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Karangetang [Api Siau]

Sangihe Is lands, In do ne sia
2.78°N, 125.40°E; sum mit elev. 1,784 m

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

Lava flows from Karangetang (fig ure 1) reached sev eral 
ki lo me ters in length by the end of May 2009, and some res -
i dents evac u ated. Wit nessed plumes were mi nor, many be -
low 100 m above the sum mit, the tall est 700 m above the
sum mit. In ter mit tent mi nor ac tiv ity, in clud ing ex plo sions,
ashfall, and ther mal anom a lies, has con tin ued in the last
few years (BGVN 32:05, 32:08, 34:01), with no sig nif i cant
changes since 2007 (fig ure 2 and 3).

Based on a pi lot ob ser va tion, the Dar win VAAC re -
ported that on 24 May an ash plume from Karangetang rose
to an al ti tude of 3.7 km and drifted 75 km S. This was the
tall est plume of the re port ing in ter val.

On 31 May, based on seis mic ity, an in crease in both
vol ca nic tremor, and con tin u ous air blasts (ac com pa nied by 
rum bling sounds), the Cen ter of Vol ca nol ogy and Geo log i -
cal Haz ard Mit i ga tion (CVGHM) up graded Karangetang’s
haz ard sta tus from Alert Level 3 (Siaga) to 4 (Awas) the
high est level (fig ure 4). Ac cord ing to the website “Nat u ral
Di sas ters in In do ne sia,” hun dreds of peo ple were evac u ated 
from near the vol cano and the to tal num ber of vul ner a ble
res i dents was 3,000. The Alert Level fell back to 3 on 9
June.

Tremor was re ported on 30 May and be came con tin u ous 
at times dur ing the morn ing of 31 May (0600-1200). That
same time in ter val saw the larg est num ber of earth quakes.
Crat ers I and II ini tially pro duced white plumes to heights
of ~ 10-25 m and vis i ble in can des cence.

Be gin ning at 0630 a dense white to brown ish plume
from the prin ci pal crater reached a height of ~ 100 m above
the peak. At 0824 there was a con tin u ous ex pul sion of lava

which flowed S, trav el ing ~ 2.3 km down the Kali
Batuawang river. Lava also flowed ~ 1.5 km into the Kali
Kahetang and Kali Keting rivers. Lava flows pe ri od i cally
trav eled ~ 1 km down the Kali Nanitu and Batang rivers. At 
0828 a thick gray ish to plume was con tin u ously ejected to a 
height of ~ 25-700 m ac com pa nied by a rum bling sound of
low to me dium in ten sity.

In con nec tion with the up grad ing of the haz ard sta tus to
Alert Level 4, CVGHM stepped up its mon i tor ing and sent
a team to the field. The re gional gov ern ment was alerted to
the pos si ble fall out of hot ash and the ex pul sion of lava
flows. Nu mer ous threat ened towns and sub-dis tricts were
men t ioned.  These in cluded Siau Timur,  Kampung
Kola-Kola (Bebali vil lage); Kampung Bolo and Kampung
Kopi, (Tarorane vil lage); Kampung Hekang, Tatahadeng
vil lage, the vil lage of Dame 1, the vil lage of Karalung along 

the Kali Beha Timur river and,
Kampung Dompase, along the
banks of the Kali Nanitu and Kali
Kinali rivers. There was the con -
stant threat of lahar (mud flows)
along the length of the rivers that
orig i nate from the ac tive crater,
in  c lud ing the  Batu Awang,
Kahetang, Keting, Batang, Beha
Timur, and Nanitu rivers.

Peo ple were cau tioned not to
ap proach Karangetang closer than 
3 km from the sum mit, par tic u -
larly un der con di tions of heavy
rain. Res i dents of the vil lage of
Dame and part of the pop u la tion
of the town ship of Tatahadeng
were ad vised to main tain a high
level of alert ness to the dan gers of 
pyroclastic flows and lava flows.
In the case of sud den tephra falls,
au thor i ties rec om mended the pub -
lic don face masks. As pre vi ously
men tioned, on 9 June 2009 the
alert level was re duce from 4 to 3.

MODVOLC. There were nu -
mer  ous  MODVOLC ther  mal
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Fig ure 1. Map of the is lands in the re gion around Karangetang, in clud ing Java, Bali, and Sulawesi (Celebes).
Karangetang re sides at up per right on Siau is land, which is ~ 24-km-long, too small to see at this scale. (in set) An
en larged sat el lite im age of Karangetang; white ar eas are clouds over vol ca nic peaks on the is land. Maps have N
di rectly up wards; scale bars are at lower left. Both maps cour tesy of Google Earth.

Fig ure 2. A 2007 photo of Karangetang taken from the sea (di rec tion
un spec i fied) show ing mul ti ple peaks and abun dant unvegetated lava
flows of young ages. The more dis tant cone may have been steam ing.
Photo by Mark Tolosa.



alerts dur ing 2 De cem ber 2008-25 Feb ru ary 2009 (BGVN
34:01).  As of late June 2009,  dates of  sub se quent
MODVOLC alerts for Karangetang were 18 and 29 March;
25, 26, 28, and 30 April; and 7, 14, and 31 May; and 3 June. 
In ef fect, the alerts were broadly spread for more than a
year and showed lit tle if any re sponse to the el e vated ac tiv -
ity seen dur ing the cri sis.

Geo logic Sum mary. Karangetang (Api Siau) vol cano
lies at the N end of the is land of Siau, N of Sulawesi. The
1,784-m-high stratovolcano con tains five sum mit crat ers
along a N-S line. Karangetang is one of In do ne sia’s most
ac tive vol ca noes, with more than 40 erup tions re corded
since 1675 and many ad di tional small erup tions that were
not doc u mented in the his tor i cal re cord (Cat a log of Ac tive
Vol ca noes of the World: Neumann van Padang, 1951).
Twen ti eth-cen tury erup tions have in cluded fre quent ex plo -
sive ac tiv ity some times ac com pa nied by pyroclastic flows
and lahars. Lava dome growth has oc curred in the sum mit

crat ers; col lapse of lava flow fronts has also pro duced
pyroclastic flows.

In for ma tion Con tacts: Cen ter of Vol ca nol ogy and
Geo log i  cal Haz ard Mit i  ga t ion (CVGHM) ,  Ja lan
Diponegoro 57, Bandung 40122, In do ne sia (URL: http://
por tal.vsi.esdm.go.id/joomla/); Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem,
School of Ocean and Earth Sci ence and Tech nol ogy
(SOEST), Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu,
HI 96822, USA (URL: http://hotspot.higp.ha waii.edu/);
Dar win Vol ca nic Ash Ad vi sory Cen tre (VAAC), Bu reau of
Me te o rol ogy, North ern Ter ri tory Re gional Of fice, PO Box
40050, Ca sua rina, NT 0811, Aus tra lia (URL: http://www.
bom.gov.au/info/vaac/); Agence France-Presse (URL:
http://www.afp.com/); Ar nold Binas, To ronto, Can ada
(Email: abinas@gmail.com; URL: http://www.summitpost.
org/user_page.php?user_id=42443, http://www.flickr.com/
pho tos/hshdude/col lec tions/72157600584144439/).

Ibu

Halmahera, In do ne sia
1.488°N, 127.63°E; sum mit elev. 1,325 m

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

Our last re port on Ibu sum ma rized MODVOLC ther mal 
alerts (sat el lite ther mal anom a lies) from mid-May through
late Oc to ber 2008 (BGVN 33:09); those anom a lies con tin -
ued to be re corded al most monthly through June 2009. The
anom a lies sug gest con tin ued growth of a lava dome in the
crater, an event pre vi ously doc u mented by a pho to graph
taken May 2000 and men tioned in BGVN 28:03. Au thor i -
ties raised the haz ard alert to Level 3 dur ing June 2008.
Sev eral pho tos of Ibu in 2007 were taken by Arnold Binas
(figure 5).

