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Anatahan

Mariana Is lands, Cen tral Pa cific
16.35°N, 145.67°E; sum mit elev. 790 m
All times are lo cal (= UTC + 10 hours)

Reg u lar plume emis sions seen in sat el lite im ag ery and
by avi a tors dur ing March-May 2006 (BGVN 31:05) ap par -
ently ended in June, with the last re ported ac tiv ity be ing a
pi lot re port of an ash cloud on 26 June that reached 3 km al -
ti tude. A re port is sued by the U.S. Geo log i cal Sur vey
(USGS) on 7 De cem ber noted that the Alert Level was be -
ing low ered to Green and that seis mic ac tiv ity at Anatahan
was very low dur ing late No vem ber and early De cem ber,
al though dif fuse steam-and-gas plumes were oc ca sion ally
vis i ble on re cent sat el lite im ages or by aviators.

Ac cord ing to the USGS, seis mom e ters re corded tremor
start ing on 24 Feb ru ary (UTC) that con tin ued at high lev els
through 17 March. Dur ing that time, recorded tremor oc ca -
sion ally in creased to much higher val ues. In ad di tion, OMI
sat el lite spectrometer data showed oc ca sion ally high
amounts of sul fur di ox ide over Anatahan. Tremor lev els in -
creased sig nif i cantly start ing at 1625 on 9 March (UTC)
and con tin ued for over 40 hours. As of 13 March the tremor 
bursts were in fre quent, and some were high am pli tude. In
ad di tion, a dis tinct gas plume was vis i ble in Mod er ate Res -
o lu tion Im ag ing Spectroradiometer (MODIS) im ag ery,
sug gest ing in creased emis sions. On that day the Alert Level 
was raised to Ad vi sory.

The  MODIS fly ing onboard the Aqua sat el lite cap tured
a view of the plume on 18 March 2007 as emis sions con tin -
ued. In the im age, the vol ca nic plume headed SE, then
changed di rec tion slightly and trended to wards for the is -
lands of Saipan and Tinian. The same day MODIS ac quired 
this im age, the U.S. Air Force Weather Agency re ported an
odor of sul fur, which would also sug gest the pres ence of
vog (vol ca nic smog) on Guam, ~200 km SW of Saipan.
USGS and Emer gency Man age ment Of fice air qual ity in -
stru ments on Saipan re corded a max i mum 5-min ute av er -
age of 959 ppb sul fur di ox ide and 99 ppb hy dro gen sul fide
on 18 March.

As of 24 March, the USGS was re port ing that tremor
lev els af ter 17 March had re mained low at pre-24 Feb ru ary
lev els. The plume vis i ble in MODIS im ag ery had also re -
mained weak but dis tinct since 18 March. On 24 March the
Alert Level was low ered to Nor mal, with an avi a tion color
code of Green. No con firmed ash erup tions had oc curred
after 3 Sep tem ber 2005.

Geo logic Sum mary. The elon gate, 9-km-long is land of
Anatahan in the cen tral Mariana Is lands con sists of a large
stratovolcano with a 2.3 x 5 km, E-W-trending com pound
sum mit cal dera. The larger west ern por tion of the cal dera is 
2.3 x 3 km wide, and its west ern rim forms the is land’s
790-m high point .  Ponded lava f lows over  la in by
pyroclastic de pos its fill the floor of the west ern cal dera,
whose SW side is cut by a fresh-look ing smaller crater. The 
2-km-wide east ern por tion of the cal dera con tained a
steep-walled in ner crater whose floor prior to the 2003
erup tion was only 68 m above sea level. A sub ma rine vol -
cano, NE Anatahan, rises to within 460 m of the sea sur face 
on the NE flank of the vol cano, and nu mer ous other sub ma -
rine vents are found on the NE-to-SE flanks. Sparse ness of
veg e ta tion on the most re cent lava flows on Anatahan had

in di cated that they were of Ho lo cene age, but the first his -
tor i cal erup tion of Anatahan did not oc cur un til May 2003,
when a large ex plo sive erup tion took place form ing a new
crater in side the east ern cal dera.

In for ma tion Con tacts: Juan Takai Camacho and
Ramon Chong, Emer gency Man age ment Of fice of the
Com mon wealth  of  the  North  ern  Mariana Is lands
(EMO-CNMI), PO Box 100007, Saipan, MP 96950, USA
(URL: ht tp : / /www.cnmiemo.gov.mp/;  Email :
jtcamacho@cnmiemo.gov.mp, rcchong@cnmiemo.gov.
mp); Frank Trusdell,  U.S. Geo log i cal Sur vey, 345
Middlefield Road, Menlo Park, CA 94025-3591, USA
(URL http://hvo.wr.usgs.gov/cnmi/up date.html; Email:
rwhite@usgs.gov, trusdell@usgs.gov); U.S. Air Force
Weather Agency (AFWA)/XOGM, Offutt Air Force Base,
NE 68113, USA (Email: Charles.Holliday@afwa.af.mil);
NASA Earth Ob ser va tory (URL: http://earthobservatory.
nasa.gov/NaturalHazards/); 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/).

Canlaon

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

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

Af ter a year of quiet fol low ing ash ejec tions from
Canlaon in May 2005 (BGVN 30:06), the Phil ip pine In sti -
tute of Vol ca nol ogy and Seis mol ogy (PHIVOLCS) re -
ported that a new pe riod of ac tiv ity be gan on 3 June 2006.
In to tal, twenty-three ash ejec tions oc curred be tween 3 June 
and 25 July 2006. These out bursts were all wa ter-driven in
na ture, char ac ter ized by emis sion of ash and steam that rose 
up to 2 km above the ac tive crater. The pre vail ing winds
dis persed ash in all di rec tions. The seis mic net work, how -
ever, did not de tect sig nif i cant seis mic ac tiv ity be fore or af -
ter the ash emis sions, sup port ing the idea that the ex plo -
sions were very near-sur face hy dro ther mal events.

Four ex plo sive ep i sodes that oc curred over the days 3,
10, and 12 June ejected mainly steam with some ash, and
af fected only the sum mit crater and up per SW slopes. The
event at 1430 on 3 June sent dirty white to gray ish steam
800 m above the sum mit. The ac tiv ity was ob served un til
1445 when thick clouds cov ered the sum mit. An other emis -
sion started at 2316 on 10 June and lasted un til 0030 the
next morn ing. The plume was es ti mated to at tain heights of
700-1,000 m be fore drift ing SW. Af ter the ash emis sion,
moderate to wispy steam plumes es caped, to max i mum
heights of 600 m above the sum mit. An other steam-and-ash 
ep i sode dur ing 0515-0535 on 12 June caused a plume to
rise about 600 m be fore drift ing SW. Af ter the ash emis -
sion, gen er ally weak to mod er ate steam ing to a height of
~ 400 m re turned. Plumes rose 600-1,000 m and drifted
SW; ashfall was con fined to the up per slopes. This new pe -
riod of low-level un rest prompted PHIVOLCS to raise the
haz ard sta tus to Alert Level 1 on 12 June, sus pend ing all
vis its to within 4 km of the sum mit.

Three small steam-and-ash emis sions with out re corded
seis mic ity oc curred again be tween the af ter noon of 13 June
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and the morn ing of the 14th. The gray ish steam clouds rose
~ 900 m above the ac tive crater and drifted NE and NW.
Only traces of ash were ob served over the N up per slope.
An ex plo sion from 0845 to 0924 on 14 June pro duced an
ash and steam cloud, which rose up to 1.5 km above the
sum mit and drifted N, af fect ing mainly the up per slopes.
Vo lu mi nous gray ish steam plumes were then seen ris ing up
to 1.5 km above the sum mit crater af ter 1640 through the
next morn ing. The seis mic net work de tected only two
low-fre quency vol ca nic earth quakes. Kanlaon City proper
ex pe ri enced light ashfall start ing at 1630 on 15 June af ter
vo lu mi nous dirty white steam was ob served ris ing 1.5-2 km 
above the sum mit crater a few hours ear lier (from 1346 to
1520). As of 1800, ashfall was still waft ing through the
city.

The char ac ter of this ep i sode changed on the af ter noon
of 19 June when two ep i sodes of steam-and-ash emis sion
sent clouds 600 m above the crater that drifted SW. Weak
to mod er ate steam ing was ob served af ter the sec ond ex plo -
sion and dur ing the morn ing ob ser va tion on the 20th. The
ini tial ex plo sion was re corded by the Cabagnaan sta tion’s
seis mo graph as low-fre quency tremor with a du ra tion of 13
min utes. One min ute of tremor was re corded at the time of
the sec ond ex plo sion. No pre cur sor seis mic ity was de -
tected. Traces of ashfall and sul fu rous odors were re ported
at Barangay Cabagnaan proper in La Castellana. Dur ing the 
24 hours be fore 0730 on 20 June, the seis mic net work de -
tected two cases of low-fre quency tremor and three small
low-frequency volcanic earthquakes. 

An ad di tional six short steam-and-ash emis sions took
place dur ing 21-25 June. The ex plo sions pro duced gray ish
col umns that rose 800-1,500 m above the crater and drifted
NW, SW, and SSW. Vol ca nic seis mic ity was not as so ci ated 
with these events ex cept for a sin gle har monic tremor be -
fore the emis sion on 25 June. Light ashfall was re ported at
Up per Cabagnaan in La Castellana. Weak to mod er ate
steam ing was ob served after the explosions.

Steam-and-ash emis sions were not re ported again un til
the af ter noon of 2 July. The gray ish steam clouds then rose
to heights of up to 1,000 m above the ac tive crater and gen -
er ally drifted NW. An other ep i sode on the morn ing of 3
July pro duced a col umn to a height of 500 m above the
crater. The seis mo graph at Cabagnaan re corded ten vol ca -
nic earth quakes while the seis mo graph at Sto. Bama near
Guintubdan in La Carlota City re corded eight lo cal seis mic
events dur ing the 24 hour ob ser va tion pe riod that included
these emissions.

An ex plo sion-type earth quake with a 10 min, 25 sec
duration was re corded at 0426 on 23 July, but cloud cover
pre vented ob ser va tions. Traces of ash fell up to about 9 km
ENE from the crater, af fect ing Barangays Pula, Malaiba,
and Lumapao. When clouds cleared dur ing 0630-0800 on
25 July, ash-laden steam clouds were seen ris ing up to 300
m above the crater drift ing ENE and SE. Light ashfall was
ex pe ri enced at Gabok, Malaiba, and Lumapao of Kanlaon
City, about 9 km from the crater. This emis sion was not re -
flected on the seis mic re cord as only two small vol ca nic
earth quakes were de tected dur ing the preceding 24 hours.
Dirty white steam was ob served on the morn ing of the 26th
ris ing to a max i mum of 100 m above the crater. 

Ex plo sions ceased af ter 25 July, and other ac tiv ity, such 
as weak steam ing and mi nor seis mic ity, showed a gen eral
trend to wards qui es cence. Af ter three months with no fur -
ther ex plo sive emis sions, on 2 No vem ber 2006 PHIVOLCS 

low ered the haz ard sta tus from Alert Level 1 to Alert Level
0, mean ing the vol cano has re turned to normal conditions.

Geo logic Sum mary. Canlaon vol cano (also spelled
Kanlaon), the most ac tive of the cen tral Phil ip pines, forms
the high est point on the is land of Negros. The mas sive
2,435-m-high stratovolcano is dot ted with fis sure-con -
trolled pyroclastic cones and crat ers, many of which are
filled by lakes. The sum mit of Canlaon con tains a broad
elon gated north ern cal dera with a crater lake and a smaller,
but higher, his tor i cally ac tive crater to the S. The larg est de -
bris av a lanche known in the Phil ip pines trav eled 33 km to
the SW from Canlaon. His tor i cal erup tions, re corded since
1866, have typ i cally con sisted of phreatic ex plo sions of
small-to-mod er ate size that produce minor ashfalls near the
volcano.

In for ma tion Con tacts: Phil ip pine In sti tute of Vol ca nol -
ogy and Seis mol ogy (PHIVOLCS), De part ment of Sci ence
and Tech nol ogy, PHIVOLCS Build ing, C.P. Gar cia Av e -
nue, Univ. of the Phil ip pines Cam pus, Diliman, Quezon
City, Phil ip pines (URL: http://www.phivolcs.dost.gov.ph/).

Merapi

Java, In do ne sia
7.542°S, 110.442°E; sum mit elev. 2,968 m

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

Merapi, one of the most dan ger ous vol ca noes in the
world ow ing to its perched lava dome and lo ca tion in pop u -
lous cen tral Java, un der went vig or ous dome growth dur ing
early to mid-2006, and its in creas ingly un sta ble sum mit
dome re leased nu mer ous pyroclastic flows and in can des -
cent av a lanches. Thou sands of res i dents evac u ated and the
vol cano be came prom i nent in in ter na tional news. The lon -
gest pyroclastic flows of mid-2006 took place on 8 and 14
June, with re spec tive run-out dis tances from the sum mit
area of ~ 5 and 7 km. Merapi’s sum mit lies 32 km N of the
large city of Yogyakarta.

This re port con tains sum mary notes on ac tiv ity dur ing 7 
March to 1 July 2006. These notes were as sem bled and re -
ported by sci en tists from the Merapi Vol cano Ob ser va tory
and the Cen ter of Vol ca nol ogy and Geo log i cal Haz ard Mit -
i ga tion (CVGHM), for merly the Volcanological Sur vey of
In do ne sia, and aug ments ma te rial pre sented previously
(BGVN 31:05 and 31:06).

The USGS pro vided a sat el lite im age with la bels show -
ing key drainages and fea tures near the sum mit (fig ure 1).
The dome’s in sta bil ity leads to pyroclastic flows and var i -
ous kinds of rockfalls and other mass wast ing ep i sodes
down the la beled drainages. Dur ing the 7 March to 1 July
re port ing in ter val, pyroclastic flows fol lowed the head wa -
ters of the Gendol , Krasak, Boyong, and Sat rivers, which
trend to the SE, SW, SSW, and W, respectively.

Tec tonic earth quake on 27 May 2006. The tec ton ics of
Java are dom i nated by the subduction of the Aus tra lia plate
to the NNE be neath the Sunda plate with a rel a tive ve loc ity
of ~ 6 cm/year. The Aus tra lia plate dips NNE from the Java
trench, at tain ing depths of 100-200 km be neath the is land
of Java, and depths of 600 km to the N of the is land. The
earth quake of 27 May 2006 oc curred at shal low depth in
the over rid ing Sunda plate, well above the dip ping
Australia plate.
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The pace of vol ca nism and the in ten sity of the re gional
cri sis in creased af ter 27 May 2006. At 0553 that day, a de -
struc tive Mw 6.3 earth quake oc curred leav ing dam age
across cen tral Java’s south ern coastal and in land ar eas (fig -
ure 2). The earth quake oc curred at 10 km fo cal depth. The
epi cen ter (at 7.962°S, 110.458°E) was 20 km SSE of
Yogyakarta (pop u la tion, 511,000; 6 mil lion in the larger
metro area). Some ini tial es ti mates put the earth quake at MR

5.9;  th is  was  later  re  v ised and even the  newer
(above-stated) seis mic parameters are preliminary.

A US Geo log i cal Sur vey (USGS) sum mary stated that
the earth quake caused 5,749 deaths, 38,568 in ju ries, and
led to as many as 600,000 peo ple dis placed in the
Bantul-Yogyakarta area. The shak ing left more than
127,000 houses de stroyed and an ad di tional 451,000
houses dam aged in the area, with the to tal loss es ti mated at
~3.1 bil lion US dol lars. Mod i fied Mercalli in ten si ties were
as fol lows: at Bantul and Klaten, IX; at Sleman and
Yogyakarta, VIII; at Surakarta, V; at Salatiga and Blitar,
IV; and at Surabaya, II. The earth quake was felt in much of
Java and at Denpasar, Bali. The website of the US Geo log i -
cal Sur vey’s Earth quake Haz ards Pro gram fea tures a large
num ber of pho tos (cap tioned in Eng lish) de pict ing various
aspects of the earthquake.

Events dur ing 7 March-1 July 2006. Ta bles 1 and 2
sum ma rize some of the de tails dur ing the re port ing in ter val. 
Merapi’s ac tiv ity had in creased to in clude vol ca nic earth -
quakes and de for ma tion of the sum mit area a year ear lier
(in July 2005). Al though the num ber of daily lava av a -
lanches and pyroclastic flows had in creased al most a week
ear lier, a tec tonic earth quake, MR 6.3 (Rich ter scale mag ni -

tude), at 0555 (lo cal time, WIB)
on 27 May was fol lowed by an -
other sig nif i cant in crease in those
events for an other week (ta bles 1
and 2). Pyroclastic flows and lava 
av a lanches be tween 10 May and
30 June were rare in the W-flank
Sat drain age (31 May, 2 June, and 
10 June), and did not de scend into 
the Boyong drain age (SSW) af ter
4 June (ta ble 2). The Krasak river
drain age (SW) had ma te rial en ter -
ing it on an al most daily ba sis af -
ter 27 May, ex cept for a brief time 
dur ing 14-19 June, with max i -
mum run-out dis tances of 4 km.
The Gendol drain age (SE) also
ex pe ri enced daily pyroclastic
flows and lava av a lanches start ing 
on 28 May. Most of these flows to 
the SE did not ex tend more than 5 
km, but on 14 June a pyroclastic
flow descended 7 km.

Be cause of the vigor of ac tiv -
ity, the Alert Level rose in sev eral 
steps as fol lows: 19 March (Green 
to Yel low), 12 April (Yel low to
Or ange), and 13 May (Or ange to
Red). The step to Red (which is
the high est alert level, and some -
times also re ferred to as Level 4)
fol lowed clear de for ma tion at the
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Fig ure 1. An an no tated Ikonos sat el lite im age of Merapi taken 10 May 2006. Im age res o lu tion is 2 m; N is to the
top, and the scale is such that the en tire dis tance N-S on the im age is ap prox i mately 1 km. The la beled ar rows
in di cate key rivers into which upslope av a lanche shoots drain. Multiple drain age names are sep a rated by a slash,
and many west ern head wa ters de scend into the Woro river. The “K.” stands for Kali, In do ne sian for stream. Lava
domes and vis cous flows ("L") are la beled with the year of ex tru sion. The Gegerbuaya ridge was formed by 1911
lavas. Garuda, Woro, and Gendol iden tify head wa ters. Let ters ref er ence lo ca tions used by sci en tists to fa cil i tate
com mu ni ca tion. The Kaliurang Ob ser va tory lies ~ 4 km to the SE of the sum mit. The la beled im age was a
col lab o ra tive ef fort pro vided here cour tesy of John Pallister, USGS. Image copyright 2006, GeoEye.

