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Kliuchevskoi

Kamchatka Pen in sula, Rus sia
56.057°N, 160.638°E; sum mit elev. 4,835 m

In creased seis mic ity and vol ca nic ac tiv ity be gan in Jan -
u ary 2005 and con tin ued through at least March 2005
(BGVN 30:03), with Strombolian erup tions, lava flows,
ashfall, lahars, and tall steam plumes. Ac tiv ity was in ter mit -
tent dur ing April 2005 through Jan u ary 2007, pri mar ily
con sist ing of vari able seis mic ity. Sig nif i cant vol ca nic ac tiv -
ity be gan again in mid-Feb ru ary 2007, af ter which large ash 
plumes be came fre quent and lava flows were ob served.
From that time through early Au gust 2007 there have been
Strombolian erup tions, lava flows, mudflows, and some
large (though not par tic u larly high) erup tive plumes ex -
tend ing up to ~ 2,000 km from the vol cano, though cloudy
weather of ten blocked views of the sum mit.

The seis mic net work main tained by the Kamchatka Ex -
per i men tal and Me thod i cal Seis mo log i cal De part ment
(KEMSD) lacks a cal i bra tion link ing ash-plume height with 
as so ci ated seis mic sig nal. In stead, vi sual and video data
were typ i cally used by ground-based ob serv ers. Some
height es ti mates cited here were based on sat el lite ob ser va -
tions and com par i sons with an cil lary ob ser va tions such as
at mo spheric wind pro files.

Ac tiv ity dur ing April 2005-Jan u ary 2007. Ac cord ing
to the Kamchatka Vol ca nic Erup tions Re sponse Team
(KVERT), ash-and-gas plumes rose to 1 km above the
crater the first week of April. Erup tive and seis mic ac tiv ity
de creased sig nif i cantly on 7 April 2005, but re mained
above back ground lev els un til 8-9 May. Dur ing 8-15 July,
seis mic ity again in creased. This height ened ac tiv ity con tin -
ued through 15-22 July, with spas modic vol ca nic tremor,
shal low earth quakes, and gas-and-steam plumes ris ing to
~ 5.5 km above the crater. Ashfall was noted in Kozyrevsk
on 22 June. On 22 July a weak ash-and-gas plume rose to
~ 100 m above the crater. This ac tiv ity de creased in late
July and re turned to back ground lev els by 3-9 Au gust 2005. 
Weak fumarolic ac tiv ity con tin ued.

Dur ing 9-16 Sep tem ber, seis mic ity again in creased.
Dur ing this week, the am pli tude of vol ca nic tremor in -
creased, and weak gas-and-steam emis sions and a ther mal
anom aly were vis i ble on sat el lite im ag ery. By the mid dle of 
Oc to ber 2005, ac tiv ity had again re turned to back ground
lev els where it ap par ently re mained un til De cem ber 2006.
Dur ing the mid dle of De cem ber 2006, KVERT no ticed a
slight in crease in seis mic ity, with mod er ate fumarolic ac tiv -
ity. A ther mal anom aly in the crater was de tected on sat el -
lite im ag ery on 14, 15, and 18 De cem ber.

Ac tiv ity dur ing Feb ru ary-July 2007. Erup tive ac tiv ity
be gan again on 15 Feb ru ary 2007. Strombolian ac tiv ity was 
ob served dur ing 15-18 Feb ru ary that ejected bombs 300 m
above the crater. Video data and ob ser va tions be tween 16
and 22 Feb ru ary in di cated gas-and-steam plumes with
small amounts of ash ris ing to al ti tudes of 5.3 km and drift -
ing SW and then E. A ther mal anom aly at the sum mit was
de tected dur ing 16-19 and 21 Feb ru ary. Based on in for ma -
tion from KEMSD and sat el lite im ag ery, the To kyo Vol ca -
nic Ash Ad vi sory Cen ter (VAAC) re ported that erup tion
plumes dur ing 22-23 Feb ru ary may have reached al ti tudes
of 6.1 km and drifted E. A news ar ti cle in RIA Novosti
cited lo cal sci en tists who men tioned that on 26 Feb ru ary

ash par ti cles up to 2 mm in di am e ter fell on the vil lage of
Klyuchi, about 30 km NNE.

Clouds in hib ited vi sual ob ser va tions dur ing most of
Feb ru ary and March, but sat el lite data dis closed a daily
ther mal anom aly of 1-11 pix els in the crater area.
Strombolian ac tiv ity was seen again dur ing 21-22 March,
with lava bombs be ing ejected typ i cally about 50-100 m
above the crater; bomb heights of 100-200 m were noted on 
31 March. On 29 March lava flowed down the NW flank.

A 23 March news re port from RIA Novosti para phrased 
Alexei Ozerov of the Rus sian Acad emy of Sci ences in the
de part ment of Vol ca nol ogy and Seis mol ogy, say ing that ac -
tiv ity had in creased sharply since 15 Feb ru ary 2007. The
ar ti cle went on to quote Ozerov, stat ing that “The size of
the lava globs reaches sev eral me ters in di am e ter.” Geo -
phys i cists also re ported through RIA Novosti that lava
flows in ter act ing with snow and ice were pro duc ing pow er -
ful ex plo sions and va por plumes.

KVERT re ported that seis mic ity con tin ued at height -
ened lev els dur ing April and May 2007. Vol ca nism over
this pe riod in cluded Strombolian ac tiv ity, lava flows down
the NW flank, fumarolic ac tiv ity, mudflows, and fre quent
gas-and-steam plumes with a small amount of ash that rose
to al ti tudes of 5.3-6.3 km. In ten si fied fumarolic ac tiv ity
dur ing 15-18 April re sulted in higher gas-and-steam
plumes, to al ti tudes of 6.3-7.2 km, pos si bly con taining ash.

