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Bezymianny

Kamchatka Pen in sula, Rus sia
55.978°N, 160.587°E; sum mit elev. 2,882 m

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

As re ported in BGVN 31:11, af ter a pe riod of mod er ate
vol ca nic ac tiv ity fol low ing the ex ten sive erup tion of 9 May
2006, height ened ac tiv ity oc curred at Bezymianny dur ing
De cem ber 2006 be fore re turn ing to mod er ate ac tiv ity
through early 2007. This re port cov ers the pe riod from May 
through De cem ber 2007.  It was drawn mainly from re ports 
of the Kamchatkan Vol ca nic Erup tion Re sponse Team
(KVERT).

Based on sat el lite data from 10 May 2006, KVERT re -
ported that a large ther mal anom aly with a tem per a ture of ~
51° C ap peared over Bezymianny's sum mit lava dome. 

At about 0330-0400 on 12 May, an ex plo sive erup tion
may have oc curred, ac cord ing to seis mic data from
Kozyrevsk. Ash plumes rose to an al ti tude of 4 km and
were vis i ble on sat el lite im ag ery drift ing in mul ti ple di rec -
tions. Ashfall was re ported in the town of Klyuchi, a spot ~
47 km NE of the vol cano. On 13 May, an elon gated ther mal 
anom aly was seen on sat el lite im ag ery to the SE of the
dome, which de creased in size through 17 May. That day,
hunt ers saw a large (200 m wide) mud flow along the
Sukhaya Khapitsa river.

KVERT re ported that Bezymianny seis mic ity was at
back ground dur ing May-Sep tem ber 2006, but in creased in
early Oc to ber. Sat el lite im ag ery ob ser va tions showed a
ther mal anom aly in the crater on 4, 6, 8, and 11 Oc to ber;
fumarolic ac tiv ity was ob served dur ing 6-7 and 10-11 Oc -
to ber. Based on seis mic in ter pre ta tion, a hot av a lanche
prob a bly oc curred on 10 Oc to ber and small erup tions also
oc curred on 14 Oc to ber.

The To kyo Vol ca nic Ash Ad vi sory Cen ter (VAAC) re -
ported ash plumes to al ti tudes of ~ 10 km on 14 Oc to ber.
Those of 15 Oc to ber reached 7.3-9.1 km altitude and
drifted E and SE. A strong ther mal anom aly was pres ent in
the crater around this time. Slightly el e vated seis mic ity oc -
curred dur ing 16-19 Oc to ber be fore re turn ing to back -
ground during19-20 Oc to ber. Based on ob ser va tions of
NOAA sat el lite im ages by the To kyo VAAC, a stripe of ash 
de pos its ap peared on the ESE flank by 18 Oc to ber. 

Based on seis mic ity, KVERT in ter preted that a se ries of 
ex plo sions or col lapses from lava flow fronts oc curred on 5
No vem ber 2006. Two av a lanches and an ash plume were
also de tected. Sat el lite im ag ery re vealed a ther mal anom aly
over the lava dome. Ac cord ing to Aleksei Ozerov, the 5
No vem ber ac tiv ity was caused by dome col lapse.  This de -
mol ished a sig nif i cant sec tion of the SE dome, involving a
to tal vol ume of al most 200,000 m3. The col lapse pro duced
a de bris av a lanche that trav eled al most 3 km downslope.

 Ac cord ing to a TERRA MODIS im age on 9 No vem ber, 
a very bright (prob a bly high tem per a ture) gas-steam plume
rose to about 35 km al ti tude. [This un usu ally tall plume
height has not been con firmed.] On 10 No vem ber, KVERT
re ported con tin ued growth of a vis cous lava flow from the
sum mit dome.

Dur ing an over flight around this time ob serv ers saw a
4-km-long de posit on the SE flank laid down by pyroclastic 
flows on 5 No vem ber.  Lava flow-front col lapses from
older lava flows on the SE flank were also ev i dent. Vi sual

ob ser va tions and video foot age anal y sis in di cated that
gas-and-steam plumes drifted NE on 9 No vem ber and S on
13 No vem ber. Based on ob ser va tions of sat el lite im ag ery,
the Wash ing ton VAAC re ported that an ash plume at an al -
ti tude of ~ 6.4 km drifted E on 15 No vem ber. Vi sual ob ser -
va tions and video foot age showed gas-and-steam plumes
on 17 and 18 No vem ber.

Seis mic ity was above back ground dur ing 19-20 No -
vem ber. A ther mal anom aly oc curred at the crater dur ing
16-17 and 21 No vem ber. An ash plume reached 4.3 km
altitude on 2 De cem ber. Seis mic ity was at back ground
through the rest of De cem ber, ex cept dur ing 21-25 De cem -
ber, when it again rose. Ash plumes up to 4.5 km al ti tude
and av a lanches were reg is tered on 23 De cem ber.

A par ox ys mal ex plo sive erup tion oc curred be tween
0917 and 1020 UTC on 24 De cem ber and a large col umn
rose to ~ 13.0 km al ti tude. Ac cord ing to sat el lite data, ash
clouds ex tended from the vol cano over 850 km to the NE
on 24-25 De cem ber. Ac cord ing to KVERT vol ca nol o gists,
who cir cled the vol cano by he li cop ter with cam eras, this
erup tion de stroyed a part of lava dome.

Geo logic Sum mary. Prior to its noted 1955-56 erup tion, 
Bezymianny vol cano had been con sid ered ex tinct. The
mod ern Bezymianny vol cano, much smaller in size than its
mas sive neigh bors Kamen and Kliuchevskoi, was formed
about 4,700 years ago over a late-Pleis to cene lava-dome
com plex and an an ces tral vol cano that was built be tween
about 11,000-7,000 years ago. Three pe ri ods of in ten si fied
ac tiv ity have oc curred dur ing the past 3000 years. The lat -
est pe riod, which was pre ceded by a 1,000-year qui es cence, 
be gan with the dra matic 1955-56 erup tion. This erup tion,
sim i lar to that of Mount St. Hel ens in 1980, pro duced a
large horse shoe-shaped crater that was formed by col lapse
of the sum mit and an as so ci ated lat eral blast. Sub se quent
ep i sodic but on go ing lava-dome growth, ac com pa nied by
in ter mit tent ex plo sive ac tiv ity and pyroclastic flows, has
largely filled the 1956 crater.

In for ma tion Con tacts: Olga Girina, Kamchatka Vol ca -
nic Erup tions Re sponse Team (KVERT), a co op er a tive
pro gram of the In sti tute of Vol ca nic Ge ol ogy and Geo -
chem is try, Far East Di vi sion, Rus sian Acad emy of Sci -
ences, Piip Ave. 9, Petropavlovsk-Kamchatskii 683006,
Rus sia (Email: girina@kcs.iks.ru, URL: http://www.kscnet.
ru/ivs/eng/in dex.html), the Kamchatka Ex per i men tal and
Me thod i cal Seis mo log i cal De part ment (KEMSD), GS RAS 
(Rus sia), and the Alaska Vol cano Ob ser va tory (USA);
Alaska Vol cano Ob ser va tory (AVO), co op er a tive pro gram
of the U.S. Geo log i cal Sur vey, 4200 Uni ver sity Drive, An -
chor age, AK 99508-4667, USA (URL: http://www.avo.
alaska.edu/; Email: tlmurray@usgs.gov), the Geo phys i cal
In sti tute, Uni ver sity of Alaska, P.O. Box 757320, Fair -
banks, AK 99775-7320, USA (Email: eisch@dino.gi.
alaska.edu), and the Alaska Di vi sion of Geo log i cal and
Geo phys i cal Sur veys, 794 Uni ver sity Ave., Suite 200, Fair -
banks, AK 99709, USA (Email: cnye@giseis.alaska.edu);
Wash ing ton Vol ca nic Ash Ad vi sory Cen ter (VAAC), Sat el -
lite Anal y sis Branch (SAB), NOAA/NESDIS E/SP23,
NOAA Sci ence Cen ter Room 401, 5200 Auth Rd, Camp
Springs, MD 20746, USA (URL: http://www.ssd.noaa.gov/
VAAC/); Hawai’i In sti tute of Geo phys ics and Plan e tol ogy
(HIGP) Hot Spots Sys tem, Uni ver sity of Hawai’i, 2525
Cor rea Road, Ho no lulu, HI 96822, USA (URL: http://
hotspot.higp.ha waii.edu/); Vladivostok Times (URL: http://
www.vladivostoktimes.ru/).
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Fuego

Gua te mala
14.473°N, 90.880°W; sum mit elev. 3,763 m

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

Fuego was pre vi ously dis cussed in BGVN 30:08. This
re port dis cusses on go ing de vel op ments at Fuego since July
2005 and through De cem ber 2006. In gen eral, the vol cano
erupts ve sic u lar, ol iv ine-bear ing ba saltic lava flows. They
trav eled from the cen tral crater hun dreds of me ters down
the S, SW and W flanks, and the lava flow fronts re leased
oc ca sional blocky av a lanches of in can des cent ma te rial. The 
lat ter pro cess is gen er ally omit ted from the rest of this re -
port un less the av a lanche(s) were par tic u larly note wor thy,
as in cases where pyroclastic flows were also noted.

