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Nyamuragira

Dem o cratic Re pub lic of Congo
1.408°S, 29.20°E; sum mit elev. 3,058 m

Nyamuragira last be gan erupt ing on 27 No vem ber 2006 
(BGVN 32:01). Fig ure 1 shows lava flows from the No vem -
ber erup tion based on avail able ob ser va tions as of 2 De -
cem ber 2006. The flows were on the outer SE flank and
cov ered ex ten sive ar eas.

This map gives only the broad con text of the flows’ lo -
ca tions and move ments; more de tailed map ping was cur -
tailed by armed con flict and a lack of security in the re gion.
The flows were also the source of ther mal in fra red emis -
sions. A re cent ar ti cle by Tedesco and oth ers (2007) in -
cluded a geo logic map of the re gion (see Nyiragongo re port 
be low).

MODIS/MODVOLC data. The de scrip tion of the 2006
erup tion in BGVN 32:01 did not re port MODIS sat el lite
ther mal anom a lies for this erup tion as the mea sured anom a -
lies all fell S of the Nyamuragira crater, cov er ing much of
the area be tween Nyamuragira and Nyiragongo. Fur ther
anal y sis of the Uni ver sity of Hawai’i In sti tute of Geo phys -
ics and Plan e tol ogy (HIGP) MODIS Hotspot Alert website
data re vealed that most of a year’s anom a lies (mid-April
2006 to mid-April 2007) be tween the two vol ca nos were
mea sured dur ing the pe riod mid-No vem ber to mid-De cem -
ber 2006, prob a bly re lated to the erup tion of Nyamuragira
that be gan on 27 No vem ber 2006.

A com pi la tion of MODIS ther mal anom a lies for 1 year,
19 April 2006-16 April 2007 (fig ure 2), shows both a typ i -
cal  con cen t ra  t ion of  nearly dai ly  anom a l ies  over
Nyiragongo re sult ing from the lava lake within the vol -
cano’s main crater, and also a con sid er able num ber of
anom a lies be tween Nyiragongo and nearby Nyamuragira
(al beit, none over the Nyamuragira crater). Fig ure 3 shows
ther mal anom a lies mea sured by MODIS for three 1- month
pe ri ods: 22 Oc to ber-18 No vem ber 2006; 20 No vem ber-18
De cem ber 2006; and 20 De cem ber 2006-17 Jan u ary 2007,
and 4 De cem ber 2006. Most of the anom a lies seen be tween
Nyiragongo and Nyamuragira dur ing the year oc curred in
the mid-No vem ber to mid-De cem ber 2006 time frame. An
anal y sis of the chro no log i cal tab u la tion of anom aly pix els
dur ing this 30-day pe riod showed a con cen tra tion from 27
No vem ber to 16 De cem ber. Typical monthly pat terns of
ther mal  anom a l ies  show a concentrat ion over  the
Nyiragongo crater lava lake.

Anom a lies mea sured on 4 De cem ber 2006 (fig ure 3) ap -
peared along a line nearly per pen dic u lar to a line be tween
the vol ca nos and about equi dis tant to the two vol ca noes.
Rob Wright reported that this lin ear anom aly cor re sponded
to an ex ten sive lava flow. It was seen for sev eral days prior
to and af ter 4 De cem ber in the same re gion be tween
Nyiragongo and Nyamuragira.

Wright noted that if one looks at the po si tion and ori en -
ta tion of the pat tern of ther mal anom aly pix els, it seems to
vary over the pe riod. This vari a tion could re sult from a
com bi na tion of fac tors, in clud ing: (1) clouds—an ap par ent
shape/ ori en ta tion of the anom aly can be in duced by the fact 
that some por tions of the flow-field may have been ob -
scured at the mo ment of im age ac qui si tion; (2) sen sor ze -
nith an gle–the data for 4 De cem ber 2006 were ac quired
when the sat el lite was within 1 to 16° of be ing di rectly
over head, whereas on other days (i.e. 1 De cem ber 2006)
the lava flow field was at the edge of the im age swath (i.e.
at an an gle of about 60°); at these ex treme scan an gles the
pixel geolocation be comes less ac cu rate (and the pix els in -
crease in size, to about 2 by 4 km).
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Fig ure 1. A pre lim i nary sketch map made by the Goma Volcanological
Ob ser va tory on 2 De cem ber 2006 show ing lava flows from the erup tion
site of Nyamuragira dur ing its No vem ber 2006 erup tion. Nymuragira
(top) is abotu 10 km from Nyiragongo (right). Cour tesy of Jacques
Durieux.

Fig ure 2. Map show ing MODIS/MODVOLC ther mal anom a lies in the
re gion of Nyiragongo and Nyamuragira mea sured dur ing 1 year, from 19
April 2006 to 16 April 2007. Cour tesy of HIGP MODIS Hotspot Alert
System.



Ref er ences: Tedesco, D., Badiali, L., Boschi, E.,
Papale, P., Tassi, F., Vaselli, O., Kasereka, C., Durieux, J.,
Denatale, G., Amato, A., Cattaneo, M., Ciraba, H., Chirico,
G., Delladio, A., Demartin, M., Favalli, G., Franceschi, D.,
Lauciani, V., Mavonga, G., onachesi, G., Pagliuca, N.M.,
Sorrentino, D., and Yalire, M., 2007, Co op er a tion on
Congo Vol ca nic and En vi ron men tal Risks, EOS, Trans ac -
tions, Amer i can Geo phys i cal Un ion, v. 88, no. 16, p. 177,
181.

Geo logic Sum mary. Af rica’s most ac tive vol cano,
Nyamuragira is a mas sive high-po tas sium ba saltic shield
vol cano that rises about 25 km north of Lake Kivu across
the broad East Af ri can Rift Val ley NW of Nyiragongo vol -
cano. Nyamuragira, also known as Nyamulagira, has a vol -
ume of 500 cu km, and ex ten sive lava flows from the vol -
cano blan ket 1500 sq km of the East Af ri can Rift. The
broad low-an gle shield vol cano con trasts dra mat i cally with
its steep-sided neigh bor Nyiragongo. The 3058-m-high
sum mit of Nyamuragira is trun cated by a small 2 x 2.3 km
cal dera that has walls up to about 100 m high. His tor i cal

erup tions have oc curred within the sum mit cal dera, fre -
quently mod i fy ing the mor phol ogy of the cal dera floor, as
well as from the nu mer ous fis sures and cin der cones on the
vol cano’s flanks. A lava lake in the sum mit crater, ac tive
since at least 1921, drained in 1938, at the time of a ma jor
flank erup tion. His tor i cal lava flows ex tend down the
flanks more than 30 km from the sum mit, reach ing as far as
Lake Kivu.

In for ma tion Con tacts: Jacques Durieux, United Na -
tions Of fice for Pro ject Ser vices, Unite de Gestion des
Risques Volcaniques, Observatoire Volcanologique de
Goma; Hawai’i In sti tute of Geo phys ics and Plan e tol ogy,
MODIS Ther mal Alert Sys tem, School of Ocean and Earth
Sci ences and Tech nol ogy (SOEST), Uni ver sity of Hawai’i,
2525 Cor rea Road, Ho no lulu, HI, USA (URL: http://modis.
higp.ha waii.edu/); Rob Wright, Ha waii In sti tute of Geo -
phys ics and Plan e tol ogy, Uni ver sity of Ha waii, 1680
East-West Road, Ho no lulu, HI 96822, USA (URL: http://
www.higp.ha waii.edu/~ wright/; Email: wright@higp.ha -
waii.edu).
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Fig ure 3. Map show ing MODIS/MODVOLC ther mal anom a lies in the re gion of Nyiragongo and Nyamuragira mea sured dur ing se lected in ter vals be tween 22
Oc to ber 2006 and 17 Jan u ary 2007. Cour tesy of HIGP MODIS Hotspot Alert Sys tem.



Nyiragongo

Dem o cratic Re pub lic of Congo
1.52°S, 29.25°E; sum mit elev. 3,470 m

Nearly daily ther mal anom a lies seen from sat el lites over 
the crater of Nyiragongo through early 2007 con firm the
pres ence of the lava lake there. These anom a lies were ac -
quired from MODIS sat el lites and are avail able on the Uni -
ver sity of Hawai’i In sti tute of Geo phys ics and Plan e tol ogy
(HIGP) MODIS Hotspot Alert website. A sep a rate re port in 
this is sue dis cusses MODIS ther mal anom a lies mea sured
dur ing the 27 No vem ber 2006 erup tion of Nyamuragira
(BGVN 32:01), lo cated about 10 km NW of Nyiragongo.