An ash plume drift ing E on 22 April reached 8.8 km al -
ti tude. KVERT re ported con tin u ing mudflows and phreatic
ac tiv ity at lava flow fronts on the NW flank where lava in -
ter acted with ice (fig ure 1). Mudflows and lava flows ad -
vanced on the NW flank the fol low ing week, and plumes
con tain ing ash rose to al ti tudes of 5.2-7.2 km. Ther mal
anom a lies were seen at the sum mit through out April. Sim i -
lar ac tiv ity con tin ued dur ing the first half of May. Res i dents 
in Kliuchi heard ex plo sions dur ing 3-6 May, and re ported
ashfall on 4 May. Ash plumes that rose to 9.7 km on 11 and
16 May drifted E and NE, re spec tively, and again caused
ashfall in Kliuchi. On 18 May KVERT re ported that de pos -
its from a mud flow filled the Krivaya river.

Ash plumes dur ing 18-22 May rose to 8.5 km al ti tude,
and Vulcanian sum mit ac tiv ity and phreatic bursts on the
NW flank were ob served from 22 to 24 May. Strombolian
ac tiv ity at the sum mit built a new sco ria cone that was vis i -
ble on the night of 22 May, along with in can des cent lava
flows down the NW flank (fig ure 2). Strong erup tions oc -
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Fig ure 1. Lava flows and mudflows on the NW flank of Kliuchevskoi, 22
April 2007. Cour tesy of KVERT; photo by Yu. Demyanchuk.



curred on 26 and 27 May, send ing plumes to 10.1 km al ti -
tude on the lat ter day (fig ure 3). Ash plumes con tin ued to
be gen er ated over the next few days, but only rose to 5-7
km al ti tude. A new lava flow moved down the E flank on
31 May, caus ing strong phreatic bursts (fig ure 4).

Height ened seis mic and vol ca nic ac tiv ity con tin ued
through out most of June, with Strombolian and Vulcanian
sum mit erup tions. Fre quent ash plumes were of ten vis i ble
on sat el lite im ag ery, with es ti mated al ti tudes of 4.5-10 km.
Plumes ex tended ~ 300 km S and E the en tire week end ing
8 June, and ~ 400 km N, W, and S the week end ing 22 June. 
In creased seis mic ity on 19 June was fol lowed by plumes
and ashfall in Kozyrevsk vil lage. A large ash cloud, ~ 300
km in di am e ter, was ob served on 20-21 June near Yelizovo
air port, 340 km S. On 29 June, ash plumes drifted E more
than 2,000 km, while on 30 June, they drifted at least 900
km SW, based on sat el lite im ag ery. A ther mal anom aly
con tin ued to be de tected in the crater. Seis mic ac tiv ity de -
creased dur ing 29 June-6 July, but re mained above back -
ground lev els through 13 July. Ash plumes vis i ble on sat el -
lite im ag ery dur ing 2-11 July rose to es ti mated al ti tudes of
5-7 km and drifted in var i ous di rec tions.

Dur ing 13-20 July, KVERT re ported that seis mic ac tiv -
ity had re turned to back ground lev els, al though a ther mal

anom aly in  the crater  and  some ash plumes and
gas-and-steam plumes were still noted. The haz ard sta tus
had been ei ther Or ange or Red since mid-Feb ru ary, but to -
ward the end of July the Level of Con cern Color Code was
low ered from Or ange to Yel low due to a de crease in seis -
mic ity and an ab sence of ash plumes dur ing 17-20 July. In a 
9 Au gust up date, KVERT in di cated that seis mic ac tiv ity
had re mained a back ground lev els dur ing the pre vi ous
week, al though some vol ca nic tremor and a few shal low
earth quakes were reg is tered. Ac cord ing to sat el lite data, a
ther mal anom aly was noted on 4 Au gust (the volcano was
obscured by clouds on other days).

Geo logic Sum mary. Kliuchevskoi is Kamchatka’s
high est and most ac tive vol cano. Since its or i gin about
6000 years ago, the beau ti fully sym met ri cal, 4835-m-high
ba saltic stratovolcano has pro duced fre quent mod er ate-vol -
ume ex plo sive and ef fu sive erup tions with out ma jor pe ri -
ods of in ac tiv ity. Kliuchevskoi rises above a sad dle NE of
sharp-peaked Kamen vol cano and lies SE of the broad
Ushkovsky mas sif. More than 100 flank erup tions have oc -
curred at Kliuchevskoi dur ing the past roughly 3000 years,
with most lat eral crat ers and cones oc cur ring along ra dial
fis sures be tween the un con fined NE-to-SE flanks of the
con i cal vol cano be tween 500 m and 3600 m el e va tion. The

mor phol ogy of its 700-m-wide
sum mit crater has been fre quently 
mod i fied by his tor i cal erup tions,
which have been re corded since
the late-17th cen tury. His tor i cal
erup tions have orig i nated pri mar -
ily from the sum mit crater, but
have also in cluded numerous
major explosive and effusive
eruptions from flank craters.

In for ma tion Con tacts: Olga
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 ,
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Fig ure 2. Strombolian ac tiv ity and a new sco ria cone in the crater of
Kliuchevskoi, 22 May 2007. Lava flows con tin ued to move down the
flanks. Cour tesy of KVERT; photo by Yu. Demyanchuk.

Fig ure 3. Pho to graph of an erup tion from Kliuchevskoi, 27 May 2007. The view is from Klyuchi, 30 km NNE.
Three erup tions oc curred on 27 May, with plumes ris ing to 6.7, 8.8, and 10.1 km al ti tude. Cour tesy of KVERT;
photo by Yu. Demyanchuk.

Fig ure 4. Pho to graph of Kliuchevskoi on 31 May 2007 show ing an ash
plume from the sum mit and a large steam plume ris ing from the E flank
where lava flows were in ter act ing with ice. Note snow line in the
fore ground. Cour tesy of KVERT; photo by Yu. Demyanchuk.



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); To kyo Vol -
ca nic Ash Ad vi sory Cen ter, To kyo, Ja pan (URL http://ds.
data.jma.go.jp/svd/vaac/data/); RIA Novosti, Rus sian News
and Information Agency, 4 Zubovsky Bulvar, 119021,
Moscow, Russia (URL: http://en.rian.ru/).