Fig ure 2. Epi cen ter of the 27 May 2006 earth quake in Cen tral Java,
in clud ing im pact on re gions around Merapi. The his to grams show
num bers of peo ple killed (on left bar) and in jured (right bar). As
men tioned in text, some of the seis mic pa ram e ters stated were later
re vised. Mod i fied from a UN OCHA ReliefWeb Map Cen tre (1 June
2006) map in a 2006 United Na tions re port (see Ref er ences).



 Volcanism Network, Volume 32, Number 2, February 2007 Merapi    5

Date (2006)
Plume seen to

(me ters above sum mit)

Lava av a lanche

sig nals

Multiphase

earth quakes

Pyroclastic flow

sig nals

Tec tonic

earth quakes

07-12 Mar — — 198 — —

13-19 Mar — — 239 — —

21 Apr — 13 162 — 1

22 Apr — 12 95 — —

23 Apr — 5 60 — 1

24 Apr — 21 178 — 1

25 Apr 200 6 25 — —

26-27 Apr Miss ing

28 Apr — 20 126 — —

29 Apr- 5 May Miss ing

06 May — 82 95 — —

07 May — 59 104 — —

08 May Miss ing

10 May — 133 153 — —

11 May 600 88 115 — —

12-21 May Miss ing

22 May — 309 56 25 —

23 May 700 243 60 31 —

24-26 May Miss ing

27 May * 100 279 — 54 138

28 May 1600 237 43 159 95

29 May 500 332 18 88 57

30 May 800 337 19 56 40

31 May 800 276 36 127 24

01 Jun 1300 315 35 144 13

02 Jun 650 338 25 163 24

03 Jun 800 488 79 107 16

04 Jun 900 397 54 118 25

05 Jun 400 300 9 157 17

06 Jun 300 212 10 78 14

07 Jun 275 256 12 66 8

08 Jun 300 210 28 67 10

09 Jun Missing

10 Jun 900 337 37 34 4

11 Jun 800 299 20 20 10

12 Jun 350 264 31 22 8

13 Jun 1200 273 88 28 5

14 Jun 500 371 29 61 2

15 Jun 900 260 100 27 6

16-18 Jun Missing

19 Jun 600 272 88 21 7

20 Jun 1250 312 136 38 4

21 Jun Obscured 256 65 15 4

22 Jun 1200 319 39 4 5

23 Jun ** 600 78 5 4 5

24 Jun 1500 338 48 21 6

25 Jun 800 321 32 18 17

26 Jun 800 372 27 17 11

27 Jun 1000 251 16 23 11

28 Jun 1000 308 16 19 1

29 Jun 700 290 11 15 12

30 Jun 500 74 0 9 3

01 Jul ** 350 250 4 13 4

* Earth quake, MR 6.3 (Rich ter scale mag ni tude) re corded at 0555 (lo cal time, WIB)

** In com plete data only 0000-0600 (lo cal time)

Ta ble 1. A com pi la tion of seis mic events at Merapi dur ing 7 March to 1 July 2006. In cre at ing this ta ble Bul le tin ed i tors merged the cat e gory “land slides” with
the cat e gory “lava av a lanches”. Sim i larly, the cat e gory “hot cloud re ports” was in ter preted to be equiv a lent to “pyroclastic flow” and those were also merged.
Those merg ers were driven by sud den shifts in ter mi nol ogy found in CVGHM re ports. All data cour tesy of CVGHM.



dome dur ing el e vated seis mic ity. On 28 April, a new lava
dome emerged. By 20 May, pyroclastic flows sev eral ki lo -
me ters long were reg u larly seen pass ing down sev eral key
drainages (ta ble 2). Fig ure 3 shows a 15 May pyroclastic
flow (seen two days af ter the alert status rose to red).

Vol cano en thu si asts and pho tog ra phers Mar tin Rietze
and Tom Pfeif fer viewed Merapi on the morn ing of 27
May, dur ing the de struc tive earth quake, from a high-el e va -
tion park ing area ~ 4 km S of the sum mit. Prior to the earth -
quake, Rietze took sev eral spec tac u lar pho tos of in can des -
cent av a lanches pour ing down av a lanche shoots (fig ure 4
A-B). Dur ing the earth quake, he de scribed hor i zon tal
swing ing mo tion and dull rum bling sounds last ing per haps
20 sec onds. Dust rose from the vol cano. Plants rub bing to -
gether also pro duced a rus tling noise. Cries and en gine
noises in the back ground came from dis tant res i dents re -
spond ing to the earth quake. At ~1-min ute in ter vals, Merapi 
emit ted about six pyroclastic flows and a sub stan tial ash
cloud grew over head, reach ing sev eral ki lo me ters in al ti -
tude above them. The photo in fig ure 4 C de picts the scene
on Merapi around that time (which Rietze lists as 0555 on
27 May). His com pan ion, Tom Pfeif fer, also took photos
just after the large earthquake (eg., figure 4 D).

Dur ing early June the ac tiv ity level of Merapi re mained
at red and on 4 June, the in crease in vol ume of the new lava
dome had caused the south ern part of the crater wall called
Gegerbuaya (1910 lavas) to col lapse. Prior to its col lapse,
Gegerbuaya had func tioned as a bar rier to pre vent
pyroclastic flows moving southward from en ter ing the
Gendol River, which they did later in June.

On 8 June, mul ti ple pyroclastic flows reached 4 km
from the Krasak and Boyong Rivers and up to 4.5 km down 
the Gendol River. On 9 June, ash drifted W and NW and
ac cu mu lated as ashfall ~ 1.5 mm thick. Pyroclastic flows
trav eled as far as 4 km to ward the Gendol River. Fig ures 5
and 6 show pyroclastic flows on 7 and 10 June.

In the pe riod af ter the hazard level was raised to red, the
lava dome grew and by 22 May its vol ume was ~ 2.3 mil -
lion cu bic me ters. The M 6.3 earth quake in S-Cen tral Java
on 27 May  trig gered ad di tional ac tiv ity at Merapi. The
dome’s growth rate in creased from the pre vi ous rate of
around 100,000 cu bic me ters/day, lead ing to a lava dome
vol ume on 8 June 2006 of ~4.3 mil lion cu bic me ters. That
lava dome stood 116 m above the nom i nal sum mit el e va -
tion of Merapi’s peak (Garuda peak).

Dome col lapse cre ated the lon gest pyroclastic flow of
the re port ing in ter val, which took place on 14 June 2006.

That pyroclastic flow at tained a
run-out dis tance of 7.0 km (ta ble
2, fig ures 7 and 8, and pre vi ously
re ported in BGVN 31:05).

At least in part ow ing to loss
of  top o  graphic  re  l ief  a t  the
Gegerbuaya ridge along the S
crater wall (fig ure 1), the 14 June
pyroclastic flow took a dif fer ent
path. It crossed the for mer bar rier
and de scended the Gendol drain -
age. As pre vi ously noted (BGVN
31:05), the 14 June pyroclastic
flow took two lives when the un -
der ground bunker where the vic -
tims sought ref uge was bur ied by
the pyroclastic flow.

The bunker over rid den on 14
June re sides in Kaliadem vil lage
(~ 5 km SE of the sum mit). News
sto ries showed pic tures of the res -
cue at tempt with ini tial dig ging
com menc ing us ing picks and
shov els, with the ex ca va tion by
sol diers wear ing dust masks and
stand ing on boards or wooden
plat forms, pre sum ably to re duce
the heat flow from the fresh de -
posit. The ar ti cle also noted that
the sol diers wore heat-re tar dant
clothes. A re port from the Tai pei
Times of 16 June 2006 and cred -
ited to the As so ci ated Press said
that “The fierce heat melted the
troops’ shov els and the tires on a
me chan i cal dig ger brought in to
plow through more than 2 m of
vol ca nic de bris  cov er ing the
bunker, built for pro tec tion from
vol ca nic erup tion . . ..” Later
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Date Gendal (km) Krasak (km) Boyong (km) Sat (km)

10 May 0.2 1.5 — —

20 May 3.0 3.0 3.0 —

22 May — 3.5 — —

27 May — 3.8 (2.0) (2.0) —

28 May 3.0 (1.0) (2.5) (2.5) —

29 May 1.0 (1.0) 3.5 (2.0) (2.0) —

30 May 2.0 (1.0) 3.5 (2.00 (2.0) —

31 May 2.0 (1.5) 3.5 (2.5) 3.5 (2.5) (2.5)

01 Jun 1.5 (1.5) 2.0 (3.0) 2.0 (3.0) —

02 Jun 1.0 (1.0) 3.0 3.0 (1.0)

03 Jun 4.0 (1.0) 2.0 (1.0) 2.0 (2.0) —

04 Jun 4.0 (1.0) 1.5 (2.0) 1.5 (2.0) —

05 Jun 3.0 (1.0) 1.5 (2.0) — —

06 Jun 2.0 (1.0) (2.0) — —

07 Jun 3.0 (1.0) 1.5 (2.0) — —

08 Jun 5.0 (1.0) 4.0 (2.0) — —

09 Jun 4.0 — — —

10 Jun 3.5 (1.0) (2.0) — (3.0)

11 Jun 4.0 (3.0) — —

12 Jun 1.5 (3.0) — —

13 Jun 3.0 (1.0) (2.0) — —

14 Jun 7.0 — — —

15 Jun 4.5 — — —

16-18 Jun No data re ported

19 Jun 3.0 (1.0) — — —

20 Jun 3.5 (1.0) (2.0) — —

21-22 Jun Ob scured by weather

23 Jun (1.0) (2.0) — —

24 Jun 4.0 (1.0) 2.5 (2.5) — —

25 Jun 3.0 (1.0) (3.0) — —

26 Jun 4.5 (1.0) 4.0 (3.0) — —

28 Jun 3.0 (1.0) (2.5) — —

29 Jun 2.0 (1.0) (2.5) — —

30 Jun 3.0 (1.0) (2.0) — —

Ta ble 2. Re cord of run out dis tances (km) of pyroclastic flows and lava av a lanches (the lat ter, in pa ren the ses)
to ward river drainages on Merapi from 10 May to 30 June 2006. Cour tesy of CVGHM.



news re ports noted that au thor i ties un earthed the bunker,
which lay be neath more than 2 m of steam ing pyroclastic
flow de posit. The two bod ies had suf fered burns and the fa -
cil ity’s door was ajar. A BBC re port showed deeper por -
tions of the hole be ing ex ca vated by a large back hoe. They
also noted that upon deeper ex ca va tion a probe into the de -
posit with a hand-held dig i tal ther mom e ter ap par ently in di -
cated tem per a tures reached ~ 400°C. Sev eral grim pho to -
graphs cir cu lated in the press show ing the ex ca vated
en trance of the bunker and a team in the pro cess of re mov -
ing the vic tim’s bod ies. No re port has been found dis cuss -
ing the ex act rea son for the bunker’s fail ure, al though sev -
eral com ments in the press sug gested it was not de signed to
withstand burial by a pyroclastic flow.

Prior to that, on 13 June, the alert sta tus dropped to or -
ange, but it rose back to red again the next day af ter the
pyroclastic flow and in creases in multi-phased earth quakes. 
Ac tiv ity re mained sta ble but high through June 29 but be -
gan to de crease af ter 30 June. Dur ing July the in ten sity and
fre quency of pyroclastic flows and rock falls de creased. On
10 July, au thor i ties re duced the alert sta tus to or ange on all
but the S slopes. By the end of July 2006, pyroclastic flows
had ceased.

Merapi’s long-term dome growth con tin ued at low to
mod est lev els dur ing the rest of 2006 and early 2007. The
Dar win Vol ca nic Ash Ad vi sory Cen ter noted a plume to 6.1 

km al ti tude drift ing NE on 19
March 2007. These later in ci dents 
will be dis cussed in more de tail in 
a  for th  com ing is  sue  of  the
Bul le tin.

MODIS data. The Hawai’i In -
sti tute of Geo phys ics and Plan e -
tol ogy MODIS Ther mal Alert
Sys tem web site lacked any ther -
mal alerts for over a year pre ced -
ing May 2006. Ther mal alerts
over Merapi be gan 14 May 2006
and ex tended through early Sep -
tem ber 2006 on nearly a daily ba -
sis. The alerts con tin ued in ter mit -
tently into 2007.

Geo logic Sum mary. Merapi,
one of In do ne sia’s most ac tive
vol  ca noes,  lies in one of the
world’s most densely pop u lated
ar eas and dom i nates the land -
scape im me di ately N of the ma jor
city of Yogyakarta. Merapi is the
youn gest and south ern most of a
vol ca nic chain ex tend ing NNW to 
Ungaran vol cano. Growth of Old
Merapi vol cano be gin ning dur ing
the Pleis to cene ended with ma jor
ed i fice col lapse per haps about
2,000 years ago, leav ing a large

 Volcanism Network, Volume 32, Number 2, February 2007 Merapi    7

Fig ure 3. A photo taken on 15 May 2006 (0555 lo cal time) of a pyroclastic
flow trav el ing down the W flank of Merapi (the Krasak head wa ters).
Photo taken by Dari from the Kaliurang Ob ser va tory. Cour tesy of
CVGHM.

Fig ure 4 (A and B) Pre-dawn shots of in can des cent ma te rial trav el ing down S-flank av a lanche shoot(s) at Merapi
on 27 May 2006 (prior to the M ~ 6 earth quake). (C) A photo of Merapi’s re sponse at 0555 on 27 May dur ing or
just af ter the M ~ 6 earth quake, with sev eral pyroclastic flows clearly vis i ble. (D) A sec ond photo of the scene on
Merapi dur ing or just af ter the earth quake. This photo cap tured the cha otic scene at the sum mit and up per slopes,
in clud ing a com plex ar ray of bil low ing ash clouds seem ingly from mul ti ple sources, and sus pended dust hang ing
over many parts of the vol cano (par tic u larly dis tin guish able along the photo’s lower cen tral and right-hand
ar eas). Copy righted pho tos; those la beled A-C, used with per mis sion of Mar tin Rietze; the one la beled D, with
per mis sion of Tom Pfeif fer.

Fig ure 5. A pyroclastic flow at Merapi at 08:54:37 on 7 June 2006
show ing a pyroclastic flow trav el ing down Merapi’s upslope re gion in a
gen er ally SE di rec tion. Photo credit to BPPTK (The Re search and
Tech nol ogy De vel op ment Agency for Vol ca nol ogy, Yogyakarta).
Pro vided cour tesy of CVGHM.



ar cu ate scarp cut ting the eroded older Batulawang vol cano.
Sub se quently growth of the steep-sided Young Merapi ed i -

fice, its up per part unvegetated due to fre quent erup tive ac -
tiv ity, be gan SW of the ear lier col lapse scarp. Pyroclastic
flows and lahars ac com pa ny ing growth and col lapse of the
steep-sided ac tive sum mit lava dome have dev as tated cul ti -
vated lands on the vol cano’s west ern-to-south ern flanks
and caused many fa tal i ties dur ing his tor i cal time. The vol -
cano is the object of extensive monitoring efforts by the
Merapi Volcano Observatory.

Ref er ence: United Na tions, 2006, In do ne sia Earth -
quake 2006 Re sponse Plan: United Na tions, OCHA Sit u a -
t ion Re por t  No.  5 ,  Is  sued 31 May 2006,  GUDE
EQ-2006-000064-IDN, 42 p.

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/); United Na tions-Of fice for
the Co or di na tion of Hu man i tar ian Af fairs (OCHA), United
Na tions, New York, NY 10017, USA; Na tional Earth quake 
In for ma tion Cen ter, US Geo log i cal Sur vey, PO Box 25046, 
Den ver Fed eral Cen ter MS967, Den ver, CO 80225, USA
(URL: http://earth quake.usgs.gov/); 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,
North ern Ter ri tory 0811, Aus tra lia (URL: http://www.bom.
gov.au/info/vaac/ad vi so ries/); John Pallister, Vol cano Di -
sas ter As sis tance Pro gram, USGS Cas cades Vol cano Ob -
ser va tory, 1300 SE Car di nal Court, Suite 100, Van cou ver,
WA 98683-9589, USA (URL: http://vol ca noes.usgs.gov/);
Tom Pfeif fer and Mar tin Rietze, Vol cano Dis cov ery (URL:
http://www.decadevolcano.net/; http://www.tboeckel.de/
EFSF/); Tarko Sudiarno, Agence France Presse (AFP)
(http://www.afp.com/eng lish/home/); Tai pei Times (http://
www.taipeitimes.com/); As so ci ated Press (http://www.ap.
org/); 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
Correa Road, Honolulu, HI 96822, USA (URL: http://
hotspot.higp.hawaii.edu/).

Ijen

Java, In do ne sia
8.058°S, 114.242°E; sum mit elev. 2,799 m

Sci en tists from Si mon Fra ser and McGill uni ver si ties
con ducted pre lim i nary geo phys i cal and geo chem i cal field
stud ies at Ijen (fig ure 9) be tween 13 and 26 Au gust 2006.
Dur ing this pe riod, vol ca nic ac tiv ity was low and re stricted
to per sis tent de gas sing of the solfatara in the SE part of the
crater.

Mea sure ments of tem per a ture and pH were made ev ery
morn ing dur ing 14-19 Au gust at four lo ca tions: the
Banyupuhit River, ~ 5 km from the Banyupuhit River
source, the acid lake in the sum mit crater, and the E shore
of the crater lake. Tem per a tures of the Banyupuhit River
were 16-20°C, al ways above at mo spheric tem per a ture by
~ 1-3°C; the pH was ~ 0.4. Lake tem per a tures var ied be -
tween 31 and 43°C and the pH was -0.02. The color of the
crater lake was gen er ally ho mo ge neous, al though large
black to brown lin ear patches, prob a bly sul fur de pos its
from the solfatara, were ob served on the tur quoise-green
sur face. These ephem eral patches were of vari able size (e.g. 
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Fig ure 6. A Merapi pyroclastic flow in its early stages as seen at 08:50:53
on 10 June 2006. Photo credit to BPPTK; pro vided cour tesy of CVGHM.