Geo logic Sum mary. The trun cated sum mit of Gunung
Ibu stratovolcano along the NW coast of Halmahera Is land
has large nested sum mit crat ers. The in ner crater, 1 km
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Fig ure 3.  A photo of the sum mit area at Karangetang taken from the
ob ser va tory sta tion at Salili, S of the vol cano, on 13 Au gust 2007.  Lava
flows and rock av a lanches dur ing 2007 were not di rectly vis i ble from this
point. Note the rug ged to pog ra phy of the ac tive lava dome at the sum mit. 
Cour tesy of Ar nold Binas.

Fig ure 4. Alert lev els ap pli ca ble to Karangetang (and com monly used in In do ne sia) with brief ex pla na tion of their sig nif i cance. From the Nat u ral Di sas ters in
In do ne sia website.



wide and 400 m deep, con tained sev eral small crater lakes
through much of his tor i cal time. The outer crater, 1.2 km
wide, is breached on the N side, cre at ing a steep-walled val -
ley. A large par a sitic cone is lo cated ENE of the sum mit. A
smaller one to the WSW has fed a lava flow down the west -
ern flank. A group of maars is lo cated be low the north ern
and west ern flanks of the vol cano. Only a few erup tions
have been re corded from Ibu in his tor i cal time, the first a
small ex plo sive erup tion from the sum mit crater in 1911.
An erup tion pro duc ing a lava dome that even tu ally cov ered
much of the floor of the in ner summit crater began in
December 1998.

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) ,  Saut
Simatupang, 57, Bandung 40122, In do ne sia (URL: http://
por tal.vsi.esdm.go.id/joomla/); Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem,
School of Ocean and Earth Sci ence and Tech nol ogy
(SOEST), Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu,
HI 96822, USA (URL: http://hotspot.higp.ha waii.edu/); Ar -
nold Binas, To ronto, Can ada (Email: abinas@gmail.com;
URL: h t tp: / /www.summitpost .org /user_page.
php?user_id=42443, http://www.flickr.com/pho tos/
hshdude/collections/72157600584144439/).

Semeru

Java, In do ne sia
8.108°S, 112.92°E; sum mit elev. 3,676 m

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

Our last re port (BGVN 32:03) cov ered through Oc to ber
2006 in terms of CVGHM re port ing and through Feb ru ary
2007 in terms of Dar win VAAC re port ing. As has been the
case for de cades, Semeru’s erup tions con tin ued and were
on go ing through this re port ing in ter  val,  Feb ru ary
2007-March 2009. Dur ing the re port ing in ter val, ash
plumes were pe ri od i cally ob served over the sum mit at low
al ti tudes of 3.7-4.6 km. Taller plumes, when they oc curred,
are noted be low. There were sev eral cases of plumes over 6
km al ti tude and as tall as ~ 7.6 km al ti tude. Pyroclastic
flows ran out to distances as great as 3 km (table 1).

Oc to ber 2007. Based on re ports from CVGHM, the
Dar win VAAC re ported that an un con firmed erup tion was
heard 17 km away on 31 Oc to ber 2007 (ta ble 1). No plume
was seen in MTSAT-IR sat el lite im ag ery. A news re port
from ANTARA News on 5 No vem ber 2007 (“Ash blan kets
town near In do ne sian vol cano”) noted that sci en tists mon i -
tor ing the vol ca noes con firmed Semeru as the source. The
news re port stated that ini tially res i dents thought the thin
layer of ash had come from Kelut, a vol cano that went to
Alert Level 4 (the high est sta tus) on 16 Oc to ber. The erup -
tion of Kelut, while emit ting a large dome into a crater lake, 
trig gered few if any sus tained ex plo sions (BGVN 33:03).
Ash fell in Blitar, out side a 10 km danger zone around
Kelut; Semeru is ~ 90 km away.

On 15, 17-19, and 21 May 2008 ash plumes, rockfall
av a lanches, and mul ti ple pyroclastic flows were ob served,
as well as in creased seis mic ac tiv ity. At that time, the alert
level was raised from 2 to 3. By 22 May pyroclastic flows
and rockfall av a lanches had de clined in fre quency, and
con se quently on 5 June the hazard was low ered to Level 2.
Dur ing 7-9 July 2008, ash plumes rose to al ti tudes of 4.9-7.
6 km, the tall est of the re port ing interval.

From Jan u ary to mid-Feb ru ary 2009, explosion earth -
quakes oc curred on av er age 100-150 times a day (ta ble 1).
Ash and cin der erup tions from Jonggring Saloko crater
took place daily ev ery 15-20 min utes, with plumes reach ing 
al ti tudes of 3.7-4.3 km. Dur ing a ~ 5 min ute in ter val on 6
March 2009 at 0010, a loud boom was fol lowed by a blu ish
flash of light ning 5-7 seconds in duration.

Geo logic Sum mary. Semeru, the high est vol cano on
Java, and one of its most ac tive, lies at the south ern end of a 
vol ca nic mas sif ex tend ing N to the Tengger cal dera. The
steep-sided vol cano, also re ferred to as Mahameru (Great
Moun tain), rises abruptly to 3,676 m above coastal plains to 
the south. Gunung Semeru was con structed S of the over -
lap ping Ajek-ajek and Jambangan cal de ras. A line of
lake-filled maars was con structed along a N-S trend cut ting
through the sum mit, and cin der cones and lava domes oc -
cupy the east ern and NE flanks. Sum mit to pog ra phy is
com pli cated by the shift ing of crat ers from NW to SE. Fre -
quent 19th and 20th cen tury erup tions were dom i nated by
small-to-mod er ate ex plo sions from the sum mit crater, with
oc ca sional lava flows and larger ex plo sive erup tions ac -
com pa nied by pyroclastic flows that have reached the lower 
f lanks of  the vol  cano.  Semeru has been in almost
continuous eruption since 1967.
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Fig ure 5. Photos of Ibu taken on 27 July 2007 from a point on the NW
crater rim, look ing ap prox i mately SE. The top photo shows the lo ca tion of 
the dome in the steep-walled crater. The bot tom photo shows a close-up
view of the dome. Cour tesy of  Ar nold Binas.



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) ,  Saut
Simatupang, 57, Bandung 40122, In do ne sia (URL: http://

por tal.vsi.esdm.go.id/joomla/); ANTARA News (URL: http:/
/www.antara.co.id/en/).

Slamet

Java, In do ne sia
7.242°S, 109.208°E; sum mit elev. 3,428 m

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

Mi nor erup tions were re ported at the ac tive crater dur -
ing April-June 2009. Small amounts of ash fell sev eral
times dur ing May. Wit nesses saw lava foun tains on 12 and
21-23 May. Pre vi ously, steam plumes were as so ci ated with
heavy rains dur ing 28 March-3 April 2007 (BGVN 33:04).

Dur ing 19-23 April 2009 Slamet’s seis mic ity in creased. 
On 20 April, dif fuse white plumes rose ~ 50 m above the
crater. Dur ing 21-23 April, the num ber of erup tion trem ors
in creased steadily, and dense, white-to-brown ish plumes
rose 50-800 m above the crater rim. The Alert Level was
raised to 2 (on a scale of 1-4).

On 23 April, the Alert Level was raised to 3; peo ple
were ad vised not to climb the sum mit. Ac cord ing to a news
ar ti cle in the Ja karta Globe, a vol ca nol o gist from the Cen -
ter of Vol ca nol ogy and Geo log i cal Haz ard Mit i ga tion
(CVGHM) stated that lava was ejected 600 m high and ash
bursts oc curred up to 112 times within a 6-hour period.