Kilauea

Ha wai ian Is lands, USA
19.421°N, 155.287°W; sum mit elev. 1,222 m

All times are lo cal (= UTC - 10 hours)

Ac cord ing to the Ha wai ian Vol cano Ob ser va tory
(HVO) of the U.S. Geo log i cal Sur vey (USGS), Kilauea’s
erup tion that be gan in 1983 had by Jan u ary 2007 emit ted 3.
1 km3 of lava, cov er ing 117 km2 of land sur face, and add ing 
201 hect ares (201 x 104 m2) to Kilauea’s south ern shore.
HVO has di vided the multi-de cade erup tive in ter val into a
se ries of ep i sodes, and on 19 June 2007 they an nounced the 
start of ep i sode 56. This back ground sec tion pro vides con -
text on the later re port con sist ing of sub sec tions dis cuss ing
1 April-19 June 2007 (ep i sode 55) ac tiv ity and some large
earth quakes dur ing 2006 and 2007.

Fig ure 5 pro vides an over view 
of the E and SW rift zones. The
lower di a gram shows re la tion -
ships be tween ma jor fea tures on
the sur face and those in ferred at
depth. The on go ing erup tion has
of ten emit ted lavas from it’s
upslope vent, Pu`u `O`o, leav ing
an up per flow-field laden with a
com plex se ries of lava flows, lava 
tubes, and related features.

Fig ure 6 con sists of a map of
the Pu`u `O`o re gion of Kilauea
and the names ap plied to many of
the fea tures there as of June 2006. 
For com par i son, maps cur rent
through parts of 2004 ap peared
pre vi ously (BGVN  29:02 and
29:09). A newer map cre ated dur -
ing late 2006 ex tends cov er age
slightly far ther to the S (fig ure 7).
The Campout flow dis charged
from the  Pr ince Kuhio
Kalaniana`ole (PKK) lava tube at
a spot ~ 1 km S of Pu`u `O`o.

The Campout flow emerged
dur ing May 2006. It ad vanced
over the sur face and ul ti mately
reached the ocean (fig ure 8). The
Campout flow later evolved a
lava tube sys tem that ex tended
8-10 km S, bring ing lava to an
ocean en try at E Ka`ili`ili. A third
en try, fed by an off shoot of the
Campout flow, be came ac tive on
26 De cem ber 2006. The PKK
lavas met the sea at E Lae`apuki.

Ac tiv ity dur ing 1 April-19
June 2007. Our pre vi ous re port
noted lava flows reach ing the
ocean be tween De cem ber 2006
and March 2007 (BGVN 32:05).
Earth quake swarms that be gan in
mid-May along the up per rift are
dis cussed in a sep a rate sub sec tion 
below.
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Fig ure 5. Plan-view and cross-sec tional di a grams il lus trat ing the is land of Ha waii (the larg est and south ern most
in the Ha wai ian chain) show ing se lected volcanological fea tures. The in set shows the five vol ca noes that
com prise the is land (old to young): Kohala, Hualalai, Mauna Kea, Mauna Loa, and Kilauea. Kilauea is cut by the
SW and E rift zones, and the sum mit cal dera lies near their in ter sec tion. From the sum mit cal dera the E rift zone
ex tends 55 km to the east ern tip of the is land. Along that path lies a string of crat ers, in clud ing Mauna Ulu and
Pu`u `O`o. The cross-sec tion dis plays a sim pli fied model of Kilauea’s in ferred in ter nal struc ture. Note the
lo ca tion of vents, at Pu`u ̀ O`o and else where along a fis sure, along the E rift zone. The di a gram also shows a lava
tube run ning from Pu`u `O`o to the sea. Cour tesy of HVO-USGS.



Dur ing 1 April to 19 June 2007, sev eral key path ways
re mained ac tive down Kilauea’s flanks (fig ures 7 and 8).
First, lava emerged from the PKK tube at the top of Pulama
pali and then con tin ued as sur face flows down the pali. The
Campout lava tube con tin ued to pro vide lava to the coast at
the Kamokuna ocean en try. The Campout lava tube also fed 
an east ward branch that emerged
at the low-el e va tion end of the
Royal Gar dens, a long-aban doned 
hous ing sub di vi sion (fig ure 8)
where lava ig nited fires on 11
April. The Campout lava tube
also fed a west ward branch to the
coastal plain in land of the E
Lae`apuki sea cliff, al though the
ocean en try was not vis i ble. Dur -
ing the  re  por t  ing in  ter  val,
Kamokuna was the only con sis -
tently active ocean entry point.

Dur ing 4-24 April, in can des -
cence was in ter mit tently vis i ble
from sev eral break outs on the
Pulama pali and from sev eral
vents in Pu’u ‘O’o’s crater. On 11 
April, lava from the E arm of the
Campout flow ig nited fires at the
base of the long-aban doned hous -
ing sub-di vi sion called Royal
Gardens.

Through out May, lava from
Kilauea con tin ued to flow SE
across a lava delta into the ocean
at the Kamokuna en try. In can des -
cence was vis i ble from sev eral
vents in the Pu’u ‘O’o crater and
from break outs on, above, and at
the base of the Pulama pali fault
scarp.  Dur  ing 3-4 May, the
Campout  f low sent large
channelized a’a’ flows de scend -
ing down the pali. On 4 May, a
sheet flow ponded lava at the base 
of the Royal Gardens.

On 8 May, HVO sci en tists re -
ported that for the past sev eral
months, Kilauea cal dera wid ened
at a rate of 1.5 cm/month. Mul ti -
ple up dates around this time noted 
that Pu’u ‘O’o crater was slowly
col laps ing. This was in di cated by
both new cracks on the S flank
and sub si dence of the N flank at a
rate of 1 cm/month.