Fig ure 7. De serted houses and dis lodged lum ber amid ash and vol ca nic
rocks from Merapi (left-back ground) as seen in the vil lage of Kaliadem (E 
of Kinahrejo near Bebeng, on the SE flank ~ 5 km from the sum mit)
shortly af ter the 14 June 2006 pyroclastic flows passed through the
set tle ment. Cour tesy of Agence France Presse (photo by Tarko Sudiarno).

Fig ure 8. Night photo of Merapi (un known date) show ing in can des cence
on the slopes and, in the fore ground, the large pyroclastic flow de pos ited
on 14 June 2006. This photo is taken from nearly the same spot as the
pho tos of 27 May (fig ure 4, above). Copy righted photo used with
per mis sion of Tom Pfeif fer.



sev eral ten's of me ters long and a few me ters wide) and
moved across the lake dur ing the course of the day, but
were not al ways ev i dent through out the day. The area near
the E shore ap peared lighter than the rest of the lake, prob a -
bly due to a spring at the bottom of the inner E slope.

Pipes driven into the fumaroles are used to ex tract gases 
for sul fur min ing (fig ure 10). Tem per a tures mea sured 50
cm down into four of those pipes ranged from 224 to
248°C. These mea sure ments al most cer tainly rep re sent
min i mum es ti mates of the true tem per a tures due to heat loss 
along the length of the ex trac tion pipes. Af ter the gases had
ex ited less than 50 cm from the pipes, tem per a tures had
dropped be low 120°C, the melt ing point of native sulfur.

A sur vey of sul fur di ox ide (SO2) fluxes made by a por -
ta ble spec trom e ter (FLYSPEC) on 21 and 23 Au gust along
the SE rim of the crater con sisted of seven and twelve walk -
ing tra verses through the plume, re spec tively. The gas
plume pro duced di rectly from the ac tive solfatara near the
lake sur face rose buoy antly be fore flow ing over the crater
rim. Dur ing the first sur vey (con ducted over a 2-hour pe -
riod), the con cen tra tion-pathlength of the gas in the plume
fluc tu ated be tween 1,000 and 2,500 ppm-m. The wind
speed (mea sured by handheld an e mom e ter at plume height) 
dur ing this time av er aged 6.1 m/s and the re sul tant SO2 flux 
was there fore cal cu lated to av er age 412 met ric tons per day
(t/d) with a stan dard de vi a tion of 154 t/d. On 23 Au gust,
gas con cen tra tions were some what lower, rang ing be tween
500 and 2,000 ppm-m. The av er age wind speed dur ing the
sur vey pe riod (2 hours) was 3.9 m/s and the re sul tant SO2

flux av er aged 254 t/d, with a stan dard de vi a tion of 117 t/d.
Based on this very lim ited sur vey, the flux of SO2 was
estimated to be 330 t/d.

Grav ity sur veys (Bouguer and dy namic) were con -
ducted in the ac tive crater and seven grav ity sta tions were
se lected for fu ture dy namic grav ity mon i tor ing. A dig i tal
el e va tion map was pre pared (us ing dig i tal photogrammetric 
map ping meth ods) to pro vide the spa tial frame work re -
quired for in ter pre ta tion of the geophysical surveys.

The sci en tists also ap plied the self-po ten tial (SP)
method, also know as spon ta ne ous po ten tial, that mea sures
elec tri cal po ten tials de vel oped in the Earth by elec tro chem -
i cal ac tion be tween min er als and so lu tions with which they
are in con tact. SP map ping of the ac tive sum mit crater

showed two main hydrologic struc tures (fig ure 11). The
first is a hydrogeologic zone on the E and NE rim char ac ter -
ized by a neg a tive SP anom aly with a min i mum at -100 mV
(mil li volts), an in verse SP/el e va tion gra di ent of -1.6 mV/m, 
and length of 1,500 m. This al most cer tainly rep re sents in -
flow of me te oric water and ground wa ter.

The sec ond struc ture is the main hy dro ther mal sys tem
lo cated S, W, and N of the crater as well as in the south ern
in ner slope of the crater, places where the sur face ex pres -
sions are  solfataras. The SP max ima range be tween 48 and
60 mV and are lo cated on the slope of the river be low a dam 
on the outer W slope (+52 mV), on the N rim (+48 mV) and 
in the S part of the solfatara (+ 59 mV). Pro cess ing of the
SP data along the crater pro file by con tin u ous wave let
trans form (Mauri and oth ers, 2006) shows that the hy dro -
ther mal fluid cells are near the sur face (less than 200 m be -
low the top o graphic sur face) sug gest ing that the hy dro ther -
mal system is under high pressure with significant heat
flux, as shown by the solfatara.
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Fig ure 9. Pho to graph of the acid crater lake and solfatara (bot tom left) in
the ac tive crater at Ijen, Au gust 2006. View is from the E crater rim.
Cour tesy of G. Mauri.

Fig ure 11. Self-po ten tial sur vey re sults shown on a top o graphic map of
the ac tive crater of Ijen, Au gust 2006. All the SP data were ref er enced at
the Banyupuhit River and at a spring on the in ner E slope of the crater.
Con tour line in ter vals are 100 m. Cour tesy of G. Wil liams-Jones.

Fig ure 10. Close-up view of the solfatara at Ijen with fumarole
tem per a ture of more than 220°C. Note pipes for ex tract ing sul fur gases.
Cour tesy of G. Mauri.



Geo logic Sum mary. The Ijen vol cano com plex at the
east  ern  end of  Java con s ists  of  a group of  smal l
stratovolcanoes con structed within the large 20-km-wide
Ijen (Kendeng) cal dera. The N cal dera wall forms a prom i -
nent ar cu ate ridge, but else where the cal dera rim is bur ied
by post-cal dera vol ca noes, in clud ing Gunung Merapi
stratovolcano, which forms the 2,799 m high point of the
Ijen com plex. Im me di ately W of Gunung Merapi is the re -
nowned his tor i cally ac tive Kawah Ijen vol cano, which con -
tains a nearly 1-km-wide, tur quoise-col ored, acid crater
lake. Pic tur esque Kawah Ijen is the world’s larg est highly
acidic lake and is the site of a la bor-in ten sive sul fur min ing
op er a tion in which sul fur-laden bas kets are hand-car ried
from the crater floor. Many other post-cal dera cones and
crat ers are lo cated within the cal dera or along its rim. The
larg est con cen tra tion of post-cal dera cones forms an
E-W-trending zone across the south ern side of the cal dera.
Cof fee plan ta tions cover much of the Ijen cal dera floor, and 
tour ists are drawn to its waterfalls, hot springs, and
dramatic volcanic scenery.

Ref er ence: Mauri, G., Saracco, G., and Labazuy, P.,
2006, Vol ca nic ac tiv ity of the Pi ton de la Fournaise vol cano 
char ac ter ized by tem po ral anal y sis of hy dro ther mal fluid
move ment, 1992 to 2005: AGU, Eos Trans, v. 87, no. 52,
Fall Meet. Suppl., Ab stract V51A­1653.

In for ma tion Con tacts: Guillaume Mauri and Glyn Wil -
liams-Jones, De part ment of Earth Sci ences, Si mon Fra ser
Uni ver sity, Burnaby, BC V5A 1S6, Can ada (URL: http://
www.sfu.ca/earth-sci ences/, Email: gmauri@sfu.ca); Willy
(A.E.) Wil liams-Jones, De part ment of Earth and Plan e tary
Sci ences, McGill Uni ver sity, Mon treal, Que bec, Can ada
9URL: http://www.eps.mcgill.ca/); Deddy Mulyadi, Cen tre
of Vol ca nol ogy and Geo log i cal Haz ard Mit i ga tion
(CVGHM), Diponegoro 57, Bandung, Jawa Barat 40122,
In do ne sia (URL: http://portal.vsi.esdm.go.id/joomla/).

Langila

New Brit ain, Pa pua New Guinea
5.525°S, 148.42°E; sum mit elev. 1,330 m

Mod er ate ac tiv ity oc curred at Langila be tween Jan u ary
and March 2006 (BGVN 31:05), with erup tive ac tiv ity ac -
com pa nied by a con tin u ous ashfall, rum bling, and weak
emis sions of lava frag ments. Since March 2006, ac tiv ity
has con tin ued at Crater 2.

Ac cord ing to the Dar win Vol ca nic Ash Ad vi sory Cen -
ter (VAAC), erup tions at Crater 2 oc curred in Au gust 2006
and from Oc to ber 2006 through March 2007, with ex plo -
sions of in can des cent lava frag ments, roar ing noises at reg -
u lar in ter vals, and con tin u ous emis sions of gray-to-brown
ash plumes. Plumes gen er ally reached 2.3-3.3 km al ti tude,
al though on 31 Oc to ber a small ash plume rose to an al ti -
tude of 4.6 km. Ash plumes were oc ca sion ally vis i ble on
sat el lite im ag ery. Dur ing Oc to ber and through the first part
of Jan u ary 2007, plumes gen er ally drifted N, NW, W,
WNW, and NE; be tween the end of January and March,
plumes drifted SE and SW.

Ther mal anom a lies de tected by MODIS in stru ments on
the Terra and Aqua sat el lites were ab sent af ter 2 Jan u ary
2006 un til 21 July 2006. The same sys tem (the HIGP Ther -
mal Alerts Sys tem) iden ti fied anom a lies again on 24 and 31 

Oc to ber, 12 and 21 No vem ber, 16 and 27 De cem ber 2006,
6 Jan u ary, 8 March, and 18 March 2007.

Geo logic Sum mary. Langila, one of the most ac tive
vol ca noes of New Brit ain, con sists of a group of four small
over lap ping com pos ite ba saltic-andesitic cones on the
lower east ern flank of the ex tinct Talawe vol cano. Talawe
is the high est vol cano in the Cape Glou ces ter area of NW
New Brit ain. A rect an gu lar, 2.5-km-long crater is breached
widely to the SE; Langila vol cano was con structed NE of
the breached crater of Talawe. An ex ten sive lava field
reaches the coast on the N and NE sides of Langila. Fre -
quent mild-to-mod er ate ex plo sive erup tions, some times ac -
com pa nied by lava flows, have been re corded since the
19th cen tury from three ac tive crat ers at the sum mit of
Langila. The youn gest and small est crater (no. 3 crater) was 
formed in 1960 and has a diameter of 150 m.

In for ma tion Con tacts: Rabaul Vol cano Ob ser va tory
(RVO), PO Box 386, Rabaul, Pa pua New Guinea; 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, North ern Ter ri tory 0811, Aus tra lia (URL: http://
www.bom.gov.au/info/vaac/); 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.hawaii.edu/).

Ulawun

New Brit ain, SW Pa cific
5.05°S, 151.33°E; sum mit elev. 2,334 m

A pre vi ous re port (BGVN 31:02) described small earth -
quakes on 1-2 March 2006, ac com pa nied by “gray-blue
emis sions.” Subsequent on go ing erup tions con tin ued at
Ulawun through 18 Jan u ary 2007, generating al most daily
avi a tion re ports de scrib ing plumes blow ing W to NW and
of gen er ally mod est height (ta ble 3). The tall est plume of
the re port ing in ter val rose to 4.6 km al ti tude.

No MODIS ther mal alerts were iden ti fied be tween
March 2006 and Jan u ary 2007 on the Hawai’i In sti tute of
Geo phys ics and Plan e tol ogy MODIS Ther mal Alert Sys -
tem web site. The lack of ther mal anom a lies may in di cate
ex plo sive erup tions, and not lava emis sions. How ever, such 
ac tiv ity has oc curred at the sum mit in the past. One such ep -
i sode, in No vem ber 1985, gen er ated Strombolian ac tiv ity
and pyroclastic flows (fig ure 12).

Four Vol ca nic Ash Ad vi sory Cen ters (VAAC): To kyo,
Wash ing ton, Dar win, and Wellington, have an in ter est in
this vol cano, be cause plumes may en ter their ar eas of re -
spon si bil ity (fig ure 13). The VAACs came into ex is tence 
to keep avi a tors in formed of vol ca nic haz ards. A key player 
in their de vel op ment was the In ter na tional Civil Avi a tion
Or ga ni za tion (ICAO), a United Na tions Re lated Agency
that is the rec og nized in ter na tional au thor ity re gard ing a
large num ber of avi a tion isses. Nine VAAC were cre ated,
in An chor age (Alaska), Bue nos Ai res (Ar gen tina), Dar win
(Aus tra lia), Lon don (Eng land), Mon treal (Can ada), To kyo
(Ja pan), Toulouse (France), Wash ing ton (United States),
and Wellington (New Zea land). These cen ters are tasked
with mon i tor ing vol ca nic ash plumes and pro vid ing Vol ca -
nic Ash Ad vi so ries (VAA) when ever those plumes en ter
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their as signed air space. The VAACs are of ten in te grated
with avi a tion weather cen ters; many have de vel oped
back-up sites. For ex am ple, the Wash ing ton VAAC is
backed-up by the US Air Force Weather Agency; the To -
kyo by Ja pan Me te o ro log i cal As so ci a tion Head quar ters,
and Dar win by the Na tional Me te o ro log i cal & Ocean o -
graphic Cen tre.

Geo logic  Sum mary.  The sym met  r i  cal  ba -
saltic-to-andesitic Ulawun stratovolcano is the high est vol -
cano of the Bis marck arc, and one of Pa pua New Guinea’s
most fre quently ac tive. Ulawun vol cano, also known as the
North Son, rises above the N coast of the is land of New
Brit ain across a low sad dle NE of Bamus vol cano, the
South Son. The up per 1000 m of the 2334-m-high Ulawun
vol cano is unvegetated. A prom i nent E-W-trending es carp -
ment on the S may be the re sult of large-scale slump ing.
Satellitic cones oc cupy the NW and east ern flanks. A
steep-walled val ley cuts the NW side of Ulawun vol cano,
and a flank lava-flow com plex lies to the S of this val ley.
His tor i cal erup tions date back to the be gin ning of the 18th
cen tury. Twen ti eth-cen tury erup tions were mildly ex plo -
sive un til 1967, but af ter 1970 sev eral larger erup tions pro -
duced lava flows and ba saltic pyroclastic flows, greatly
modifying the summit crater. 

In for ma tion Con tacts: Rabaul Vol cano Ob ser va tory
(RVO), P. O. Box 386, Rabaul,
Pa pua New Guinea (Email :
hguria@global.net.pg); Dar win
Vol ca nic Ash Ad vi sory Cen tre
(VAAC), Com mon wealth Bu reau 
of Me te o rol ogy, North ern Ter ri -
tory Re gional Of fice, PO Box
40050, Ca sua rina, NT 0811, Aus -
tra lia (URL: http://www.bom.
gov.au/info/vaac/; Email: dar win.
vaac@bom.gov.au) ;  US Air
Force Weather Agency (AFWA),
Sat el lite Ap pli ca tions Branch,
Offutt AFB, NE 68113-4039,
USA (Email:char les.
holliday@afwa.af.mil); 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/); James Mori, Di sas ter Pre ven tion Re search In -
sti tute, Kyoto Uni ver sity, Uji, Kyoto 611-0011, Japan
(http://eqh.dpri.kyoto-u.ac.jp/~ mori/).
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Date Com ments

22-28 Mar 2006 Ash vis i ble at an al ti tude of ~ 3 km (pi lot re port).

09 Apr 2006 Small low-level plume ex tend ing W. 

14 May 2006 An ash plume of un known height.

25 May 2006 Thin steam-and-ash plume.

31 May 2006 A thin steam-and-ash plume reached an al ti tude
of be low 3 km.

15 Aug 2006 Ash-and-steam plume to an al ti tude of ~ 3.7 km.

25 Aug 2006 Steam-and-ash plumes reached al ti tudes of 3.7
km and drifted NW.

27 Aug 2006 Steam-and-ash plumes reached al ti tudes of 3.7
km and drifted W.

28 Aug 2006 Steam-and-ash plumes reached al ti tudes of 3.7
km and drifted SW.

30 Aug 2006 Ash-and-steam plumes drift ing SW.

02 Sep 2006 Ash-and-steam plumes drift ing S vis i ble on
sat el lite im ag ery.

12 Nov 2006 Dif fuse plume to al ti tude of 4.6 km drifted NW.

16-18 Nov 2006 Dif  fuse  plumes dr if t  ing N and NW.
Ash-and-steam plume  vis i ble on 18 No vem ber.

22 Nov 2006 Dif fuse plume.

28 Nov 2006 Ash-and-steam plume.

29 Nov 2006 Dif fuse ash-and-steam plume. The al ti tudes and
drift di rec tions were not re ported.

04 Dec 2006 Ash plume. Altitudes and drift di rec tions not
re ported.

09 Dec 2006 Dif fuse plumes reach ing al ti tudes of 4 km.

11 Dec 2006 Plumes reached un re ported al ti tudes.

21 Dec 2006 Ash plumes drift ing ENE.

22 Dec 2006 Ash plumes drift ing NW.

25 Dec 2006 Ash plumes drift ing SW.

04 Jan 2007 Dif fuse steam-and-ash plumes drift ing SW.

18 Jan 2007 Pi lot re port noted an ash plume to an al ti tude of
2.4 km drifting SW.

Ta ble 3. A sum mary of key events at Ulawun ob served dur ing the
re port ing in ter val 22 March 2006-18 Jan u ary 2007. Re ported plumes did
not at tain an al ti tude of over 4 km ex cept on 12 No vem ber, when they
reached an al ti tude of 4.6 km. Information based pri mar ily on sat el lite
data and pi lot re ports from the Dar win VAAC and in a few cases, the US
Air Force Weather Agency (AFWA).

Fig ure 13. Map of In do ne sia and Pa pua New Guinea show ing selected vol ca noes, in clud ing Ulawun on New
Brit ain  (right cen ter), with ar eas of re spon si bil ity for lo cal VAACs. Cour tesy of Dar win VAAC.

Fig ure 12. Pho to graph of Ulawun taken from a he li cop ter on 25
No vem ber 1985. The view from the NE shows emis sion of large clots of
mol ten lava into the air above the vent and pyroclastic flows (right). The
other large stratovolcano in the back ground is 2,248-m-tall Bamus.
Pho to graphs were taken and pro vided by James Mori, Di sas ter Pre ven tion 
Re search In sti tute, Kyoto Uni ver sity.