The con sis tent anom a lies from the Nyiragongo crater
are the re sult of the lava lake that formed in May 2002
within the vol cano’s main crater af ter the Jan u ary 2002
erup tion (BGVN 31:12; Tedesco and oth ers, 2007). Be low
are brief dis cus sions of sev eral re cent ar ti cles rel e vant to
risks as so ci ated with new ef forts in risk mon i tor ing and
mit i ga tion at Nyiragongo that have come to our attention.

Giordano and oth ers (2007) de scribe a multi-dis ci plin -
ary study in volv ing tex tural and rhe o log i cal mea sure ments
and nu mer i cal sim u la tions of heat 
trans fer dur ing magma as cent for
the Jan u ary 2002 erup tion. This
study at tempted to un der stand the
dif fer ent be hav ior of lava flows
and their  threat  to  the loca l
population.

Tedesco and oth ers (2007) de -
scribed ac tiv i ties for mon i tor ing
both volcanoes to en hance the ca -
pa b i l  i  t ies  of  the Goma
Volcanological Ob ser  va tory
(GVO). Ow ing to dif fi cult se cu -
rity con di tions caused by on go ing 
con flict within the Dem o cratic
Re pub lic of Congo, sci en tists
could only in stall the in stru ments
in seven ‘safe ha vens’ that had
been es tab lished by GVO. To ob -
tain a suit able seis mic net work
ge om e try (fig ure 4), three sites
(Katale-KTL, Kibumba-KBB,
and Kibati-KBT) were lo cated on
the east ern side of Nyiragongo.
The ar ray of sites al lows sci en tists 
to dis tin guish seis mic ac tiv ity at
Nyiragongo and Nyamuragira.

In de tail, the seis mic net work
in  cor po ra tes  a  24-bi t  an  a  -
log-to-dig i tal con vert ing unit,
GPS syn chro ni za tion at the re -
mote sta tion, a ra dio-mo dem link
on the 444-447 mega hertz fre -
quency band, so lar pan els, and
bat  ter  ies .  The net  work uses
broad band seis mom e ters man u -
fac tured by Lennartz  and
Nanometrics. Seis mic sta tions can 
trans mit a 19.2 kilobits per sec -

ond flow using 25 kHz of bandwidth.
An other ar ti cle, by Chirico and oth ers (2007), re ported

on a sys tem atic study of the mit i gat ing ef fects of the con -
struc tion of ar ti fi cial bar ri ers to pro tect Goma and nearby
Gisenyi, Rwanda, based on the Nyiragongo lava flow of 17
Jan u ary 2002. That erup tion stands as a prime ex am ple of
lava flows im pact ing a large town (BGVN 26:12, 27:03,
27:04, and 31:12). Ma jor lava flows on the S flank en tered
the town of Goma and dev as tated a sig nif i cant por tion of it,
leav ing more than 50,000 home less and forc ing the spon ta -
ne ous ex o dus of nearly all of the res i dents, mainly into
neigh bor ing Rwanda. The study in cluded a com puter sim u -
la tion of the ef fects of such bar ri ers and found that, de pend -
ing on the size, shape and ori en ta tion of the bar ri ers, their
pro tec tive ef fects can be op ti mized, and the lo cal prob a bil -
ity of lava flow in va sion into the town can be re duced. The
study fur ther in di cated that bar ri ers will fail to pro tect the
Goma in ter na tional air port, an area of max i mum flow haz -
ard be cause of its vul ner a ble lo ca tion with respect to the
peculiar characteristics of the morphology of the terrain.

Ref er ences: Chirico, G.D., Favalli, M., Papale, P., and
Pareschi, M.T., 2007, Lava flow haz ard map and mit i ga tion 
from ar ti fi cial bar ri ers at Nyiragongo vol cano through nu -
mer i cal sim u la tions of lava flow paths: Geo phys i cal Re -
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Fig ure 4. Geo logic map of Nyiragongo and Nyamuragira, with re spec tive lava flows shaded. Seven seis mic
sta tions are shown (KTL, KNN, RSY, KBB, KBT, BLG, and OVG). The points la beled A and B in Lake Kivu
in di cate the lo ca tions of pro files used to mon i tor the dis solved meth ane and car bon di ox ide found at depth in the
lake. Ac cord ing to Schmid and oth ers (2005) the re lease of a frac tion of these gases, which could be trig gered by a 
magma erup tion within the lake, would have cat a strophic con se quences for the two mil lion peo ple liv ing on its
shore. Cour tesy of Tedesco and oth ers, 2007.
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creas ing risk of un con trolled gas erup tion: Geo chem is try,
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Tedesco, D., Badiali, L., Boschi, E., Papale, P., Tassi, F.
, Vaselli, O., Kasereka, C., Durieux, J., Denatale, G.,
Amato, A., Cattaneo, M., Ciraba, H., Chirico, G., Delladio,
A., Demartin, M., Favalli, G., Franceschi, D., Lauciani, V.,
Mavonga, G., Onachesi, G., Pagliuca, N.M., Sorrentino, D., 
and Yalire, M., 2007, Co op er a tion on Congo Vol ca nic and
En vi ron men tal Risks, Eos, Trans ac tions, Amer i can Geo -
phys i cal Un ion, v. 88, no. 16, p. 177, 181.

Geo logic Sum mary. One of Af rica’s most no ta ble vol -
ca noes, Nyiragongo con tained a lava lake in its deep sum -
mit crater that was ac tive for half a cen tury be fore drain ing
cat a stroph i cally through its outer flanks in 1977. In con trast 
to the low pro file of its neigh bor ing shield vol cano,
Nyamuragira, 3,470-m-high Nyiragongo dis plays the steep
slopes of a stratovolcano. Benches in the steep-walled, 1.
2-km-wide sum mit crater mark lev els of for mer lava lakes,
which have been ob served since the late-19th cen tury. Two
older stratovolcanoes, Baruta and Shaheru, are par tially
over lapped by Nyiragongo on the north and south. About
100 par a sitic cones are lo cated pri mar ily along ra dial fis -
sures south of Shaheru, east of the sum mit, and along a
NE-SW zone ex tend ing as far as Lake Kivu. Many cones
are bur ied by vo lu mi nous lava flows that ex tend long dis -
tances down the flanks of the vol cano, which is char ac ter -
ized by the erup tion of foiditic rocks. The ex tremely fluid
1977 lava flows caused many fa tal i ties, as did lava flows

that in un dated portions of the major city of Goma in
January 2002.

In for ma tion Con tacts: Hawai’i In sti tute of Geo phys ics
and Plan e tol ogy, MODIS Ther mal Alert Sys tem, School of 
Ocean and Earth Sci ences and Tech nol ogy (SOEST), Uni -
ver sity of Hawai’i, 2525 Cor rea Road, Ho no lulu, HI, USA
(URL: http://hotspot.higp.hawaii.edu).

Etna

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

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

Re cent eruptive ep i sodes oc curred be tween 4 No vem -
ber and 14 De cem ber 2006, with small erup tions on 19 and
29 March 2007 (BGVN 32:02). Ac cord ing to the Istituto
Nazionale di Geofisica e Vulcanologia Sezione di Catania
(INGV), there were other note wor thy erup tions on 11 and
29 April 2007.

The erup tion of 19 March was cap tured on video as well 
as a ther mal mon i tor ing sys tem. The ther mal data ap pear on 
fig ure 5, which also in cludes data from a ref er ence site
away from the erup tion (lower panel). Both sites un der went 
sim i lar di ur nal vari a tions due to so lar warm ing and
night-cool ing ef fects. The 19 April 2007 erup tion ap pears
as a 37°C up ward spike in ap par ent tem per a ture (com puted
from the sensor system).

The INGV re ported that the 29 March erup tion took
place at Bocca Nuova. Two new lava streams emerged near 
the sum mit, one at 3,180 m el e va tion, and the other at 3,050 
m el e va tion. The lava flows ad vanced ini tially but ul ti -
mately halted af ter re lated emis sions only lasted sev eral
hours (ceas ing at 1500 local time).

INGV’s re port on the 11 April event noted an in crease
in vol ca nic tremor, fol lowed by lava fountaining. That
erup tion lasted about 5 hours. A re sul tant ash plume drifted
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Fig ure 5. Time-se ries plot show ing the ap par ent tem per a tures (in de grees C) at Etna re corded by the NEW SARATER mon i tor ing sys tem dur ing the ex plo sive
event at the Bocca Nuova on 19 March 2007. The up per graph shows the ther mal data from the sum mit crater zone (rect an gu lar in set), where the in crease in
tem per a ture re lated to the ex plo sive event stands out boldly. The lower graph shows the ther mal data for the same pe riod but from a re gion out side of the sum mit
crater area and notes solely the daily os cil la tion of ap par ent air tem per a ture tied to so lar warm ing. Time shown is UTC. Cour tesy of INGV.