Ac cord ing to CVGHM, seis mic ity con tin ued to in crease 
or re main el e vated dur ing 23 April-17 May, peak ing on 17
May. Dur ing this pe riod, con tin u ous erup tive quakes/trem -
ors were re corded, to gether with an in crease in am pli tude
(3-46 mm on 12-13 May, ris ing to about 20-32 mm be -
tween 17-24 May). Erup tions from the west ern part of the
crater con tin ued, and in fla tion was noted. Dur ing times of
clear weather, ob serv ers re ported that in can des cent lava
was ejected 25-100 m above the crater, and then fell back
into and around the ac tive crater. Gray and white “smoke”
rose 100-800 m from the crater. Oc ca sion ally a thun der ous
noise ac com pa ny ing erup tions of ash oc curred, and ashfall
was de tected in ar eas 5-9 km away. The tem per a ture of
water in several locations on the flanks increased.

Dur ing 12 May and 21-23 May, lava foun tains rose
100-400 m above the crater rim. Dur ing sev eral erup tions,
ejected in can des cent ma te rial trav eled down the W flank.
White-to-gray “smoke” rose 150 m above the crater. On 22
May, ashfall was re ported in Sawangan vil lage, 5 km W.
On 23 May, an ash plume rose 1 km above the crater and
ash fell on the N flank. Ash ac cu mu lated to 1 mm depth
near the ob ser va tion post. The next day an ash plume rose
700 m above the crater.

Based on ground in for ma tion from CVGHM, the Dar -
win Vol ca nic Ash Ad vi sory Cen tre (VAAC) re ported that
on 27 May an ash plume from Slamet rose to an al ti tude of
4.3 km. Anal y sis of sat el lite im ag ery also in di cated that a
pos si ble plume rose to an al ti tude of 6.1 km, but ash was
not conclusively detected.

CVGHM re ported that dur ing 26 May-4 June ac tiv ity
from Slamet fluc tu ated, but de creased over all. They found
de creases in both the num ber of earth quakes and the tem -
per a ture of wa ter in ar eas around the vol cano. In fla tion and
de fla tion fluc tu ated within a range of 2 cm. White plumes
rose 100-750. Dur ing 5-7 June, ac tiv ity was char ac ter ized
by in fla tion and an in creased num ber of earth quakes. Dur -
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Date
Plume height and

drift di rec tion

Seis mic ity and

Observations

10-11 Feb 2007 E —

03-05 May 2007 4.6 km; SW —

25 May 2007 4.6 km; W —

18-25 Jun 2007 4.2 km —

06 Aug 2007 6.1 km —

22 Sep 2007 7.3 km —

31 Oct 2007 — Erup tion heard 17 km
away

21 Apr 2008 6.1 km —

15, 17-19, 
21 May 2008

— In creased seis mic ity.
Pyroclastic flows up to
500-3000 m from the
crater .  On 21 May,
in can des cent ejec tions. 

22 May 2008 — Fewer pyroclastic flows
and rockfalls; four up to
2.5 km from crater.

05 Jun 2008 — De cline in seis mic ity.

07-09 Jul 2008 4.9-7.6 km; SSW —

27 Jul 2008 4.3 km —

05 Aug 2008 4.0-4.3 km Plumes some times with
in can des cent tephra.

07 Aug 2008 4.3 km In can des cent ma te rial
ejected from the crater

21-22 Aug 2008 3.7 km; W —

28 Aug 2008 Low-level —

31 Aug 2008 4.6 km; SW —

09 Sep 2008 4.3 km; SSW —

10 Sep 2008 4.3 km —

22 Oct 2008 4.3 km —

Jan 2009 — Av er age over 100 daily
erup tive earth quakes.
Four  deep vol  ca  nic
earth quakes on the 24th.

Feb 2009 — Av er age of <50 erup tive
earth quakes/day.

01 Feb 2009 4.0 km —

21 Feb 2009 — 18 deep vol  ca  nic
earth quakes.

03 Mar 2009 — 5 erup tive earth quakes.

06 Mar 2009 3.7 km 0010 lo cal time (see text)

06, 12 Mar 2009 — Vol ca nic seis mic ity had
a max i mum am pli tude
reached ±34 mm.

12 Mar 2009 4.5 km Ash/cin  der erup t ion
ac com pa nied  by
rum bling sounds last ing
~ 6 min utes

15 Mar 2009 4.3 km Erup tive earth quake
am pl i  tude ±18 mm.
Dense low-pressure
ash-cin der erup tion;
chang ing to  white
air-blasts, then grad u ally
di min ish ing.

16-22 Mar 2009 — Av er aged erup t ive
earth quakes around 1-30
daily; max. am pli tudes
less than 10 mm.

Ta ble 1. Com pi la tion of data on Semeru dur ing Feb ru ary 2007-March
2009. Cour tesy of CVGHM.



ing that time, white plumes were ac com pa nied by ash emis -
sions that rose 200-800 m from the crater, in can des cent ma -
te rial was ejected 50-200 m above the crater, and booming
noises were reported.

As of 4 June 2009, the Alert Level re mained at 3, based
on vi sual data, de for ma tion, earth quakes, and tremor.
CVGHM urged the pub lic to don face masks dur ing heavy
ashfalls, and to cover wa ter sources to pre vent con tam i na -
tion by vol ca nic ash.

Geo logic Sum mary. Slamet, Java’s sec ond high est vol -
cano at 3,428 m and one of its most ac tive, has a clus ter of
about three dozen cin der cones on its lower SE-NE flanks
and a sin gle cin der cone on the west ern flank. Slamet is
com posed of two over lap ping ed i fices, an older ba saltic-an -
de site to andesitic vol cano on the west and a youn ger ba -
saltic to ba saltic-an de site one on the east. Gunung Malang
II cin der cone on the up per east ern flank on the youn ger ed -
i fice fed a lava flow that ex tends 6 km to the east. Four crat -
ers oc cur at the sum mit of Gunung Slamet, with ac tiv ity mi -
grat ing to the SW over time. His tor i cal erup tions, re corded
since the 18th cen tury, have orig i nated from a 150-m-deep,
450-m-wide, steep-walled crater at the west ern part of the
sum mit and have con sisted of ex plo sive erup tions generally 
lasting a few days to a few weeks.

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/); Dar win Vol ca nic Ash Ad vi -
sory Cen tre (VAAC), Bu reau of Me te o rol ogy, North ern
Ter ri tory Re gional Of fice, PO Box 40050, Ca sua rina, NT
0811, Aus tra lia (URL: http://www.bom.gov.au/info/vaac/); 
Ja karta Globe (URL: http://www.thejakartaglobe.com).

Krakatau

In do ne sia
6.102°S, 105.423°E; sum mit elev. 813 m

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

Re newed erup tive ac tiv ity from Anak Krakatau be gan
in Oc to ber 2007 (BGVN 32:09), with mi nor erup tions
through that No vem ber (BGVN 33:01). This small but
grow ing post-cal dera cone first gained at ten tion with a
1927 erup tion (Simkin and Fiske, 1983). Dur ing Oc to -
ber-No vem ber 2007 sev eral erup tions were Vulcanian in
na ture (BGVN 33:01). The de tailed chro nol ogy of be hav ior
dur ing Oc to ber 2007 to 3 July 2009 is some times sketchy,
but ac tiv ity was ap par ently quite vari able. Al though one or
more lulls may have oc curred, erup tions clearly con tin ued
into 2009.

Many of these erup tions were mi nor, but some were
large enough to cause the Cen ter of Vol ca nol ogy and Geo -
log i cal Haz ard Mit i ga tion (CVGHM) to raise the Alert
Level to 3 (on a scale with 4 as the high est). The Alert
Level was low ered and raised again through out 2008 and
into 2009 as ac tiv ity war ranted. People were ad vised not to
go within 1.5 km of the sum mit.

Dur ing April 2009 some res i dents in neigh bor ing Su -
ma tra al leg edly evac u ated when they saw more in tense ac -
tiv ity (in clud ing plumes up to ~ 1 km above the crater).
Some of the taller plumes dur ing the re port ing in ter val rose
to ~ 3 km.