On 10 May, ~ 6.5 hect ares of
the E Lae`apuki bench col lapsed,
start ing from the E-side and mov -
ing pro gres sively west ward. Ob -
serv ers saw the col lapse dur ing
the time in ter val 1625-1900. The
event gen er ated the stron gest seis -
mic sig nals dur ing 1711-1855.
Each sec tion of col lapse gen er -
ated steam-plume emis sions oc ca -
sion ally black ened by rock frag -

ments. The plumes re sulted from the ex plo sive in ter ac tion
be tween sea wa ter and in can des cent rock ex posed im me di -
ately af ter each sec tion col lapsed. On 11 May, HVO sci en -
tists sur veyed the col lapse and mapped cracks in land of the
sea cliff. They found recently fallen fragments covering 1.2 
hectares.
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Fig ure 6. Map of Kilauea’s up per SE flank made in June 2006. The map shows the Pu`u `O`o cone and crater
(“rim” points to the crater’s NW rim), along with nearby vents, lava flows, and nu mer ous other fea tures.
Ap prox i mate area is out lined in fig ure 5. Features ac tive in 2005-06 in cluded the num bered vents in the crater, the
MLK vent com plex and as so ci ated lava flows, and the Puka Nui vent. The up per PKK (Kuhio) lava flow, with an
as so ci ated tube (solid line) feeds lava flows that reach the ocean. Cour tesy of USGS-HVO.

Fig ure 7. Map of Kilauea show ing events at Pu`u ̀ O`O and vi cin ity through De cem ber 2006. The map shows the
up per flow field, in clud ing the lo ca tion of crater and flank vents, col lapse and sub si dence ar eas, lava tubes and
new shat ter rings, and the up per Campout flow. Cour tesy of HVO (HVO, 2006).



On 16 May, lava from the E-arm of the Campout flow
ad vanced along the coastal plain from the base of the Royal
Gar dens to reach the ocean at Poupou, a spot ~ 1.6 km E of
the Kamokuna en try. On 18 May, HVO field crews re -
ported a delta there reach ing 20 m wide. At Poupou, dur ing
23 May-19 June, lava con tin ued to flow SE across this
grow ing lava delta into the ocean. By 24 May, lava had
ceased en ter ing the ocean at Kamokuna.

On 18 May, a large lava flow broke out of the PKK lava
tube at the site of an old sky light named Pe tu nia. The sky -
light con nected to the PKK lava tube ~ 400 m SE from the
tube’s head. The Pe tu nia sky light (fig ure 7) is located in the 
midst of the up per PKK flows. Color pho tos of the lava
vent ing on 18 May (fig ure 9) in di cate that the new lava
flows have large tongues with prom i nent zones of
incandescence.

The 18 May HVO up date noted that on the coastal
plain, 1-2 km2 of hot, in flat ing flows were ooz ing be tween
Royal Gar dens sub di vi sion and the Poupou en try. The ad -
vance to ward the coast had be come three-pronged, two on
ei ther edge of the now in ac tive Ka`ili`ili branch of the
Campout flow and one far ther E. The mid dle prong fed the
grow ing Poupou en try. The west ern prong, ad vanc ing
along the the west ern edge of the same branch, is still more
than 800 m from the ocean. A nar row east ern prong ad -
vanced along the far east ern bound ary of the Na tional Park,
and still re mained ~ 500 m from the ocean. This pat tern of
be hav ior continued through the rest of May.

The 2 June HVO re port stated that the PKK lava tube,
still the pri mary tube from Pu`u `O`o, fed the Campout and
the Pe tu nia lava tubes. The Pe tu nia flow had ad vanced ~ 2
km but was not yet vis i ble be low the pali. The Kamokuna
and E Lae`apuki ocean en tries were not active.

Dur ing the week 6-12 June 2007, ae rial and sat el lite ob -
ser va tions con firmed that the Pe tu nia flow re mained ac tive

but was still about the same length. Sur face flows were also 
doc u mented in land of the Poupou en try on the E side of the
flow field. On 14 June, the Pe tu nia flow went over the top
of the Pulama pali. On 16 June, the front of the Pe tu nia flow 
ad vanced down the Pulama pali and was ~ 90-180 m wide.

An E rift in tru sion was in ferred from in creased ac tiv ity
at Kilauea’s sum mit on 17 June. By the morn ing of 19 June, 
a small pad of lava was erupted on the NE flank of Kane
Nui o Hamo shield. When crews con ducted ground-based
map ping of the new lava flow about a week later, HVO re -
ported that the erup tion oc curred from two places along the
fis sure, sep a rated by ~ 40 m.

Kiholo Bay earth quake, Oc to ber 2006. On 15 Oc to ber
2006 an Mw 6.7  earth  quake
struck off the NNW shore of the
is land of Ha waii (~ 11 km NNW
of the town of Kalaoa). The fo cal
depth was 29 km. Seven min utes
later an Mw 6.0 event fol lowed,
part of over 50 after shocks that
oc curred.

The in ten sity was stron gest
slightly NE of the bay, where it
yielded a max i mum Mod i fied
Mercali value of VII-VIII (very
strong to se vere).  I t was felt
through out the re gion; on Maui
some ar eas may have reached in -
ten sity VI. Earth quakes of this
type are gen er ally in ferred to
result  f rom bend ing stresses
within the Pa cific plate caused by
the weight of over ly ing islands.

Twelve in stru ments on Ha -
waii re corded the shak ing. De -
spite  i ts mod er ate depth, the
earth quake gen er ated high ac cel -
er a tions to the epi cen ter’s NE. An 
in stru ment at the Waimea fire sta -
tion mea sured large peak ground
ac cel er a tions nearly equiv a lent to
grav ity in both the ver ti cal (0.
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Fig ure 9. An oblique ae rial photo show ing a new vent in Kilauea’s up per
flow field, 18 May 2007. On this date the for mer Pe tu nia sky light served
as the vent for a fairly large lava flow. The point of emis sion is at the lower
left, with lava flow ing to wards the right (mov ing S or SE). The new lavas
ex truded amid the much broader PKK (Kuhio) flow. Cour tesy of HVO.