On 17 July 2005, an ash plume ~ 3.5-4 km high ac com -
pa nied small pyroclastic flows down Santa Teresa and
Taniluyá ra vines. This ac tiv ity con tin ued spo rad i cally
through Oc to ber 2005.

From 2-7 No vem ber 2005, weak ex plo sions and low
ash plumes oc curred along with lava flows that trav eled
down the vol cano’s S and SW flanks, ex tend ing 600 m to -
wards the Taniluyá ra vine, and 300 m to wards the Cenizas
ra vine. On 14 No vem ber, two lava flows trav eled from the
S edge of the cen tral crater 150 m to ward the Cenizas ra -
vine, and 400 m to ward the Taniluyá ra vine. A third lava
flow trav eled 600 m W to wards the Santa Teresa ra vine.
Be tween 17 and 21 No vem ber, lava flows trav eled S to -
wards the Cenizas and Taniluyá ra vines and W to wards
Santa Teresa ra vine.

On 13 De cem ber 2005, two lava flows from Fuego ex -
tended 200-300 m W and SW of the cen tral crater. On 27
De cem ber 2005 an ash plume ris ing ~ 7.6 km al ti tude ex -
tended SSW and SSE of the vol cano; lava flows trav eled
~ 2 km S down Taniluyá ra vine, and W down Seca ra vine,
ini tially ex tend ing ~ 800 m and 1,200 m, re spec tively.

At 0602 on 27 De cem ber, a pyroclastic flow de scended
S. Ash fell S of the vol cano in the port of San Jose. Later
that day, lava flows ex tended 1.2 and 1.3 km, and
pyroclastic flows de scended 1.8 and 2 km down the
Taniluyá and Seca ra vines, re spec tively. Lava flows also
trav eled W to ward Santa Teresa ra vine, and SE to wards the
Jute and Lajas ra vines. An ash plume rose ~ 7.6 km, and a
small amount of ash fell W and SW of the vol cano in the
vil  lages  of  Morelia,  Santa Sof ía,  Los Tarros,  and
Panimaché (~ 7 km SSW). This ac tiv ity con tin ued through
29 De cem ber with more lava flows and bombs. The emis -
sions hurled in can des cent lava clots ~ 75 m high, spawned
lava flows, and gen er ated a dark plume ris ing to ~ 1 km
above the crater rim.

Jan u ary 2006 ac tiv ity was es sen tially a con tin u a tion of
De cem ber’s with mod er ate-to-strong ex plo sions and in can -
des cent lava ejecta hurled ~ 40 m high. Ex plo sions could be 
heard 25-30 km away. The ex plo sions were ac com pa nied
by rum bling sounds and acous tic waves that shook win -
dows and doors in vil lages near the vol cano. Ash plumes
rose ~ 1 km to ~ 1.5 km. On 22-23 Jan u ary, there were
Strombolian lava ejec tions ris ing ~ 100 m above the crater
rim ac com pa nied by block av a lanches down the SW flank.

Dur ing Feb ru ary and March 2006, ex plo sions mod er -
ated but ac tiv ity con tin ued. Weak-to-mod er ate ex plo sions
oc curred; shock waves  were some times felt in vil lages near 

the vol cano. On 6-7 March, ash emis sions up to ~ 4.6 km
al ti tude were vis i ble on sat el lite im ag ery. 

From 22 through 28 March, Fuego ejected in can des cent 
ma te rial up to ~ 50-75 m and gas plumes to ~ 300 m above
the crater rim. Short pyroclastic flows from av a lanches oc -
curred on the up per flanks. On 28 March, pyroclastic flows
trav eled ~ 450 m S, and av a lanches oc curred from the
lava-flow fronts.

On 17 April 2006, ex plo sive ejec tions threw lava
~ 50-75 m above crater rim, and gas plumes rose to
~ 150-200 m. Lava flowed ~ 400 m S to wards Taniluyá
ra vine.

Dur ing 17-18 May 2006 lava flows reached ~ 100 m
SW to wards the Taniluyá river and ~ 500 m SW to wards
the Cenizas river. Fumarolic gases rose to ~ 600 m above
the crater rim and drifted E and W.

On 29 June 2006 fumarolic gases  rose to ~ 125 m ,
spat ter to tens of me ters, and ash plumes ~ 2.2 km re spec -
tively above the crater rim. Lava flows ex tended ~ 400 m
SW to ward the Cenizas river. Pyroclastic flows trav eled
mainly SW along the Cenizas river, with a lesser num ber
mov ing SW along the Taniluyá river.

On 3 July 2006, ex plo sions dis charged in can des cent
ma te rial hun dreds of me ters above the cen tral crater and av -
a lanches trav eled ~ 300-500 m SW along the Cenizas river.

The only ac tiv ity re ported in Au gust oc curred on the
16-17th, when ash ex plo sions reached 300-800 m above the 
crater rim, and ex plo sions of in can des cent ma te rial pro -
duced av a lanches that de scended 300-500 m SW to wards
the Cenizas, Taniluyá, and Santa Teresa river val leys.

The lat ter half of Sep tem ber 2006 con tin ued the char ac -
ter is tic pre vi ous ac tiv ity with ex plo sions that sent in can des -
cent lava 75-100 m above the crater rim and that gen er ated
hot av a lanches SW to wards the Taniluyá River.

On 15 No vem ber, lava flows trav eled about 150 m SW,
and av a lanches oc curred from the lava-flow fronts. On 17
No vem ber, three out of seven ex plo sions pro pelled in can -
des cent ma te rial 100 m above the cen tral crater rim. Rel a -
tive qui es cence fol lowed through De cem ber 2006.

Geo logic Sum mary. Volcán Fuego, one of Cen tral
Amer ica’s most ac tive vol ca noes, is one of three large
stratovolcanoes over look ing Gua te mala’s for mer cap i tal,
Antigua. The scarp of an older ed i fice, Meseta, lies be tween 
3763-m-high Fuego and its twin vol cano to the N,
Acatenango. Con struc tion of Meseta vol cano dates back to
about 230,000 years and con tin ued un til the late Pleis to cene 
or early Ho lo cene. Col lapse of Meseta vol cano may have
pro duced the mas sive Escuintla de bris-av a lanche de posit,
which ex tends about 50 km onto the Pa cific coastal plain.
Growth of the mod ern Fuego vol cano fol lowed, con tin u ing
the south ward mi gra tion of vol ca nism that be gan at
Acatenango. In con trast to the mostly andesitic Acatenango 
vol cano, erup tions at Fuego have be come more mafic with
time, and most his tor i cal ac tiv ity has pro duced ba saltic
rocks. Fre quent vig or ous his tor i cal erup tions have been re -
corded at Fuego since the on set of the Span ish era in 1524,
and have pro duced ma jor ashfalls, along with oc ca sional
PFs and lava flows.

In for  ma t ion Con tacts:  Ins t itu to  Nacional  de
Sismologia, Vulcanología, Meteorología e Hidrologia
(INSIVUMEH) ,  Minis tero  de  Communicaciones ,
Transporto, Obras Públicas y Vivienda, 7a. Av. 14-57, zona 
13, Gua te mala City 01013, Gua te mala (URL: http://www.
insivumeh.pagina.de); Coordinadora Nacional para la
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Reducción de Desastres (CONRED), Av. Hincapié 21-72,
Zona 13, Gua te mala City, Gua te mala; Wash ing ton Vol ca -
nic Ash Ad vi sory Cen ter (VAAC), Sat el lite Anal y sis Branch 
(SAB), NOAA/NESDIS E/SP23, NOAA Sci ence Cen ter
Room 401, 5200 Auth Rd, Camp Springs, MD 20746, USA 
(URL: http://www.ssd.noaa.gov/VAAC/).

Irazú

Costa Rica
9.979°N, 83.852°W; sum mit elev. 3,432 m

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

The Observatorio Vulcanológico y Sismológico de
Costa Rica (OVSICORI-UNA) re ported small-mag ni tude
seis mic ity and sta ble fumarolic and crater lake con di tions at 
Irazú over the pe riod Sep tem ber 2001 to De cem ber 2003
(BGVN 28:12). This re port sum ma rizes monthly con tri bu -
tions from OVSICORI-UNA from Jan u ary 2004 through
September 2007.

 Ac tiv ity dur ing Jan u ary-De cem ber 2004. The lake
level at Irazú re mained high through 2004 with a green
color from Jan u ary to Sep tem ber and a light green and
green ish yel low color in Oc to ber and No vem ber. Con vec -
tion cells oc curred in the NW, SW, SE, NE, N edges of the
lake through out the year. Small ar eas of mi nor mass wast -
ing oc curred in the NE and SW walls, and fumarolic ac tiv -
ity on the NW side re mained con stant with a low level of
gas emis sion. A seis mo graph lo cated 5 km SW of the ac tive 
crater reg is tered mild tec tonic and low-fre quency earth -
quakes through out 2004. Peak ac tiv ity oc curred on 19 July
2004, with nine earth quakes oc cur ring over four hours and
an in ten sity of M 1.2-1.8 at focal depths of 5-15 km.

