts of
neigh bor ing is lands New Guinea and New Ire land.  Four vol ca noes in this re gion have be come ac tive in the past
few years: Garbuna, Pago, Sulu Range, and Bamus.  In the cases of Garbuna and the Sulu Range, these were their
first re corded his tor i cal erup tions. Be yond Bamus to the NE re side the better known Ulawun and Rabaul
vol ca noes. (Lower map) An en large ment of the area bounded to the W by the Willaumez Pen in sula.