Fig ure 8. Map of Kilauea’s erup tion site show ing the lo ca tion of lava flows, tubes, and ocean en tries ac tive dur ing
Jan u ary-March 2007. Cour tesy of HVO-USGS.



88g) and hor i zon tal (1.05g) com po nents. These peak val -
ues, which in di cate the high-fre quency con tent of the
ground mo tion, pri mar ily af fected ac cel er a tion-sen si tive
bod ies, such as liq uid in con tain ers and nonstructural el e -
ments. The ground mo tions at lon ger pe ri ods (eg., over 1
sec ond), how ever, were suf fi ciently small to avert full-scale 
building destruction. There were no reported deaths.

The earth quake trig gered nu mer ous land slides, closed
roads, and dam aged at least 1,173 build ings. Power out ages 
oc curred through out the Ha wai ian Is lands. The dam age es -
ti mates in a later re port were high, over 100 mil lion dol lars,
roughly twenty-fold larger than oth ers in area, al though
sev eral had larger mag ni tudes and intensities.

2007 earth quake swarm on the rift zone. A swarm of
mod er ate mag ni tude earth quakes took place along
Kilauea’s rift zone be gin ning 12 May 2007. Since 1998, a
few earth quakes with mag ni tudes greater than 4.0 have oc -
curred at shal low depths be neath the up per E rift zone. 

For ex am ple, HVO re corded an M 4.7 earth quake at
0913 on 24 May, lo cated be neath the up per E rift zone, near 
Kilauea’s sum mit at Puhimau crater (at the up per end of
Chain of Crat ers road, fig ure 5) at a depth of 2 km. On 24
May an M 4.1 after shock oc curred 20 min utes af ter the
main shock, lo cated 1.5 km far ther down-rift, be neath
Koko`olau crater. An M 3.9 after shock oc curred at 1051
and was lo cated 4 km far ther down-rift than the M 4.7 at a
depth of 1 km. An M 3.9 after shock oc curred at 1051 and
was lo cated an other 2.5 km down-rift at a depth of 1 km.

On 17 June, a swarm of earth quakes and rapid de fla tion
be gan at 0215 in the up per E rift zone. The earth quakes
were cen tered ~ 1 km SW of Mauna Ulu and about 1.5-3
km deep. About 70 earth quakes were re corded in the first 2
hours; at least 10 of those earth quakes were M 3 or greater.
Na tional Park Ser vice crews evac u ated vis i tors and closed
the Chain of Crat ers road and the Crater Rim Drive be tween 
Jaggar mu seum and the Thurston lava tube park ing lot.
Fresh cracks ~ 2 cm wide opened in the Chain of Crat ers
road near the Mauna Ulu turn off. GPS re ceiv ers in the area
of most in tense seis mic ac tiv ity near Makaopuhi crater doc -
u mented ~ 10 cm of wid en ing across the rift zone,. HVO
ob serv ers noted rockfalls from the S wall of Pu`u `O`o cone 
and col lapse of the crater floor around the vents.

Al though these were clearly smaller and less dam ag ing
than the Kiholo bay earth quake, they oc curred along the ac -
tive vent and fis sure sys tem. Sub stan tial earth quakes in this
im por tant re gion con tin ued through at least mid-Au gust
(in clud ing an M 5.4 earth quake on 13 August).

Ref er ences: Ha wai ian Vol cano Ob ser va tory, 2006,
Quar terly Re port of the USGS Ha wai ian Vol cano Ob ser va -
tory (HVO), Oc to ber-De cem ber 2006.

Ha wai ian Vol cano Ob ser va tory, 2007, Quar terly Re port 
of the USGS Ha wai ian Vol cano Ob ser va tory (HVO), Jan u -
ary-March 2007.

Klein, F.W., Frankel, A.D., Mueller, C.S., Wesson, R.
L., and Okubo, P.G., 2001, Seis mic haz ard in Ha waii: high
rate of large earth quakes and proba bil is tic ground mo tion
maps: Bul le tin of the Seis mo log i cal So ci ety of Amer ica, v.
91, p. 479-498.

Rob ert son, I.N., Nichol son, P.G., and Brandes, H.G.,
2006, Re con nais sance Fol low ing the Oc to ber 15th, 2006
Earth quakes on the Is land of Hawai’i: Uni ver sity of Ha -
waii, De part ment of Civil and En vi ron men tal En gi neer ing
Re search Re port, UHM/CEE/06-07 (URL: http://www.cee.
ha waii.edu/).

U.S. Geo log i cal Sur vey Com mu nity Internet In ten sity
Map, 2006 (http://pas a dena.wr.usgs.gov/shake/STORE/
Xtwbh_06/ciim_dis play.html).

U.S. Geo log i cal Sur vey ShakeMaps, 2006, (URL: http:/
/earth quake.usgs.gov/eqcenter/shakemap/global/shake/
twbh_06/).

Geo logic Sum mary. Kilauea vol cano, which over laps
the E flank of the mas sive Mauna Loa shield vol cano, has
been Ha waii’s most ac tive vol cano dur ing his tor i cal time.
Erup tions of Kilauea are prom i nent in Poly ne sian leg ends;
writ ten doc u men ta tion ex tend ing back to only 1820 re cords 
fre quent sum mit and flank lava flow erup tions that were in -
ter spersed with pe ri ods of long-term lava lake ac tiv ity that
lasted un til 1924 at Halemaumau crater, within the sum mit
cal dera. The 3 x 5 km cal dera was formed in sev eral stages
about 1,500 years ago and dur ing the 18th cen tury; erup -
tions have also orig i nated from the lengthy E and SW rift
zones, which ex tend to the sea on both sides of the vol cano. 
About 90% of the sur face of the ba saltic shield vol cano is
formed of lava flows less than about 1,100 years old; 70%
of the vol cano’s sur face is youn ger than 600 years. A
long-term erup tion from the E rift zone that be gan in 1983
has pro duced lava flows cov er ing more than 100 sq km, de -
stroy ing nearly 200 houses and adding new coastline to the
island.