Ac tiv ity through Au gust 2008. Ac cord ing to a news ar -
ti cle, by 22 No vem ber 2007, seis mic ity had de clined in fre -
quency. Based on an Antara News ar ti cle, this de cline in
seis mic ac tiv ity was in ter rupted by in can des cent rock ejec -
tions on 20 Jan u ary 2008 ac com pa nied by plumes that rose
to al ti tudes of 2.8-3.3 km. Erup tions re port edly had a “deaf -
en ing sound” and could be seen from Sertung and Rakata
is lands. Seis mic ity again de clined in early Feb ru ary 2008,
and erup tion plumes and ejected in can des cent ma te rial
were not seen dur ing 4 Feb ru ary to mid-April 2008.

Seismicity in creased dur ing 14-21 April 2008, with the
num ber of events per day peak ing on 20 April. Ash plumes
ac com pa nied by ejected in can des cent rocks were noted
dur ing CVGHM field ob ser va tions on 16, 17, and 18 April.
The erup tion af fected the sum mit and the E and S flanks.
Boom ing noises were re ported and oc ca sion ally heard at an 
ob ser va tion post 42 km away.

Based on ob ser va tions of sat el lite im ag ery and pi lot re -
ports, the Dar win Vol ca nic Ash Ad vi sory Cen ter (VAAC)
re ported that a low-level ash plume on 20 June 2008 rose to 
an al ti tude of 3 km and drifted NW.

During 22 June-1 July 2008, the num ber of seis mic
events de creased sig nif i cantly and boom ing noises were
less fre quently heard. On 1-3 July ash emis sions de clined,
al though on 1 and 2 July low level ash plumes rose to an al -
ti tude less than 3 km and drifted NW.

Based on ob ser va tions of sat el lite im ag ery, the Dar win
VAAC re ported that ash plumes from Anak Krakatau rose
to an al ti tude of 3 km on 27 July 2008 and drifted NW.

Ac cord ing to an ar ti cle in Antara News, erup tions in -
creased in fre quency dur ing 10-11 Au gust 2008. On 12 Au -
gust, mon i tor ing per son nel re ported that ac tive lava flows
and dense emis sions of “smoke” con tin ued, but that the fre -
quency of earth quakes and erup tions had de clined. An other 
news ar ti cle in di cated that ex plo sions and earth quakes av -
er aged ~ 120 per day dur ing 11-17 Au gust 2008. Mon i tor -
ing per son nel dur ing that pe riod ob served plumes, ac tive
lava flows, and rock ejec tions.

Ac tiv ity dur ing March-May 2009. No ad di tional re -
ports by CVGHM were avail able dur ing Sep tem ber 2008
through Feb ru ary 2009. Alerts based on ther mal anom a lies
(see MODVOLC sec tion, be low) were not pres ent dur ing
31 Au gust 2008 to 30 March 2009.

Seis mic ity in creased sig nif i cantly dur ing 19-25 March
2009 and re mained high through 5 May. Dur ing pe ri ods of
clear weather on 25 March, white-to-gray plumes rose 400
m above the vol cano. Dur ing 27-30 March and 1 April
2009 clear weather re vealed ash plumes ris ing 200-800 m.
On 2 April an ash erup tion was seen on sat el lite im ag ery
and re ported by a pi lot. A re sul tant ash plume drifted more
than 60 km S.

Dur ing March through 25 April 2009, an ep i sode of
height ened seis mic ity pro duced thou sands of erup tive sig -
nals (ta ble 2); how ever, the seis mic sta tion shut down
overnight dur ing 1-26 April, and com pletely shut down
dur ing 27-29 April. CVGHM be lieved that this shut down
was the re sult of ei ther block age of sun light from reach ing
the so lar pan els by tephra col lect ing there or be cause of im -
pact-in duced dam age to the pan els. On 29 April CVGHM
in stalled a seis mom e ter on Anak Krakatau at a location
thought to be reasonably safe.

Dur ing April 2009 ob serv ers re ported gray ish-white to
black plumes that rose to 50-1,000 m above the crater. They 
heard many loud booms. CVGHM ob ser va tions car ried out
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on 24-25 and 29 April found the erup tion vent ing from a
crater near the vol cano’s peak on its SW slope. Erup tions
gen er ally sent in can des cent blocks and ash ~ 500 m from
the cen ter in all di rec tions. Some of the lofted ash blew E to
SE and caused fall out up to 5 km away.

Ac cord ing to a news ar ti cle on 29 April 2009, some res -
i dents in south ern Su ma tra near Krakatau evac u ated be -
cause they had ob served in creased vol ca nism dur ing the
pre vi ous week. For ex am ple, ob serv ers re ported loud
blasts, lava flows, and ash plumes. In clear weather on 5
May “smoke” rose 500 m above the crater. 

An Antara News ar ti cle pub lished on 18 June 2009 in di -
cated that in the pre vi ous sev eral days the num ber of small
erup tions in creased tre men dously. It said that, ac cord ing to
Anto Prambudi, head of the mon i tor ing post in Pasauran
vil lage, at least 828 small erup tions were re corded dur ing
11-17 June 2009.

MODVOLC. MODVOLC ther mal alerts were trig gered 
through 9 De cem ber 2007 (BGVN 33:01). In later 2007,
com par a tively few alerts oc curred, but be came more prev a -
lent again dur ing mid-Jan u ary 2008. Af ter that, they were
few or ab sent un til mid-April; alerts were com mon and
strong dur ing the week end ing 4 May. Con sis tent alerts
were the pat tern un til the week end ing 7 June, which had no 
alerts, but some con tin ued in the next few weeks.

A seven-month gap in MODVOLC ther mal alerts oc -
curred dur ing the in ter val 31 Au gust 2008 to 30 March
2009. Af ter that, alerts again be came com mon again, par tic -
u larly abun dant dur ing April 2009 (an ep i sode of erup tions
and height ened seis mic ity) and continued reg u larly through 
at least 3 July 2008.

The gap in alerts may have been in flu enced by down -
ward bi as ing from poor weather con di tions. On the other
hand, for the cases with high num bers of alerts, false
positives (due to fires for ex am ple) were un likely on the
des o late land scape of Anak Krakatau.

Ref er ence: Simkin, T., and Fiske, R.S., 1983, Krakatau
1883–the vol ca nic erup tion and its ef fects: Smith so nian In -
s t i  tu  t ion Press ,  Wash ing ton,  DC,  464 p .  [ ISBN
0-87474-841-0]

Geo logic Sum mary.The re nowned vol cano Krakatau
(fre quently mis stated as Krakatoa) lies in the Sunda Strait

be tween Java and Su ma tra. Col -
lapse of the an ces tral Krakatau
ed i  f ice ,  per haps  in  416 AD,
formed a 7-km-wide cal dera.
Rem nants of this an ces tral vol -
cano are pre served in Verlaten
and Lang Is lands; sub se quently
Rakata, Danan and Perbuwatan
vol ca noes were formed, co alesc -
ing to  cre  a te the  pre-1883
Krakatau Is land. Cal dera col lapse 
dur ing the cat a strophic 1883
erup tion de stroyed Danan and
Perbuwatan vol ca noes, and left
only a rem nant of Rakata vol cano. 
This erup tion, the 2nd larg est in
In do ne sia dur ing his tor i cal time,
caused more than 36,000 fa tal i -
ties, most as a re sult of dev as tat -
ing tsu na mis that swept the ad ja -
cent coast lines of Su ma tra and
Java. Pyroclastic surges trav eled

40 km across the Sunda Strait and reached the Su ma tra
coast. Af ter a qui es cence of less than a half cen tury, the
post-col lapse cone of Anak Krakatau (Child of Krakatau)
was con structed within the 1883 cal dera at a point be tween
the for mer cones of Danan and Perbuwatan. Anak Krakatau 
has been the site of frequent eruptions since 1927.