E with ashfall re ported as far as Zafferana, about 10 km E.
Two lava flows were ob served at the sum mit of Etna, one to 
the E within the large de pres sion on the side of the vol cano
known as the Valle del Bove and the sec ond to the S. The E
lava flow stopped 3 km away at the base of the Serra
Giannicola Grande, within the W Valle del Bove. The sec -
ond flow stopped near Mt. Frumento Supino (less than 1
km S of the summit).

A new sum mit erup tion be gan on 29 April 2007 with a
gen eral in crease in tremor fol lowed by fire fountaining and
a ver ti cal ash cloud. The INGV-CT mon i tor ing webcams
showed the evo lu tion of this erup tive phase that lasted
about 8-9 hours. At 1600 the ther mal webcam at Nicolosi
reg is tered a ther mal anom aly at the South-East Crater
(SEC); there were also re ports of rum bling from the sum mit 
crat ers. At 1834, ex plo sions of lapilli and ash were ob -
served al most con tin u ously, to gether with lava emis sion
very near the ex plo sive vent (fig ures 6 and 7). A lava flow
fol lowed the fis sure on the SE flank of the SEC, which had
opened dur ing No vem ber 2006. An other flow moved E
within the Valle del Bove.

Geo logic Sum mary. Mount Etna, tow er ing above
Catania, Sic ily’s sec ond larg est city, has one of the world’s
lon gest doc u mented re cords of his tor i cal vol ca nism, dat ing

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

In for ma t ion Con tacts:  Sonia Calvari ,  Is ti tuto
Nazionale di Geofisica e Vulcanologia, Sezione di Catania,
Pi azza Roma 2, 95123 Catania, It aly (URL: http://www.ct.
ingv.it/).

Dukono

Halmahera, In do ne sia
1.68°N, 127.88°E; sum mit elev. 1,335 m

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

Our last Dukono re port dis cussed an ash plume on 5
De cem ber 2006 (BGVN 32:01). Dur ing the time pe riod of
this re port, 1 Jan u ary through mid-April 2007, the Dar win
Vol ca nic Ash Ad vi sory Centre (VAAC) de tected a small
plume on sat el lite im ag ery on 16 Jan u ary 2007 that lacked
clear ash con tent.

The 16 Jan u ary plume was im aged us ing data from two
sat el lites (DMSP and MTSAT-1R). The Dar win VAAC’s
ash ad vi sory noted a low-level plume blow ing to the SSE
on an im age taken at 2233 on 15 Jan u ary (time and date in
terms of UTC; 0733 on 16 Jan u ary lo cal time).

Ta ble 1 con tains a list of ther mal anom a lies de tected
from MODIS sat el lites by the Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem
dur ing the first four months of 2007. There were two alerts
on 13 Feb ru ary fol lowed by one alert on the re spec tive days 
15, 18, and 24 February and 8 March.
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Fig ure 6. Ac tiv ity at Et na’s South-East Crater at 1834 on 29 April 2007,
seen from the S at Torre del Filosofo. Cour tesy of INGV.

Fig ure 7. Etna in erup tion on 29 April 2007. Ar rows de note strong
ex plo sive Strombolian ac tiv ity (1), spat ter ing (2), and  lapilli and ashfall
(3). The spat ter ing and re lated ex tru sions fed a lava flow de scend ing as an
in can des cent rib bon. Cour tesy of INGV.

Date (UTC) Time (UTC) Pix els Sat el lite

13 Feb 2007 1405 1 Terra

13 Feb 2007 1700 1 Aqua

15 Feb 2007 1350 1 Terra

18 Feb 2007 1715 1 Aqua

24 Feb 2007 1345 1 Terra

08 Mar 2007 1410 1 Terra

Ta ble 1. Ther mal anom a lies at Dukono based on MODIS-MODVOLC
re triev als and pro cess ing for the in ter val 1 Jan u ary through April 2007.
Cour tesy of Hawai’i In sti tute of Geo phys ics and Plan e tol ogy (HIGP)
Ther mal Alerts Sys tem.



Geo logic Sum mary. Re ports from this re mote vol cano
in north ern most Halmahera are rare, but Dukono has been
one of In do ne sia’s most ac tive vol ca noes. More-or-less
con tin u ous ex plo sive erup tions (some times ac com pa nied
by lava flows) oc curred from 1933 un til at least the
mid-1990s, when rou tine ob ser va tions were cur tailed. Dur -
ing a ma jor erup tion in 1550, a lava flow filled in the strait
be tween Halmahera and the N flank cone of Gunung
Mamuya. Dukono is a com plex vol cano pre sent ing a broad, 
low pro file with mul ti ple sum mit peaks and over lap ping
crat ers. Malupang Wariang, 1 km SW of Dukono’s sum mit
crater com plex, con tains a 700 x 570 m crater that has also
been historically active.

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/); 

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), Uni ver sity of Hawai’i, 2525
Cor rea Road, Ho no lulu, HI 96822, USA (http://hotspot.
higp.ha waii.edu/).

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 pre vi ous re port (BGVN 29:06) cov ered ac tiv ity at
Semeru through 4 July 2004. This re port, com piled chiefly
from re ports from the Cen ter of Vol ca nol ogy and Geo log i -
cal Haz ard Man age ment (CVGHM) and the Dar win Vol ca -
nic Ash Ad vi sory Cen tre (Dar win VAAC), dis cusses sub -
se quent ac tiv ity into early 2007. Mi nor erup tions with the

high est re ported plumes reach ing
7.6 km al ti tude con tin ued from
mid-2006 through April 2007.
Dur ing mid-2006 to May 2007
there were also nu mer ous ther mal 
anomalies. The ther mal data were
cap tured by MODIS sat el lite sen -
sors  and pre  sented on the
MODVOLC system.

On 9 March 2006,  the
CVGHM re ported “ash rain” fell
in the vi cin ity of Semeru. An
erup tion as so ci ated with earth -
quakes was pho to graphed on 31
Oc to ber 2006 (fig ure 8). On April 
22, based on in for ma tion from a
sig nif i cant me te o ro log i cal no tice
and sat el lite ob ser va tions the Dar -
win VAAC re ported the first of a
se ries of erup tions. Plumes rose to 
an al ti tude of ~ 4 km. Ta ble 2
sum ma rizes re ported ash plume
erup tions at Semeru through Feb -
ru ary 2007.

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 north to the Tengger
cal dera. The steep-sided vol cano,
also re ferred to as Mahameru
(Great Moun tain), rises abruptly
to 3676 m above coastal plains to
the S. 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 E 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 -
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Date Plume Height (km) Plume Drift Com ments

18 Jul 2004  3 NW pi lot re port

5-10 Aug 2004  7.6 max pi lots’ re ports of ash clouds

10 Aug 2004  6.1 ash plume

24 Aug 2004 WSW thin plume

25 Aug 2004 WSW thin plume, no ash vis i ble

21 May 2005  4.6 S, then SSE

25 May 2005 small plume re ported by Dar win VAAC

08-14 Mar 2006 “ash rain” re ported by CVGHM

22 Apr 2006  4 based on sig nif i cant me te o ro log i cal
notice, Dar win VAAC re ported an
erup tion that gen er ated plume (not
vis i ble on sat el lite im ag ery)

10-16 May 2006 6.1

04 Jun 2006 pi lot re ported mul ti ple mi nor erup tions

05-06 Jun 2006 small ash plumes

06, 12 Jun 2006 small ash plumes

11, 13 Jun 2006 mi nor ash/steam plumes

14 Jun 2006 6.1 pi lot ob ser va tion 

15, 17, 18 Jun 2006 small ash plumes

25 Jun 2006 5.5

29 Jun 2006 ? SE

10 Jul 2006 5.5

14 Jul 2006 ? SE

17 Jul 2006 4.3

18, 21, 24 Jul 2006 4.3 (max)

24-25, 31 Jul 2006 ? small plumes vis i ble 

02 Aug 2006 5.2

25 Aug 2006 ash plumes vis i ble

15 Sep 2006 4.3 W

20-21 Sep 2006 11; 4.9 SW; 90 km W

18 Oct 2006 4.6

25-26 Oct 2006 7.6 W

30 Oct 2006 ash/steam emis sions

22 Nov 2006 7.6 S in can des cent  ma te  r ial  fel l  in  al l
di rec tions within 200 m of plume

24 Nov 2006 4.4

21 Dec 2006 4.3

10-11 Feb 2007 ashfall  35 km E

Ta ble 2. Sum mary of re ported ash plumes emit ted from Semeru, July 2004 to Feb ru ary 2007. Cour tesy of
CVGHM and the Dar win VAAC.