In for ma tion Con tacts: Ha wai ian Vol cano Ob ser va tory 
(HVO), U.S. Geo log i cal Sur vey, PO Box 51, Hawai’i Na -
tional Park, HI 96718, USA (URL: http://hvo.wr.usgs.gov/; 
Email:hvo-info@hvomail.wr.usgs.gov); and As so ci ated
Press.

White Is land

New Zea land
37.52°S, 177.18°E; sum mit elev. 321 m

Ac cord ing to Tony Hurst, re port ing in the GNS Sci ence
Alert Bul le tin of 6 March 2007, GeoNet con ducted a visit to 
White Is land on 23 Feb ru ary 2007 and found that the wa ter
level in the crater lake had fallen by 1.2 m in 10 days. The
lake was 9 m be low the over flow level, the re sult of rapid
evap o ra tion, with the lake tem per a ture mea sured at 74ºC.
The fall ing level has re duced the area of the lake by about
10%, and vol ume by 20%, but there have been no in di ca -
tions of vol ca nic ac tiv ity. How ever, the fall ing wa ter level
could reduce the pres sure in the geo ther mal sys tem, re sult -
ing in lo cal boil ing events at depth in the lake, and
producing transient steam plumes.

An other Alert Bul le tin pre pared by Brad Scott on 3 May 
2007 noted that the Alert Level for White Is land re mained
at 1. The rapid de crease in the level of the crater lake seen
over the last few months has con tin ued. Re cent ob ser va -
tions con firmed that the lake was more than 28 m be low
over flow level, and the depth of wa ter in the lake was likely 
to be about 10 m. The lake level fell very rap idly dur ing
April, sig nif i cantly de creas ing both the area and vol ume of
the lake. The tem per a ture of the lake de clined from 74 to
64ºC, prob a bly due to less in put from high-tem per a ture
steam vents, which are now above the lake. As the wa ter
level fell, many steam vents and fumaroles were ex posed,
pro duc ing tran sient steam plumes as high as 3 km some -
times mis taken as erup tions. How ever, no erup tions have
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oc curred, and no changes in any of the mon i tor ing data in -
di cate po ten tial increases in volcanic activity in the near
future.

Geo logic Sum mary. Un in hab ited 2 x 2.4 km White Is -
land, one of New Zea land’s most ac tive vol ca noes, is the
emer gent sum mit of a 16 x 18 km sub ma rine vol cano in the
Bay of Plenty about 50 km off shore of North Is land. The
321-m-high is  land con s ists  of  two over  lap  ping
andesitic-to-dacitic stratovolcanoes; the sum mit crater ap -
pears to be breached to the SE be cause the shore line cor re -
sponds to the level of sev eral notches in the SE crater wall.
Volckner Rocks, four sea stacks that are rem nants of a lava
dome, lie 5 km NNE of White Is land. In ter mit tent mod er ate 
phreatomagmatic and strombolian erup tions have oc curred
at White Is land through out the short his tor i cal pe riod be -
gin ning in 1826, but its ac tiv ity also forms a prom i nent part
of Maori leg ends. For ma tion of many new vents dur ing the
19th and 20th cen tu ries has pro duced rapid changes in
crater floor to pog ra phy. Col lapse of the crater wall in 1914
pro duced a de bris av a lanche that buried buildings and
workers at a sulfur-mining project.

In for ma tion Con tacts: GeoNet, a col lab o ra tion be -
tween the Earth quake Com mis sion and GNS Sci ence
(URL: http://www.geonet.org.nz/); GNS Sci ence, Wairakei
Re search Cen ter, Pri vate Bag 2000, Taupo 3352, New Zea -
land (URL: http://www.gns.cri.nz/); Earth quake Com mis -
sion (EQC), PO Box 790, Wellington, New Zea land (URL:
http://www.eqc.govt.nz/).

Ruapehu

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

This ma te rial sup ple ments our most re cent Bul le tin re -
port on Ruapehu (BGVN 32:03). There we in di cated that
the tephra dam at Crater lake burst on 18 March 2007, ini ti -
at ing a lahar. Only a por tion of the lake drained, a body that
con tains ~ 9 × 106 m3 of hot acidic wa ter at 2,530 m el e va -
tion (Manville and oth ers, 2007). Re cent pic tures taken be -
fore and af ter the event show a por tion of the lahar chan nel
(fig ures 10 and 11). This lahar was among the best stud ied
and care fully in stru mented to date and may shed light on
how vol cano dams fail. Vernon Manville co or di nated the
sci ence re sponse to the lahar and noted that the large boul -
der that serves as a scale in fig ures 10 and 11 is “a large
chunk of older (prob a bly pre-gla cial) lahar de pos its. Its
long axis is about 10 m, which would give 10-15 m of
aggradation in the channel as a result of the 2007 lahar.”

An ar ti cle in Sci ence (Bohannon, 2007) de scribed the
tech nol ogy used by the New Zea land De part ment of Con -
ser va tion to warn of an im pend ing lahar and to pre dict its
path. Prior to the fail ure, di rect cur rent (dc) re sis tiv ity sur -
veys were made across the tephra dam in 2005, 2006, and
2007 (Turner and oth ers, 2007). In ves ti ga tors found the
dam’s elec tri cal con duc tiv ity, which is sen si tive to the de -
gree of wa ter sat u ra tion, dropped as the lake wa ter level
rose and wa ter in fil trated into the tephra dam. The Jan u ary
2007 mea sure ment found a large in crease in con duc tiv ity,
sug gest ing that the dam had become close to saturated.

The early warn ing sys tem in cluded geo phones at the
lake’s rim and on the slopes, a bur ied wire set to trip when

the dam burst, and a me ter in the lake to re cord sud den
drops in the lake level. On 18 March, the in stru ments re -
corded a breach in the tephra dam and the re sult ing lahar,
which gen er ated an alarm mes sage trans mit ted au to mat i -
cally to sci en tists, po lice, and high way au thor i ties. No one
was in jured and dam age was mi nor, even though the lahar
trav eled 155 km to the ocean. Ac cord ing to the ar ti cle, data
in di cated that the surg ing lahar may have pro duced a
soliton, a stand ing wave that is able to prop a gate over great
dis tances without losing energy or changing shape.