Rabaul

New Brit ain, SW Pa cific
4.271°S, 152.203°E; sum mit elev. 688 m
All times are lo cal (= UTC + 10 hours)

As pre vi ously re ported, the Rabaul Vol cano Ob ser va -
tory noted a large, sus tained Vulcanian erup tion at Rabaul
on 7 Oc to ber 2006. Since that ini tial event at the Tavurvur
cone, ac tiv ity has var ied in in ten sity (BGVN 31:10).  Dur -
ing 13 De cem ber 2006 through the end of March 2007,
gen er ally mild erup tive ac tiv ity con tin ued, of ten with loud
roar ing noises and in some cases with ash plumes ris ing 1.5
to 3.7 km above Tavurvur’s sum mit.

Dur ing De cem ber 2006, there was only low level seis -
mic ity, in clud ing high-fre quency earth quakes and mild
erup tive ac tiv ity. Dur ing 24-29 De cem ber, ash clouds rose
1-3.7 km above the sum mit be fore be ing blown vari ably to
the NE and SW. On 25, 27, and 28 De cem ber, fine ash fell
down wind, in clud ing in Rabaul Town, and oc ca sional roar -
ing noises were heard. Seis mic ac tiv ity con tin ued at low
lev els. No high-fre quency earthquakes were recorded. Low 
seis mic ity con tin ued dur ing most of Jan u ary.

Dur ing 4-10 Jan u ary 2007 plumes oc ca sion ally bear ing
ash rose 0.9-3.3 km above the cone and drifted E and NE. 
Va por emis sions ac com pa nied by pale gray ash clouds oc -
curred on 13, 16, and 24 Jan u ary. The emis sions rose 0.4- 
2.5 km above Tavurvur’s sum mit and blew E, NE, and N. 
Dur ing 24-25 Jan u ary there were nine low-fre quency earth -
quakes re corded. Ground de for ma tion mea sure ments
showed no sig nif i cant move ment apart from a slight de fla -
tion of about 1 cm dur ing the last few days of Jan u ary.
From 29 Jan u ary on wards, seis mic ity in creased to a mod er -
ate level. Three high-fre quency earth quakes were re corded, 
one on 27 Jan u ary, and two on 30 Jan u ary, all orig i nat ing
NE of the cal dera. Low-fre quency earth quakes be gan 24
Jan u ary. A to tal of 16 events were re corded dur ing 24-28
Jan u ary, and a further 50-60 small events 29-31 January. 

Two small ex plo sions oc curred at 0448 and 0548 on 27
Jan u ary and a large ex plo sion oc curred at 0130 on 31 Jan u -
ary. The lat ter ex plo sion show ered the cone’s flanks. The
ac com pa ny ing ash clouds rose a cou ple of hun dred me ters
straight above the sum mit. Fine ashfall oc curred at Rabaul
Town and surrounding areas.

Mild erup tive ac tiv ity con tin ued dur ing early Feb ru ary
with as so ci ated seis mic ity at very low lev els. The small
low-fre quency earth quakes had de clined in num ber by
about half. Ground de for ma tion data in di cated a no tice able
de fla tion of the cal dera. Mild erup tive ac tiv ity con tin ued in -
ter mit tently dur ing the lat ter half of Feb ru ary, as so ci ated
with low seis mic ity. Ash fell on sur round ing vil lages on 20
Feb ru ary.  On 16, 19, and 21 Feb ru ary, low-fre quency
earth quakes and white va por emis sions con tain ing very low 
ash con tent rose as high as 3 km above Tavurvur’s sum mit.
The emis sions were not ac com pa nied by high-fre quency
sig nals or sig nif i cant ground de for ma tion.

Mod er ate ex plo sions oc curred on 21, 26, and 27 Feb ru -
ary.  A larger explosion, at 1150 on 28 Feb ru ary, show ered
the cone's flanks with lava frag ments. Thick ash clouds rose 
2 km above the sum mit and blew NE.

Be tween 3 and 4 March, mul ti ple ex plo sions oc curred;
the big gest on 3,  4,  and 8 March.  The ex plo sion's
shockwaves rat tled houses in Rabaul Town and sur round -

ing vil lages.  Thick ash and lava frag ments show ered the
flanks of the cone. Other emis sions con sisted of white gray
ash clouds that drifted E and SE. On 4 and 6 March ash
plumes rose as high as 2.7 km above the sum mit. A weak
glow was vis i ble only dur ing force ful emis sions. 

Dur ing 6 to 21 March, ash plumes in ter mit tently rose as
high as 3.7 km. From 16 to 25 March, mul ti ple ex plo sions
again pro duced shockwaves felt in Rabaul Town, and ash
fell in sur round ing vil lages. In can des cent ma te rial was seen 
roll ing down the cone’s flanks. Dur ing the pe riod 27-30
March only low level va por emis sions ris ing to 400 m
above the cone were vis i ble. Seis mic ac tiv ity con tin ued to
re main at a very low level, with just three or four short (<
30 second) low-fre quency events. There were no high-fre -
quency events. 

Geo logic Sum mary. The low-ly ing Rabaul cal dera on
the tip of the Ga zelle Pen in sula at the NE end of New Brit -
ain forms a broad shel tered har bor uti lized by what was the
is land’s larg est city prior to a ma jor erup tion in 1994. The
outer flanks of the 688-m-high asym met ri cal pyroclastic
shield vol cano are formed by thick pyroclastic-flow de pos -
its. The 8 x 14 km cal dera is widely breached on the E,
where its floor is flooded by Blanche Bay and was formed
about 1,400 years ago. An ear lier cal dera-form ing erup tion
about 7,100 years ago is now con sid ered to have orig i nated
from Tavui cal dera, off shore to the N. Three small
stratovolcanoes lie out side the north ern and NE cal dera
r ims of  Rabaul .  Post-cal dera  erup t ions  bui lt  ba  -
saltic-to-dacitic pyroclastic cones on the cal dera floor near
the NE and west ern cal dera walls. Sev eral of these, in clud -
ing Vul can cone, which was formed dur ing a large erup tion
in 1878, have pro duced ma jor ex plo sive ac tiv ity dur ing his -
tor i cal time. A pow er ful ex plo sive erup tion in 1994 oc -
curred si  mul ta  neously from Vul can and Tavurvur
volcanoes and forced the temporary abandonment of
Rabaul Town.

In for ma tion Con tacts: Steve Saunders and Herman
Patia, Rabaul Volcanological Ob ser va tory (RVO), De part -
ment of Min ing, Pri vate Mail Bag, Port Moresby Post Of -
fice, Na tional Capitol Dis trict, Pa pua, New Guinea (Email:
hguria@global.net.pg); An drew Tupper, Dar win Vol ca nic
Ash Ad vi sory Cen tre (VAAC), Bu reau of Me te o rol ogy,
Dar win, Aus tra lia (Email: A.Tupper@bom.gov.au).

Lopevi

Vanuatu, SW Pa cific
16.507°S, 168.346°E; sum mit elev. 1,413 m

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

Vol ca nic ac tiv ity from Lopevi has con tin ued in ter mit -
tently since No vem ber 1998 (BGVN 24:02). Though there
are no per ma nent res i dents on the is land, which is known as 
Vanei Vollohulu in the lo cal lan guage, the nearby is lands of 
Epi (~ 17 km SW) and Paama (~ 10 km WNW) are heavily
pop u lated. Ambrym, an other ac tive vol ca nic is land 18 km
NNW, is also at risk of ashfall from Lopevi. Ash plumes
dur ing ac tive pe ri ods are of ten re ported by avi a tors, and
ther mal anom a lies are fre quently de tected by the MODIS
in stru ment on the Terra and Aqua sat el lites. Ash plumes
and lava flows have most re cently been reported in January, 
May, and July 2006.
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Ac tiv ity dur ing 2006. Ver ti cal plumes were observed by 
avi a tors reach ing al ti tudes of 2.1-2.4 km on the morn ing of
24 Jan u ary, and ~ 2.7 km the next morning. Fur ther ad vi so -
ries is sued by the Wellington VAAC re ported that “smoke” 
plumes with a “steady rate of growth” rose to ~ 2.1 km on
the morn ing of 26 Jan u ary and drifted S. Lava flow ing
down the S flank was also reported on the 26th.

Based on in  for  ma t ion f rom a  pi  lo t  re  por t ,  the
Wellington VAAC re ported that on 7 May 2006 a small ash 
plume was vis i ble be low an al ti tude of ~ 3 km and an ac tive 
lava flow was ob served. On 10 May, a slow mov ing plume
reached 3 km al ti tude. The next day a plume rose to 4.6 km
and trended SE. Dur ing 12-13 May, the plume heights less -
ened to 3 km as the erup tion vigor re port edly de creased.
News me dia also re ported heavy ashfall on Ambrym and
Paama from an erup tion on 15 May. An of fi cial spokes per -
son for Vanuatu’s Na tional Di sas ter Man age ment Of fice
re ported no new ashfall during 17-22 May.

A sit u a tion re port from the UN Of fice for the Co or di na -
tion of Hu man i tar ian Af fairs (OCHA) noted that the May
erup tive ep i sode caused heavy ashfall on Paama and SE
Ambrym, af fect ing wa ter sup plies and crops. The to tal pop -
u la tion of Paama is 1,572, com prised of 23 vil lages and 511 
house holds. On the is land of Paama, the two main cash
crops of va nilla and pep per were dam aged badly. On both
is lands, sta ple foods such as wild yams, kumala, ta ros, ba -
nanas, and co co nut trees were ei ther dam aged or de stroyed. 
Res i dents ex pe ri enced health prob lems caused by the con -
sump tion of con tam i nated food and wa ter as well as the in -
ha la tion of ash. Head pain, skin in fec tions, di ar rhea,
vomiting and respiratory difficulties were reported.

The Wellington VAAC re ceived pi lot re ports of an
erup tion plume on 5 July that reached an un known al ti tude.
An other pi lot re port in di cated that the erup tion may have
started on 27 June. The erup tion con tin ued over the next
few days, with dark ash plumes reach ing al ti tudes of 3.7 km 
and drift ing E and SE. No plumes were re ported af ter the
morning of 10 July.

MODIS ther mal anom a lies dur ing 2005-2006. Ther -
mal anom a lies were de tected by MODIS dur ing 26-31
March 2005, though no cor re spond ing ex plo sive ac tiv ity
was re ported. No hot spots were iden ti fied at Lopevi again
un til 27 Oc to ber 2005, af ter which anom a lies were pres ent
on most days through 26 Jan u ary 2006; ash plumes were
not re ported un til the end of this period, 24-26 January.

Later in 2006, ther mal anom a lies were de tected by
MODIS on most days dur ing 25-28 April, 2-16 May, 25-28
May, 26 June-9 July, and 18 July-1 Au gust 2006. The larg -
est num ber of alert pix els (24) dur ing this time oc curred at
2225 on 2 May. These data in di cated two sig nif i cant ep i -
sodes of ac tiv ity that in cluded both ex plo sive ac tiv ity and
prob a bly lava emis sion dur ing 25 April-28 May and 26
June-1 Au gust. Two pe ri ods of plumes ob ser va tions dis -
cussed pre vi ously, dur ing 7-15 May and 27 June-10 July,
fall within these lon ger ep i sodes de fined by the ther mal
data. No MODIS ther mal anom a lies were de tected between 
2 August 2006 and mid-March 2007.

Geo logic Sum mary. The small 7-km-wide con i cal is -
land of Lopevi is one of Vanuatu’s most ac tive vol ca noes.
A small sum mit crater con tain ing a cin der cone is breached
to the NW and tops an older cone that is rimmed by the
rem nant of a larger crater. The ba saltic-to-andesitic vol cano 
has been ac tive dur ing his tor i cal time at both sum mit and
flank vents, pri mar ily along a NW-SE-trending fis sure that

cuts across the is land, pro duc ing mod er ate ex plo sive erup -
tions and lava flows that reached the coast. His tor i cal
erup tions at the 1,413-m-high vol cano date back to the
mid-19th cen tury. The is land was evac u ated fol low ing
erup tions in 1939 and 1960. The lat ter erup tion, from a
NW-flank fis sure vent, pro duced a pyroclastic flow that
swept to the sea and a lava flow that formed a new
peninsula on the western coast.

In for ma tion Con tacts: Wellington Vol ca nic Ash Ad vi -
sory Cen tre (VAAC), Me te o ro log i cal Ser vice of New Zea -
land Ltd (MetService), PO Box 722, Wellington, New Zea -
land (URL: http://www.metservice.com/vaac/, http://www.
s s d . n o aa . g o v /V A A C /O T H / NZ / me s  s ag e s . h tml ) ;
MODVOLC Alerts Team, Hawai’i In sti tute of Geo phys ics
and Plan e tol ogy (HIGP), SOEST, Uni ver sity of Ha waii and 
Manoa, 168 East-West Road, Post 602, Ho no lulu, HI
96822, USA (URL: http://modis.higp.ha waii.edu/); De -
part ment of Ge ol ogy, Mines, and Wa ter Re sources, PMB
01, Port-Vila, Vanuatu (Email: observatoire@vanuatu.com.
vu; URL: http://www.mpl.ird.fr/suds-en-ligne/fr/volcan/
vanu_eng/lopevi1.htm); Port Vila Presse, PO Box 637,
Port Vila, Efate, Vanuatu (URL: http://www.news.vu/en/);
ReliefWeb, Of fice for the Co or di na tion of Hu man i tar ian
Af fairs, United Na tions, New York, NY 10017, USA
(URL: http://www.reliefweb.int/).

Ruapehu

New Zea land
39.28°S, 175.57°E; sum mit elev. 2,797 m

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

A mod er ate vol ca nic earth quake struck Ruapehu at
2230 on 4 Oc to ber 2006. The M 2.8 event falsely trig gered
the lahar warn ing sys tem. A visit to the crater lake on 7 Oc -
to ber re vealed ev i dence that a small hy dro ther mal erup tion
had oc curred. Wave ac tion reached up to 4-5 m above the
lake sur face around the basin, but was in suf fi cient to over -
flow the tephra dam where it might have formed a lahar on
the outer slopes. Since the last mea sure ment (date not spec -
i fied) the lake’s tem per a ture rose ~ 8°C, and the wa ter level
in creased ~ 1 m. Both of these ef fects were ex pected. Seis -
mic ac tiv ity re mained at typ i cal background levels on 7
October 2006.

At about 1300 on 18 March 2007, Crater Lake partly
emp tied and its run off trav eled rap idly down stream as a
pow er ful lahar. A sub se quent is sue will dis cuss that dra -
matic event and its im pact.

Since the last re port in Feb ru ary 2004 (BGVN 29:02),
from May 2003 to Oc to ber 2006, there were eight alerts is -
sued by the In sti tute of Geo log i cal & Nu clear Sci ences
(IGNS, ta ble 4), in di cat ing ap pre cia ble changes in both the
level of the lake and its tem per a ture; these alerts can be
com pared with the tem per a ture data (ta ble 5).

Vol ca nic tremor was re corded dur ing July 2005 and
con tin ued at vary ing lev els. Al though tremor is not un usual
at Ruapehu, this was the stron gest re corded since No vem -
ber 2004. Prom i nent steam plumes rose above Ruapehu on
the morn ing of 13 Sep tem ber 2005. The crater lake tem per -
a ture had re cently risen from 23°C in Au gust 2005 (ta ble 5) 
to 39°C in early Sep tem ber 2005. By 12 Oc to ber 2005 it
had fallen to 30°C, in di cat ing the end of the heat ing cy cle.
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There af ter, an other cy cle of lake heat ing took place in mid -
dle to late Oc to ber 2005. Dur ing the pe riod when the lake
was at its hot test, steam plumes ap peared on sev eral days,
but no erup tive ac tiv ity was ob served. Seis mic ac tiv ity con -
tin ued at about nor mal lev els ex cept for a slight in crease in
the occurrence of volcanic earthquakes over the pre vi ous
two weeks.

Lahar haz ard. The last re port on Ruapehu (BGVN
29:02) re viewed the gov ern ment of New Zea land’s ef forts
to lessen po ten tial dam age and loss of life from the pos si ble 
col lapse of the ash dam sur round ing the lake that sits di -
rectly within the crater. An il lus tra tive model of the most
likely po ten tial lahar was pre sented in the pre vi ous Bul le tin
(BGVN 29:02). Fig ure 14 provides more de tails on the
regional geography.

Ac cord ing to IGNS and re lated gov ern ment websites,
the most likely lahar’s path starts from a 7-m-thick tephra

dam si t  t ing above bed rock along the low point in
Ruapehu’s crater rim. This path de scends along the
Whangaehu val ley, a drain age that ini tially trav els ra di ally
down the cone to the E. Where the Whangaehu reaches be -
yond ~ 10 km from the rim (fig ure 14), the chan nel curves
sharply S and then SW, ul ti mately cross ing Ruapehu’s S
side. In con trast, just up stream of the above-men tioned
bend, the in ter sect ing Tongariro river flows N. At that con -
nec tion be tween the two drainages (a di vide), en gi neers
added a 300-m-long em bank ment (a levee or bund), to keep 
sub stan tial ma te rial from en ter ing the Tongariro drain age.
En gi neers also added one or more chutes to di rect some of
the Whangaehu river S and away from the crit i cal junc tion.

Pro tect ing the Tongariro river
from sud den in flux of wa ter and
de bris pro tects in fra struc ture
along and down stream of that
river. For ex am ple, the Tongariro
river en ters Lake Taupo, a 30 x 40 
km cal dera lake.  Lake Taupo
drains to the N along the Waikato
river and dams along that river
generate hydroelectric power.

Ac cord ing to the In sti tute of
Geo log i cal & Nu clear Sci ences
(IGNS), about 60 lahars have
swept down the moun ta in’s
south ern side in the past 150
years. Lahars are not lim ited to
the Whangaehu val ley as erup tive 
and mass wast ing pro cesses can
re sult in sud den in flux of wa ter
and de bris in other drainages as
well. Lahar ep i sodes since 1945
appear on figure 15.