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 flanks of the vol cano.
Semeru has been in almost continuous eruption since 1967.

In for ma tion Con tacts: Dali Ahmad, Hetty Triastuty,
Nia Haerani, and Suswati, Cen ter of Vol ca nol ogy and Geo -
log i cal Haz ard Mit i ga tion (CVGHM), Jalan Diponegoro
No. 57, Bandung 40122, In do ne sia (Email: dali@vsi.esdm.
go.id; URL: http://www.vsi.esdm.go.id/); 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/); 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), Uni ver sity of
Hawai’i, 2525 Cor rea Road, Ho no lulu, HI 96822, USA
(http://hotspot.higp.ha waii.edu/); Agence France-Presse.
(AFP) (http://www.afp.com/eng lish/home/).

Ritter Is land

North east of New Guinea, Pa pua New Guinea
5.52°S, 148.121°E; sum mit elev. 140 m

Sub ma rine erup tions oc curred at Ritter Is land in 1972
and 1974 (CSLP 146-74). More re cently, small erup tions
were re ported dur ing 2002 and 2006. The is land, which sits
off the W end of New Brit ain Is land (fig ure 9), is com posed 
of a ~ 1.9-km-long arc-shaped seg ment of the cal dera rim.
The in ner, con cave side of the is land faces W. In clear
weather vil lag ers in Kampalap vil lage, ~ 13.5 km SSW on
Umboi Is land, can see and mon i tor Ritter Is land.

On 2 Au gust 2002, an advisory was is sued by the Dar -
win VAAC based on a pi lot ob ser va tion indicating an ash
cloud to ~ 3 km al ti tude, al though sat el lite data was un able
to con firm the presence of ash.

In what be gan as an am big u ous case, the Dar win VAAC 
is sued an ad vi sory for a 17 Oc to ber 2006 erup tion at Ritter
Is land. The ini tial re port was con fus ing be cause a pi lot had
re ported the erup tion to the Rabaul Vol cano Ob ser va tory
(RVO) as be ing from Langila. The VAAC re port noted that
there was no plume at Langila in sat el lite imagery, but in -
stead could see one far ther W at Ritter Is land. The plume
was low and seen on MTSAT im ag ery (at 0133 UTC on 17
Oc to ber); the presence of ash was not mentioned.

A re port to RVO from Kampalap vil lage, passed
through the Langila ob server, confirmed un usual ac tiv ity
on 17 Oc to ber. RVO re ported oc ca sional small earth quakes 
fol lowed by white va por and diffuse ash clouds. The
Kampalap ob server saw oc ca sional rock slides from the in -
ner crater wall. Fine ash fell at Kampalap that the re porter
in di cated was not from Langila. No similar erup tive ep i -
sodes were re corded through 1 No vem ber. Through out this
in ter val the RVO re lied on seis mic in stru men ta tion in West
New Brit ain, but an in stru ment was be ing pre pared for
possible deployment at Ritter Island.

Geo logic Sum mary. Prior to 1888, Ritter Is land was a
steep-sided, nearly cir cu lar is land about 780 m high. The

cur rent small, 140-m-high is land
is a top o graph i cally in sig nif i cant,
1900-m-long ar cu ate fea ture be -
tween Umboi and Sakar Is lands.
Sev eral his tor i cal ex plo sive erup -
tions had been re corded prior to
1888, when large-scale slope fail -
ure de stroyed the sum mit of the
con i cal ba saltic-andesitic vol -
cano,  leav ing the ar  cu ate
140-m-high is land rem nant with a 
steep W-fac ing scarp that de -
scends be low sea level. Dev as tat -
ing tsu na mis were pro duced by
the col lapse and swept the coast
of Pa pua New Guinea and off -
shore  is  lands.  Two mi  nor
post-col lapse ex plo sive erup tions, 
dur ing 1972 and 1974, oc curred
off shore within the largely sub -
ma rine 3.5 x 4.5 km breached
depress ion formed by the
collapse.
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Fig ure 9. Location sketch maps show ing the con text of Ritter Is land, which sits just E of New Brit ain Is land and N 
of the main is land. Many of the is lands shown con tain Ho lo cene vol ca noes along the same arc as New Brit ain
Is land. Courtesy of VolcanoWorld.

Fig ure 8. Pho to graph show ing a Semeru ash ex plo sion on 31 Oc to ber
2006. Cour tesy CVGHM.



In for ma t ion Con tacts:  Herman Patia ,  Rabaul
Volcanological Ob ser va tory (RVO), De part ment of Min -
ing, Pri vate Mail Bag, Port Moresby Post Of fice, Na tional
Capito l  Dis  t r ic t ,  Pa pua New Guinea (Email :
hguria@global.net.pg); VolcanoWorld (URL: http://vol -
cano.und.edu/).

Tinakula

Santa Cruz Is lands, SW Pa cific
10.38°S, 165.80°E; sum mit elev. 851 m
All times are lo cal (= UTC +11 hours)

No ther mal anomalies at Tinakula were detected by
MODIS sat el lite sys tems be tween 9 May 2001 and 11 Feb -
ru ary 2006, but anom a lies were then de tected through
mid-April 2006 (BGVN 31:03). Ther mal anom a lies con tin -

ued at about the same pace and in ten sity (in pix els) through
1 June 2006 (ta ble 3). From 4 Au gust 2006 through March
2007, on 19 dif fer ent days there were 1- or 2-pixel ther mal
anom a lies mea sured by MODIS.

Ac cord ing to a 1994 sum mary by the Sol o mon Is land
ob ser va tory (World Or ga ni za tion of Vol ca nic Ob ser va to -
ries, 1997), “The last re ported large erup tion was in 1985.
Tinakula is highly ac tive [and] erupts andesitic ash al most
ev ery week.” No re cent field ob ser va tions have been made
by sci en tists.

Ref er ence: World Or ga ni za tion of Vol ca nic Ob ser va to -
ries (WOVO), 1997, Vol ca noes of the Sol o mon Is lands. 1.
Tinakula, (sec tion 0505-07), in Netter, C., and Cheminée,
J-L.  (eds . ) ,  Di  rec tory of  Vol  cano Ob ser  va  to  r ies ,
1996-1997: WOVO/IAVCEI/UNESCO, Paris, 50 p.

Geo logic Sum mary. The small 3.5-km-wide is land of
Tinakula is the ex posed sum mit of a mas sive stratovolcano
that rises 3-4 km from the sea floor at the NW end of the
Santa Cruz is lands. Tinakula re sem bles Stromboli vol cano
in con tain ing a breached sum mit crater that ex tends from
the 851-m-high sum mit to be low sea level. Land slides en -
larged this scarp in 1965, cre at ing an embayment on the
NW coast. The satellitic cone of Mendana is lo cated on the
SE side. The dom i nantly andesitic Tinakula vol cano has
fre quently been ob served in erup tion since the era of Span -
ish ex plo ra tion be gan in 1595. In about 1840, an ex plo sive
erup tion ap par ently pro duced pyroclastic flows that swept
all sides of the is land, kill ing its in hab it ants. Fre quent his -
tor i cal erup tions have orig i nated from a cone con structed
within the large breached crater. These erup tions have left
the upper flanks of the volcano unvegetated.

In for ma tion Con tacts: Hawai’i In sti tute of Geo phys ics
and Plan e tol ogy, MODIS Ther mal Alert Sys tem, School of 
Ocean and Earth Sci ences and Tech nol ogy (SOEST), Uni -
ver sity of Hawai’i, 2525 Cor rea Road, Ho no lulu, HI, USA
(URL: http://hotspot.higp.ha waii.edu); Sol o mon Is land Ob -
ser va tory, Wa ter and Min eral Re sources Di vi sion, Honiara, 
Sol o mon Is lands (URL: http://www.wovo.org/0505_07.
htm).