Ac tiv ity dur ing Jan u ary-No vem ber 2005. The lake
level re mained high through 2005 with a green ish yel low
color through April and darker green from May through
No vem ber. A ring of lighter yel low color in di cat ing
iron-ox ide de pos its was vis i ble from March through No -
vem ber 2005. Con vec tion cells oc curred in sim i lar man ner
to the 2004 in ter val, and to ward the lake's cen ter of the
lake. Small ar eas of mi nor mass wast ing oc curred in the NE 
and SW walls and fumarolic ac tiv ity on the NW side re -
mained con stantly low. From Jan u ary through March and
again in Oc to ber 2005, earth quakes (M 1-2) 3-16 km deep
oc curred from the ac tive crater to a distance of 20 km NW
and 15 km SE .

Ac tiv ity dur ing March-De cem ber 2006. Dur ing March
through De cem ber 2006, the lake level at Irazú was high
with a yel low ish green color. The SW crater wall showed
ar eas of mi nor mass wast ing mov ing to ward the lake. Sim i -
lar to Jan u ary-No vem ber 2005, convection cells were ob -
served in var i ous areas. In Au gust, the gas emis sion tem -
per a ture of the NW-flank fumarole was mea sured at 86°C
(N-flank fumarole tem per a tures over 80°C have been re -
ported for al most 40 years). In No vem ber 2006, the lake
level, con vec tion cells, and fumarolic ac tiv ity re mained
con stant but the lake color changed to light green. A seis -
mo graph lo cated 5 km SW of the ac tive crater reg is tered
con tin u ing low level tec tonic and low-fre quency earth -
quakes. In mid-De cem ber, earth quake ac tiv ity was re ported 
by local residents, but no other changes were recorded.

Ac tiv ity dur ing 2007. In Feb ru ary 2007, the lake level
re ceded, and the color changed to yel low ish green. In
March, mea sure ments of the lake level in di cated a de scent
of 4.48 m, with re gard to Sep tem ber of the 2005 and lake
color re mained a green ish yel low with a tem per a ture of 15
ºC. Tem per a ture at a con vec tion cell at the NE edge was 34
ºC. Dur ing the pe riod March-Sep tem ber, the lake level con -
tin ued to de scend and fell an ad di tional 3.87 m. The lake re -
tained a light green color, with con vec tion calls in the NE,
at the N edge, and to ward the cen ter. Small ar eas of mi nor
mass wast ing con tin ued in the SW crater wall, and
fumaroles on the NW side continued mi nor de gas sing..

Geo logic Sum mary. Irazú, Costa Rica’s high est vol -
cano and one of its most ac tive, rises to 3,432 m im me di -
ately east of the cap i tal city of San José. The mas sive vol -
cano cov ers an area of 500 sq km and is veg e tated to within
a few hun dred me ters of its broad flat-topped sum mit crater
com plex. At least 10 satellitic cones are lo cated on the
south ern flank of Irazú. No lava flows have been iden ti fied
from Irazú since the erup tion of the mas sive Cer van tes lava
flows from south-flank vents about 14,000 years ago, and
all known Ho lo cene erup tions have been ex plo sive. The fo -
cus of erup tions at the sum mit crater com plex has mi grated
to the west to wards the his tor i cally ac tive crater, which
con tains a small lake of vari able size and color. Al though
erup tions may have oc curred around the time of the Span -
ish con quest, the first well-doc u mented his tor i cal erup tion
oc curred in 1723, and fre quent ex plo sive erup tions have
oc curred since. Ashfall from the last ma jor erup tion of
Irazú dur ing 1963-65 caused sig nif i cant dis rup tion to San
José and surrounding areas.

In for ma tion Con tacts: E. Fernández, E. Duarte, R.
Van der Laat, W. Sáenz, M. Martínez, V. Barboza, E.
Malavassi ,  R. Sáenz ,  and J.  Brenes ,  Observatorio
Vulcanologico Sismologica de Costa Rica-Universidad
Nacional (OVSICORI-UNA), Apartado 86-3000, Heredia,
Costa Rica (URL: http://www.ovsicori.una.ac.cr/).

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 hy dro ther mal ex plo sion at Ruapehu on 25 Sep tem ber
2007 was pre vi ously de scribed (BGVN 32:10), with a
plume and lahars dis charged from Crater Lake. Since pub li -
ca tion, new pho tos and ad di tional in for ma tion was pro -
vided by Brad Scott of New Zea land’s In sti tute of Geo log i -
cal & Nu clear Sci ences. In ad di tion, an ar ti cle came out on
the tephra dam fail ure and sub se quent lahar (Manville and
Cronin, 2007). The tephra dam broke in March 2007
(BGVN 32:10) send ing a big lahar down the Whangaehu
Gorge and River (figure 1).

Pho tos of hy dro ther mal and lahar de pos its on snow and
al pine gla cial ice were taken within days of the hy dro ther -
mal ex plo sion. By 4 Oc to ber, the moun tain was blan keted
in fresh snow, com pletely mask ing the re cent de pos its.
Pho tos such as those in cluded in this re port (fresh de pos its
laid down on ice and snow from erupt ing high-al ti tude
crater lakes) are com par a tively rare.
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Dome Shel ter, lo cated just N of Crater Lake, was di -
rectly in the path of the ex plo sion. It was ex ten sively bur ied 
by de bris from the ex plo sion and one person inside was
badly injured.

In stru ments re corded seis mic and air-pres sure sig nals 
as so ci ated with the hy dro ther mal ex plo sion (fig ure 2). The
seis mic plot shows a strong wave ini tially ar riv ing at 2026
NZ lo cal time. The ve loc ity of sound in air is sev eral-fold
slower that the ve loc ity of vi bra tions through rock (seis mic
waves). In ad di tion, the sound waves were re corded at a
sta tion ~ 6 km far ther away from the sig nal source.  Con se -
quently the sound sig nal’s first ar rival was later.

Work is still in prog ress to un der stand the com pli cated
lahar dy nam ics of this event. Three main lahars de scended

the moun tain on 25 Sep tem ber.
Two headed roughly E (one via
the out  le t  and as  so ci  a ted
Whangaehu Gorge, the other,
larger, out over the crater walls
and down a gla cier). An other
lahar went N (over the crater
walls).

The photo of Ruapehu’s sum -
mit taken from a plane, shown in
fig ure 11 in BGVN 32:10, was a
view from the NE il lus trat ing the
scene shortly af ter the erup tion. A 
sim i lar photo ap pears here as fig -
ure 3, al though this photo was
taken from the E. In both these
pho tos, the larg est (most con spic -
u ous) lahar fol lows a straight path 
from the sum mit area ad ja cent
Crater Lake. It trav eled over the
Whangaehu glacier.

Ejecta ap par ently ac cu mu -
lated in the N Crater ba sin (fig ure
4) be fore some of it flowed down
the Whangaehu gla cier. The lat ter 
lahar was com plex, ow ing to
erup tion-blasted wa ter fol lowed

by run off and other pos si ble com plex i ties still un der study.
The third lahar was small and came down the Ruapehu’s N
side. It passed near a ski slope (figures 5 and 6).

A view of Crater Lake look ing S into the crater from the 
Dome Shel ter (fig ure 7) shows the strong directionality of
the blast to the N (to wards Dome Shel ter). Nu mer ous small
blocks and bombs are vis i ble in the fore ground. Near the
lake ap pear some lighter tex tured de pos its on the snow (fig -
ure 7). These are rather thin (less than 0.5-1 m thick) and
cross some of the darker de pos its. Ini tial field in ter pre ta -
tions were that these lighter de pos its formed in two ways. 
One is the de pos its mark the ab sorp tion of ejected Crater
Lake wa ter into the snow pack. The sec ond is that they pre -
serve the aero sol de vel oped on the fringes of a di rected
blast of steam and wa ter dis charged from the Lake. Fig ure 8 
is sim i lar to the pre vi ous one, only viewed stand ing on de -
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Fig ure 1. Map of Ruapehu ori ented with N to wards the top, show ing gla ciers and ski fields (note Whakapapa
skifield and the val ley of the same name to wards the N). Crater Lake’s out let is at the SSE end of that lake, and it
pours into the E-trending Whangaehu Gorge. The grid lines are at 1 km spac ing; the con tour in ter val is 20 m (100
m be tween heavy con tours). Cour tesy of Brad Scott, GNS.

Fig ure 2. Seis mic and air pres sure plots of the erup tion at Ruapehu on 25
Sep tem ber 2007. The seis mic data were re corded at the seis mic sta tion
termed the Far West T-bar, on the N flank of the vol cano, ~ 3.1 km from the 
cen ter of Crater Lake. The air pres sure (sound wave) sig nal was re corded
at the Cha teau sta tion, 9.1 km from the cen ter of Crater Lake. Cour tesy of
GeoNet.

Fig ure 3. Pho to graph of Ruapehu taken from the E with a view cen tered
on the larg est 25 Sep tem ber lahar. That lahar made its de scent on the
sur face of the Whangaehu gla cier. The out let for Crater Lake (up per left)
feeds from the Lake’s S (left) end, drain ing down the Whangaehu Gorge.
In this photo, the steep sided Gorge be comes shrouded in clouds to wards
the lower left cor ner. Cour tesy of GeoNet.



bris far ther to the E, an area where sig nif i cant run off
formed a long nar row chan nel, which in the fore ground
trav eled downslope to wards the viewer.