Fig ure 16 con tains plots of the 
crater lake’s sur face el e va tion
dur ing the past sev eral years. The
plot is part of a poster avail able
on the De part ment of Con ser va -
tion website. The poster also
notes the ap prox i mate vol ume of
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Alert Date Alert Com ments

26 May 2003 Steam plumes, vol ca nic tremor, Crater Lake
tem per a tures in crease

15 Nov 2004 Vol ca nic tremor, Crater Lake tem per a ture
in crease

22 Aug 2005 Crater Lake tem per a ture in crease

13 Sep 2005 Steam plumes

18 Oct 2005 Crater Lake tem per a ture de crease

01 Nov 2005 Crater Lake tem per a ture in crease

05 Oct 2006 Mod er ate (M 2.8) vol ca nic earthquake

07 Oct 2006 Mi nor hy dro ther mal erup tions

Ta ble 4. In sti tute of Geo log i cal & Nu clear Sci ences (IGNS) alerts posted
for Ruapehu vol cano, May 2003 to Oc to ber 2006. Com piled from IGNS
re ports.

Fig ure 14. Com pos ite maps of the Ruapehu area mod i fied from part of a lahar haz ards poster ti tled “How will the
Lahar Af fect Me?” The sche matic map (at left) shows that the Tongariro river trends N, crosses State High way 1
two times, and even tu ally en ters Lake Taupo. The shaded re lief map (right) of Ruapehu and ad ja cent flanks along
its E-sec tor. Note the mul ti ple chutes cre ated to di vert flood wa ters and lahars to ward the S on the Whangaehu
river. These chutes are in tended to pro tect the Tongariro river’s head wa ters. Cour tesy of the NZ De part ment of
Con ser va tion.

Fig ure 15. Lahar ep i sodes oc cur ring at Ruapehu since 1945, as grouped
into four cat e go ries. The cat e go ries are those as so ci ated with an ex tended
erup tion, a sud den (blue-sky) erup tion, rain mo bi li za tion, and dam break
or fail ure. From Harry J. R. Keys (date un known), De part ment of
Con ser va tion (see Ref er ence, be low).



the crater lake, 107 m3. The tephra dam al lows lake wa ter to
seep through it, con sid er ably com pli cat ing es ti mates of the
late-stage-fill ing rates, and any pre dicted date of over flow
or re lated fail ure. Derek Cheng wrote an 8 Jan u ary 2007
New Zea land Her ald news piece stat ing that the lake then
stood ~ 2.7 m be low the dam’s top. Ac cord ing to Chang’s
news story, the tephra dam al lowed lake wa ter to seep
through it at a rate of ~ 10 L per second.

Crater Lake ob ser va tions. Ruapehu’s Crater Lake had
warmed fol low ing pe ri ods of vol ca nic tremor, with heat ing
cy cles get ting to tem per a tures rang ing from about 15 to
40°C (eg., 39°C dur ing Feb ru ary 2004 and ~36°C dur ing
late Oc to ber 2006; ta ble 5). The IGNS website notes that
Ruapehu’s heat ing cy cles typ i cally oc cur ev ery 9-12
months and nor mally last 1-3 months.

An in no va tive ap proach to cov er ing the cur rent lahar
haz ard sta tus can be found at the De part ment of Con ser va -
tion website. As of early Feb ru ary 2007 the re ports were

“up dated ev ery 1-2 weeks de pend ing on weather con di tions 
and [field] site visits.”

Ref er ence: Keys, H.J.R., (date un known), Lahars from
Mount Ruapehu—mit i ga tion and man age ment; NZ Dept.
of Con ser va tion website (a poster con veyed as a PDF file;
cre ation/pub li ca tion date un known) (URL: http://www.doc.
govt.nz/tem plates/sum mary.aspx?id=42442).

Geo logic Sum mary. Ruapehu, one of New Zea land’s
most ac tive vol ca noes, is a com plex stratovolcano con -
structed dur ing at least 4 cone-build ing ep i sodes dat ing
back to about 200,000 years ago. The 110 cu km dom i -
nantly andesitic vol ca nic mas sif  is  elon gated in a
NNE-SSW di rec tion and is sur rounded by an other 100 cu
km ring plain of volcaniclastic de bris, in clud ing the
Murimoto de bris-av a lanche de posit on the NW flank. A se -
ries of subplinian erup tions took place at Ruapehu be tween
about 22,600 and 10,000 years ago, but pyroclastic flows
have been in fre quent at Ruapehu. A sin gle his tor i cally ac -
tive vent, Crater Lake, is lo cated in the broad sum mit re -
gion, but at least five other vents on the sum mit and flank
have been ac t ive  dur  ing the  Ho lo  cene.  Fre  quent
mild-to-mod er ate ex plo sive erup tions have oc curred in his -
tor i cal time from the Crater Lake vent, and tephra char ac -
ter is tics sug gest that the crater lake may have formed as
early as 3000 years ago. Lahars pro duced by phreatic erup -
tions from the sum mit crater lake are a haz ard to a ski area
on the upper flanks and to lower river valleys.

In for ma tion Con tacts: In sti tute of Geo log i cal & Nu -
clear Sci ences (IGNS), Pri vate Bag 2000, Wairakei, New
Zea land (URL: http://www.gns/cri.nz/; http://data.geonet.
org.nz/geonews/in dex.html) and New Zea land De part ment
of Con ser va tion, Pri vate Bag, Turangi, New Zea land
(URL: http://www.doc.govt.nz/).

Lastarria

North ern Chile
25.17°S, 68.50°W; sum mit elev. 5,697 m

The rarely vis ited Lastarria has not erupted in his tor i cal
time, but has dis played strong fumarolic ac tiv ity (fig ure 17) 
for at least 67 years. This is the first Bul le tin re port ever is -

sued on this vol cano; it pres ents
new im ages of the steam ing ed i -
fice. On 2 Feb ru ary 2007, a group 
of sci en tists from the Servicio
Nacional de Geología y Minería
(SERNAGEOMIN) and the
Corporación Nacional Forestal
(CONAF) ob served the fumarolic 
ac tiv ity from a dis tance. The sci -
en tists were on a field trip to
count fla min gos and other An -
dean birds at Ramsar sites. The
Ramsar Con ven tion on Wetlands
(http://www.ramsar.org/), named
af ter a city in Iran, is an in ter gov -
ern men tal treaty that pro vides the
frame work for na tional ac tion and 
in ter na tional co op er a tion for the
con ser va tion and wise use of
wetlands and their re sources. The
group noted steam plumes blow -
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Date (2003-2006) Tem per a ture (°C)

Jan 2003 42

05 Mar 2003 30

15 May 2003 42

15 Mar 2004 35

Aug 2004 16

13 Nov 2004 19

Feb 2005 39 (peak for heat ing cy cle)

04 Aug 2005 23

21 Aug 2005 32

03 Sep 2005 39

24 Sep 2005 34

12 Oct 2005 30

24 and 27 Oct 2005 35-36

(Un s ta ted date dur  ing the
Oc to ber 2005 to 5 Oc to ber 2006
time span)

15

05 Oct 2006 23 (af ter earth quake)

Ta ble 5. Lake tem per a ture data at Ruapehu dur ing 2003-2006. Gaps in the
data over 2 months are in di cated by blank rows. Some months have
mul ti ple sets of read ings. Data were rounded to two sig nif i cant fig ures.
Com piled from IGNS re ports.

Fig ure 16. A plot of the sur face el e va tion with time (1996 to mid-2006) of Ruapehu’s crater lake. Ab so lute lake
el e va tions in me ters above sea-level ap ply to the curve la beled “Lake level” and cor re spond to the y-axis scale at
the right. In di ces of lake full ness (per cent above or be low the el e va tion 2,440 m) ap ply to the curve de scrib ing
“Lake vol ume as per cent of full ness.” This curve cor re sponds to the y-axis at left (i.e., 0 % full = 2,440 m a.s.l.;
100% full = 2,529.3 m a.s.l.). The dot ted hor i zon tal line in di cates the el e va tion of the base of the tephra dam that
lies over the rim’s low point. This plot came di rectly from an in for ma tive poster on the lahar avail able on line at the 
De part ment of Con ser va tion website (Keys, (date un known), in ref er ence list be low).



ing NE at mid-day from ~ 47 km SW. Fumarolic gases were 
again seen, from ~ 35 km WSW, slowly mov ing down the
W slope of the cone (fig ure 18). Steam plumes were seen
intermittently throughout the afternoon.

Jose An to nio Naranjo, who has worked at Lastarria
since 1983, is very fa mil iar with its spec tac u lar fumarolic
ac tiv ity. He con firmed that the ob ser va tions of Feb ru ary
2007 re flect Lastarria's nor mal in tense fumarolic emis sions.  
Such ac tiv ity has con tin ued since at least 1940, when ob -
served by Danko Slozilo. Naranjo noted that in 2007 he
saw the same fumarole lo ca tions as those he ob served in
1983 and in Oc to ber 2002 (fig ure 19). The tem per a tures of
these fumaroles were unchanged between 1983 and 2002.

Ref er ences: Naranjo, J.A., 1985, Sul phur flows at
Lastarria vol cano in the North Chil ean An des: Na ture, v.
313, no. 6005, p. 778-780.

Naranjo, J.A., 1986, Ge ol ogy and evo lu tion of the
Lastarria vol ca nic com plex, north Chil ean An des: Un pub -
lished M Phil. The sis, The Open Uni ver sity, Eng land, 157
p.

Naranjo, J.A., and Fran cis, P., 1987, High ve loc ity de -
bris av a lanche at Lastarria vol cano in the north Chil ean An -
des: Bull. Volcanol., v. 49, p. 509-514.

Naranjo, J.A., 1988, Coladas de azufre de los volcanes
Lastarria y Bayo en el norte de Chile: reologia, gen e sis e
importancia en geologia plan e taria: Revista Geologica de
Chile, v. 15, no. 1, p. 3-12.

Naranjo, J.A., 1992, Chem is try and pet ro log i cal evo lu -
tion of Lastarria vol ca nic com plex in the north Chil ean An -
des: Geol. Mag a zine, v. 129, p. 723-740.

Geo logic Sum mary. The NNW-trending ed i fice of
5,697-m-high Lastarria vol cano along the Chile-Ar gen tina

bor der con tains five nested sum -
mit crat ers. The youn gest fea ture
is a lava dome that over laps the
north ern crater rim. The large
andesitic-dacitic Negriales lava
field on the west ern flanks was
erupted from a sin gle SW-flank
vent. A large de bris-av a lanche
de posit is found on the SE flank.
Re cent pyroclastic-flow de pos its
form an ex ten sive apron be low
the north ern flanks of the vol -
cano. Al though no his tor i  cal
erup tions have been re corded, the
youth ful mor phol ogy of de pos its
sug gest that Lastarria has been ac -
tive dur ing his tor i cal time. Per sis -
tent fumarolic ac tiv ity oc curs at
the sum mit and NW flank, and
sul fur flows have been pro duced
by melt ing of extensive sulfur
deposits in the summit region.

In for  ma t ion Con tacts:
Héctor Cepeda  and Mar ga ret
Mercado, Servicio Nacional de
Geología y Miner ía
(SERNAGEOMIN),  Chi le
(Email: mapuchito@ya hoo.com,
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Fig ure 17. Lastarria im aged by sat el lite on an un known date. Fumaroles can be seen on the SW and SE crater rims. 
Crater width (E-W) is ~600 m. Cour tesy of Google Earth and DigitalGlobe.

Fig ure 18. Pho to graph show ing Lastarria from ~35 km WSW, 2 Feb ru ary
2007. Fumarolic gases can be seen ris ing above the cone and mov ing
down the W flank. Cour tesy of Héctor Cepeda.

Fig ure 19. Pho to graph of the Lastarria cone show ing the lava dome
over lap ping the N crater rim and fumaroles along the rim, Oc to ber 2002.
View is from the N. Cour tesy of Jose An to nio Naranjo.



margaretmw@ya hoo.com); Jorge Carabantes, Cristian
Rivera, Eric Díaz, and Juan Soto, Corporación Nacional
Forestal (CONAF), Chile (Email: jcaraban@conaf.cl,
cristian.rivera@conaf.cl, ericdiaz@conaf.cl, jsotov@conaf.
cl); Jose An to nio Naranjo, Vol cano Haz ards Programme,
Servicio Nacional de Geologia y Mineria, Chile (Email:
jnaranjo@sernageomin.cl).

Ol Doinyo Lengai

Tan za nia, East ern Af rica
2.764°S, 35.914°E; sum mit elev. 2,962 m

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

The pre vi ous Bul le tin re port (BGVN 31:03) dis cussed
an un usu ally vig or ous erup tion dur ing late March and early
April 2006. This re port re vis its the March 2006 erup tion
and con tin ues to the be gin ning of 2007, thanks in large part
to the re ports of many ob serv ers posted by Fred er ick Belton 
on his website.

March-April 2006 erup tion. The March 2006 erup tion
was ini tially char ac ter ized in the Arusha Times as being
more mas sive than the one in 1966. How ever, Celia
Nyamweru noted that sub se quent in for ma tion in di cated
that the 2006-2007 event was smaller than the 1966-1967
event. Dur ing the March-April 2006 event, the vol cano was 
re ported to have emit ted “red-hot rivers of mol ten rock and
scald ing fumes.” Ibrahim Ole Sakay, a res i  dent of
Ngaresero (-1.3 km from the vol cano) re ported that the
erup tion be gan on the night of 24 March 2006, con tin u ing
the fol low ing day, and marked by “rum bling and spitting
lava for more than a week.”

Sev eral news sources, in clud ing CNN, re ported that on
30 March 2006 the erup tion led to the evac u a tion of up to
3,000 peo ple from sev eral vil lages, some quite dis tant from
the volcano. As of 5 April, there was a great deal of con tra -
dic tory in for ma tion about this erup tion. Belton noted that
news me dia and peo ple dis tant from the vol cano re ported
ex plo sions, but that peo ple liv ing and work ing nearby re -
ported a “smoke col umn” fol lowed by a very large lava
flow down the W flank, but no ex plo sions or ash. All ev i -
dence now in di cates that there was no ex plo sive ac tiv ity
and that this was only a very large eruption of lava.

Vis i tor ob ser va tions. Belton posted re ports from a num -
ber of per sons who ob served the vol cano be fore and shortly 
af ter the March 2006 erup tion. One ob server, Christoph
Weber, drew a new map of the crater in Feb ru ary 2006 (fig -
ure 20). Belton vis ited the vol cano in Au gust 2006 and pro -
vided (fig ure 21) an up date to Weber’s Feb ru ary map as
well as a photo of the re cent changes (fig ure 22). The fol -
low ing text and ta ble 6 were taken from ob ser va tions by
vis i tors, as re ported by Belton on his website.

When Rick and Heidi Rosen flew over on 13 March
2006, there ap peared to be no ac tiv ity and many lava flows
had turned white. Sev eral flows still con tained dark ar eas,
their sur face color in di cat ing that they were then only a few
days old. Nar row flows ex tended in all di rec tions from the
cen tral cone mound, and a small flow orig i nat ing on the up -
per part of T49B ex tended across the NW crater rim over -
flow and a short dis tance down that flank. Lava also ap -
peared to have reached the E crater rim over flow. Most of
the flows ap peared to have been sub ject to the same amount 

of weath er ing, ex cept for the flow down the NW flank,
which looked more recent.

Af ter a 1 April 2006 climb, Matt Jones re ported that
there was a fairly large lava flow down the W flank. Res i -
dents in nearby Ngaresero vil lage and the Ngorongoro Dis -
trict Com mis sioner said that ac tiv ity started on 27 March
2006. At the sum mit in the dark, Jones noted no glow ing
from lava emis sions. The new erup tion left a big hole to the
left of the climb ing path to the crater that emit ted a plume of 
steam. On the fol low ing day, abun dant steam came from
the hor ni tos and from fis sures all around the rim. Two cen -
tral hor ni to’s had been blown open relatively recently.

Ac cord ing to peo ple in ter viewed by Amos Bupunga,
who vis ited later, lava had flowed out on 29 (30?) March
2006 and ex tended to ~ 2 km from a Maasai fam ily vil lage
(boma) at Ol Doinyo Lengai’s foot. Bupunga heard that res -
i dents did not va cate their vil lage. In the crater, lava of un -
stated ages cov ered al most all of the NW to SE re gions of
the crater to a depth of 2 m. At its out let over the crater’s W
rim, one or more lava flows was 2.5 m deep and 3 m wide.

On 4 April 2006, Mi chael Dal ton-Smith flew over and
ob served a very large lava flow that trav eled over 1 km
down the moun tain and into a gorge. He re ported that a
bush pi lot ob served a 30 March erup tion con sist ing of a
foun tain and lava flow, with out an ash cloud. Lo cal pi lots
also noted that on 4 April the erup tion stopped. No steam
was seen, nor any ev i dence that the large lava flow was still 
hot or moving.

On 5 April, Dal ton-Smith drove to the foot of the vol -
cano and saw a huge lava foun tain com ing from one of the
sum mit hor ni tos. The foun tain stopped be fore he could
pho to graph it, but from the pre vi ous over all struc ture of the
hor ni tos, it ap peared that a new one had been build ing. All
hor ni tos emit ted black plumes, and there ap peared to be a
lake at the sum mit about the size of the large hornito.

Amos Bupunga vis ited the crater on 7 or 8 April 2006,
and, in ad di tion to the above-men tioned in for ma tion he
gath ered rel e vant to 29 or 30 March, he saw that the fresh
lava com ing to the sur face re mained in side the new lava
lake.

Ta ble 7 sum ma rizes an nual mea sure ments from 2000 to 
2006 of widths of lava flows leav ing the crater at var i ous
rim over flows. The num ber and size of the over flows have
gen er ally grown, al though the width of the NW over flow
has re mained 135 m since 2002.

Ae rial pho tos made on 1 April by Dean Polley showed
that there had been a huge col lapse of the up per parts of
hor ni tos T56B and T58B, which merged to gether and prob -
a bly con tained a lava lake (fig ure 23); as noted ear lier, pho -
tos by Rick Rosen showed that the col lapse had not oc -
curred by 13 March 2006.

Polley’s 1 April pho tos show that at the SE base of
T58C (just be hind the col lapse pit) there ap peared to be a
new vent with prom i nent lava chan nels lead ing away to the
SE. Lava from this vent seem ingly filled up the low ly ing
ar eas in the S crater, spilled across the W over flow and
down the flank. A sim i lar erup tion prob a bly oc curred again
on 3 April. It was likely that a large amount of the lava was
flow ing through bur ied tubes, typ i cal dur ing an erup tion of
long duration.