Heard

South ern In dian Ocean
53.106°S, 73.513°E; sum mit elev. 2,745 m

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

An AS TER im age over Heard for 29 Feb ru ary 2007
(fig ure 10) was found by Matt Patrick in which two ther mal 
anom a lies are shown, sep a rated by ~ 300 m. The anom aly
to the SE ap peared to be a new fea ture, rep re sent ing ei ther a 
dis tinct vent or a hot dis tal por tion of an ac tive flow from
the main vent. There are no anom a lous shortwave pix els
be tween the two anom a lies as one might ex pect for an ac -
tive lava sur face, but the flow may be chan neled un der -
ground be tween the anom a lies. The to tal lack of anom a lous 
pix els in the re gion be tween the two anom a lies, how ever,
caused Pat rick to sus pect that this is a dis tinct vent. If this is 
a dis tinct vent, it would be the first clear il lus tra tion of mul -
ti ple vents at Heard. None of the pre vi ous im ages Pat rick
has stud ied cov er ing the last 6 years (in clud ing the 8 De -
cem ber 2006 im age, also us ing Band 9-3-1 color mapping,
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Date (UTC) Time (UTC) Pix els Sat el lite

14 Apr 2006 1135 1 Terra

16 Apr 2006 1125 2 Terra

1425 1 Aqua

18 Apr 2006 1410 3 Aqua

19 Apr 2006 1155 3 Terra

1455 1 Aqua

21 Apr 2006 1145 1 Terra

1445 2 Aqua

23 Apr 2006 1130 1 Terra

25 Apr 2006 1420 2 Aqua

28 Apr 2006 1150 3 Terra

02 May 2006 1125 3 Terra

04 May 2006 1110 2 Terra

06 May 2006 1400 1 Terra

16 May 2006 1135 2 Terra

01 Jun 2006 1135 2 Terra

01 Jun 2006 1435 3 Aqua

04 Aug 2006 1135 1 Terra

30 Oct 2006 1145 1 Terra

08 Nov 2006 1135 2 Terra

08 Dec 2006 1450 1 Aqua

12 Dec 2006 1425 1 Aqua

19 Dec 2006 1435 1 Aqua

04 Jan 2007 1130 1 Terra

11 Jan 2007 1135 1 Terra

20 Jan 2007 1130 1 Terra

27 Jan 2007 1135 1 Terra

05 Feb 2007 1130 2 Terra

17 Feb 2007 1155 1 Terra

26 Feb 2007 1150 1 Terra

28 Feb 2007 1140 1 Terra

09 Mar 2007 1130 1 Terra

16 Mar 2007 1140 2 Terra

18 Mar 2007 1125 1 Terra

1425 1 Aqua

20 Mar 2007 1415 1 Aqua

30 Mar 2007 1150 2 Terra

Ta ble 3. MODIS/MODVOLC ther mal anom a lies at Tinakula for
mid-April 2006 through mid-April 2007 (con tin ued from ta ble in BGVN
31:03). Cour tesy of the Uni ver sity of Hawai’i In sti tute of Geo phys ics and
Plan e tol ogy (HIGP) MODIS Hotspot Alert Sys tem.



shown in figure 11) showed in di ca tions of a secondary
anomaly.

MODIS sat el lite data also re vealed ther mal anom a lies
on 24 dif fer ent days be tween 27 De cem ber 2006 and 6
April 2007 (ta ble 4).

Geo logic Sum mary. Heard Is land on the Kerguelen Pla -
teau in the south ern In dian Ocean con sists pri mar ily of the
emer gent por tion of two vol ca nic struc tures. The large gla -
cier-cov ered com pos ite ba saltic-to-trachytic cone of Big
Ben com prises most of the is land, and the smaller Mt.
Dixon vol cano lies at the NW tip of the is land across a nar -
row isth mus. Lit tle is known about the struc ture of Big Ben

vol cano be cause of its ex ten sive ice cover. The his tor i cally
ac tive Maw son Peak forms the is land’s 2,745-m high point
and lies within a 5-6 km wide cal dera breached to the SW
side of Big Ben. Small satellitic sco ria cones are mostly lo -
cated on the north ern coast. Sev eral subglacial erup tions
have been re ported in his tor i cal time at this iso lated vol -
cano, but ob ser va tions are in fre quent and additional
activity may have occurred.

In for ma tion Con tacts: 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); Mat thew Pat rick,
Dept. of Geo log i cal and Min ing En gi neer ing and Sci ences,
Mich i gan Tech no log i cal Uni ver sity, 1400 Townsend
Drive, Hought on, MI 49931, USA (Email: mpatrick@mtu.
edu; URL: http://www.geo.mtu.edu/~mpatrick).

Ruapehu

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

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

A mod er ate hy dro ther mal erup tion at Ruapehu on 4 Oc -
to ber 2006 (BGVN 32:02) re newed con cerns about a lahar
that could be gen er ated from break out of the sum mit crater
lake through a weak dam com posed of tephra. The dam, ~ 8 
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Fig ure 11. An AS TER Band 9-3-1 RGB com pos ite im age of Heard for 8
De cem ber 2006, with the shortwave in fra red band 9 mapped to red,
in di cat ing high tem per a tures. One dis tinct anom aly near the sum mit of
Maw son Peak is shown. Cour tesy Matt Pat rick.

Fig ure 10. An AS TER Band 9-3-1 RGB com pos ite im age of Heard for 29
Feb ru ary 2007, with the shortwave in fra red band 9 mapped to red,
indicating high tem per a tures. Two dis tinct anom a lies near the sum mit of
Maw son Peak are shown. The W-most anom aly is at the lo ca tion of
pre vi ous anom a lies, which ap pear to be the sum mit crater (lava lake),
while the anom aly 300 m SE is a new fea ture. Cour tesy Matt Pat rick.

Date (UTC) Time (UTC) Pix els Sat el lite

27 Dec 2006 1845 1 Terra

29 Dec 2006 1830 1 Terra

31 Dec 2006 1820 2 Terra

2005 1 Aqua

09 Jan 2007 1815 2 Terra

19 Jan 2007 1850 1 Terra

04 Feb 2007 1900 1 Aqua

05 Feb 2007 1940 1 Aqua

07 Feb 2007 1930 2 Aqua

16 Feb 2007 1925 1 Aqua

21 Feb 2007 1940 1 Aqua

26 Feb 2007 0445 1 Terra

05 Mar 2007 1820 2 Terra

07 Mar 2007 1810 1 Terra

11 Mar 2007 1745 1 Terra

12 Mar 2007 1825 2 Terra

2015 1 Aqua

14 Mar 2007 1815 1 Terra

2000 2 Aqua

18 Mar 2007 1935 1 Aqua

20 Mar 2007 1925 1 Aqua

24 Mar 2007 1850 1 Terra

26 Mar 2007 0505 1 Terra

27 Mar 2007 1745 2 Terra

28 Mar 2007 2015 2 Aqua

29 Mar 2007 1920 1 Aqua

06 Apr 2007 0450 1 Terra

Ta ble 4. Ther mal anom a lies at Heard from mid-De cem ber 2006 to early
April 2007 from MODIS sat el lites. Con tin ued from ta ble in BGVN 31:05.
Cour tesy of Hawai’i In sti tute of Geo phys ics and Plan e tol ogy (HIGP) Hot
Spots Sys tem.



m high, was formed dur ing erup tions in 1995 and 1996. In
1953, a sim i lar dam failed and 15 lives were lost when the
re sult ing lahar de stroyed a rail bridge at Tangiwai. As re -
ported by the New Zea land In sti tute of Geo log i cal & Nu -
clear Sci ences (GNS Sci ence), on 18 March 2007 at about
1100 the tephra dam failed and such a lahar was ini ti ated.
The re sult ing dis col ored re gion of sed i ment de posit was
vis i ble from space (fig ure 12).

GNS Sci ence re ported that on 18 March 2007 step-wise
fail ure of the dam by headward scarp re treat above seeps in
its down stream face was ini ti ated at 1055, fol lowed by cat a -
strophic fail ure and breach ing at 1122. Heavy rain likely
played a role in trig ger ing the lahar by rais ing the sur face of 
Ruapehu’s Crater Lake above a crit i cal level. The lake was
~ 1.2 m be low the crest of the dam when it failed. A GNS
Sci ence fixed cam era re corded a time-lapse se quence of im -
ages of the dam col lapse and the out flow through a 40-m
breach in the dam (fig ure 13). The out flow en tered the steep 
rocky gorge of the up per Whangahu River where it rap idly
en trained silt- to boul der-sized par ti cles to be come a
non-co he sive de bris flow within a few ki lo me ters of the
lake. The re sul tant flood (lahar) reached vari able stage
heights de pend ing on the to pog ra phy of the 155-km long
river sys tem, of ten ex ceed ing 6-8 m and over top ping the
banks. At one point the lahar topped a bridge across the
river about 49 km downstream.

Lahar chro nol ogy. News re leases from GNS Sci ence
and other agen cies were is sued on 18 March 2007. Some
pre lim i nary de riv a tive re ports were sent to us by Roger
Matthews. These items pro vided a chro no log i cal se ries of
ob ser va tions in di cat ing that the dam’s fail ure was ini ti ated
at 1045 and climaxed at 1122 on 18 March.