Dome Shel ter and news-re ported in jury. Dome Shel ter
was partly bur ied by typ i cal snow ac cu mu la tion, over
which came the de pos its from the hy dro ther mal erup tion,
some of which in vaded the struc ture (fig ure 9). To sum ma -
rize news sto ries in the New Zea land Her ald and The Syd -

ney Morn ing Her ald, four moun tain eers were camped in
the Shel ter dur ing the ex plo sion. Wil liam Pike’s left leg
was in jured and his right leg be low the knee was crushed
and pinned by de pos its. He was res cued and ul ti mately
flown out by he li cop ter but had suf fered se vere hy po ther -
mia. Doc tors said at one point he was very near death, with
body tem per a ture in the 25-26°C range. They man aged to
save him af ter am pu tat ing the lower por tion of his right leg. 
The news also re ported that the Shel ter was des ig nated for
emergency use only (not as a camping shelter).

GNS noted that the Shel ter also houses mon i tor ing in -
stru ments, equip ment less dam aged than ini tially thought.
Data from one of the two seis mic sys tems con tin ued to
flow, al though the data were rather noisy. Ac cord ingly,
GNS be gan re ly ing on nearby mon i tor ing stations.

Ref er ence: Manville, V., and Cronin, S.J., 2007, Break -
out lahar from New Zea land’s Crater Lake, Earth Ob serv -
ing Sat el lite, Trans ac tions, Amer i can Geo phys i cal Un ion,
v. 88, no. 43, p. 441-442.

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 four cone-build ing ep i sodes dat ing
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Fig ure 4. A view of Ruapehu taken from the NE. The Whangaehu Gorge
(left back) drains from Crater Lake’s out let, con tain ing a nar row, con fined 
lahar there. In the up per cen ter, Crater Lake is sur rounded by gray ash. The 
dark area across the cen ter to left is the large lahar down the Whangaehu
Gla cier. The large dark cir cu lar area at the right is the ash-cov ered N
Crater ba sin. Cour tesy of Brad Scott and GeoNet.

Fig ure 7. Ruapehu’s Crater Lake as seen from the N at Dome Shel ter.
Cour tesy of GNS.

Fig ure 5. This view at Ruapehu was taken from the N and shows a small 25 
Sep tem ber lahar down the Whakapapa Val ley. The dis tal end of this lahar
de scended past the ski slope’s Far West T- Bar (a pil ing for this ski lift is in
the right back ground of the next photo). The prom i nent ash-cov ered ridge
in the up per cen ter is Dome Ridge, which ob scures the view of the lake.
Cour tesy of GeoNet.

Fig ure 6. A Ruapehu lahar that trav eled down the Whakapapa ski field.
Lev ees ap pear at or near the lahar mar gins. The snow in this area is firm
and groomed for ski ing, and the lahar melted it by a few tens of
cen ti me ters. Cour tesy of GeoNet.



back to about 200,000 years ago.
The 110 cubic 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 tive 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: Brad Scott, 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/);
New Zea land GeoNet Pro ject (URL: http://www.geonet.
org.nz/); New Zea land Her ald (URL: http://www.nzherald.
co.nz/); Syd ney Morn ing Her ald (URL: http://www.smh.
com.au/).

Soputan

Sulawesi, In do ne sia
1.108°N, 124.73°E; sum mit elev. 1,784 m

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

Our last re port on Soputan (BGVN 32:01) in di cated that
Soputan’s lava dome was still emit ting gas and gen er at ing
rockfalls and ash plumes to 12 km in al ti tude through De -
cem ber 2006. This re port, which in cludes a map (fig ure
10), dis cusses ac tiv ity through November 2007.

Ac cord ing to the Cen ter of Vol ca nol ogy and Geo log i cal 
Haz ard Mit i ga tion (CVGHM), dif fuse ash plumes rose
from Soputan to an al ti tude of 1.8 km dur ing 20-25 June
2007. The Alert Level re mained at 3 (on a scale of 1-4),
where it had been since 15 December 2006. Be tween 11
June and 1 July 2007 the only seis mic ity re corded was
caused by rockfalls, with 107 events dur ing 11-17 June,
124 events dur ing 18-24 June, and 78 events dur ing 25
June-1 July.

News ac counts re ported that Soputan erupted on 14 Au -
gust, pro duc ing ash plumes that, ac cord ing to the Dar win
Vol ca nic Ash Ad vi sory Cen tre (VAAC), rose to 4.6 km al -
ti tude and drifted W. Lava and rock av a lanches were also
ob served. Ac cord ing to Ya hoo! Can ada News, vol ca nol o -
gist Sandy Manengke in di cated that no in ju ries or dam age
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Fig ure 9. Dome Shel ter on Ruapehu as seen in rel a tively snow-free
con di tions at some point well prior to the erup tion (top). Seen from the air
af ter the hy dro ther mal erup tion, the Shel ter is cov ered by sea sonal snow
fol lowed by mud and de bris. Pre-erup tion photo credit to Greg Bowker,
post-erup tion photo credit to Alan Gib son; ac cessed on the website of the
New Zea land Her ald.

Fig ure 8. A photo of Ruapehu’s Crater Lake look ing SE from the Whakapapa Gla cier show ing the out let (on the
Lake’s top-right). The lake sur face con tains dis tur bances caused by upwelling wa ter and sul fur slicks (dark
streaks). Note crat ers from bal lis tic ejecta. The long straight line is a run off chan nel. Cour tesy of Geonet.



were re ported, but that vil lages along Soputan’s base were
cov ered in vol ca nic dust, and many res i dents were wear ing
face masks. Ac cord ing to Reuters, Saut Simatupang, head
of In do ne sia’s Vol ca nol ogy Sur vey, told the news agency
that no evac u a tion was or dered and the Alert Level was not
raised to 4 (max i mum) be cause Soputan was un likely to
erupt in a way that would threaten the near est vil lage, 11
km from its crater. On 15 Au gust seis mic ity de creased.

Based on ob ser va tions of sat el lite im ag ery and in for ma -
tion from CVGHM, the Dar win VAAC re ported that an ash 
plume rose to an al ti tude of 4.6 km and drifted W dur ing
14-15 August. Visual ob ser va tions were made on 24-25
Oc to ber and 30-31 Oc to ber 2007 of white and gray plumes
that rose to al ti tudes of 1.8-3.3 km and drifted W. In ad di -
tion, based upon pi lot re ports and sat el lite im ag ery, the
Dar win VAAC re ported that on 25-26 Oc to ber, ash plumes
rose to 13.7 km al ti tude and drifted WSW. On 25 Oc to ber,
lava flowed 500-600 m down the W flank and flowed again 
on 30 Oc to ber. Vil lag ers and tour ists were warned not to
travel within a 6 km radius of the summit.

MODVOLC data (which is MODIS sat el lite ther mal in -
fra red data pro cessed to in di cate pos si ble vol ca nism) is
some times help ful in as sess ing lava and dome emis sions at
vol ca noes.  Alerts for 2007 ap peared in Au gust (7 alerts),
Oc to ber (23 alerts), and No vem ber (2 alerts). Dur ing 2006,
alerts took place in De cem ber (11 alerts) and October (5).

Ac cord ing to CVGHM, the Alert Sta tus was low ered
from 3 to 2 on 23 No vem ber, based on a de crease in the
num ber of earth quakes and seis mic in ten sity, de for ma tion
mea sure ments, and vi sual observations.

Geologic Sum mary. The small Soputan stratovolcano
on the south ern rim of the Qua ter nary Tondano cal dera on
the north ern arm of Sulawesi Is land is one of Sulawesi’s
most ac tive vol ca noes. The youth ful, largely unvegetated
vol cano rises to 1,784 m and is lo cated SW of Sempu vol -
cano. It was con structed at the south ern end of a SSW-NNE 
trending line of vents. Dur ing his tor i cal time the lo cus of
erup tions has in cluded both the sum mit crater and Aeseput,
a prom i nent NE-flank vent that formed in 1906 and was the
source of in ter mit tent ma jor lava flows un til 1924.

In for ma tion Con tacts: 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://por tal.
vsi.esdm.go.id/joomla/); Jenny Farlow, Dar win Vol ca nic
Ash Ad vi sory Cen tre, Bu reau of Me te o rol ogy, Aus tra lia
(URL: http://www.bom.gov.au/info/vaac/; Email: j.
farlow@bom.gov.au); Hawai’i In sti tute of Geo phys ics and
Plan e tol ogy (HIGP) Hot Spots Sys tem, Uni ver sity of
Hawai’i, 2525 Cor rea Road, Ho no lulu, HI 96822, USA
(URL: http://hotspot.higp.ha waii.edu/); Reuters (URL:
http://www.reuters.com/); Ya hoo! Can ada News (URL:
http://ca.news.ya hoo.com/).
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Fig ure 10. A map of north ern Sulawesi is land (In do ne sia), with Soputan la beled. In set shows en tire is land. Copy righted map by pbi de sign (2002); graphic by
Mi chael Wijaya.