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/); Dar win Vol ca nic Ash Ad vi -
sory Cen tre (VAAC), Bu reau of Me te o rol ogy, North ern
Ter ri tory Re gional Of fice, PO Box 40050, Ca sua rina, NT
0811, Aus tra lia (URL: http://www.bom.gov.au/info/vaac/); 
Antara News (URL: http://www.antara.co.id/en/); Ja karta
Post (URL: http://www.thejakartapost.com/).

Telica

Nic a ra gua
12.602°N, 86.845°W; sum mit elev. 1,061 m

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

Ex plo sions oc curred at Telica dur ing Jan u ary and
through Feb ru ary 2000, af ter which the ac tiv ity be gan to
grad u ally de cline (BGVN 25:03 and 25:09). In ter mit tent
ash ex plo sions and crater in can des cence were seen through
2002, along with high lev els of seis mic ity re lated to de gas -
sing and con stant low tremor. The Geo phys ics De part ment
of the Nic a ra guan Ter ri to rial Stud ies In sti tute (INETER)
mon i tors ac tiv ity; vis its to the crater de scribed be low are by 
INETER staff un less oth er wise noted. Many ob ser va tions
were also made by a lo cal res i dent who maintains the local
seismic station.

Ac tiv ity dur ing 2000. Tremor re mained con stant dur ing
April-June 2000, with no ash emis sions. Vis it ing ge ol o gists 
re ported in can des cence in the crater on 5 July 2000.
INETER work ers who reached the crater on 14 July heard a 
noise like an air plane tur bine com ing from the crater and
saw glow. They also noted that there had been a wid en ing
of the crater due to wall col lapses, and an in crease in its
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Date (2009) Erup tive Air-blast 
Deep

vol ca nic 

Shal low

vol ca nic 
Tremor 

Har monic

tremor

27-30 Mar 175 102 3 68 — —

31 Mar 152 72 5 32 — —

01-24 Apr 1 168 109 12 62 — —

25-26 Apr 1 116 — 2 51 — —

27-29 Apr No data No data No data No data No data No data

30 Apr 2 229 142 — 12 44 1

01 May 324 248 — 98 80 4

02 May 318 270 — 131 126 24

03 May 250 273 — 71 114 23

04 May 403 230 — 36 183 38

05 May 371 339 — 58 127 41

06 May 3 132 127 — 44 82 23

Ta ble 2. Type and num ber of earth quakes and tremor re corded at Krakatau dur ing 27 March-6 May 2009. Val ues
shown are daily av er ages un less oth er wise in di cated by foot notes be low. 1Av er age during12 hour pe riod
(day light). 2 Start ing at 0830 lo cal time from a new, safer lo ca tion. 3 Dur ing 0000 to 1200 lo cal time. Cour tesy of
CVGHM.



depth, al though the crater floor could not bee seen. On 8
Au gust a crater visit re vealed strong fumarolic ac tiv ity, and
sounds re sem bling gun det o na tions from the bot tom of a
new open ing.

Res i dents liv ing near the crater re ported on 6 Sep tem ber 
that ash ex plo sions oc curred dur ing the eve ning and plumes 
drifted NE. Un for tu nately INETER tech ni cians found no
traces of ash on 12 Sep tem ber, fol low ing rain fall. Small
land slides in side the crater were ob served. A char ac ter is tic
strong smell of sul fur was de tected in the crater area. Due to 
the change in wind di rec tion that oc curs dur ing Sep tem ber
and Oc to ber, gases and acid rain af fected ar eas to the N,
NE, and E. In tense rain fall caused a mudflow down a
W-flank drainage.

In the visit on 27 Oc to ber there was no ex ha la tion of
gases, but land slides along the south wall sent ma te rial onto 
the crater floor. Crater vis its on 5 and 22 No vem ber showed 
abun dant gas out put. Jet-like sounds  came from fumaroles
on the NE wall. Gas emis sions were low dur ing De cem ber.
There were mi nor land slides in the crater, heard in the last
days of No vem ber and be gin ning of December.

Ac tiv ity dur ing 2001. On the af ter noon of 17 Jan u ary
2001 there were rum bles and a plume of ash and gases 200
m high. On 19 Jan u ary a visit to the crater found ashfall, to
a depth of 1 mm, de pos ited within a ra dius of 500 m. The
vi cin ity of the seis mic sta tion and SW from the crater had
been af fected by acid rain. On 22 Jan u ary vis it ing sci en tists
ob served an other small ex plo sion. Ac tiv ity was low dur ing
field visits on 20 and 26 February.

A visit on 3 and 16 March found vari able lev els of gas
emis sions. In can des cence was ob served within the new
crater early on 21 March along with in creased out put gases. 
Shortly there af ter a loud ex plo sion was heard, fol lowed by
a dark plume about 30 m high and in creased glow, but no
ashfall. Ac tiv ity re mained low in April.

INETER staff vis ited the vol cano on 6 June and heard a
strong jet-like sound, but fumarolic emis sions were not
abun dant. An other visit on the night of 26 June re vealed in -
can des cence and land slides in side the crater. Vis its to the
vol cano were made on 13, 16, and 25 July, but no vol ca nic
ac tiv ity was noted. On 15 July the Civil De fense in Leon in -
formed INETER of spo radic gray ash col umns that be gan
the pre vi ous day. A lo cal res i dent re ported hear ing an ex -
plo sion at 0315 on 14 July, and saw five emis sions of
gas-and-ash later that day. This activity lasted until 15 July.

A visit on 15 Sep tem ber re vealed lit tle gas emis sion
from the crater, but ex plo sion noises were heard. On 25 Oc -
to ber Civil De fense Leon was in formed by sev eral farm ers
that be tween ap prox i mately 0600 and 1000 lo cal time they
had ob served a col umn of ash that drifted NW. INETER
staff work ing in the area that day ob served strong ash ac -
com pa nied by ex pul sion of gas. Rum bling noises and ex -
plo sions con tin ued un til 1430. On 22 No vem ber a vis i tor
ob served no change in the vol cano. Mi nor ashfall was re -
ported on the morn ing of 18 De cem ber, and the next day
ex plo sions were heard coming from the crater.

Ac tiv ity dur ing 2002. On 17 Jan u ary 2002 vis i tors ob -
served strong gas fumes. Ob ser va tions on 7 March in di -
cated that the crater was wider and deeper than in Feb ru ary. 
On a 10 July  visit there were abun dant gas emis sions from
the crater, a strong smell of sul fur, jet sounds, and noises of
break ing rocks. Gas emis sions were abun dant on 23 Au -
gust, with col umns up to 300 m high, but no land slides,
noises, sul fur odor, or in can des cence was noted. Rockslides 

on the N wall of the crater and sul fur odors, along with typ i -
cal fumarolic ac tiv ity, were seen dur ing Sep tem ber.

Vis i tors on 17 Oc to ber re ported abun dant gas emis sions 
and strong sul fur odors; noises sim i lar to the move ment of
waves came from the crater bot tom, and some in can des cent
points were seen. From 7 to 11 Oc to ber large quan ti ties of
gases blew SE, dam ag ing veg e ta tion. Land slides were ob -
served SW of the old crater. Fumarole tem per a tures were
the high est re corded since 1999. In can des cence in side the
crater was also ob served over sev eral days. Webcam ob ser -
va tions in No vem ber and De cem ber showed intermittent
small gas emissions.