News re leased at 1203 stated
that, prior to the burst, po lice re -
ceived in di ca tions that the tephra
dam con fin ing the Crater Lake
was close to over flow ing. Alarms
from acous tic flow mon i tors (vi -
bra tion sen sors) in stalled in the
dam at the Crater Lake out let
went off a num ber of times be fore 
the pri mary dam fail ure. The three 
mon i tor ing sites on the crater rim, 
all ac ti vated with the dam failure.

A lahar [called ‘mod er ate’ by
the New Zea land De part ment of
Con ser va tion (DOC)] was mak -
ing its way down Mount Ruapehu 
af ter Crater Lake dam burst at
about 1100 (fig ure 14). Ruapehu
Dis trict Coun cil said the lahar
was ex pected to ar  rive at the
Tangiwai road and rail bridges at
about 1405 on 18 March. Spokes -
per son Paul Weetcroft said that
the  lahar’s t ravel  down the
Whangaehu River was be ing
mon i tored, and that the emer -
gency man age ment plan was
work ing well; there were no re -
ports of any one in dan ger. He said 
that at this stage the lahar was ex -
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Fig ure 12. The Ad vanced Spaceborne Ther mal Emis sion and Re flec tion Ra di om e ter (AS TER) on NASA’s Terra
sat el lite cap tured this im age of Mount Ruapehu and the path of its re cent lahar on 25 March 2007. In the col ored
im age, green in di cates veg e ta tion, dark blue in di cates wa ter, and pur plish-gray in di cates bare rock. The splotches
of white at the sum mit show snow cover, and the bil lowy white balls nearby are clouds. S of the vol cano, straight
lines and sharp an gles out lin ing patches of green in di cate cul ti vated crops. The lahar ap pears as a riv u let of pale
gray ish-lav en der that flows from the sum mit to ward the E, then turns S. Near the base of the vol cano, the lahar
path sep a rates briefly into two streams. Cour tesy of NASA Earth Ob ser va tory.

Fig ure 13. Com par a tive pho tos of the 6.2-m high OnTrack (New Zea land
Rail way Cor po ra tion) lahar warn ing tower, lo cated in the Whangaehu
river 28 km down stream from Crater Lake. The tower was in stalled
fol low ing the 1953 Tangiwai di sas ter to pro vide 15-min warn ing for the
rail way bridge 11 km down stream. The arm on the tower sup ports a ra dar
stage gauge to mea sure flow depth. Im ages were cap tured by a Ho ri zon
Re gional Coun cil web cam. (top) Tower in the path of the lahar flow at
1255 on 18 March 2007. (bot tom) Ex am in ing lahar de pos its on 21 March
2007, with re search ers pro vid ing scale of the tower and its in scribed scale
marks. Cour tesy of GNS Sci ence and Vern Manville.



pected to travel down the Whangeahu val ley and out to sea.
Roads were closed in the im me di ate area and rail trans port
was stopped. The Min is ter of Civil De fense, Rick Barker,
says the sys tems set up to warn peo ple about the lahar seem
to have worked very well.

The Min is ter of Con ser va tion stated that the lahar trav -
eled down the pre dicted path, and the early warn ing re -
sponse sys tem worked as planned. An earthen dam (bund,
or levee) built to di vert the lahar’s path to ward the S with -
stood the lahar. As a re sult, the lahar con tin ued down the
Whangaehu val ley away from the Tongariro catch ment
(which drains to the N into Lake Taupo). The lahar also
con tin ued safely down the val ley and un der neath the
Tangiwai bridge.

The New Zea land De part ment of Con ser va tion (DOC)
re ported at 1545 that the ma jor peak of the lahar had
passed. DOC be lieved the mod er ate-sized mud flow be gan
when Mt Ruapehu’s Crater Lake dam started to col lapse be -
tween 11 and noon to day, re leas ing the wa ter over a
45-min ute pe riod. DOC’s Dave Wakelin noted that the wa -
ter kept within the chan nels and over the next cou ple of
hours trav eled safely down the Whangaehu River and un der 
the Tangiwai bridges. The lahar was al most over by this
time (1545), but some ma te rial was still mov ing down the
river. No ma jor in fra struc ture was dam aged ex cept for a
small DOC foot bridge be tween Tukino Moun tain road and
Rangipo. The tephra dam which was im pound ing the new
crater lake was fully broken.

Af ter math ob ser va tions. On 19 March 2007, GNS is -
sued a Sci ence Alert Bul le tin con cern ing in creased hy dro -
ther mal ac tiv ity pos si ble at Ruapehu’s Crater Lake. Vol ca -
nol o gist Brad Scott of GNS Sci ence said there had been an
in crease in vol ca nic earth quakes up to M 1 at the sum mit
fol low ing the 18 March par tial emp ty ing of Crater Lake.
Low er ing of the lake could destabilize that hy dro ther mal
sys tem and lead to in creased heating and steam-driven
eruptions.

Sci en tists from the De part ment of Con ser va tion (DOC)
and GNS Sci ence vis ited Mt. Ruapehu’s crater lake on 19
March 2007 and con firmed that the tephra dam had eroded
back down to the hard rim that formed the pre-1995 lake
out let. Wa ter cas caded across a hard rock rim where once
there was a 7.6-m-high dam. Prior to the pre vi ous day’s
col lapse, the dam it self was 80-m long. Harry Keys of DOC 
stated in a press re lease that the breach was about 50- to
60-m wide at the top and 40-m wide at the hard rock rim,
wider than sci en tists ini tially thought. The post-lahar lake
level was 2,529.4 m el e va tion, a drop of 6.3 m from the
pre-lahar level. The out let con tin ued to drain and the ‘river’ 
was about knee deep. The vol ume of wa ter lost from the
lake was is be lieved to be in the or der of 1.3 x 106 m3. Keys
com mented fur ther that “One mis con cep tion we have heard 
is that now the lahar has hap pened there is no lon ger a
Crater Lake! We have now re verted back to pre-1995 con -
di tions with a Crater Lake of about 10x106 m3 that is emp -
ty ing over its nat u ral out let on the crater rim into the
Whangaehu river.” DOC em pha sized that con di tions ei ther
near or on the re mains of the tephra dam were unstable and
therefore hazardous.

Multi-agency Ef forts. The Ruapehu Lahar Emer gency
Man age ment Plan (South ern) was de vel oped un der the
lead er ship of the Ruapehu Dis trict Coun cil. Par tic i pants in -
cluded of fi cials from the South ern Ruapehu Lahar Plan ning 
Group, New Zea land De part ment of Con ser va tion, New

Zea land Min is try of Civil De fence and Emer gency Man -
age ment, po lice, and Ho ri zons Re gional Coun cil, along
with other key agen cies in clud ing the Army, the New
Zealand Fire Service, and GNS Science.

Ref er ence: Keys, H.J.R., (date un known), Lahars from
Mount Ruapehu—mit i ga tion and man age ment; NZ Dept.
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Fig ure 14. A cam era in stalled by GNS Sci ence near the sum mit of
Ruapehu cap tured the fail ure of the tephra dam hold ing back Crater Lake
and the lahar’s on set. The fixed, dig i tal still cam era was in stalled
over look ing the down stream side of the tephra dam in early Jan u ary 2006.
It had been tak ing pic tures at 1-min in ter vals dur ing day light. Ero sion
scarps de vel oped in the down stream face of the dam as a re sult of seep age
through po rous tephra lay ers in early 2007. Growth of these fea tures
cul mi nated in dam fail ure on 18 March 2007. (top) In tact tephra dam at
1101. (mid dle) Crater Lake wa ters start ing to flood through the breached
dam at 1122. (bot tom) Crater Lake wa ters pour ing out through the
ex ten sive breach in the tephra dam at 1203. Cour tesy of GNS Sci ence
lahar pro ject, led by Vern Manville.



of Con ser va tion website (a poster con veyed as a PDF file;
cre ation/pub li ca tion date un known) (URL: http://www.doc.
govt.nz/tem plates/sum mary.aspx?id=42442).

Geo logic Sum mary. Ruapehu, one of New Zea land’s
most ac tive vol ca noes, is a com plex stratovolcano con -
structed dur ing at least 4 cone-build ing ep i sodes dat ing
back to about 200,000 years ago. The 110 cu km dom i -
nantly andesitic vol ca nic mas sif  is  elon gated in a
NNE-SSW di rec tion and is sur rounded by an other 100 cu
km ring plain of volcaniclastic de bris, in clud ing the
Murimoto de bris-av a lanche de posit on the NW flank. A se -
ries of subplinian erup tions took place at Ruapehu be tween
about 22,600 and 10,000 years ago, but pyroclastic flows
have been in fre quent at Ruapehu. A sin gle his tor i cally ac -
tive vent, Crater Lake, is lo cated in the broad sum mit re gion 
at an al ti tude of 2,530 m, 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 3,000 years ago. Lahars pro duced by
phreatic erup tions from the sum mit Crater Lake are a haz -
ard to a ski area on the upper flanks and to lower river
valleys.