The Sci ence ar ti cle also in di cated that re search ers are
de vel op ing “be fore” and “af ter” land scape im ages to gain
in sight into pos si ble fu ture lahar routes. To ac com plish this, 
re search ers have col lected sam ples and used Global Po si -
tion ing Sys tem mea sure ments and light de tec tion and rang -
ing (LIDAR) tech nol ogy to map the com po si tion and dis tri -
bu t ion of  ma te  r ial  on the  s lopes  and to  de  velop
three-di men sional models of land features.

Ac cord ing to a US Na tional Sci ence Foun da tion press
re lease (NSF, 2007), a Uni ver sity of Ha waii vol ca nol o gist,
Sa rah Fagents, is us ing the data from Ruapehu to de velop a
com puter model to sim u late the route a fu ture lahar would
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Fig ure 10. Ruapehu’s lahar chan nel just be fore the col lapse of Crater
Lake’s walls on 18 March 2007. Point of tri an gle in di cates a large boul der
to the right of the river chan nel; it’s long axis is ~ 10 m in length. Cour tesy
of Vern Manville and Rebecca Carey, and the U.S. Na tional Sci ence
Foun da tion.

Fig ure 11. Ruapehu’s lahar chan nel just af ter the col lapse of Crater Lake’s
walls on 18 March 2007. Point of tri an gle in di cates the same boul der as in
the pre vi ous fig ure. Cour tesy of Vern Manville, Sa rah Fagents, and the U.
S. Na tional Sci ence Foun da tion.



take and to pre dict the as so ci ated haz ards. The model
would even tu ally con sider dif fer ent lahar trig ger ing mech a -
nisms, and in cor po rate al low ances for dif fer ent locations,
to make it widely applicable.

Ref er ences: Bohannon, J., 2007, Geo phys ics—Stalk ing 
a vol ca nic tor rent:  Sci ence v. 316, p. 1562-1563, 15 June
2007 (URL: http://www.sciencemag.org/).

Manville, V.R., Hodgson, K.A., and Nairn, I.A., 2007,
A re view of break-out floods from volcanogenic lakes in
New Zea land:  New Zea land Jour nal of Ge ol ogy and Geo -
phys ics, v. 50, no. 2, p. 131-150.

Na tional Sci ence Foun da tion, 2007, Ge ol o gists Wit ness 
Unique Vol ca nic Mud flow in Ac tion in New Zea land, 13
July 2007: NSF press re lease 07-077.

Turner, G., Ingham, M., and Bibby, H., 2007, Elec tri cal
re sis tiv ity mon i tor ing of seep age and sta bil ity of the tephra
bar rier at Crater Lake, Mt Ruapehu, New Zea land:  Geo -
phys i cal Re search Ab stracts, v. 9, p. 11630.

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

In for ma tion Con tacts: Vern Manville, In sti tute of Geo -
log i cal & Nu clear Sci ences (GNS), Wairakei Re search
Cen tre, Pri vate Bag 2000, Taupo 2730, New Zea land; Sa -
rah Fagents and Rebecca Carey, School of Ocean and

Earth Sci ence and Tech nol ogy (SOEST), Uni ver sity of Ha -
waii at Manoa (Email: fagents@higp.ha waii.edu and
beccarey@ha waii.edu); Na tional Sci ence Foun da tion,
4201 Wil son Bou le vard, Arlington, VA 22230, USA (http:/
/ w w w . n s f . g o v / n e w s / n e w s _ i m  a g e s .
jsp?cntn_id=109702&org=NSF).

Rabaul

New Brit ain, SW Pa cific
4.271°S, 152.203°E; sum mit elev. 688 m

All times are lo cal (= UTC +10 hours)

Dur ing April and May 2007 (BGVN 32:05) and through
mid-June 2007, the Rabaul Volcanological Ob ser va tory
(RVO) re ported that low-level ac tiv ity con tin ued at
Tavurvur. Be tween the af ter noon of 19 June and the morn -
ing of 20 June, four ex plo sions oc curred (at 1745 and 1928
hours on 19 June, and at 0319 and 0933 on 20 June) pro -
duc ing shockwaves that rat tled win dows of houses in
Rabaul Town and sur round ing ar eas. The ex plo sions also
show ered the flanks with lava fragments.

Ash clouds from the 19 and 20 June ex plo sions rose
about 2 km be fore be ing blown to the NW, re sult ing in
mod er ate ashfall in Rabaul and down wind ar eas such as
Ratavul, Volavolo, and Nonga vil lages (each on the SE
shore of Talili Bay about 10 km NW from the Tavurvur
sum mit). Weak-to-mod er ate glow was vis i ble at night, and
oc ca sional weak-to-loud roar ing noises, prob a bly due to
steam pro duc tion, con tin ued to be heard dur ing the above
1-day pe riod. RVO at trib uted the June-July 2007 erup tions
to re sult from re sid ual unquenched magma re main ing from
the erup tion of Oc to ber 2006 (figure 12).