Geo logic Sum mary. Telica, one of Nic a ra gua's most ac -
tive vol ca noes, has erupted fre quently since the be gin ning
of the Span ish era. The Telica vol cano group con sists of
sev eral in ter lock ing cones and vents with a gen eral NW
align ment. Six teenth-cen tury erup tions were re ported at
sym met ri cal Santa Clara vol cano at the SW end of the
Telica group. How ever, its eroded and breached crater has
been cov ered by for ests through out his tor i cal time, and
these erup tions may have orig i nated from Telica, whose up -
per slopes in con trast are unvegetated. The steep-sided cone 
of 1,061-m-high Telica is trun cated by a 700-m-wide dou -
ble crater; the south ern crater, the source of re cent erup -
tions, is 120 m deep. El Liston, im me di ately SE of Telica,
has sev eral nested crat ers. The fumaroles and boil ing
mudpots of Hervideros de San Jacinto, SE of Telica, form a
prom i nent geo ther mal area fre quented by tour ists, and geo -
ther mal ex plo ra tion has oc curred nearby.

In for  ma t ion Con tacts:  Dirección Gen eral  de
Geofísica, Instituto Nicaragüense de Estudios Territoriales
(INETER), Apartado Postal 2110, Managua, Nic a ra gua
(URL: http://www.ineter.gob.ni/geofisica/geofisica.html).

Un named

East Gakkel Ridge, Arc tic Ocean
85.58°N, 85.00°E; sum mit elev. -3,800 m

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

A so nar sur vey in 2001 along the ultraslow-spread ing
Gakkel Ridge (for merly known as the Nansen Cor dil lera
and Arc tic Mid-Ocean Ridge) by the USS Hawkbill sub ma -
rine and the U.S. Coast Guard ice breaker Healy re vealed
two pre vi ously un dis cov ered vol ca noes be neath the pack
ice of the Arc tic Ocean (BGVN 26:03). In July 2007, a re -
search team led by Woods Hole Ocean o graphic In sti tu tion
(WHOI) un cov ered ev i dence of ex plo sive vol ca nic erup -
tions in the same area of the seafloor.

At a depth of ~ 4 km, re  search ers  found fresh,
unweathered, jag ged, glassy frag ments of rock (pyroclastic
de pos its) spread out over an area of ~ 10 km2 around a se -
ries of small vol ca nic crat ers on the Gakkel Ridge (fig ure
6). Ac cord ing to WHOI geo physi cist Rob Reves-Sohn,
chief sci en tist of the ex pe di tion, as quoted in the 14 Au gust
2008 is sue of Oceanus, “These are the first pyroclastic de -
pos its we’ve ever found in such deep wa ter, at op pres sive
pres sures that in hibit the for ma tion of steam, and many
peo ple thought this was not pos si ble. This means that a tre -
men dous blast of car bon di ox ide was re leased into the wa -
ter col umn dur ing the ex plo sive erup tion.” Al though no
spec u la tion was made by the sci en tists as to the age of the
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erup tion(s) that caused these pyroclastics, the fresh nature
of these surficial materials argue to their recency.

Ac cord ing to Cochran (2008), the Gakkel Ridge is the
slow est spread ing por t ion of the global sys tem of
mid-ocean ridges. To tal spread ing rates vary from 12.8
mm/yr near Green land to 6.5 mm/yr at the Si be rian margin.

A re cent ar ti cle by Sohn and oth ers (2008) con cern ing
the July 2007 ex pe di tion noted that roughly 60% of the
Earth’s outer sur face is com posed of oce anic crust formed
by vol ca nic pro cesses at mid-ocean ridges. Al though only a 
small frac tion of this vast vol ca nic ter rain has been vi su ally
sur veyed or sam pled, the avail able ev i dence sug gests that
ex plo sive erup tions are rare on mid-ocean ridges, par tic u -
larly at depths be low the crit i cal point for sea wa ter (a depth
of ~ 3,000 m). A pyroclastic de posit has never been ob -
served on the sea floor be low 3,000 m, pre sum ably be cause 
the vol a tile con tent of mid-ocean-ridge bas alts is gen er ally

too low to  pro duce the  gas f rac  t ions  re  quired for
frag ment ing a magma at such high hy dro static pres sure. Liu 
and oth ers (2008) re ported on re cent anal y ses of many
major and trace element collected from Gakkel Ridge.

The July 2007 ex pe di tion ac quired pho to graphs and
video im ages of ‘zero-age’ vol ca nic ter rain along the ridge
and be neath the ice-cover ocean’s sur face. The ax ial val ley
at 4,000 m wa ter depth was blan keted with un con sol i dated
pyroclastic de pos its. Those in cluded bub ble-wall frag ments 
(limu o Pele, also know as Pele’s sea weed–frag ments of
large glass bub bles that shat ter into pieces of curved, pa -
per-thin, bub ble walls), cov er ing a large (greater than 10
km2) area (fig ure 7). At least 13.5 weight per cent CO2 is
nec es sary to frag ment magma at these depths, which is
about ten fold above the high est val ues pre vi ously measured 
in a mid-ocean-ridge basalt.

Sohn and oth ers (2008) note that these ob ser va tions
raise im por tant ques tions about
the ac cu mu la tion and dis charge of 
mag matic volatiles at ultraslow
spread ing rates on the Gakkel
ridge. They also dem on strate that
large-scale pyroclastic ac tiv ity is
pos si ble along even the deep est
por tions of the global mid-ocean
ridge volcanic system.

Ref er ences: Sohn, R.A., Wil -
lis, C., Humphris, S., Shank, T.M.
,  Singh, H. ,  Edmonds,  H.N. ,
Kunz, C., Hedman, U., Helmke,
E., Jakuba, M., Liljebladh, B.,
Linder ,  J . ,  Murphy,  C. ,
Nakamura,  K. ,  Sato,  T. ,
Schlindwein, V., Stranne, C.,
Tausenfreund, M., Upchurch, L.,
Winsor, P., Jakobsson., M., and
Soule, A., 2008, Ex plo sive vol ca -
nism on the ultraslow-spread ing
Gakkel ridge, Arc tic Ocean:  Na -
ture ,  v .  453,  p .  1236-1238
(doi:10.1038/nature07075).

Cochran,  J .R. ,  2008,
Seamount vol ca nism along the
Gakkel Ridge, Arc tic Ocean,
Geo phys i cal Jour nal In ter na -
t ional ,  v .  174,  no.  3 ,  p .
1153-1173.

Liu,C-Z,  Snow, J .E. ,
Hellebrand, E., Brügmann, G.,
von der Handt, A., Büchl, A., and
Hofmann, A.W., 2008, An cient,
highly het er o ge neous man tle be -
neath Gakkel ridge, Arc tic Ocean:  
Na ture,  v .  452,  p .  311-316
(doi:10.1038/nature06688).

Carlowicz, M., 2008, Deeply
sub merged vol ca noes blow their
tops: Tell tale rocks re veal ev i -
dence of a phe nom e non sci en tists
thought was  im pos  s i  b le :  
Oceanus, 14 August 2008.

Geo logic Sum mary.  Two
young vol ca noes were dis cov ered 
along the east  ern part of  the
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Fig ure 6. De tailed bathymetry (30-m grid spac ing) of the Gakkel Ridge at 85ºE in the Arc tic Ocean based on July
2007 WHOI re search cruise. The in set map shows the lo ca tion of the 85°E seg ment (yel low star) along the Gakkel 
ridge (red line) in the Arc tic ba sin. The main panel shows il lu mi nated, color bathymetry of the 85º E seg ment
ac quired dur ing the Arc tic Gakkel Vents (AGAVE) ex pe di tion. The ax ial val ley con tains large num bers of
dis tinc tive, cratered vol ca noes, in clud ing a cone on a fault ter race of the north ern val ley wall. Pho to graphic
bot tom sur veys were con ducted along pro files shown as thin black lines on the map. Pyroclastic de posit sam ples
were col lected at sites shown by white cir cles, and the pho to graphs shown in fig ure 7 were taken at the sites
shown by the let tered (red) stars. Named fea tures in clude two vol ca nic ridges in the cen ter of the ax ial val ley
(Jessica’s hill and Duque’s hill), and three cratered vol ca noes along a ridge-par al lel fis sure to the S (Oden, Thor,
and Loke). Cour tesy of Sohn and oth ers (2008).