In for ma tion Con tacts: In sti tute of Geo log i cal & Nu -
clear Sci ences (GNS), Pri vate Bag 2000, Wairakei, New
Zea land (URL: http://www.gns/cri.nz/; http://data.geonet.
org.nz/geonews/in dex.html); Brad Scott, In sti tute of Geo -
log i cal & Nu clear Sci ences (GNS) (Email: B.Scott@gns.
cri.nz); New Zea land De part ment of Con ser va tion, Pri vate
Bag, Turangi, New Zea land (URL: http://www.doc.govt.
nz/); Roger Matthews, North Shore City Coun cil, Pri vate
Bag 93500 Takapuna, North Shore City 1331, New Zea -
land (URL: http://www.northshorecity.govt.nz); The Press
(URL: http://www.stuff.co.nz/thepress); Na tional Aero nau -
tics and Space Ad min is tra tion (NASA), Earth Ob ser va tory
(URL: http://earthobservatory.nasa.gov/).

Un named

East Pa cific Rise near 9°50’N
East ern Pa cific Ocean

9.83°N, 104.30°W; sum mit elev. -2500? m

Along the fast spread ing East Pa cific Rise (EPR) crest
near 9°50’N, Cowen and oth ers (2007) re ported on ad di -
tional ev i dence re gard ing re cent vol ca nic erup tions span -
ning about 4-5 months of ac tiv ity dis cov ered in April and
May 2006. In April 2006, dur ing rou tine re cov ery and re de -
ploy ment of ocean-bot tom seis mom e ters (OBS) at the EPR
R2K In te grated Study Site (ISS) near 9°50’N, eight of 12
OBS could not be re cov ered (BGVN 31:11). Anom a lous
tur bid ity and tem per a ture in the wa ter col umn along the
ridge axis con firmed sci en tists’ sus pi cions that the OBS
were trapped by a new lava f low. A re sur gence in
magmatism had been pos tu lated re cently, based on tem po -
ral changes ob served over the past few years in hy dro ther -
mal vent fluid chem is try and tem per a tures (Von Damm,
2004) and increasing microseismicity (Tolstoy and others,
2006).

Ac cord ing to Cowen and oth ers (2007), within a week
of the ini tial bot tom-wa ter sur veys in late April, sci en tists

mounted a rapid re sponse ex pe di tion on board the re search
ves sel (R/V) New Ho ri zon. The ex pe di tion sur veys in -
cluded con duc tiv ity-tem per a ture-depth (CTD) ob ser va -
tions, op ti cal tow-yos (tows dur ing which a pack age is al -
ter nately low ered and raised), hydrocasts, and towed
dig i tal-im ag ing along the EPR axis between ~ 9°46’N and
9°57’N.

These sur veys con firmed the oc cur rence of re cent
seafloor erup tions along more than 15 km of the ridge axis
and up to ~ 1 km off axis. They doc u mented wide spread
vig or ous hy dro ther mal vent ing and a no ta ble ab sence of
vent megafauna (fig ure 15). Many of the hy dro ther mal
vents stud ied over the past 15 years were dis rupted. A prior
erup tion oc curred in 1991-1992 (e.g., Haymon and oth ers,
1993) along por tions of the same seg ment of the EPR. This
is the first re peat erup tion doc u mented at the same lo ca tion
along the mid-ocean ridge (MOR) crest.

Toomey and oth ers (2007) dis cussed how man tle
upwelling is es sen tial to the gen er a tion of new oce anic
crust at mid-ocean ridges, and con cluded that such
upwelling is asym met ric be neath ac tive ridges. In their ar ti -
cle, the au thors used seis mic im ag ing to show that the iso -
tro pic and anisotropic struc ture of the man tle is ro tated be -
neath the East Pa cific Rise. The iso tro pic struc ture de fines
the pat tern of magma de liv ery from the man tle to the crust.
They found that the seg men ta tion of the rise crest be tween
trans form faults cor re lates well with the dis tri bu tion of
man tle melt. The az i muth of seis mic ani so tropy con strains
the di rec tion of man tle flow, which is ro tated nearly 10°
anticlockwise from the plate-spread ing di rec tion. The mis -
match be tween the lo cus of man tle melt de liv ery and the
morphologic ridge axis re sults in sys tem atic dif fer ences be -
tween ar eas of on-axis and off-axis melt sup ply. The au -
thors con clude that the skew of asthenospheric upwelling
and trans port gov erns seg men ta tion of the East Pacific Rise 
and variations in the intensity of ridge crest processes.

Ref er ences. Cowen, J.P., Fornari, D.J., Shank, T.M.,
Love, B., Glazer, B., Treusch, A.H., Holmes, R.C., Soule,
S.A., Baker, E.T., To lstoy, M., and Pomraning, K.R., 2007
(13 Feb ru ary), Vol ca nic Erup tions at East Pa cific Rise Near 
9°50’N: Eos, Trans ac tions, Amer i can Geo phys i cal Un ion,
v. 88, no. 7, p. 81, 83.

Haymon, R.M., Fornari, D.J., Ed wards, M.H., Carbotte, 
S., Wright, D., and Mac don ald, K.C., 1991, Hy dro ther mal
vent dis tri bu tion along the East Pa cific Rise crest (9 deg
9’-54’ N) and its re la tion ship to mag matic and tec tonic pro -
cesses on fast-spread ing mid-ocean ridges: Earth and Plan -
e tary Sci ence Let ters, v. 104, p. 513-534.

Haymon, R.M., Fornari, D.J., Von Damm, K.L., Lilley,
M.D., Perfit, M.R., Edmond, J.M., Shanks, W.C., III, Lutz,
R.A. ,  Grebmeir ,  J .M. ,  Carbot te ,  S . ,  Wright ,  D. ,
McLaughlin, E., Smith, M. Beedle, N., and Olson, E., 1993, 
Vol ca nic erup tion of the mid-ocean ridge along the East Pa -
cific Rise crest at 9 deg 45-52 min N: di rect sub mers ible
ob ser va tions of seafloor phe nom ena as so ci ated with an
erup tion event in April 1991: Earth and Plan e tary Sci ence
Let ters, v. 119, p. 85-101

Toomey, D.R., Jousselin, D., Dunn, R.A., Wilcock, W.
S., and Detrick, R.S., 2007, Skew of man tle upwelling be -
neath the East Pa cific Rise gov erns seg men ta tion: Na ture,
v. 446, p. 409-414 (doi:10.1038/nature05679).

To lstoy, M., J.P. Cowen, E.T. Baker, D.J. Fornari, K.H.
Ru bin, T.M. Shank, F. Waldhauser, D.R. Bohnenstiehl, D.
W. Forsyth, R.C. Holmes, B. Love, M.R. Perfit, R.T.
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Fig ure 15. (Left) Lo ca tion map of the track of the TowCam (Woods Hole Ocean o graphic In sti tu tion’s dig i tal deep-sea cam era with rock and wa ter sam pling
ca pa bil i ties) which sur veyed a dis tance of ~ 4 min utes of lat i tude (~ 7 km) along the ridge axis over the new erup tions. Red dots in di cate old high-tem per a ture
hy dro ther mal vents. (Top right) An along-axis bathymetric pro file of the EPR, ~ 7 km long, com piled from depth and al ti tude data from a TowCam. The pro file
is shown with geo log i cal and bi o log i cal ob ser va tions linked to sym bols that ap pear in a key and on hor i zon tal lines above the pro file. The low est trace, “new
lava,” is con tin u ous over a broad ex panse of the S end of the pro file (on ei ther side of “b” on the map), and ar eas with out new lava ap pear at only a few spots near
“a” (9°52'N). A plot of the po ten tial tem per a ture (the tem per a ture of a wa ter sam ple if lifted adi a bat i cally, in ef fect, with out ther mal con tact with sur round ing
wa ter, to the sur face) ap pears be low the pro file. TowCam pho to graphs, keyed to their lo ca tion along the track, in clude (“a” mid dle right) new pil low to lobate
lava flow over ly ing older sed i ment-cov ered pil lows and (“b.” bot tom right) dif fuse hy dro ther mal vent ing through re cently erupted lava, ma te rial pos si bly
cov ered with mi cro bial growth. Cour tesy Cowen and oth ers (2007).