Suwanose-jima

Ryukyu Is lands, Ja pan
29.635°N, 129.716°E; summit elev. 799 m

Suwanose-jima, in the East China sea, is one of Ja pan’s
most ac tive vol ca noes. Our last
re port on Suwanose-jima (BGVN
30:07) tab u lated the seis mic ity
and the nu mer ous ash plumes
seen be tween April 2004 and July 
2005. The cur rent re port con tin -
ues the tab u la tion from Au gust
2005 to December 2007.

Dur ing the re port ing in ter val,
the To kyo Vol ca nic Ash Ad vi -
sory Cen ter re ported small ex plo -
sions or erup tions, usu ally ac com -
pa nied by ash plumes,  ev ery
month dur ing this pe riod, ex cept
for No vem ber and De cem ber
2005, May 2006, and June 2007.
Ash was sel dom iden ti fied on
satellite imagery. On 20 Sep tem -
ber 2006, the Mod er ate Res o lu -
tion Im ag ing Spectroradiometer
(MODIS) on NASA’s Terra sat el -
lite de tected ash-and-steam emis -
sions (fig ure 11).

Geo logic  Sum mary.  The
8-km-long, spin dle-shaped is land
of Suwanose-jima in the north ern
Ryukyu Is lands con sists of an
andesitic stratovolcano with two
his tor i cally ac tive sum mit crat ers. 
Only about 50 per sons live on the
sparsely pop u lated is land. The
sum mit of the vol cano is trun -
cated by a large breached crater
ex tend ing to the sea on the east
flank that was formed by ed i fice
col lapse. Suwanose-jima, one of
Ja pan’s most fre quently ac tive
vol ca noes, was in a state of in ter -
mit tent strombolian ac tiv ity from
On-take (Otake), the NE sum mit
crater, that be gan in 1949 and
lasted un til 1996, af ter which pe -
ri ods of in ac tiv ity length ened.
The larg est his tor i cal erup tion
took place in 1813-14, when thick 
sco ria de pos its blan keted res i den -
tial ar eas, and the SW crater pro -
duced two lava flows that reached 
the west ern coast. At the end of
the  erup t ion the  sum mit  of
On-take col lapsed form ing a large 
de bris av a lanche and cre at ing the
horse shoe-shaped Sakuchi cal -
dera, which ex tends to the east ern 
coast. The is land re mained un in -
hab ited for about 70 years af ter

the 1813-1814 eruption. Lava flows reached the eastern
coast of the island in 1884.

In for ma tion Con tacts: To kyo Vol ca nic Ash Ad vi sory
Cen ter (To kyo VAAC), Ja pan Me te o ro log i cal Agency
(JMA), 1-3-4 Ote-machi, Chiyoda-ku, To kyo 100, Ja pan
(URL: http://www.jma.go.jp/JMA_HP/jma/jma-eng/
jma-cen ter/vaac/; Email: vaac@eqvol.kishou.go.jp); NASA
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Date Event Plume al ti tude (km) Plume di rec tion

11 Aug-12 Aug 2005 small erup tions ~ 3.4 —

22 Sep 2005 plume ~ 1.8 W

07 Oct-09 Oct 2005 erup tions max. 1.8 SW, E, SE

01 Jan 2006 ex plo sions — —

10 Jan 2006 ex plo sions ~ 1.8 E

24 Jan 2006 plume 1.5 E

28 Jan 2006 plume max. 1.8 W

29 Jan 2006 ex plo sion — —

31 Jan 2006 plume 1.5 W

01 Feb 2006 ex plo sions — —

06 Feb-07 Feb 2006 ex plo sions 1.2 NW

08 Feb-10 Feb 2006 plumes max. 1.5 E and SE

15 Feb-18 Feb 2006 plumes max. 1.5 E and S

22 Feb-24 Feb 2006 erup tions max. ~ 3 S, E, NE

02 Mar-08 Mar 2006 ex plo sions max. ~ 1.8 E, SE, S, NW

16 Apr 2006 ash plume ~ 1.5 —

07 Jun 2006 ash plume 2.4 —

30 Jun 2006 plume 1.2 NE

16 Jul 2006 ash plume 1.8 N

26 Jul-30 Jul 2006 ex plo sions max. ~ 1.8 N, straight up

11 Aug-14 Aug 2006 ex plo sions max. ~ 1.8 N and W

26 Aug 2006 plumes 1.8 Straight up

28 Aug 2006 plumes 1.5 E

19 Sep 2006 ash plumes 3.4 E

20 Sep 2006 ash and steam 2.1 N

06 Oct 2006 ex plo sion — —

14, 16-17 Oct 2006 ash plumes 3 —

18 Oct 2006 ex plo sion — —

27 Oct-28 Oct 2006 ash plumes 1.8 E

04 Nov-06 Nov 2006 plumes 1.2 E and SW

09 Nov 2006 plume 1.5 W

17 Nov 2006 plume 2.1 Straight up

19 Dec 2006 erup tion — —

09 Jan 2007 plume — —

28 Jan 2007 plume — —

05 Feb-07 Feb 2007 plume — —

19 Feb-20 Feb 2007 plumes — —

02 Mar 2007 plume 1.2 W

17 Mar 2007 ex plo sion — —

30 Mar 2007 ex plo sion — —

02 Apr 2007 ex plo sion — —

08 May 2007 ex plo sions — —

26 Jul 2007 ash plume 1.5 SW

17 Sep 2007 ex plo sions — —

16 Oct 2007 plume 1.5 E

22 Oct 2007 plume 1.5 W

26 Oct-28 Oct 2007 plumes 1.5 E and W

29 Nov-02 Dec 2007 plumes 1.2 - 1.8 E

10 Dec 2007 plumes 1.5 - 1.8 W

14 Dec-17 Dec 2007 plumes 1.5 - 1.8 E

Ta ble 1. Sum mary of ac tiv ity re ported at Suwanose-jima from Au gust 2005 to De cem ber 2007, based on
in for ma tion from the To kyo VAAC. "—" in di cates that data were not re ported.



Mod er ate Res o lu tion Im ag ing Spectroradiometer (MODIS) 
pro gram (URL: http://modis.gsfc.nasa.gov/).

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)

Fol low ing ex plo sive erup tions be gin ning on 1 Jan u ary
1983, Ol Doinyo Lengai (here af ter called ‘Lengai’) en tered 
a stage con sist ing chiefly of the ef fu sion of nu mer ous small
fluid, carbonatitic lava flows in its ac tive N sum mit crater.
Dur ing March 1983 to early 2007, re ports fo cused al most
ex clu sively on the sum mit crater, the scene of nu mer ous,
of ten-chang ing hor ni tos (or spat ter cones) and carbonatitic
lava flows that slowly filled the crater. Lava be gan over -
flow ing the crater, first to the W around 14 June 1993
(BGVN 18:07), then onto the NW flank (be gin ning in late
Oc to ber 1998, BGVN 24:02), E flank (be gin ning in early
No vem ber 1998, BGVN 24:02), W flank (be gin ning in Feb -
ru ary 2002, BGVN 27:10), and N flank (be gin ning in Jan u -
ary 2005, BGVN 30:04), mak ing it im por tant to chron i cle
changes on the flanks. Ob ser va tions of activity throughout
2007 are summarized in table 2.

As this re port goes to press, con tra dic tory re ports ex ist
con cern ing im pacts of erup tions on the vol cano’s flanks,

with the key ques tion con cern ing the amount of im pact on
those flanks by fires, lava flows, ashfall, or con ceiv ably,
vol ca nic bombs large enough to start fires on im pact with
the ground sur face–or per haps some com bi na tion of these
and other processes.

Ob ser va tions dur ing 17-20 June 2007. A re port posted
on Fred er ick Belton’s Ol Doinyo Lengai website de scribed
a visit by Rohit Nandedkar, Hannes B. Mattsson, and
Barbara Tri poli dur ing 17-20 June. They ob served gen er -
ally high, but vari able, ac tiv ity of the in ner crater. A lot of
sul fu ric gas ses es caped, mainly at frac tures in the outer
crater, but also from the big hor ni to on the SW side. Three
spat ter cones sit u ated on the S and W side of the in ner
crater dis charged spat ter that splashed up to 15-20 m high
at in ter vals of 20 min utes, with 30 min ute breaks. All three
cones were never ac tive at the same time. The group saw
three ac tive in ter con nected lava ponds (mainly on the E
side of the in ner crater). The mol ten ma te rial was erod ing
the E side and destabilizing the ad ja cent cliff. The ponds
were al ways ac tive, but more vig or ous ac tiv ity lasted for in -
ter vals of sev eral hours. On 19 June the crust of the in ner
crater burst near a big, half-collapsed hornito, sending a
lava flow E.