slow-spread ing Gakkel Ridge dur ing a bathymetric sur vey
from a sub ma rine in 1999. The wes tern most vol cano
showed ev i dence of highly re flec tive, sed i ment-free sur -
faces and young faults over printed by lava flows. Dur ing
Jan u ary-Sep tem ber 1999 global seis mic net works de tected
an earth quake swarm cor re spond ing to the ap prox i mate lo -
ca tion of this vol cano. The cor re la tion be tween the lo ca -
tions of the earth quake epi cen ter lo ca tions and the strongly
re flec tive, untectonized west ern vol cano to gether with the
vol ca nic char ac ter of the seis mic re cord pro vided ev i dence
that lava erupted on the East Gakkel Ridge within days to
months prior to a May 1999 sub ma rine sur vey (Ed wards et
al., 2001). Be cause 12-kHz sonars can pen e trate through
thin sed i ments cov er ing acous ti cally re flec tive lavas, it is
pos si ble that no erup tion oc curred on Gakkel Ridge in
1999. His tor i cal global seis mic re cords in di cate that this
was the only earthquake swarm detected on the Gakkel
Ridge in about 100 years.

In for ma tion Con tacts: Oceanus: The On line Mag a zine
of Re search from Woods Hole Ocean o graphic In sti tu tion
(URL: http://www.whoi.edu/oceanus/).

Ol Doinyo Lengai

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

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

This re port chiefly dis cusses ob ser va tions made at Ol
Doinyo Lengai (here af ter called Lengai) in the first half of
2009. Broadly speak ing, the ac tive N crater con tin ued to be
the scene of vent ing. More spe cif i cally, the cone that cov ers 
much of what was the N crater con tained a steep-sided
crater with a tight clus ter of ac tive hor ni tos and spat ter
cones on its floor. Con di tions dur ing 2009 vis its were gen -
er ally calm, al though mi nor erup tions on the crater floor
con tin ued. This is in con trast to ex plo sive erup tions dur ing
Sep tem ber 2007-March 2008 (BGVN 32:11, 33:02, 33:06,
33:08, 34:02).

In the late stages of pre par ing this is sue we re ceived a
re port from Tobias Fischer stat ing that when he and his
team vis ited on 11-12 June 2009, one side of the crater con -
tained a con vect ing lava lake. That re port will ap pear in our 
next issue.

Most of the groups that ar rived at Lengai in 2009 did
not as cend to the ac tive crater and the SE route re mained
dif fi cult. Gas sam ples col lected here in 2005 were pub -
lished and in ter preted in Fischer and oth ers (2009). The
next sub sec tion con firms orig i nal in ter pre ta tions of a 2007
satellite image.

Sep tem ber 2007 AS TER im age. Da vid Sherrod was
among USGS vis i tors dur ing Jan u ary 2009, work ing with
lo cal gov ern ment of fi cials and study ing tephra de pos its
from ex plo sive erup tions dur ing Sep tem ber 2007-March
2008 that were dis trib uted well out from the vol cano
(BGVN 34:02). When com ment ing about the cause of the
large lobate black ar eas on Lengai’s NW, W, and E sides
seen in AS TER im ag ery from 4 Sep tem ber 2007 (BGVN
32:11) he noted, “the lava flows of late 2007-early 2008 are 
far more re stricted than the black ened areas visible on the
photos.”

This is in agree ment with the state ment by Roger
Mitchel in the orig i nal dis cus sion (and the orig i nal fig ure
cap tion). Sherrod also said, “I’m fairly cer tain [the dark
lobes] are burn ar eas. The fires can be nat u ral, but they are
also set by herds man to im prove ac cess and grass qual ity.
The dark ar eas show on many past im ages, in clud ing those
from times in the ab sence of erup tions. They com monly
have well-de fined mar gins and thor ough cov er age within.
Lava flows have well de fined mar gins but more er ratic cov -
er age within the bounds, creating digitate lobes.”

Com ments on avi a tion haz ards dur ing 2007-2008.
Com par a tively few pic tures or com ments on avi a tion haz -
ards have emerged from the re cent ep i sode of Plinian erup -
tions dur ing 2007-2008. Ben Wilhelmi took a se ries of pho -
tos of the ground sur face at dis tance from the vol cano
dur ing a week in No vem ber 2007. From the air he saw ash
as far away as 70 km from the vol cano, in clud ing in many
cases, over Masai vil lages that dot the landscape.
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Fig ure 7. Pho to graphs of pyroclastic de pos its taken dur ing July 2007
WHOI re search cruise. (a) One frame from a high-def i ni tion video cam era 
taken on the S side of Duque’s hill (see fig ure 6 for lo ca tion). About 10 cm
(vi su ally es ti mated and con firmed dur ing sam pling) of pyroclastic
ma te rial is piled atop a high-stand ing, weath ered, pil low fea ture. The
exoskeleton of an as yet un iden ti fied spe cies of hexactinellid sponge
(glass sponge, or a sponge with a skel e ton made of 4- and/or 6-pointed
si li ceous spicules) is vis i ble in the fore ground. (b) High-def i ni tion video
frame grab of ta lus blocks pos si bly rep re sent ing ejecta from a vulcanian
ex plo sion on Oden vol cano (see fig ure 6 for lo ca tion). (c) Glassy,
gran u lar, pyroclastic ma te rial. (d) Bub ble wall frag ment from pyroclastic
de posit. Courtesy of Sohn and oth ers (2008).



Wilhelmi’s dis cus sion and pho tos fol lows. “[Dur ing]
2007 and 2008 ... smoke and ashes some times [rose] up to
50,000 ft, 15 km high. It looked like a Hi ro shima mush -
room [cloud (fig ure 8)]. Here is ash de posit on my air craft
[(fig ure 9)]. Of ten the ash was in vis i ble in the air though.
[Three] tur bine en gines died in dif fer ent com pa nies be -
cause of ash in takes. It hap pened one of these en gines
[died] on me. Luck ily I could fin ish the flight, but I did n’t
like the feel ing to see the en gine tem per a ture in the red and
[fly ing] on reduced power.

“In other coun tries, such an ac tiv ity [as seen in fig ure 8] 
would have im posed the area to be closed within 200 miles
[~ 320 km], that would have in cluded Arusha and all the
Serengeti [and] Ngorongoro [park and con ser va tion ar eas].
“Com pe tent” au thor i ties were asleep, the re gional com pa -
nies hap pily kept on fly ing ... and sub se quently lost 3 en -
gines as I’ve said ear lier. Costs could go up to $350,000 for
a new tur bine en gine ... I cer tainly did n’t com plain as I
could shoot [pho tos at will and] got to see in cred i ble spec -
ta cles like this day with a 55,000 ft or 17 km high plume of
smoke with an electric thunderstorm inside!”

Feb ru ary 2009 visit. Anatoly Zaitsev and Gregor Markl 
re ported that in mid-Feb ru ary 2009 a group from St. Pe ters -
burg, Rus sia (A.N. Zaitsev, S.V. Petrov, T.A. Golovina,
and E.O. Zaitseva) and Tuebingen, Ger many (G. Markl and 
T. Wenzel) climbed the vol cano. There were no ash or gas

emis sions dur ing the visit, al though on the crater floor lava
bub bled and spattered.

The group reached the sum mit around 0830 on 18 Feb -
ru ary af ter ~ 4.5 hours of climb ing. They as cended along
the tra di tional W route (an ap proach en abling rapid ac cess
but po ten tially ex pos ing climb ers to erup tive de bris). They
stayed on the sum mit and in the N crater for ~ 5 hours. On
the large cone in the N crater they walked around the ac tive
crater’s rim on the W, S, and E sides (fig ure 10). They
crossed the de pres sion be tween the two rims on the S side
of the cone, the outer rim be long ing to an ear lier stage of
de vel op ment, the in ner rim ly ing along the mar gin of the
cur rent crater. In that de pres sion they found meter-sized
blocks (figure 11).