Weekly, S.A. Soule, and B. Glazer, 2006, A sea-floor
spread ing event cap tured by seis mom e ters: Sci ence, v. 314, 
no. 5807, p. 1920-1922.

Von Damm, K. L., 2004, Evo lu tion of the hy dro ther mal 
sys tem at East Pa cific Rise 9°50’N: Geo chem i cal ev i dence
for changes in the up per oce anic crust, in C. Ger man and
oth ers (ed), Mid-Ocean Ridges: Hy dro ther mal In ter ac tions
Be tween the Litho sphere and Ocean:  Geophys. Monogr.
Ser., v. 148, p. 285-304.

Geo logic Sum mary: Ev i dence for a very re cent, pos si -
bly on go ing erup tion was de tected dur ing a se ries of dives
in the sub mers ible ves sel Alvin in 1991 on the East Pa cific
Rise at about 9°50’N (9.83°N). Hot-vent an i mal com mu ni -
ties that had been doc u mented dur ing No vem ber to De cem -
ber 1989 im ag ing were ob served to have been bur ied by
fresh ba saltic lava flows, and the scorched soft tis sues of
par tially bur ied biota had not yet at tracted bot tom scav en -
gers. Fresh black smoker chim neys were draped by new
lava flows. This po si tion was at a depth of ~ 2,500 m S of
the Clipperton frac ture zone, about 1000 km SW of Ac a -
pulco, México. It co in cided with a lo ca tion where fresh
lava flows pre vi ously es ti mated as less than roughly 50
years in age had been found (Haymon et al., 1991). Later
dat ing of very short half-life radionuclides from dredged
sam ples con firmed the young age of the erup tion and in di -
cated that an other erup tive event had taken place in late
1991 and early 1992. An erup tion in 2005-2006 pro duced
lava f lows that  entrapped previously emplaced
seismometers.

In for ma tion Con tacts: RV New Ho ri zon and Scripps
In sti tu tion of Ocean og ra phy, Uni ver sity of Cal i for nia - San 
Diego, 8602 La Jolla Shores Drive, La Jolla, CA 92037,
USA (URL: http://sio.ucsd.edu/); Woods Hole Ocean o -
graphic In sti tu tion, Woods Hole, MA 02543, USA (URL:
http://www.whoi.edu/).

Shiveluch

Kamchatka Pen in sula, Rus sia
56.653°N, 161.360°E; sum mit elev. 3,283 m

All times are lo cal (= UTC +12 hours

In De cem ber 2006 Shiveluch un der went height ened
seis mic and vol ca nic ac tiv ity af ter more than a year of
lesser ac tiv ity (BGVN 31:11). Af ter sig nif i cant ex plo sive
ac tiv ity dur ing 26-27 De cem ber 2006 that caused the
Kamchatkan Vol ca nic Erup tion Re sponse Team (KVERT)
to briefly raise the haz ard sta tus, ac tiv ity re mained above
back ground lev els into Jan u ary 2007.

The seis mic net work recorded 200 shal low earth quakes
daily be tween 29 De cem ber and 12 Jan u ary 2007, ac com -
pa nied by fumarolic ac tiv ity, av a lanches, and gas-and-ash
plumes that rose from 4.3 km to 13.7 km al ti tude, drift ing E
and SSW. A large ther mal anomaly over the dome was
noted.

Be tween 12 Jan u ary to 16 Feb ru ary, this ac tiv ity con tin -
ued. The num ber of earth quakes dipped to as low as 120 per 
day be fore in creas ing to 200 again dur ing 2-9 Feb ru ary.
Plumes dur ing this time rose to an al ti tude of 3.5-6.5 km
and drifted in a va ri ety of di rec tions. The large ther mal
anom aly over the dome re mained. An erup tion oc curred on
6 Feb ru ary that was not visible on satellite imagery.

As tro nauts aboard the Space Shut tle noted a plume
around 21 March (fig ure 16). On 29 March, an ex plo sive
event at Shiveluch pro duced an ash plume (fig ure 17) that,
ac cord ing to the To kyo VAAC, reached an al ti tude of 11.9
km and drifted NE. The next day, an ex plo sive event that
lasted about 6 min utes pro duced a plume that reached al ti -
tudes of 10.1-12.2 km, and drifted NE. Ac cord ing to a news 
ar ti cle, on 31 March, a mud flow cov ered an ap prox i mately

900-m-long sec tion of road, in an
area ~ 20 km from Shiveluch.

In  sub se  quent  re  por ts ,
KVERT in di cated that seis mic ac -
tiv i ty con tin ued above back -
ground lev els dur ing 4-12 April.
Based on seis mic in ter pre ta tion,
ob ser  va t ion,  and video data,
ash-and-steam plumes rose to al ti -
tudes of 4.5-7 km through out this
pe riod. The large ther mal anom -
aly was vis i ble on sat el lite im ag -
ery dur ing 1-10 April. As of 10
Apri l ,  the Color  Code at
Shiveluch remained at Orange.

Geo logic Sum mary. The high, 
iso lated mas sif of Shiveluch vol -
cano (also spelled Sheveluch)
rises above the low lands NNE of
the Kliuchevskaya vol cano group. 
The 1300 cu km Shiveluch is one
of Kamchatka’s larg est and most
ac tive vol ca nic struc tures. The
sum mit  of  roughly
65,000-year-old Stary Shiveluch
is trun cated by a broad 9-km-wide 
late-Pleis to cene cal dera breached
to the south. Many lava domes dot 
its outer flanks. The Molodoy
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Fig ure 16. Plume from Shiveluch taken by as tro nauts aboard the In ter na tional Space Sta tion (ISS) around
mid-morn ing on or around 21 March 2007. Pho to graph ISS014-E-17165. Cour tesy of NASA.



Shiveluch lava dome com plex was con structed dur ing the
Ho lo cene within the large horse shoe-shaped cal dera; Ho lo -
cene lava dome ex tru sion also took place on the flanks of
Stary Shiveluch. At least 60 large erup tions of Shiveluch
have oc curred dur ing the Ho lo cene, mak ing it the most vig -
or ous andesitic vol cano of the Kuril-Kamchatka arc. Wide -
spread tephra lay ers from these erup tions have pro vided
valu able time mark ers for dat ing vol ca nic events in
Kamchatka. Fre quent col lapses of dome com plexes, most
re cently in 1964, have pro duced de bris av a lanches whose
de pos its cover much of the floor of the breached caldera.

In for ma tion Con tacts: Olga
A. Girina, Kamchatka Vol ca nic
Erup t ions  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,  Pi ip  Ave.  9 ,
Petropavlovsk-Kamchatski i
683006,  Rus s ia (Emai l:
girina@kscnet.ru); Kamchatka
Ex per i men tal and Me thod i cal
Seis mo log i  cal  De part ment
(KEMSD), Geo phys i cal ser vice
of the Rus sian Acad emy of Sci -
ence (Rus sia) (URL: http://kbgs.
kscnet.ru/in for ma tion-e.html);
To kyo Vol ca nic Ash Ad vi sory
Cen ter, To kyo Avi a tion Weather
Ser vice Cen ter, Haneda Air port
3-3-1, Ota-ku, To kyo 144-0041,
Ja pan (http://www.jma.go.jp/
JMA_HP/jma/jma-eng/jma-cen -
ter/vaac/); Alaska Vol cano Ob ser -
va tory (AVO), a co op er a tive pro -
gram of  the U.S.  Geo log i  cal
Sur vey, 4200 Uni ver sity Drive,
An chor age, 99508-4667, USA
(Email:  tlmurray@usgs.gov;
URL: http://www.avo.alaska.edu/

), Geo phys i cal In sti tute, Uni ver sity of Alaska, P.O. Box
757320, Fair banks, 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 99709, USA (Email: cnye@giseis.alaska.edu);
Yelizovo Me te o ro log i cal Watch Of fice, Yelizovo Air port
Avi a tion Me te o rol ogy Cen ter, Petropavlovsk-Kamchatsky,
Rus sian Fed er a tion, 684010 Kamchatka; Itar-Tass (URL:
http://www.itar-tass.com/eng/); US National Aeronautics
and Space Administration, NASA.
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Fig ure 17. Aqua sat el lite im age of ash cloud dis charged from Shiveluch. This im age was taken on or about 29
March as the ash cloud, in the ab sence of sig nif i cant wind, hov ered di rectly over the sum mit. The cloud casts its
shadow north ward over the icy land scape. By us ing sun-an gle com pu ta tions and time of day, such shad ows can
be used to es ti mate plume-top al ti tudes. Cour tesy of NASA (NASA/GSFC/MODIS Rapid Re sponse Team).