Ac tiv ity on 19 July 2007. On 20 July 2007 the As so ci -
ated Press (AP) re ported that “Lengai was be lieved to be
the source of a se ries of shal low earth quakes ex pe ri enced in 
the re gion over the past week” ac cord ing to Al fred Mutua,
the Ken yan gov ern ment spokes man. On 19 July BBC News
re ported that hun dreds of vil lag ers fled their homes on the
slopes in re sponse to the above-men tioned seis mic swarm,
fear ing an im mi nent erup tion. A BBC cor re spon dent re -
ported that lava flow ing down a flank was caus ing panic
among vil lag ers. The East Af ri can Stan dard in di cated that
prod ucts of the 19 July erup tion had en tered in hab ited ar -
eas, stat ing that “ . . . . more than 1,500 peo ple, most of
them Maasai fam i lies, va cated their homes in Ngaresero,
Orbalal and Nayobi vil lages fol low ing the trem ors that trig -
gered the vol ca nic erup tion . . . . Vil lag ers are re ported to
have heard roar ing . . . . be fore the vol cano started dis charg -
ing ash and lava.” There were also re ports of a dam aged
school and two in ju ries, but no deaths. Sub se quent inquiries 
about the incident have cast doubt on these earlier claims.

Vol ca nol o gist Ger ald Ernst con tacted avi a tors, guides,
sci en tists, and lo cal in hab it ants in the re gion; they had seen
no dra matic erup tive events at the moun tain dur ing late July 
2007. Over all, the com piled com ments in di cated that the
sum mit crater was in tact and erup tions were con fined to the 
sum mit area. Keith Rob erts was re ported to have ob served
that a land slide kicked up a lot of dust, which could have
been con fused from a dis tance with ash from a large flank
eruption.

Greg Vaughan of the Jet Pro pul sion Labs sub se quently
took a pre lim i nary look at some AS TER sat el lite im ag ery
and con cluded that in mid-June through late July the sum -
mit crater was likely to have con tin ued to emit lava. The 20
July ther mal emis sions sup ported sum mit lava erup tions but 
failed to doc u ment any lava that had spilled over the crater
rim. In ad di tion, no ther mal anom a lies were mea sured by
MODIS in stru ments as re ported by the Hawai’i In sti tute of
Geo phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys -
tem from 7 July through 22 August (UTC).

Belton’s website con tained a re port by Lindsay
McHenry, who had climbed Lengai on 22-23 July 2007.
She re ported: “There were fre quent mi nor earth quakes in
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Fig ure 11. Ash plume blow ing N from Suwanose-jima on 20 Sep tem ber
2006, seen in a MODIS im age. In color im ages the plume’s hue clearly
dis tin guishes it from the banks of trans versely ori ented white weather
clouds. NASA im age cre ated by Jesse Allen, Earth Ob ser va tory, us ing
data pro vided cour tesy of the MODIS Rapid Re sponse team.



the days pre ced ing the climb. There were two ac tive spat ter
cones, one on the far east ern side of the crater and a small
one just to the east of the cen tral spire. Both were throw ing
small blocks … lo cally, and oc ca sion ally rain ing ash over
the en tire crater. Our guides di rected us to an aa flow on the 
north ern side of the crater that they claimed was only 4 days 
old. The in te rior was still warm and showed no signs of al -
ter ation. The flow was con fined to the crater.”

MODIS (MODVOLC) mea sure ments. Data from
MODIS sat el lites and an a lyzed with the MODVOLC al go -
rithm re vealed no ther mal anom a lies for the pe riod 7
July-22 Au gust 2007. In stead, mul ti ple ther mal anom a lies
were mea sured at and around the crater par tic u larly dur ing

23 Au gust-3 Sep tem ber and 10-20 Sep tem ber 2007 (ta ble
3). It is plau si ble that a brief ash-bear ing erup tion like the
al leged 19 July event could have been missed by the
MODIS sat el lites or not detected by the MODVOLC
algorithm.

Ob ser va tions dur ing early Au gust 2007. The Eu ro pean 
As so ci a tion of Vol ca nol o gists (LAVE), a group that vis its
many vol ca noes and pub lishes an in for ma tive and col or ful
news let ter, as cended and camped in the ac tive crater on 3-5
Au gust 2007 (Machault, 2008). Machault (2008) dis cussed
a crater still strewn with mul ti ple hor ni tos. Many of their
ob ser va tions con cerned the emis sions at these hor ni tos and
abun dant still fresh lava flows of small vol ume seen spread -
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Date (2007) Ob server(s)
Brief Ob ser va tion(s) (CV= climbed vol cano; A=ae rial ob ser va tions/
pho tos from crater over flight; F = flank ob ser va tion; S = sat el lite)

31 Jan-02 Feb Tom Pfeif fer (CV) (see BGVN 32:02)

03 Mar Annette Loettrup (CV) no ac tiv ity; no sig nif i cant changes to crater

04 Mar Janet Da vis (A) no ac tiv ity; no sig nif i cant changes to crater

24 Mar un named (CV) no ac tiv ity; no sig nif i cant changes to crater

17-20 Jun Rohit Nandedkar, Hannes Mattsson, Barbara Tri poli (CV) high but vari able ac tiv ity of the in ner crater (see text)

22-23 Jul Lindsay McHenry (CV) ac tiv ity in in ner crater (see text)

03 Aug-05 Aug Julie Machault and the group “Aventure et Volcans” (CV, A) Small lava flows and an open vent cra dling lava (see text)

15 Aug-16 Aug Gaston Gonnet (CV) mild strombolian ac tiv ity from 3 cones

23 Aug Gwynne Morson (A)

21, 23 Aug Christoph Weber (CV) ac tive erup tion with lava flows (see text)

1-2 Sep Chiara Montaldo (CV) erup tion (see text)

03 Sep Gwynne Morson (A) newly formed and erupt ing cin der cone (see text)

04 Sep Sian Brown (pi lot) (A) large ash plume above Lengai

04 Sep NASA sat el lite (A) AS TER im age on NASA’s Terra Sat el lite (more in text)

06 Sep Gwynne Morson (A)

10 Sep Jens Fissenebert, San dra Kliegalhoefer (F) high ash plume pho to graphed from Lake Nat ron Camp

11-13 Sep Leander Ward (F) erup tion (see text)

13 Sep Gwynne Morson (A) heavy ash plumes

19-21 Sep Jelle Schouten, Stan Brouwer (A) plumes flow ing from Lengai

22-23 Sep Roger Mitch ell, Barry Dawson (A) con tin u ous ac tiv ity (see text)

24 Sep Jen Schoemburg (F) con tin u ous ac tiv ity (see text)

23-30 Sep Roger Mitch ell, Barry Dawson (F) con tin u ous ac tiv ity (see text)

27 Sep Jen Schoemburg (A) con tin u ous ac tiv ity (see text)

1st week in Oct un named pi lot (A) ash plumes ris ing to 3 km above sum mit

05 Oct mes sage for warded from Lou ise Leakey (F) ash plume to 3 km

12 Oct Colin Church (F) ash falls on W side of Lengai

mid-Oct L. Dudley (A) heavy ash plume blow ing to NW

09-16 Oct Gra ham Wickenden (F) ash plumes viewed from Lake Nat ron Camp

16 Oct Leander Ward (F camp N of Lengai on lower slopes of Gelai) light ning in ash clouds

16 Oct un named (A) ash cone now dom i nates en tire ac tive crater

19 Oct Kathy Moore (pi lot) (A) erup tion at 0830, plumes of smoke and ash to al ti tude of >7.6 km 

21 Oct Leander Ward (F) dark and light ash clouds be ing erupted from the ash cone

23 Oct Gwynne Morson (A) dark ash clouds; cone (pos si bly T49B) still ex ists

25 Oct Benoit Wilhelmi (A) “extremely ag gres sive” ac tiv ity 

29 Oct Gwynne Morson (A) pause in erup tion

31 Oct Gwynne Morson (A) dark ash clouds

04 Nov Tim Leach (F Lake Nat ron Camp) daily ash erup tions, some lava erup tions at night

07 Nov Toulouse VAAC (S) Lengai re mained ac tive, but ash not iden ti fied on sat el lite im ag ery

10 Nov Mi chael Dal ton-Smith (F) ac tiv ity con tin ues, con stant ‘smoke’ ris ing 300-600 m above sum mit,
drift ing WSW to ward Gol Moun tains 

11 Nov Tim Leach (F Lake Nat ron Camp) ac tiv ity seems to have de creased

21 Nov Toulouse VAAC (S) Lengai re mained ac tive, but ash not iden ti fied on sat el lite im ag ery

27 Nov Tim Leach (F Lake Nat ron Camp) ac tiv ity “off and on”; heard re port of large “lava
erup tion” about a week ago

Ta ble 2. Sum mary of ob ser va tions made of ac tiv ity at Ol Doinyo Lengai dur ing 2007. Ob ser va tions for 2006 were re ported in BGVN 32:02. Much of list
cour tesy of Fred er ick Belton. For most of the con trib u tor’s con tact in for ma tion , see Belton’s website.



ing over the crater floor. They de parted the crater at 0700
on 5 August at which point they saw no activity.

In more de tail, one vent at a hor ni to was par tic u larly ac -
tive on 3-4 Au gust. The ac tive vent was open and cra dling
mol ten lava. It was lo cated well up on the cone of a hor ni to
to the near E of T49B. This vent emit ted lapilli on 4 Au gust
and the next day it emit ted lava. On 4 Au gust the same vent
E of T49B dis charged a lava flow on the crater floor, 100 m 
long with sev eral arms. The af ter noon of 4 Au gust the same 
vent is sued black “smoke” and clouds. A ‘black gey ser’
rose above the hor ni tos in the cen ter of the crater but the ex -
act source vent was uncertain.