From 6-11 May 2006, Jean Perrin and four oth ers from
Re union Is land vis ited ol Doinyo Lengai and re ported an
ab sence of ac tive lava flows but small gas eous emis sions at
some hor ni tos and plau si ble rare ex plo sions (which may
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have also been the sound of rocks col laps ing). Due to the
very large col lapse men tioned above, hor ni tos T56B,
T58B, T58C, and T57B no lon ger ex isted. No lava lake ac -
tiv ity was seen or heard in the col lapsed area. The crater
floor was cov ered with a thick ash layer and looked con sid -
er ably different than before.

On 12-13 May 2006, Tobias Fischer re ported see ing no
ac tiv ity, but the crater was filled with old lava much higher
than what was seen the pre vi ous year. A very large col -
lapsed cone with sharp rug ged edges was no ticed in the
T58B area. Sul fur di ox ide (SO2) flux was mea sured us ing a  
dif fer en tial op ti cal ab sorp tion spec trom e ter (mini-DOAS),
but the fluxes mea sured were low, the same as in 2005.
Sam pled lava were later an a lyzed and their carbonatite
com po si tions were iden ti cal to 2005 lavas. Some pos si ble
carbonatite tephra was also sam pled. Com ing from deep in -
side the vol cano there were dis crete rum blings last ing for
sev eral sec onds and up to 10 sec onds; these repeated up to
15 times per hour. 

Matthieu Kervyn re ported that dur ing his visit to the
vol cano, 21-28 May 2006, he noted no erup tive ac tiv ity at
all ex cept for fumaroles from cracks in the rim and from
most of the hor ni tos (es pe cially in the af ter noons). The col -
lapse pit in the mid dle was en larg ing through rim col lapse.
Vi sual in spec tion showed that the col lapse pit might soon
cause in sta bil ity of the very high T49B cone. Maasai guides 
were also ex pect ing T49B to col lapse soon. There were
some trem ors felt sev eral times per hour within the N crater, 
as if rocks were col laps ing beneath the crater.

Dur ing 13-15 July 2006, Steve Beresford, Michelle
Carey, and Mark and Rene Tait vis ited the ac tive crater.

Activity at that time was lim ited to abun dant fumarolic de -
gas sing from the crater rim and cen tral hor ni tos. They noted 
a re cent (sev eral days old) ma jor lava flow in the SE part of
the N crater, its path em a nat ing from the S end of the lava
lake at the crater dom i nat ing the cen tral N crater. The
pre-March 2006 mor phol ogy of the N crater had been the
scene of a prom i nent cen tral hor ni to clus ter (fig ure 20).
Dur ing 13-15 July the group found much of that clus ter de -
stroyed, with the dom i nant fea ture on 13 July be ing a wide
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Fig ure 21. Sketch map show ing fea tures in Ol Doinyo Lengai’s ac tive
crater as of Au gust 2006 (i.e., af ter the March-April 2006 erup tion).
Cour tesy of Fred er ick Belton, based on up date of the map by Christoph
Weber.

Fig ure 20. Sketch map show ing fea tures in Ol Doinyo Lengai’s ac tive
crater as of Feb ru ary 2006 (i.e., be fore the March-April 2006 erup tion).
Cour tesy of Christoph Weber. 

Fig ure 22. Photo of Ol Doinyo Lengai’s ac tive crater as seen 7 Au gust
2006, look ing N from the S rim. To elu ci date re cent changes in the crater,
see maps in fig ures 20 and 21 [and ear lier maps and pho tos from BGVN
31:03 (March 2006), 30:10 (Oc to ber 2005), and 30:04 (April 2005)]. The
tall cone is T49B. Slightly to its front and to the right, note the large
col lapse zone that grew in the spot where cones T56B, T58B, and T58C
once stood. The dark lava on the right (E side of crater) was be lieved to
have erupted around 20 June 2006 from T37B. The dark lava to the lower
left prob a bly dates from early April 2006. Al though it ap pears dark and
fresh here, it had al ready been highly weath ered and eas ily crum bled into
pow der if touched. Cour tesy of Fred er ick Belton.



(120 x 120 m) crater host ing a re cently ac tive lava lake. The 
host ing crater’s S mar gin was very un sta ble and pe ri odic
col lapse of the crater walls was com mon over the two days
of ob ser va tion. The crater’s N mar gin was marked by a
steep col lapse scarp in the T49B hornito. Ta lus brec cia
from this scarp par tially infilled the N part of the lava lake.
Nu mer ous scarp col lapses (as so ci ated with abun dant seis -
mic ac tiv ity) high lighted the ephem eral na ture of the cur -
rent crater/lava lake out line. Marks around the lava lake re -
corded for mer high-stands of lava dur ing re cent months.
SE- and S-drain ing tubes were present, both testifying to
the lateral draining of lava.

The above group saw the S tubes that em a nated from
the cen tral lava lake ap peared to con nect to the T37B hor ni -
to. The ma jor ity of the lava flow of the March-April erup -
tion ap peared to have come from this hor ni to. The re duc -
tion in lava lake level and south erly flow di rec tion
sug gested that the lava lake dra mat i cally drained to the S
and may have pro vided the lava that es caped in the T37B
erup tion. Pyroclastics sur round ing T37B sug gested that

early mild Strombolian/Ha wai ian style ac tiv ity pre ceded or
ac com pa nied ef fu sion, as was typ i cal of re cent N crater vol -
ca nism. The lava flow it self was dom i nantly slab by to spiny 
pahoehoe with many aa and frothy pahoehoe break outs
along the E mar gin. This flow ap peared sim i lar to an in -
flated slab by pahoehoe flow field. Very small tooth paste
pahoehoe flows emanated from the slabby pahoehoe flow
front.

Au gust 2006 map and its in ter pre ta tion. Dur ing 4-8
Au gust 2006, Fred Belton and Pe ter and Jennifer Ellis ton
camped on the volcano. The vis i tors found de gas sing cones 
and fumaroles; no lava erupted. Oc ca sional rockfalls oc -
curred in the col lapse zone.

To ex plain the Au gust map and field re la tion ships (fig -
ure 21), Belton and the vis i tors pro vided the fol low ing syn -
op sis of the most re cent ac tiv ity and col lat eral ob ser va tions. 
Some of the fol low ing re vis its ob ser va tions al ready dis -
cussed, but other points are new to this re port and con vey
the sig nif i cance of this stage where sub stan tial lava flows
descend out of the summit crater.
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Date Re port ing Vis i tor(s)
Brief Ob ser va tion(s):(CV= climbed vol cano; A=ae rial pho tos from

crater over flight; F = flank ob ser va tion)

04 Jan-06 Jan 2006 Ber nard Donth - (CV) 1100 hours, 4 Jan: lava from hor ni to T49B; spat ter and lit tle flows in all
di rec tions with erup tion ev ery 30 min; 1 larger flow reached NW Over flow.

- 1500 hours, 4 Jan: ac tiv ity de creased; no more flows during rest of stay.

10 Jan 2006 Chris tian Mann and fam ily - (CV) no ac tiv ity ex cept some de gas sing from hor ni to T47.

- dur ing pre vi ous weeks lava filled large open vent of T56B and flowed from
there to pos si bly other lo ca tions onto NE part of crater floor.

02 Feb-07 Feb 2006 Christoph Weber with film team - (CV) (see BGVN 31:03)

13 Feb 2006 Christoph Weber - (A) new lava flows from T58B and T56B vents

- crater rim over flow widths un changed since Aug 2005

25 Feb-26 Feb 2006 Chris DeVries with Mcgill Univ. stu dents - (CV) (see BGVN 31:03)

11 Mar 2006 Cristine Mentzel - (A) nu mer ous small lava flows ex tend ing in all di rec tions in the crater from
the cen tral cone clus ter

13 Mar 2006 Rick & Heidi Rosen - (A)

14 Mar 2006 Serge & Sandrine Magnier - (A) fresh lava on crater floor

- pho tos of lava show thin, fine tex tured aa flows, very black, orig i nat ing from
un iden ti fi able source in cen tral cone clus ter 

29 Mar 2006 Lo cals re port ing to Amos Bupunga - (F) lava flowed within 2 km of vil lage, but no one va cated 

01 Apr 2006 Dean Polley - (A) pho tos of crater doc u ment ing par tial col lapse of T56B and T58B and
pos si ble ex is tence of a lava lake there

01 Apr 2006 Matt Jones - (CV) 

04 Apr 2006 Mi chael Dal ton-Smith - (A) 

05 Apr 2006 Mi chael Dal ton-Smith - (F) 

07 or 08 Apr 2006 Amos Bupunga - (CV) lava still be ing emit ted only within the new lake 

06 May-11 May 2006 Jean Perrin - (CV) ab sence of lava lake ac tiv ity; a thick ash layer was seen in the crater

12 May-13 May 2006 Tobias Fischer - (CV) 

21 May-28 May 2006 Matthieu Kervyn - (CV) 

13 Jul-15 Jul 2006 Steve Beresford, Michelle Carey, Mark and
Rene Tait

- (CV) 

31 Jul-05 Aug 2006 Daniela Szczepanski, Andreas Ramsler,
Norbert Fischer

- (CV) no ac tiv ity other than smok ing cones and rockfalls in the col lapse zone

04 Aug-08 Aug 2006 Fred Belton, Pe ter & Jennifer Ellis ton - (CV) 

20 Aug 2006 Ram Weinberger, Ma jura Songo - (CV) no sig nif i cant changes in crater since 8 Aug

22 Aug 2006 Helene Frume - (CV) no erup tive ac tiv ity and no vis i ble change since 20 Aug

22 Sep 2006 Magda Kozbial - (CV) no ac tiv ity since the pre vi ous re ported visit on 20 and 22 Aug; only
no tice able change since early Aug was some ad di tional col lapse of CP1 on its
W edge, which ap peared to have de stroyed all but a tiny rem nant of T46

- smoke arose from the cracks in the ground near the crater (CP1) be hind the
big gest cone, mostly at the lo ca tion of T46, and smell of sul fur quite strong

31 Jan-02 Feb 2007 Tom Pfeif fer - (CV) 

Ta ble 6. Sum mary of vis i tors to Ol Doinyo Lengai and their brief ob ser va tion from Jan u ary 2006 to Feb ru ary 2007 (see fig ures 20 and 21 for crater fea tures).
De tailed ob ser va tions prior to March 2006 were re ported in BGVN 31:03; most of the later ob ser va tions were detailed in the text. Cour tesy of Fred er ick Belton.



Prior to their ar rival, lava had flowed from T37B and
CP2 and spread over the SE part of the crater floor. Ther -
mal anom aly sat el lite sens ing data from MODIS, an a lyzed
by Matthieu Kervyn, in di cated that the erup tion prob a bly
oc curred on 20 June (UTC). An As ter im age from June 29
shows new dark lava in the SE part of the crater. Dur ing the 
erup tion, lava lakes ex isted in CP1 and CP2 and lava
flowed from CP2 and T37B and cov ered most of the crater
floor ly ing be tween T45, T37B, T37, and the crater rim.
Lava also flowed across the E over flow and down the flank. 
The flow was com posed of at least two dis tinct, dif fer ently
weath ered lavas that may have oc curred within days or
hours of one an other. The first erup tion phase pro duced a
fine-tex tured aa no more than 40 cm thick and was the more 
ex ten sive of the two flows, cov er ing a large area of the
crater floor and cross ing the E rim over flow. The sec ond
phase pro duced a less ex ten sive but much thicker flow,
nearly 2 m deep in places, that stopped be fore reach ing the
crater rim or the E over flow. It con sisted of bro ken, ropy
pahoehoe slabs. Lava from this erup tion and pos si bly from
prior ac tiv ity com pletely cov ered cone T24, which was no
lon ger vis i ble. The col lapse of the E half of T46 has re -
vealed an interior cave containing long thin stalactites.

Since March 2006, ~ 8,000 m2 of the cen tral crater floor 
had col lapsed. Pho to graphs by sev eral ob serv ers in di cated
that the col lapse be gan just prior to or dur ing the erup tion
of late March through early April 2006 and con tin ued as an
on go ing pro cess. The cur rent col lapse zone con sisted of
two col lapse pits, des ig nated CP1 and CP2 in fig ure 21,
plus a frac tured area be tween the two pits and S of CP1
where large sec tions of ter rain had bro ken away from the
crater floor proper and sub sided by 1-3 m. The dis placed
sec tions had tilted at var i ous an gles and were sep a rated
from one an other and the crater floor by 1- to 2-m-wide fis -
sures. The fis sures con tain nu mer ous large boul ders com -
posed of lavas that were altered by weathering and then
lithified.

 Cones T58C, T56B, and T58B had col lapsed into CP1
and were com pletely gone. Fur ther en large ment of CP1
claimed the SW half of T57B, the SE base of T49B, and the 
E half of T46. The SW half of T37B had col lapsed into
CP2. Tall cone T49B, vis i ble from the Rift Val ley floor, ap -
peared likely to col lapse in the near fu ture. Fail ure of its SE
base re sulted in a ta lus slope that spilled out onto the floor
of CP1. CP1 and CP2 were each ~ 10 m deep with re spect
to the low est point on their rims. CP2’s floor and E side
were ta lus-cov ered, but CP1 had a bi-level floor of slab by
pahoehoe lava, the sur face of a frozen lava lake. A wide
lava chan nel ex ited CP2 to the SE, near the base of T37B,
in di cat ing that it con tained a lava lake, which had over -
flowed onto the crater floor dur ing the March-April erup -

tion. From the low est point of CP2, a tun nel sloped up ward
to CP1, con nect ing the pits. The floor of the tun nel was
cov ered by talus from its unstable walls and roof.

A prom i nent open lava chan nel, with a smaller chan nel
di verg ing from it, led SSE from CP1 past T37 and then
wound W and NW to the W over flow, re cord ing the route
of the lava that flowed from T58C to Ol Doinyo Lengai’s
base dur ing the ex cep tion ally strong dis charges of roughly
25 March-5 April 2006. Near CP1 the chan nel’s path had
ther mally eroded to a depth of ~ 3 m, and re mained nearly
closed at the top. An over hang ing ledge con tained sta lac -
tites. The chan nel be came in dis tinct in the S part of the
crater, but re gained prom i nence near the W over flow,
where in places it at tained a width of ~ 5 m and depth of
~ 2.5 m. A large chasm just be low the W over flow carved
by ther mal ero sion ex tended ~ 20 m down the flank, with a
depth of 5 m and a width of ~ 12 m. Its sides ap peared un -
sta ble and prone to col lapse. Im me di ately downslope of the
chasm, the lava en tered an ex ist ing gully and could not be
eas ily seen again un til the slope mod er ated near the base of
the vol cano, at which place the lava chilled only a few me -
ters from the climb ing track. From there its path con tin ued
into an aa field at its ter mi nus, ~3 km from the summit.

The ter mi nus of the flow lies within 1 km of a Masai
boma on the flank, the only hab i ta tion evac u ated as a re sult
of the erup tion. The lava chan nel near the climb ing track

was ~ 3 m high and at one point
formed a tumulus ~ 5 m in height
(tumulus, an el lip ti cal, domed
struc ture formed on the sur face of 
a pahoehoe flow on flat or gen tle
slopes, cre ated when the up ward
pres sure of slow-mov ing mol ten
lava within  a  f low swells  or
pushes the over ly ing crust up -
ward). A video of this seg ment of
the lava flow (made dur ing the
erup tion viewed from the es carp -
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Date NW Over flow E Over flow W Over flow N Over flow

Jul 2000  60 m 38 m — —

23 Jul 2001 106 m 38 m — —

05 Aug 2002 135 m 39 m 12 m —

02 Aug 2003 135 m 44 m 17 m —

16 Jul 2004 135 m 47 m 17 m —

07 Aug 2005 135 m 72 m 20 m 1 m at three lo ca tions

07 Aug 2006 135 m 73 m 23 m 1 m at three lo ca tions

Ta ble 7. An nual crater rim over flow mea sure ments taken dur ing 2000 to 2006. Stated val ues are the width of the
crater out flow area at the crater rim. Cour tesy of Fred er ick Belton.

Fig ure 23. Ae rial photo of Ol Doinyo Lengai, taken 1 April 2006, view ing
the cen tral crater look ing to ward the S. The very re cent col lapse of
hor ni tos T56B and T58B, which ap pear to have merged to gether, is
ev i denced by the de pres sions sharp edges. Cour tesy of Dean Polley.



ment to the W) showed a rapid, tur bu lent flow with blobs of 
lava be com ing air borne. The lava near the base of Ol
Doinyo Lengai had a dark gray-black col or ation and ap -
peared less weath ered than might be ex pected based on its
age of 4 months.

Lava flows from the same erup tion also cov ered much
of the S part of the crater floor to a depth of at least 2 m.
Based on the in dis tinct ness of the main lava chan nel in the
S part of the crater, it ap peared likely that the low ar eas of
the S part of the crater were filled by lava prior to spill ing
over the W crater rim over flow and down the flank. Hor ni -
tos T27 and T30, formed in 1993, were com pletely cov ered
by this flow.

Sat el lite IR data for 2006 (MODIS and MODLEN).
Re mote ther mal mon i tor ing by sat el lite us ing an al go rithm
called MODLEN was an a lyzed by Matthieu Kervyn.  The
anal y sis sug gested an in crease in vol ca nism around 11-13
March 2006. MODLEN is the name of a semi-au to mated
al go rithm us ing MODIS night-time im agery to re cord ther -
mal ac tiv ity and de tect ab nor mally high-in ten sity erup tive
events. It is built upon MODVOLC, an al go rithm de vel -
oped by the Uni ver sity of Ha waii, which pro vides a
fully-au to mated global-cov er age hot-spot-de tec tion
system. MODLEN was spe cif i cally tai lored to Ol Doinyo
Lengai’s low-tem per a ture and small scale eruptive activity
(Kervyn and others, 2006a and 2006b).

Ta ble 8 shows the MODIS/MODVOLC ther mal anom -
a lies for the year 2006. MODIS ther mal alerts on 25, 27,
and 29 March 2006 in di cated a small but in tense area of ac -
tiv ity, pos si bly in the form of a large lava lake. A ther mal
alert at about 2255 on 29 March was con sis tent with
eye-wit ness re ports and air pho tos by Polley (men tioned
above). A ther mal alert for a large area of the flank on 3
April prob a bly in di cated a sec ond lava flow to the base of
the vol cano.