Three hor ni tos (spat ter cones) were ob served deep in
the crater floor. One, with a bro ken up per part, was ac tive
through out the visit. In side that hor ni to they saw bub bling
lava, and sev eral times black spat ter was ejected.

The sur face of the cone around the deep pit crater’s rim
con sisted of gray fine-grained ash with rare blocks of
ejected sil i cate rocks. Later anal y sis of a sam ple taken from
the sur face of the cone us ing X-ray dif frac tion in di cated
sig nif i cant amounts of cal cite in ad di tion to sil i cate min er -
als. The de pres sion be tween the rims of a new and old crat -
ers was cov ered by nu mer ous blocks and bombs of sil i cate
rocks (nephelinites, wollastonite nephelinites, and ijolites)
and partly altered natrocarbonatites.

Fumarolic ac tiv ity in the north ern crater was weak. The
group ob served just a few small cracks emit ting gases that
were rel a tively cold–prob a bly less than 100°C.
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Fig ure 8. A tall (roughly 15-17 km al ti tude) Ol Doinyo Lengai plume from 
the 2007-2008 erup tive in ter val taken at un stated date and di rec tional
bear ing. Short burst of light ning were vis i ble in the plume but were not
cap tured in this photo. Cour tesy of Ben Wilhelmi.

Fig ure 9. Two pho tos of Ol Doinyo Lengai ash de pos its on lead ing
sur faces of a small pro pel ler-driven air plane from en coun ter with ash
while in flight. Pho tog ra pher and pi lot Ben Wilhelmi com mented that the
ash was of ten in vis i ble dur ing the en coun ter.



Sum mary of 2009 vis its. Ta ble 3 shows a list of ob serv -
ers known to have vis ited or flown over Lengai since 2009
be gan. Avail able pho tos and text in di cate that on the crater
floor, hor ni tos con tin ued to spat ter lava. Oth er wise, rel a tive 
calm was seen, typ i cally even de void of steam, dur ing
much of the in ter val 1 Oc to ber 2008 through 25 April 2009.

Re gard ing his March visit to the sum mit, Stefan Lübben 
re ported that amid wet and windy weather they could smell
sul fur. But they heard noth ing from the vol cano.

On 7 April 2009 Al ex an der Daneel pho to graphed the
sum mit crater from the air (fig ure 12). Some of the same
small lava cones in side the crater were seen to be ac tive by
Hervé Loubieres and Françoise Vignes on 1 Sep tem ber
2008. An ae rial view on 25 April showed nu mer ous hor ni -
tos that had formed in the pre vi ous 4-5 months (fig ure 13).

Gas chem is try. Based on chem i cal anal y ses of gas sam -
ples col lected by Ber nard Marty in July 2005 (BGVN
30:10) (fig ure 14), Fischer and oth ers (2009) re ported that a 
very small amount of melt ing of Earth’s man tle, akin to that 
be neath mid-ocean ridges, can pro duce carbonatites. Their
gas sam ples, con tain ing min i mal air con tam i na tion, re -
vealed that the car bon di ox ide came from the up per man tle
below the East African Rift.

Fischer and oth ers (2009) state, “On a global scale, our
re sults im ply that the re gions of up per man tle be neath

mid-ocean ridges, con ti nen tal North Amer ica, and the East
Af ri can Rift were iden ti cal in their vol a tile abun dances and
iso to pic com po si tions. De spite small dif fer ences in some
trace gases  ( for  ex am ple  Xe iso topes in
MORBs–mid-ocean ridge bas alts–ver sus [gases from con ti -
nen tal wells]), the up per man tle ap pears to be a uni form and 
ho mog e nous geo chem i cal res er voir of CO2 and other gases
(N2, He, and Ar) below both continent[s] and oceans.”

Ref er ence: Fischer, T.P., Burnard, P., Marty, B.,
Hilton, D.R., Füri, E., Palhol, F., Sharp, Z.D., and
Mangasini, F., 2009, Up per-man tle vol a tile chem is try at
Oldoinyo Lengai vol cano and the or i gin of carbonatites,
Na ture, v. 459, p. 77-80 (doi:10.1038/nature07977).

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 south 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
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Fig ure 10. Ol Doinyo Lengai’s ac tive crater as seen look ing W along the
rim. The crater re sides in the cone that grew in the N crater in the past few
years. Photo taken 18 Feb ru ary 2008. Cour tesy of Sergey Petrov.

Fig ure 11. Large blocks found in the de pres sion along the S up land
por tion of the ac tive cone in Ol Doinyo Lengai’s N crater. Note field gear
for scale (right fore ground). Photo cour tesy of Tamara Golovina.

Dates Ob server(s)
Brief ob ser va tion(s) (CV=climbed vol cano; F=flank ob ser va tions;

A=ae rial ob ser va tions/pho tos from crater over flight)

18-22 Jan 2009 Rep re sen ta tives from the U.S. Geo log i cal Sur vey, U.S.
Agency for In ter na tional De vel op ment, Geo log i cal Sur vey
of Tan za nia, and Tan za nia Prime Min is ter’s Of fice.

(F) See BGVN 34:02

18 Feb 2009 A.N. Zaitsev, S.V. Petrov, T.A. Golovina, E.O. Zaitseva, G.
Markl, and T. Wenzel

(CV) See text above

14 Mar 2009 Stefan Lübben (CV) Climbed through the Pearly Gates with out dif fi culty. At sum mit,
they smelled sulfur but heard noth ing from the vol cano.

07 Apr 2009 Al ex an der Daneel (A, fig ure 12) Photos in di cate small cones on the crater floor in sim i lar
spots to those seen ac tive by H. Loubieres and F. Vignes on 1 Sep tem ber 
2008 (BGVN 33:08). This lack of change sug gests only mi nor
vol ca nism from the crater dur ing 1 Sep tem ber 2008 to 7 April 2009.

25 Apr 2009 Ben Wilhelmi (A, fig ure 13) Pho tos show ing nu mer ous hor ni tos with spat ter
wide spread on the crater floor and in places on the crater walls.

Ta ble 3. Sum mary of se lected ob ser va tions de scrib ing Ol Doinyo Lengai dur ing Jan u ary-April 2009. Cour tesy of Ben Wilhelmi and Fred er ick Belton.



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.

In for ma tion Con tacts: Da vid Sherrod, Cas cades Vol -
cano Ob ser va tory, USGS, Van cou ver, WA, USA; Anatoly
Zaitsev, St. Pe ters burg State Uni ver sity, Saint Pe ters burg,
Rus sia; Gregor Markl, Tuebingen, Ger many; 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://frank.mtsu.edu/~fbelton/lengai.
html; http://www.oldoinyolengai.org/); Ben Wilhelmi
(URL: http://www.benwilhelmi.com/; http://benwilhelmi.
typepad.com/benwilhelmi/).
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Fig ure 12. Ae rial view on 7 April 2009 look ing SW across the Ol Doinyo
Lengai crater. On the rim’s E side there is a small slump (at left). Cour tesy
of Al ex an der Daneel.

Fig ure 13. Ae rial photo of Ol Doinyo Lengai’s crater floor taken on 25
April 2009 with un cer tain ori en ta tion with re spect to N. The floor
con tains nu mer ous hor ni tos. Ac cord ing to the pi lot and pho tog ra pher,
Ben Wilhelmi, who of ten flies over for ob ser va tions, these fea tures
prob a bly formed dur ing the pre vi ous 4-5 months. Cour tesy of Ben
Wilhelmi.

Fig ure 14. Collecting vol ca nic gas sam ples at Ol Doinyo Lengai’s ac tive
crater in 2005 (Fisher, 2009). Courtesy of Tobias Fischer, Uni ver sity of
New Mex ico.