Erup tions of late Au gust and Sep tem ber 2007.
Matthieu  Kervyn an a  lyzed MODIS data with  the
MODLEN al go rithm (tai lored to the lower tem per a ture
lavas at Lengai) and re corded mul ti ple and re peated ther mal 
anom a lies at and around the crater af ter 21 Au gust 2007.
This in di cated a new erup tive event dur ing 21-23 Au gust,
with a peak on 23 Au gust (MODVOLC data in ta ble 3
show anom a lies start ing 23 Au gust). Anom a lies at that time 

seemed to be re stricted to the crater, but moved out to the
flanks on 31 Au gust and 1 Sep tem ber. On 23August, pi lot
Gwynne Morson pho to graphed the re cent lava flows (fig -
ure 12), which, when freshly cooled are black in color (later 
altering to white due to weathering).

Ashley Davies re ported that ther mal emis sions were de -
tected on 27 Au gust 2007 from the NASA Earth Ob serv -
ing-1 (EO-1) space craft,  which com bined both the
Hyperion hyperspectral imager and the ALI multispectral
imager, yield ing cov er age of both vis i ble and short-wave -
length in fra red (SWIR). Hyperion data (30 m/pixel res o lu -
tion) showed two very bright sources in the sum mit crater
with spec tra con sis tent with erupt ing lava. There was also
an in di ca tion of a short lava flow to the NW. Based on a
pre lim i nary anal y sis of the Hyperion data, ef fu sion rate was 
es ti mated at ~ 0.5 m3/s. [Note: As part of the JPL Vol cano
Sen sor Web, the EO-1 ob ser va tion was trig gered au ton o -
mously by an alert from the MODVOLC sys tem. This in
turn trig gered a se ries of data trans mis sions and rapid pro -
cess ing at JPL. No ti fi ca tion was re ceived at JPL within 2
hours of data ac qui si tion. JPL pro cessed the Hyperion data
within 36 hours of acquisition.]
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Date (2007) Time (UTC) Pix els Sat el lite

02 Jun 745 1 Terra

23 Jun 2025 3 Terra

23 Jun 2320 1 Aqua

25 Jun 2015 1 Terra

29 Jun 1950 1 Terra

29 Jun 2245 1 Aqua

30 Jun 2030 1 Terra

30 Jun 2330 1 Aqua

02 Jul 2315 1 Aqua

06 Jul 1955 1 Terra

06 Jul 2250 1 Aqua

23 Aug 1955 1 Terra

23 Aug 2250 1 Aqua

25 Aug 1940 2 Terra

26 Aug 2320 1 Aqua

28 Aug 2310 1 Aqua

30 Aug 2000 2 Terra

30 Aug 2300 1 Aqua

31 Aug 825 2 Terra

31 Aug 1120 2 Aqua

31 Aug 2045 2 Terra

31 Aug 2340 2 Aqua

01 Sep 1950 10 Terra

01 Sep 2245 2 Aqua

02 Sep 810 2 Terra

02 Sep 1105 2 Aqua

03 Sep 1935 2 Terra

10 Sep 1940 1 Terra

10 Sep 2240 2 Aqua

19 Sep 2235 1 Aqua

20 Sep 800 4 Terra

17 Oct 2000 2 Terra

31 Oct 2310 1 Aqua

30 Dec 815 1 Terra

Ta ble 3. MODIS/MODVOLC ther mal anom a lies mea sured at Ol Doinyo
Lengai dur ing 2007. No anom a lies were de tected dur ing 1 Jan u ary-1
June, 7 July-22 Au gust, 21 Sep tem ber-16 Oc to ber, 18-30 Oc to ber, and 1
No vem ber-29 De cem ber 2007. Anom a lies mea sured by MODIS dur ing
2006 were re ported in BGVN 32:02. Cour tesy of the Hawai’i In sti tute of
Geo phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem.

Fig ure 12. Photo show ing the Ol Doinyo Lengai crater with re cent lava
flows (black) on the morn ing of 23 Au gust 2007. Note the lava over flow
(pos si bly the E over flow) of the crater’s rim in the fore ground. Cour tesy
of Gwynne Morson.

Fig ure 13. In can des cence on the W flank of Ol Doinyo Lengai some time
dur ing 1-3 Sep tem ber 2007. Cour tesy of Chiara Montaldo.



Chiara Montaldo and her hus band climbed Lengai on
the night of 1-2 Sep tem ber. Lava started to come out of the
crater on the af ter noon of 1 Sep tem ber and flowed down
the flank all night (fig ure 13). At 0500 on 2 Sep tem ber, the
crater was erupt ing; the noise and smell was very strong.
From time to time there was an ex plo sion sound (like fire -
works) and a col umn of ash and lapilli could be seen. The
col umn was not con tin u ous, and it was in can des cent with
black smoke and ash. They felt very strong earth quakes on
the top. A few hours af ter they climbed down on 2 Sep tem -
ber, the col umn and the noise were higher and the wind
changed di rec tion, blow ing the ash to ward them. On the
fol low ing night (2-3 Sep tem ber) an other group tried to
climb the vol cano, but re treated about half way up be cause
the eruption was getting more intense.

Ac cord ing to Burra Gadiye, a moun tain guide, an ash
erup tion be gan dur ing the night of 3-4 Sep tem ber 2007. On
3 Sep tem ber pi lot Gywnne Morson ob served a new erupt -
ing cone in the cen tral to E side of the crater. Thomas
Holden re layed a pi lot’s ac count of a large ash plume on 4
Sep tem ber. The ash plume and strong ther mal ac tiv ity in
the crater and prob a bly lava flows to the W and NW may
have spawned fires that burned large ar eas of the W and
NW flank, as can be seen in a 4 Sep tem ber 2007 AS TER

im age (fig ure 14). Kervyn ob served that the vol cano
erupted on 4 Sep tem ber, first at mid night and then at 0500,
caus ing sig nif i cant ash clouds. Ash fall out was ob served at
Engare Sero vil lage, 18 km N of the sum mit. Ashfall lasted
for over 12 hours. The ash cloud was im aged by AS TER on 
the morn ing of 4 September drifting SSW. Roger Mitch ell
at trib uted the large burned ar eas on fig ure 14 as due to fires
ig nited af ter the ash erup tion of 3-4 Sep tem ber.

Chris Weber re ported that dur ing the night of 3-4 Sep -
tem ber, lapilli- and ash-bear ing erup tions rose about 3 km
above the vent. Pic tures taken from a plane on 5 Sep tem ber
in di cated that the hor ni tos and other crater mor phol ogy re -
mained with out dra matic change. Sat el lite im ages around
this time showed vast ar eas of burned veg e ta tion on the S,
W, and NW slopes. The charred area at the S was caused by 
a bush fire that started be fore 20 Au gust (ob served by
Weber), while he at trib uted such ar eas to the W and NW as
caused by lava flows. A sketch of the in ner crater was
drawn on 23 August by Weber (figure 15).

At about 1100 on 24 Sep tem ber, Jen Schoemburg re -
ported see ing ash ris ing to an al ti tude of ~ 4 km, drift ing
NW. A lo cal sa fari ve hi cle driver said that there had of ten
been a ‘mi rage’ vis i ble above the vol cano (from gases), but
that for the pre vi ous two weeks or so the vol cano had been
emit ting ash. He also said that peo ple in sur round ing vil -
lages had re ported skin rashes on them selves and their an i -
mals. Additionally, 2-3 weeks prior, there had been earth -
quakes felt in the re gion. Near noon on 27 Sep tem ber,
Schoemburg flew over going N, with the vol cano pass ing
on the W side of the plane (fig ure 16). The pi lot said that in
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Fig ure 14. AS TER im age of Ol Doinyo Lengai taken 4 Sep tem ber 2007 at
0422 UTC (0722 lo cal time) show ing a plume of ash and steam blow ing S. 
This erup tion sent ash down wind at least 18 km. The large dark lobes on
the NW, W, and E flanks ex tend to in hab ited ar eas. The lobes are not lava
flows, but ar eas burned by fire. The gray vol ca nic plume ap pears dis tinct
near the sum mit, and more dif fuse to the S. Im age cre ated by Jesse Allen,
us ing data pro vided cour tesy of Na tional Aero nau tics and Space
Ad min is tra tion/Goddard Space Flight Cen ter/Ja pan’s Min is try of
Econ omy, Trade, and In dus try/Ja pan’s Earth Re mote Sens ing Data
Anal y sis Cen ter/Ja pan Re sources Ob ser va tion Sys tem Or ga ni za tion
(NASA/GSFC/METI/ERSDAC/ JAROS) and the U.S./Ja pan AS TER
Sci ence Team.

Fig ure 15. Sketch map of the crater of Ol Doinyo Lengai as of 23 Au gust
2007. Note lava over flows and trail to S crater. Cour tesy of Chris Weber.



re cent weeks ash rose to 6 km al ti tude; dur ing the fly-over,
it was rising to about 4.6 km, still drifting NW.