Kervyn re ported that the MODIS al go rithm in di cated a
strong ther mal anom aly in the crater on 20 June 2006 (ta ble
8). He in ter preted this anom aly as likely ther mal sig na tures
from new lava in the SE part of the crater and the lava lakes
that later ob serv ers re ported. No ther mal alerts were de -
tected through the re main der of 2006.

Early 2007 ob ser va tions. Tom Pfeif fer re ported that
dur ing a visit from 31 Jan u ary-2 Feb ru ary 2007, no lava
erupted from the sum mit vents. Ac cord ing to lo cal Masai
guides, the form of the cen tral area of the crater with the
large col lapse pit near the tall hor ni to T49b ap peared un -
changed since the sum mer of 2006. From an open vent in
the NE cor ner at the bot tom of the pit at the base of the hor -
ni to, con tin u ous sounds of loud slosh ing sug gested mo bile
lava in some cav erns just be neath that area, an as sump tion
con firmed by the glow of lava vis i ble at night from a sec -
ond, smaller vent lo cated about 30 m S of the large vent in
the base of the col lapse pit. One guide con firmed he had
seen spat ter ing of lava from this vent some two weeks ear -
lier. In ad di tion to the loud sound of mov ing lava un der -
ground, a con stant, deep rum bling could be heard from the
ground, re sem bling the sounds of very dis tant thun der ing. It 
was stron gest in the NW area of the crater be tween the col -
lapse pit and the fissure vents of the March 2006 lava flow.

Geo logic Sum mary. The sym met ri cal Ol Doinyo
Lengai stratovolcano is the only vol cano known to have
erupted carbonatite tephras and lavas in his tor i cal time. The 
prom i nent vol cano, known to the Maasai as “The Moun tain 
of God,” rises abruptly above the broad plain S of Lake

Nat ron in the Greg ory Rift Val ley. The cone-build ing stage
of the vol cano ended about 15,000 years ago and was fol -
lowed by pe ri odic ejec tion of natrocarbonatitic and nephe -
lin ite tephra dur ing the Ho lo cene. His tor i cal erup tions have
con sisted of smaller tephra erup tions and emis sion of nu -
mer ous natrocarbonatitic lava flows on the floor of the
sum mit crater and oc ca sion ally down the up per flanks. The
depth and mor phol ogy of the north ern crater have changed
dra mat i cally dur ing the course of his tor i cal erup tions, rang -
ing from steep crater walls about 200 m deep in the
mid-20th cen tury to shal low plat forms mostly fill ing the
crater. Long-term lava ef fu sion in the sum mit crater be gin -
ning in 1983 had by the turn of the cen tury mostly filled the
north ern crater; by late 1998 lava had begun overflowing
the crater rim.

Ref er ences: Kervyn, M., Har ris, A.J.L., Mbede, E.,
Jacobs, P., and Ernst, G.G.J., 2006a, MODIS ther mal re -
mote sens ing mon i tor ing of low-in ten sity anom a lies at vol -
ca noes: Oldoinyo Lengai (Tan za nia) and the MODLEN al -
go rithm: Geo phys i cal Re search Ab stracts, v. 8, p. 03887.

Kervyn, M., Har ris, A.J.L., Mbede, E., Jacobs, P., and
Ernst, G.G.J., 2006b, MODLEN: A semi-au to mated al go -
rithm for mon i tor ing small-scale ther mal ac tiv ity at
Oldoinyo Lengai Vol cano, Tan za nia: In ter na tional As so ci -
a tion for Math e mat i cal Ge ol ogy XIth In ter na tional Con -
gress, Université de Liège, Bel gium, 3-8 Sep tem ber 2006,
pa per SO9-15.

In for ma tion Con tacts: Fred er ick Belton, De vel op men -
tal Stud ies De part ment, PO Box 16, Mid dle Ten nes see
State Uni ver sity, Murfreesboro, TN 37132, USA (URL:
http : / /www.mtsu.edu/%7Efbel ton/ ;  h t tp: / /www.
oldoinyolengai.org; Email: oldoinyolengai@hotmail.com);
Christoph Weber, Vol cano Ex pe di tions In ter na tional,
Muehlweg 11, 74199 Untergruppenbach, Ger many (URL:
http://www.v-e-i.de/, Email: mail@v-e-i.de); Celia
Nyamweru, De part ment of An thro pol ogy, St. Law rence
Uni  ver  s i ty ,  Can ton,  NY 13617,  USA (Email:
cnyamweru@stlawu.edu; URL: http://it.stlawu.edu/~cnya//
lenweb4b.htm); Matthieu Kervyn, Uni ver sity of Ghent, Ge -
ol ogy De part ment, Ghent, Bel gium (URL: http://us ers.
ugent.be/~mkervynd/lengai.htm; Email: Matthieu.
KervynDeMeerendre@ugent.be); Arusha Times, Arusha,
Tan za nia (URL: http://www.arushatimes.co.tz/); Tom Pfeif -
fer ,  Vol  cano  Dis cov  ery (URL: h t tp: / /www.
volcanodiscovery.com/); Hawai’i In sti tute of Geo phys ics
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Date Time (UTC)
Num ber of

pix els
Sat el lite

23 Mar 2006 2325 1 Aqua

25 Mar 2006 2020 5 Terra

25 Mar 2006 2315 2 Aqua

27 Mar 2006 2005 1 Terra

27 Mar 2006 2300 2 Aqua

29 Mar 2006 1955 1 Terra

03 Apr 2006 0750 2 Terra

03 Apr 2006 2010 3 Terra

03 Apr 2006 2310 6 Aqua

04 Apr 2006 1130 1 Aqua

20 Jun 2006 2025 1 Terra

20 Jun 2006 2320 1 Aqua

Ta ble 8. MODIS ther mal anom a lies de tected at Ol Doinyo Lengai dur ing
2006. Cour tesy of Hawai’i In sti tute of Geo phys ics and Plan e tol ogy.



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/).

Etna

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

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

The 10-day-long erup tion of Et na’s South east Crater
(SEC) in mid-July 2006 (BGVN 31:08 and 31:10) was con -
sid ered by sci en tists at the Istituto Nazionale di Geofisica e
Vulcanologia (INGV) to rep re sent a dis tinct phase of 2006
ac tiv ity for Etna. They iden ti fied a very dif fer ent phase
when erup tive ac tiv ity shifted to SEC’s sum mit vent be -
tween 31 Au gust and early 15 Sep tem ber 2006. The lat ter
ac tiv ity led to lava over flows and re peated col lapse on
SEC’s E side. The seven erup tive ac tiv ity ep i sodes pre vi -
ously de scribed (BGVN 31:10) have since been re num bered 
slightly, with Ep i sode 1 tak ing place be tween 31 Au gust
and 16 Sep tem ber.

The fol low ing re port was com piled from re cent re ports
by Boris Behncke and Sonia Calvari, based on daily ob ser -
va tions by nu mer ous staff mem bers of the INGV Catania
(INGV-CT). This is sue over laps with our pre vi ous Bul le -
tins and then goes on through the end of 2006.

Over view of the 31 Au gust to 14 De cem ber erup tion.
Fig ure 24 in di cates key vents and lava flows dur ing the pe -
riod 4 Sep tem ber-7 De cem ber 2006. It ex cludes lavas emit -
ted dur ing the short but in tense fi nal ep i sode (Ep i sode 20,
11-14 De cem ber 2006), but they did not sig nif i cantly ex -
tend be yond flow mar gins shown here. The lon gest lava
flows of the re port ing in ter val reached ~ 4.7 km SE from
their source vent (figure 24).

Ta ble 9 sum ma rizes the 20 ep i sodes of re cent erup tive
ac tiv ity, as cur rently iden ti fied by the INGV staff. Note,
how ever, that ep i sode num bers have changed since dis -

cussed in BGVN 31:10. One ear lier ep i sode has been added
(31 Au gust-15 Sep tem ber). For mer Ep i sodes 1-7 as listed
in BGVN 31:10 based on ear lier INGV re ports, have been
re num bered to Ep i sodes 2-8. Sub se quent ep i sodes (9
through 20) are the main subject of this report.

Ep i sode 9. Al though there were no real par ox ysms of
Strombolian ac tiv ity or lava fountaining at the SEC dur ing
26 Oc to ber-4 No vem ber, clear pulses of ac tiv ity oc curred at 
the ef fu sive vents at 2,800 and 3,050 m elevation, ac com pa -
nied by ash emis sion or weak Strombolian ex plo sions at the 
SEC. These events de fined Ep i sode 8, on 27 Oc to ber, and
Ep i sode 29, which took place dur ing 29-30 Oc to ber. The
clear pat tern of dis tinct par ox ysms from the SEC fi nally re -
turned on 5 No vem ber and lasted through late that month,
be fore the ac tiv ity be came again more continuous early in
December.

Ep i sode 10. Fol low ing one week of in ter mit tent ash
emis sions and weak Strombolian ac tiv ity on late 4 No vem -
ber, a new strong erup tive ep i sode started at the SEC sum -
mit vent at 2004 on 5 No vem ber and con tin ued with some
fluc tu a tions and in ter mit tent ash emis sions for the next 9.5
hours. Light ashfalls oc curred over pop u lated ar eas to the
SE. At about 2147 on 5 No vem ber, the ef fu sion rate in -
creased at a vent at 3,050 m el e va tion at the S base of the
cen tral sum mit cone (C on fig ure 24) which had been con -
tin u ously ac tive since 27 Oc to ber. A new lobe of lava trav -
eled S of the sum mit cone com plex across a flat area known 
as the Cratere del Piano.

An ap par ent in crease in the ef fu sion rate was also noted
at the ef fu sive fis sure at 2,800 m el e va tion on the ESE flank 
(B on fig ure 24),  with ac tive lava lobes ex tend ing
downslope. Lava ef fu sion from the 3,050-m vent ended
dur ing the morning of 6 No vem ber, and for the fol low ing
48 hours, lava emis sion con tin ued only at the 2,800-m vent.

Ep i sode 11. Ash emis sions from the sum mit of the SEC
oc curred on 8 No vem ber 2006, fol lowed by vig or ous
Strombolian ac tiv ity that con tin ued un til about 2200.
Around 1600, lava started to flow from a new vent lo cated
in the sad dle be tween the SEC cone and the ad ja cent main
sum mit cone, at an el e va tion of ~ 3,180 m (D on fig ure 24).
The lava reached the SW base of the SEC cone in a few

min utes, where it bi fur cated into
sev eral short lobes, the larg est
and wes tern most lobe stop ping at
the E mar gin of the lava flow field 
from the 3,050-m vent. Lava from 
the 3,180-m vent had ceased
flow ing by about 1845, whereas
spat ter ing and lava ef fu sion con -
tin ued at the 3,050-m vent for
some time. Spat ter ing ended at
that vent around 1930, but lava
continued to flow for another 24
hours.

Ep i sode 12. At 2100 on 10
No vem ber 2006, tremor am pli -
tude rap idly in  creased.  Bad
weather ham pered vi sual ob ser va -
tions un til 11 No vem ber, when it
be came ev i dent that this ep i sode
was quite sim i lar to its pre de ces -
sor, with lava emis sion oc cur ring
from both the  3 ,050-m and
3,180-m vents. Strombolian ac tiv -
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Fig ure 24. Map Etna show ing lava flows and their cor re spond ing pe ri ods of ac tiv ity: (1) lavas from the sum mit
and flanks of the SEC, 4 Sep tem ber-3 De cem ber 2006; (2) lavas from the 2,800-m vent, 13 Oc to ber-7 De cem ber
2006; (3) lavas from the 3,050-m vent, 27 Oc to ber-27 No vem ber 2006; and (4) lavas from 3,180-m vent, 8-27
No vem ber 2006. The cap i tal let ters in di cate the most per sis tent erup tion sources: (A) SEC sum mit; (B) 2,800–m
vent; (C) 3,050-m vent; (D) 3,180-m vent; (E) 3,100-m vent (ac tive be tween 30 No vem ber and 3 De cem ber
2006); and (F) the foun da tion crater of the 23 Oc to ber 2006 ac tiv ity (which de vel oped a pit that was also ac tive
be tween 24 No vem ber and 7 De cem ber 2006). Cour tesy of INGV-CT; Behncke, Branca, Neri, and Norini (2006).



ity from the SEC sum mit ceased at 1100 on 11 No vem ber.
Lava emis sion from the 3,050-m vent con tin ued un til the
fol low ing night, and the as so ci ated lava flow field grew
mainly on its W side, with flow fronts de scend ing to
~ 2,800 m. For the next five days, lava emis sion con tin ued
un abated from the 2,800-m-vent, whereas the SEC and all
other vents remained inactive.

Ep i sode 13. Fol low ing a sharp in crease in tremor am pli -
tude at 0500 on 16 No vem ber, vig or ous ash emis sions
started at the SEC sum mit at 0507 and were grad u ally re -
placed by in tense Strombolian bursts, mark ing the on set of
this eruptive episode.

Very early dur ing the ep i sode, lava is sued from the
3,180-m vent, form ing a lobe ~ 100 m long be fore ac tiv ity
at this vent ceased.

Lava ef fu sion from the sum mit started at 0615 on 16
No vem ber and trig gered a se ries of rockfalls down the SE
flank of the SEC cone, be fore the lava de scended on the
same flank. At 0626, brown ish ash was emit ted from a spot
next to the ef fu sive vent, and ma jor rockfalls and av a -
lanches started shortly there af ter. These orig i nated at the S
rim of what re mained of the 2004/2005 col lapse pit on the E 
flank of the SEC (see BGVN 30:01 and 30:12). Plumes ris -
ing from the de scend ing av a lanches con tained both brown -
ish ash and white steam. Avalanching was most in tense be -
tween 0631 and 0640, af ter which the new lava flow
rap idly de scended the lower SE flank of the cone and be gan 
to ex tend be yond its base to ward the area of the 2,800-m
vent. At the same time, strong emis sions of black ash

marked the open ing of an other ex plo sive vent next to the
sum mit, and a third ex plo sive vent be came ac tive in the
same area. For the next sev eral hours, the vents con tin ued
to eject ash and oc ca sion ally bombs, and to produce
vigorous Strombolian activity.

At 0700 on 16 No vem ber emis sions of white va por oc -
curred from the SE flank of the SEC cone; a few min utes
later large rock av a lanches started to de scend that flank. Si -
mul ta neously a fis sure be gan to open near the sum mit to
downslope on the SSE flank, trig ger ing lo cal rockfalls and
dust av a lanches. This fis sure ini tially prop a gated ~ 100 m
downslope, then it tem po rarily stopped; but at 0720, it
prop a gated an other 150 m downslope. Dur ing the fol low -
ing 15 min utes, an other fis sure per pen dic u lar to the ear lier
one cut SE across the flank, gen er at ing more rockfalls and
dust av a lanches. The re sult ing fis sure sys tem had the form
of an in verted Y de lim it ing a block that was ac tively pushed 
outward by magma intruding into the cone’s flank.

Lava be gan to is sue from the lower end of the W branch 
of the fis sure sys tem at about 0810 on 16 No vem ber. At ap -
prox i mately the same time, the 3,050-m vent started to emit
lava. By this time, the up per por tion of the fis sure cut ting
the SSE flank of the SEC cone had sig nif i cantly en larged
and be came a deep trench. Dense vol umes of steam were
emit ted from this trench at 0831 and were fol lowed a few
min utes later by an other se ries of rockfalls and av a lanches.
Direct ob ser va tion from ~ 700 m showed that the most en -
er getic of these av a lanches re sulted from the col lapse of
low foun tains of gas and tephra at the lower end of the large 
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Ep i sode (for -
mer num ber)

Du ra tion date (Time–morn ing = a.
m., af ter noon = p.m.) Year = 2006

Com ments on on set of ep i sode

1 (new) 31 Aug-15 Sep erup tive ac tiv ity shifted to SEC’s sum mit vent (see BGVN 31:10)

2 (1) 22 Sep (p.m.)-27 Sep(a.m.) mild Strombolian ex plo sions for first 2 days

3 (2) 3 Oct (p.m.)-6 Oct (a.m.) started with Strombolian ex plo sions from SEC sum mit, in creas ing in vigor dur ing the
fol low ing hours

4 (3) 10 Oct (late p.m.)-11 Oct (late p.m.) vig or ous Strombolian ac tiv ity and lava de scend ing SE flank of SEC cone 

5 (4) 20 Oct (0500-late) rapid in crease in tremor am pli tude, vig or ous Strombolian ac tiv ity in the cen tral SEC sum mit
and iso lated large ex plo sions from a vent near the E rim

6 (5) 23 Oct (0600-?) vig or ous Strombolian ac tiv ity and pul sat ing lava fountained from two vents at the sum mit of
the SEC 

7 (6) 25 Oct (late p.m.)-26 Oct (late p.m.) marked in crease in tremor am pli tude and ash emis sions from the sum mit of the SEC, which
pro duced only weak Strombolian ac tiv ity

8 (7) 27 Oct (p.m.) in crease in tremor am pli tude and ash emis sions from the SEC (see text for 26 Oct-4 Nov)

9 29-30 Oct pulse of ac tiv ity

10 5 Nov (2004)-6 Nov (a.m.) strong erup tive ep i sode started at SEC sum mit vent and con tin ued with some fluc tu a tions
and in ter mit tent ash emis sions

11 8 Nov (un til 2200) ash emis sions from sum mit of SEC, fol lowed by vig or ous Strombolian ac tiv ity

12 10 Nov (2100)-11 Nov (1100) tremor am pli tude rap idly in creased, bad weather ham pered vi sual ob ser va tions

13 16 Nov (0500-late p.m.) lava is sued from the 3,180-m vent, sharp in crease in tremor am pli tude, vig or ous ash
emis sions at the SEC sum mit, these grad u ally re placed by in tense Strombolian bursts 

14 19 Nov (0400)-20 Nov (a.m.)  Strombolian ac tiv ity at SEC oc curred from 2 vents at the sum mit, lava flowed through the
16-No vem ber trench

15 21 Nov (1200)-23 Nov (0000) in clem ent weather, a black ash plume rose to 1.5 km above the sum mit

16 24 Nov (0219-1530) ash emis sions mixed with Strombolian ex plo sions at the SEC

17 27 Nov (0410-pm) SEC mon i tor ing cam era re corded ther mal anom aly and an ash plume

18 31 Nov (1600)-3 Dec(a.m.) ris ing lava foun tains fol lowed 2 hours later by the ‘23 Oc to ber pit’ emit ting dense ash and
Strombolian ex plo sions

19 6 Dec in creased tremor im plied weak Strombolian ac tiv ity and ash emis sion at SEC 

20 11 Dec (0330)-14 Dec (p.m.) Strombolian ex plo sions and vo lu mi nous lava flows from 2,800-m vent, ash from ‘23
Oc to ber pit’

Ta ble 9. List of erup tive ep i sodes (#1-20) at Etna as re ported by INGV-CT for the in ter val 31 Au gust-De cem ber 2006. “For mer #” re fers to the ep i sode num bers
stated in BGVN 31:10 but here re vised. Cour tesy of INGV-CT.



trench. The av a lanches and rockfalls lasted about 15 min -
utes, then a vo lu mi nous surge of lava is sued from the lower
end of the open ing trench.