Ob ser va tions dur ing late Sep tem ber and ash pe trol -
ogy. Barry Dawson and Roger Mitch ell re ported on ac tiv ity 
dur ing 22-30 Sep tem ber 2007 and their pet ro logic in ves ti -
ga tions. Dur ing an over flight on 22 Sep tem ber, Dawson ob -
served that there had been a com plete col lapse of the area
around for mer T49 hor ni to/ash cone area, with the for ma -
tion of an ash pit sur rounded by new black ejecta. A large
hor ni to (T40) be tween the pit and the N wall of the crater
was still in ex is tence. Small emis sions of ash, prob a bly less
than 100 m high, were drift ing N. There was much new
whit ened ash around the whole sum mit area, but with most
to the S where the S crater and the higher parts of the S
slopes were most thickly blan keted, pos si bly from the
plume re corded on the AS TER im age (fig ure 14) of 4 Sep -
tem ber 2007.

As ob served from the foot of the vol cano on 23 Sep tem -
ber and on the early morn ing of 24 Sep tem ber, there were
small, in ter mit tent ash erup tions. At about 0900 on 24 Sep -
tem ber a strong erup tion started, giv ing rise to a black erup -
tion col umn that quickly built up to a height es ti mated to be
~ 6 km (fig ure 17), where it spread out into a typ i cal
Plinian-type cloud. From the lower W slopes, ex plo sions
were dis tinctly heard. This strong erup tive phase lasted till
around 1300 with the ash cloud drift ing NW and lapilli fall -
ing on the NW slopes; lapilli were gath ered for a com par a -
tive study with lapilli from the 1966 erup tion (Dawson and
oth ers, 1992). Smaller, in ter mit tent lapilli-bear ing erup tions 
con tin ued until nightfall (around 1830).

On 25 Sep tem ber there was mi nor ac tiv ity un til about
1300, when new erup tions ejected white ma te rial. A lapilli
cone could be seen from the lower S slopes, and sub se -
quently fountaining took place from two dis tinct cen ters
within the crater. Ac tiv ity con tin ued for about four hours.
On 26 Sep tem ber there was only mi nor ac tiv ity with fine
ash drift ing to the NW, but in the late af ter noon an ash col -
umn with a whit ened head rose ~ 3 km. In the eve ning, the
at mo spheric dust re sulted in the sun hav ing a halo, be ing
red in color. The moon that night also had a halo.

On 27 Sep tem ber, the vol cano was quiet, but at 0900 on
28 Sep tem ber it erupted again, though no plume de vel oped. 
There was fountaining from three cen ters over the next
hour, with reg u lar mi gra tion of the foun tains from N to S;
black lapilli was ejected to ~ 200 m above the vent. Ac tiv ity 
re com menced at 1330 and lasted all af ter noon, with an
erup tion col umn up to 2 km high. Af ter this event, the
prom i nent hor ni to near the N rim of the crater that was pre -
vi ously vis i ble from the lower slopes was no longer visible.

There was no sign of ac tiv ity on 29 Sep tem ber un til
1200, when large erup tions sent ma te rial up to 3 km above
the vol cano. Ini tially black, the bil low ing top of the erup -
tion col umn be came white at and above the level of the sur -
round ing at mo spheric clouds. This could be in ter preted as
due to ei ther (1) a higher albedo of finer ma te rial at the top
of the erup tion col umn, (2) dust form ing nu cle ation sites for 
con dens ing at mo spheric wa ter, or (3) a com bi na tion of the
two. In the late af ter noon and early eve ning, dark ma te rial
from the erup tion plume, now much re duced in height, con -
tin ued to spill down the NW slopes rather like a den sity
flow. On 30 Sep tem ber, when last ob served by Dawson,
there were only minor ash eruptions that drifted NW.

Dawson noted that up to 30 Sep tem ber, the vol ume of
ma te rial erupted and the height of the erup tion col umn ap -
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Fig ure 16. Ae rial photo of Ol Doinyo Lengai look ing W on 27 Sep tem ber
2007. S crater is shown in the fore ground. Cour tesy of Jen Schoemburg.

Fig ure 17. Erup tion of Ol Doinyo Lengai at 1100 on 24 Sep tem ber 2007,
viewed from the lower W slopes. Cour tesy of Barry Dawson.



peared smaller than the last ma jor phase of ash erup tions in
1966-67, when plume heights of ~ 10,000 m were es ti -
mated, and ash dis tri bu tion was as far as Seronera (130 km
to the W) and Loliondo (72 km to the NW) (Dawson and
oth ers, 1968). For com par i son, on 27 Sep tem ber 2007
when Dawson vis ited Sale (a Wasonjo set tle ment 45 km
NW of Lengai), there were no signs of ashfall; dur ing the
July 1967 erup tion, there was ashfall at Arusha (110 km
SE) and at Wil son air field, Nai robi (190 km NE) (Dawson
and oth ers, 1995). Natrocarbonatite lava in the gully im me -
di ately S of the climb ing track (the over flow from the crater 
ex truded roughly 25 March-5 April 2006, BGVN 32:02)
was of two types; (a) a pahoehoe flow con tain ing en trained
blocks of wollastonite nephe lin ite, that was over lain and
mainly bur ied be neath (b) a later aa flow that ex tended 3
km from the crater. On the up per SE slopes, ~ 200-300 m
be low the rim of the S crater, there had been ex tru sion of a
short, thin, then-whit ened natrocarbonatite flow; flank
eruptions are unusual at Lengai.

Mitch ell and Dawson col lected ash sam ples on 24 Sep -
tem ber and sub se quently de scribed them as fol lows. “The
lapilli  con tain nu clei of neph el ine, clinopyroxene,
Ti-melanite and wollastonite, col lec tively wollastonite
i jo l i te ,  p rob a bly xenocryst ic .  Wollastoni te  and
clinopyroxene are re placed by combeite. How ever the man -
tling ash con sists of neph el ine,  melilite, combeite
(Na2Ca2Si3O9), a Na-Ca car bon ate-phos phate, Mn mag ne -
tite, and a K-Fe sul phide in a vol u met ri cally-in sig nif i cant
(less than 5%) so dium car bon ate ma trix. In lack ing
clinopyroxene the man tling ash is not nephe lin ite or
melilitite, and is un like any other magma type pre vi ously
re corded from the vol cano. The man tling ash is in ter preted
as a hy brid magma formed when nephe lin ite in ter acted with 
natrocarbonatite magma, form ing combeite and melilite at
the ex pense of clinopyroxene. The re sult ing decarbonation

re ac tion re leased the CO2 that drove the erup tion.” Mitch ell 
added that the ash seemed to be an extreme variant of the
1996 ash.

Ac tiv ity dur ing Oc to ber-No vem ber 2007. On his
website, Belton re ported that Leander Ward saw light ning
in some of the ash clouds in the early morn ing of 16 Oc to -
ber 2007. Ward ob served that the ash cone then dom i nated
the en tire ac tive crater and ap peared to have grown sig nif i -
cantly in di am e ter; no other cones were vis i ble. Char ter pi -
lot Kathy Moore re ported an erup tion on 19 Oc to ber around 
0830, send ing plumes of smoke and ash into the at mo -
sphere to an al ti tude of ~ 7.6 km. The plume was vis i ble for
~ 160 km, but the erup tion (one large blast fol lowed by a
smaller one) lasted only for a few min utes. Within half an
hour the large cloud of ash had dis persed and only smaller
clouds remained close to the mountain.

Tim Leach, owner of Lake Nat ron Camp on the S shore
of Lake Nat ron, re ported on 4 No vem ber that the ash erup -
tion con tin ued on a daily ba sis. His crew had oc ca sion ally
seen night-time “lava erup tions.” Leach ad vised against
climb ing the ac tive crater and stated that they were work ing 
on de vel op ing safer routes ter mi nat ing in the in ac tive S
Crater. One dif fi cult route that has been climbed twice from 
the Kerimasi side was veg e tated in Sep tem ber, but by the
end of October it was ash covered.

Mi chael Dal ton-Smith re ported that as of 10 No vem ber
ac tiv ity con tin ued. From a dis tance he saw con stant
“smoke” ris ing 300-600 m above the sum mit. At one point
it ap peared that a light col ored but strong ash cloud formed
a col umn, but it was dif fi cult to tell for sure due to clouds.
Jean-Claude Tanguy sent an ae rial pho to graph (fig ure 18)
taken by Maxime Le Goff on 23 No vem ber 2007 that
showed pro nounced changes in the ac tive crater. A large
crater had clearly de vel oped in the cen ter of the N crater
and the com plex ar ray of hor ni tos nearly all bur ied in ash

were not in evidence.
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Fig ure 18. Ae rial pho to graph of Ol Doinyo Lengai look ing S to ward the vol cano’s sum mit. A new crater sits amid
the tephra-man tled N crater. Gone are the ar ray of hor ni tos pres ent for years. Taken 23 No vem ber 2007 by
Maxime Le Goff. Pro vided by Jean-Claude Tanguy.



vem ber 2007, 7 rue de la Guadeloupe, 75018 Paris, France
(http://www.lave-volcans.com) ISSN 0982-9601.

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.
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