Over the next few hours this se quence of events (va por
emis sion–rockfalls and av a lanches–lava emis sion) was re -
peated sev eral times as the trench wid ened and prop a gated
fur ther downslope. Dur ing the few mo ments when steam
and dust clouds cleared and the in te rior of the trench be -
came vis i ble, a cas cade of very fluid lava was seen in the
cen ter of the trench. Ap par ently, the lava is sued from a
source high in the head wall of the trench, and at times
spurted from the vent like a firehose.

At 1100 on 16 No vem ber,  white steam plumes,
rockfalls, and dust av a lanches ap peared high on the SE
flank of the SEC cone, in the area where the sum mit lava
flow was emit ted. These phe nom ena marked a ma jor col -
lapse of the E wall of the trench, which even tu ally cut into
the de scend ing sum mit lava flow, di vert ing it into the
trench. The orig i nal flow, which had de scended im me di -
ately S of the 2,800-m vent down to ~ 2,600 m el e va tion,
rap idly stopped, al though lava con tin ued to drain from the
main flow chan nel and ac cu mu lated in a thickening lobe at
the cone’s base.

At about 1425 on 16 No vem ber, sev eral ver ti cal jets of
black tephra shot up ward from an area at ~ 150 m dis tance
from the cone’s base. These emis sions were very dis tinct in
color from the brown ish dust clouds, which at the same
time de scended from the trench. The ac tiv ity at the new site
ap peared to mi grate rap idly both to ward the SEC as dark
plumes be gan to  r ise c loser  to  the  cone,  while  a
ground-hug ging plume of white va por shot in the op po site
di rec tion. A few ten’s of sec onds later, very dense clouds of 
dark brown ma te rial be gan to ap pear at the base of the surg -
ing white cloud and formed a dis -
tinct flow that rap idly over took
the front of the white cloud while
speed ing to ward SE. At the slope
break along the W rim of the
Valle del Bove (~ 2,800 m el e va -
tion), both clouds dis ap peared
from view in weather clouds, but
at the site where the ac tiv ity had
orig i nated, a huge plume of white
va por soared sky ward. White va -
por con tin ued to rise from the
area and from the path of the
white and dark brown clouds for
more than 15 minutes.

An other ex plo sive emis sion of 
whi te  s team and dark brown
plumes oc curred at about 1455.
Like the 1425 event, it gen er ated
ground-hug ging clouds of steam
and dark brown ma te rial, the lat -
ter again trav el ing faster. Dur ing
the fol low ing hours, ac tiv ity at
the SEC grad u ally de creased,
with sev eral spec tac u lar cas cades
of lava de scend ing through the
trench on the cone’s SSE side.
Steam ex plo sions and rock av a -
lanches oc curred at the lower ter -
mi na tion of the trench at 1525.
Strombolian ac tiv ity ceased at

1500 on 16 No vem ber, but lava emis sion con tin ued un til
about mid night. This lava does not seem to have ex tended
far from the base of the SEC cone, since in ves ti ga tion dur -
ing the fol low ing day failed to re veal any fresh lava on top
of the de bris de pos its emplaced dur ing the ma jor ex plo sive
events at 1425 and 1455. A mi nor lava flow was also fed
from a new short fis sure ~ 80 m E of the 3,050-m vent. Dur -
ing the eve ning a small lobe of lava was emitted from the
accumulation at the SEC cone’s base.

Field work and ae rial sur veys dur ing the two days fol -
low ing 16 No vem ber re vealed that the 1425 and 1455 ex -
plo sions and re lated volcaniclastic den sity cur rents (fig ure
25) had left two main types of de posit. One was of lobate
shape and ex tended a few hun dred me ters from the source
of the ex plo sions to the SE, cov er ing a foot path es tab lished
by moun tain guides to al low tour ists to ap proach the per sis -
tently active 2,800-m vent.

On the ground the de posit con sisted of very fine grained 
red dish-brown ash made up al most ex clu sively of lithic
frag ments. To the N the de posit grad u ally thick ened and
larger clasts were found on its sur face, some of which rep -
re sented fresh mag matic ma te rial. Close to the 2,800-m
vent, the de posit abruptly graded into a sort of de bris flow
rich in lithics but with up to 25% of fresh mag matic clasts.
These lat ter showed a pe cu liar flat tened-out mor phol ogy.
Where this de posit over lay the tour ist path near the 2,800-m 
vent it was 1.52 m thick. In one place the flow had
surrounded a plas tic-coated sign warn ing tour ists to stay on
the path. The plas tic lacked ev i dence of strong heat ing, in -
di cat ing that the flow was rel a tively cool at this point along
its path.

Vol ca nic tremor am pli tude be gan to in crease dur ing the
late af ter noon of 18 No vem ber and, dur ing a he li cop ter
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Fig ure 25. One of the pe cu liar den sity cur rents at Etna that oc curred dur ing Ep i sode 13, 16 No vem ber 2006. The
photo was taken from the N side of the large 2002-2003 cone com plex, ~ 1.3 km S of the SEC. Seen in the photo
are strong emis sions of dark gray ash from two vents at the sum mit (a third caused in tense Strombolian ac tiv ity,
but not in the mo ment shown in the photo). A huge gash carved out of the near right side of the cone emit ted a lot of 
white va por, with lava flow ing from its lower end, and a ground-hug ging brown ish ash cloud spill ing downslope
on top of the flow ing lava. Photo cour tesy of INGV-CT.



flight at 1800, the 2,800-m vent showed vig or ous spat ter -
ing. Ac tive lava from the vent trav eled ~ 3 km to Monte
Centenari. Bright in can des cence was also noted within the
3,180-m vent dur ing this overflight.

Ep i sode 14. At 0400 on 19 No vem ber, Strombolian ac -
tiv ity at the SEC oc curred from 2 vents at the sum mit while
lava flowed through the 16 No vem ber trench and di vided
into nu mer ous braid ing lobes on top of the de bris de pos ited
3 days ear lier. The lon gest lobe trav eled along the prom i -
nent chan nel in the main de bris flow, pass ing im me di ately
to the S of the 2,800-m vent and ex tend ing to an el e va tion
of ~ 2,600 m. This ep i sode was much less vi o lent than its
pre de ces sor and lacked the ex plo sions, surges, and flows
char ac ter is tic of that event. Strombolian ac tiv ity con tin ued
un til the late eve ning, while lava ef fu sion ended early on 20 
No vem ber. As dur ing pre vi ous ep i sodes, lava had also
briefly is sued from the 3,050-m and 3,180-m vents. In ad di -
tion, a flow of a few me ters in length started from an other
fis sure that opened at ~ 3,200 m, on the sad dle be tween
Bocca Nuova and SEC. This upper flow merged with the
flow coming out from the 3,180-m vent.

Ep i sode 15. This erup tive ep i sode at the SEC started at
1200 on 21 No vem ber 2006, but di rect ob ser va tions were
thwarted by in clem ent weather through night fall. At about
1500, a black ash plume was seen ris ing above the cloud
cover to ~ 1.5 km above the sum mit. Light ashfalls oc -
curred along the Ionian coast near Giarre and fur ther N,
while at Rifugio Citelli (~ 6 km NE of the SEC), ash de po -
si tion was nearly continuous.

Af ter 1900, the cloud cover grad u ally opened, al low ing
di rect views of the strong Strombolian ex plo sions gen er at -
ing jets some times over 300 m high. Lava once more
flowed through the 16 No vem ber trench on the cone’s SSE
flank to ward the 2,800-m vent. Like wise, the 3,050-m and
3,180-m-vents re ac ti vated, al though the lat ter ap par ently
ceased erupt ing early dur ing the ep i sode. Lava flowed from 
the trench un til shortly af ter mid night on 22 No vem ber.
Bad weather pre cluded ob ser va tions un til the eve ning,
when all ac tiv ity was again limited to the 2,800-m vent.

Ep i sode 16. At 0219 on 24 No vem ber, there be gan ash
emis sions mixed with Strombolian ex plo sions. These were
re corded by the INGV-CT ther mal cam era in Nicolosi (~ 15 
km S of the SEC) with a sig nif i cant anom aly oc cur ring at
the SEC sum mit. Strombolian ac tiv ity at 0320 was ac com -
pa nied by vo lu mi nous ash emis sion, which formed a plume
that rose ~ 2 km above the sum mit before being blown to
SE.

Two par tic u larly pow er ful ex plo sions oc curred at 0452
and 0455. The lat ter was fol lowed by lava ex trud ing from a
vent pre sum ably lo cated within the 16-No vem ber trench.
At around 0535, lava be gan to is sue from the 3,050-m vent,
form ing a small flow on the W side of the lava flow field
emplaced since 26 Oc to ber. A sec ond mi nor flow is sued
from an other vent lo cated ~ 80 m SE of the 3,050-m vent.
Vig or ous ash emis sion from the sum mit of the SEC caused
light ashfalls over pop u lated ar eas between Zafferana and
Acireale (fig ure 26).

A frac ture opened at about 0817 at the SSE base of the
SEC cone, pro duc ing a vi o lent ex plo sion and a rock av a -
lanche that de scended at a speed of sev eral ten’s of km/h to -
ward the Valle del Bove, fol low ing the path of sim i lar av a -
lanches that had oc curred on 16 No vem ber. Lava ef fu sion
con tin ued from vents at the cone’s base, where mild spat -
ter ing was ob served. Upslope from the ef fu sive vent at

2,800 m el e va tion, a sec ond frac ture formed and com -
menced spattering and lava emission.

Dur ing the early af ter noon a change in the wind di rec -
tion drew the plume from its ear lier SE-ward course to ward
Catania and ad ja cent ar eas, forc ing the clo sure of the
Fontanarossa In ter na tional air port of Catania. The ac tiv ity
be gan to di min ish, and by 1530 all ex plo sive phe nom ena
ceased. For sev eral more hours lava con tin ued to is sue from 
two vents at the SEC cone’s base.

Late in the af ter noon of 24 No vem ber, weak spo radic
Strombolian ex plo sions oc curred from a pit lo cated on the
E flank of the SEC cone, which had formed dur ing the 23
Oc to ber erup tive ep i sode (here af ter, ‘23 Oc to ber pit’ iden -
ti fied as F on fig ure 24). On 25 No vem ber this vent pro -
duced pul sat ing ash emis sions that con tin ued in ter mit tently
for the next two days.

Ep i sode 17. At around 0410 on 27 No vem ber, erup tive
ac tiv ity oc curred at the SEC and the ther mal mon i tor ing
cam era at Nicolosi be gan to re cord a sig nif i cant ther mal
anom aly at the crater and a W-drift ing ash plume. Vi sual
ob ser va tions were ham pered by in clem ent weather. Around 
0730, the ther mal cam era at Nicolosi dis closed lava emis -
sion on the W side of the SEC cone, pos si bly from the vent
at 3,180 m el e va tion in the sad dle be tween the SEC and the
Bocca Nuova. About 45 min later, lava emis sion be came
ev i dent at the cone’s SE base. No fur ther vi sual ob ser va -
tions were avail able af ter 0845, but the tremor am pli tude
re mained high un til the af ter noon, when a sharp drop
indicated the end of this eruptive episode.

Bad weather per sisted un til early on 29 No vem ber when 
ob serv ers saw ash emis sions from the ‘23 Oc to ber pit.’
These emis sions be came more in tense af ter 0545, and the
tremor am pli tude be gan to in crease rap idly dur ing the late
morn ing. In ter mit tent, weak Strombolian ac tiv ity from the
‘23 Oc to ber pit’ was vis i ble af ter night fall; this be came no -
ta bly stron ger shortly af ter 0100 on 30 No vem ber and
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Fig ure 26. Dark ash plume ris ing from Et na’s SEC dur ing erup tive
Ep i sode 16 on the morning of 24 No vem ber, pho to graphed from a
he li cop ter pro vided by the Ital ian De part ment of Civil De fense
(Dipartimento di Protezione Civile) dur ing that day’s par tic u larly
ex plo sive ep i sode. A small steam plume at left rises from the area of the
2,800-m vent. More dif fuse gas emit ted from ac tive lava flows en gulfs the 
photo’s ex treme left. Et na’s other sum mit crat ers (North east Crater
fore most, with Voragine and Bocca Nuova be hind) are in the lower right
cor ner of the im age, show ing nor mal de gas sing ac tiv ity. View is
ap prox i mately to the S. Cour tesy of INGV-CT.



reached its high est in ten sity around 0130, af ter which there
was a no ta ble de crease. Ash emis sions oc curred from the
same pit at dawn and again from 1240 onward, producing
low ash plumes.

Ep i sode 18. At around 1600 on 30 No vem ber 2006,
lava foun tains be gan to rise from the 2,800-m vent. Two
hours later the ‘23 Oc to ber pit’ emit ted a dense ash plume,
and Strombolian ex plo sions reached up to 150 m above the
vent. At 2045, a fis sure opened at ~ 3,100 m el e va tion,
vent ing spat ter sev eral ten’s of me ters high and re leas ing a
short lava flow to wards the 2,800-m vent. Af ter about 10
min the ef fu sion rate at this new fis sure di min ished, but
lava con tin ued to es cape at a de creas ing rate for ~ 1 hour.
The ‘23 Oc to ber pit’ re mained vig or ously ac tive for the
next 5 hours, pro duc ing in can des cent jets and a dense
tephra plume.

The new fis sure at 3,100 m el e va tion re vived around
0115 on 1 De cem ber, with vig or ous spat ter ing and a new
surge of sim i larly di rected lava. At the same time, the ‘23
Oc to ber pit’ emis sions strongly in creased. Like on the eve -
ning be fore, the new fis sure at 3,100 m el e va tion re mained
ac tive only for a short time; lava emis sion ceased by 0200
on 1 December.

The 2800-m vent pro duced the larg est lava flows dur ing 
the en tire pe riod of ac tiv ity, in this ep i sode ex tend ing lava
flows to ~ 1,500 m el e va tion on the Valle del Bove floor, to
a dis tance of ~ 4.7 km from their source.

Be tween 1-3 De cem ber, the ‘23 Oc to ber pit’ re mained
ac tive with nearly con tin u ous emis sions of ash in ter spersed
with Strombolian ac tiv ity. This was ac com pa nied by the
3,100-m fis sure emit ting low fountaining and lava; lava
flows from that fis sure were gen er ally short and did not ex -
tend far be yond the 2,800-m vent. The last ob served ac tiv -
ity at the 3,100-m vent oc curred dur ing the morning of 3
De cem ber. Ash emis sions from the ‘23 Oc to ber pit’ con tin -
ued for an other few days but be came pro gres sively weaker; 
like wise the lava emis sion at the 2,800-m vent diminished
gradually.

Ep i sode 19. Weak Strombolian ac tiv ity and ash emis -
sion oc curred at the SEC on the af ter noon of 6 De cem ber,
ev i denced by in creased tremor, but the am pli tude dropped
rap idly to very low lev els im ply ing that the SEC ceased
erupt ing late on 6 De cem ber. Mi nor lava emis sions con tin -
ued from the 2,800-m vent. On the morn ing of 8 De cem ber, 
no erup tive ac tiv ity was vis i ble at any of the nu mer ous
vents of the pre vi ous weeks. Fol low ing sev eral days of very 
low tremor am pli tude, it be gan to increase again late on 10
December.

Ep i sode 20. Erup tive ac tiv ity re sumed around 0330 on
11 De cem ber 2006 from the ‘23 Oc to ber pit’ on the SEC,
with Strombolian ex plo sions doc u mented by INGV-CT's
mon i tor ing cam eras. Si mul ta neously, lava emis sion started
from the area of the 2,800-m vent, form ing a flow that
slowly de scended to ward the Valle del Bove. Bad weather
ham pered ob ser va tions dur ing the fol low ing days, but oc -
ca sional clear views re vealed ash emis sions from the ’23
Oc to ber pit.’ In ad di tion, there were vo lu mi nous lava emis -
sions from the 2,800-m vents, feed ing a broad lava flow ad -
ja cent the N mar gin of the lava flowfield pro duced from the 
same vent be tween mid-Oc to ber and early De cem ber. The

2,800-m vents gen er ated vig or ous Strombolian ex plo sions
from two vents that built up a pair of large hor ni tos, and
lava emis sions came from a third vent lo cated on the lower
E flank of the larger, more east erly of the hor ni tos. No ac -
tiv ity oc curred from any other of the nu mer ous vents that
had been ac tive dur ing the pre vi ous weeks at the sum mit
and in the vi cin ity of the SEC. Late in the af ter noon of 14
De cem ber, a sharp drop in tremor am pli tude in di cated that
the end of this fi nal erup tive ep i sode was im mi nent, and
field observations made on the following morning revealed
the absence of eruptive activity.

INGV con sid ered Et na’s 2006 sum mit erup tions dur ing
14 July-14 De cem ber and made a rough es ti mate of erupted 
lava vol umes. The to tal vol ume pro duced dur ing those 5
months amounted to ~ 15-20 x 106 m3.

There was a sin gle, rel a tively small ash emis sion from
Bocca Nuova on 19 March 2007, dis charged with out an as -
so ci ated seis mic sig nal. This was fol lowed ten days later by 
a brief ep i sode of vi o lent lava fountaining and tephra emis -
sion from the SEC. De tails on that and sub se quent ac tiv ity
will be re ported in a fu ture Bul le tin.

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.
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