Sum ma ries of geo phys i cal ac tiv ity at Rabaul for
June-July 2007 are shown in ta bles 1 and 2. Af ter the four
big ex plo sions on 19 and 20 June, Tavurvur emit ted vari -
able vol umes of white va por con tain ing very lit tle ash con -
tent for the next two days. These emis sions were ac com pa -
nied by blue va por clouds that rose less than 1 km be fore
drift ing N-NW. Very fine ashfall oc curred down wind, in -
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Date (2007)
High-fre quency earth quakes:

date (num ber)

Low-fre quency earth quakes:

date (num ber)

Ex plo sion earth quakes:

date (num ber)

Com ments on level
of seis mic ity 

04-15 June None ¾ ¾ Low 

16-20 June 8 June (1), 18 June (3), 19 June (1) (all
orig i nated NE of Rabaul cal dera)

19 June (26) 19 June (2), 20 June (2) Low to mod er ate 

20-21 June 21 June (1) (orig i nated NE of Rabaul) 43 to tal. 21 June (1) (weak) Low to mod er ate 

22-25 June Eight to tal. [102 to tal—five orig i nated NE of
cal dera, two from S ( 2.5 km S of
Raluana), one from NW ( 2 km S of
Watom Is land)]

¾ Low to mod er ate 

26-29 June ¾ (range of 27-44 per day—slightly
higher than nor mal back ground)

¾ Low to mod er ate 

02-14 July None 3-6 July (range of 9-11 per day, 7-10
July (range of 2-6 per day, 10-14 July
(1-7 of per day)

5 July (1) Low 

14-17 July None Five on 14 July, 0 on 15 July, 55 on 16
July

17 July (1) Slight in crease to
mod er ate 

18-21 July ¾ Eleven to tal ¾ De crease to low

Ta ble 1. Sum mary of seis mic ac tiv ity at Rabaul dur ing June-July 2007. Cour tesy of RVO.



clud ing in Rabaul Town where mild smell of hy dro gen sul -
phide (H2S)gas was ev i dent. Oc ca sional weak roar ing
noises were heard ac com pa ny ing the va por emis sions, and
weak-to-mod er ate glow was vis i ble at night. Thick white
va por was emit ted from the crater on the morn ing following 
rain on the night of 21 June 2007.

By 22 June ac tiv ity had re turned to a low level, with
emis sions con sist ing of mod er ate to dense white and blue
va por ris ing to about 1 km. An odor of H2S gas was ev i dent
in Rabaul Town on 22 and 25 June (along with rain that
stung the eyes on 25 June). Oc ca sional weak roar ing noises
con tin ued to be heard ac com pa ny ing the va por emis sions,
and weak to mod er ate red glow was visible at night.

Tavurvur re mained quiet dur ing 26-28 June 2007. Vari -
able amounts of white fume were pro duced, the quan tity of
steam pres ent re flect ing at mo spheric con di tions (such as
tem per a ture and hu mid ity). Mod er ately strong night-time
glow was still pres ent, but Tavurvur made no sound. A
slight smell of H2S lin gered down wind. An M 6.7 earth -
quake that oc curred at 1252 on 28 June was lo cated be neath 
the Sol o mon Sea, but it was not re lated to vol ca nic ac tiv ity.

Tavurvur re mained quiet dur ing 2-4 July 2007, re leas ing
variable amounts of white vapor.

A big ex plo sion oc curred at 0511 on 5 July, pro duc ing a 
shock wave that rat tled houses in Rabaul Town and sur -
round ing vil lages. A thick gray ash cloud rose ~ 2 km
above the sum mit be fore be ing blown N to NW. Fine
ashfall oc curred in Rabaul and ar eas down wind. A weak
glow was vis i ble at night and oc ca sional weak to loud roar -
ing noises were oc ca sion ally heard. A slight smell of sul -
phur lin gered down wind. A ther mal im age taken from RVO 
in di cated that the vol cano was rel a tively cool. A weak glow 
was vis i ble around the crater rim on 7 July.

Tavurvur re leased pale gray ash clouds from about 1400 
on 10 July to 11 July 2007. The ash clouds rose less than
500 m above the sum mit and were blown to the N and NW
of the vol cano. Fine ashfall oc curred at Rabaul and vil lages
down wind be tween 10 and 11 July. From 12 un til 14 July,
the emis sion re turned to white, thin-to-thick va por ac com -
pa nied by blue va por that con tin ued to drift to the N and
NW. Down wind there was still a weak smell of sul phur in
the emis sion. Oc ca sional low roar ing noise was heard and a 
weak to mod er ate glow was vis i ble above the crater rim.

Dur ing 14-16 July, Tavurvur was only re leas ing vari -
able amounts of white va por ac com pa nied by blue va por.
Oc ca sional low roar ing noise was heard dur ing the above
pe riod and a weak to mod er ate red glow was vis i ble above
the crater rim.

A large sin gle ex plo sion oc curred at Tavurvur at 0648
on 17 July 2007. The ex plo sion was ac com pa nied by a loud 
boom ing noise and a thick brown ash cloud that show ered
the flanks with lava frag ments. The ash cloud rose about 1.
5 km above the sum mit be fore curv ing NW of the vol cano
over Rabaul and Malaguna vil lage. Fine-to-mod er ate
ashfall oc curred in Rabaul and Malaguna and areas
downwind.

Low ac tiv ity at Tavurvur con tin ued dur ing 18-22 July
2007. Af ter the ex plo sion on 17 July, Tavurvur con tin ued
to re lease vari able amounts of white va por ac com pa nied by
blue va por that was blown N to NW of the vol cano. Some
of the white va por emis sions con tained a small amount of
ash. Smell of sul phur oc curred on the down wind side of the

va por plume on 19 July. Oc ca -
sional low roar ing noise con tin -
ued to be heard dur ing the above
pe riod and a weak to mod er ate
red glow was visible above the
crater rim.

MODIS/MODVOLC data.
MODIS sat el lite ther mal anom a -
lies mea sured be tween 16 No -
vem ber 2006 and 23 July 2007
are shown in ta ble 3; no ther mal
anom a lies were mea sured be -
tween 17 No vem ber 2006 and 12
February 2007.

Geo logic  Sum mary.  The
low-ly ing Rabaul cal dera on the
tip of the Ga zelle Pen in sula at the
NE end of New Brit ain forms a
broad shel tered har bor uti lized by
what was the is land’s larg est city
prior to a ma jor erup tion in 1994.
The outer  f lanks  of  the
688-m-high asym met  r i  cal
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Date (2007)
Global po si tion ing

sys tem (GPS)

Wa ter tube tilt

mon i tor ing
Com ments

04 Jun-08 Jun slight up lift slight up lift in sig nif i cant!

08 Jun-18 Jun slight in fla tion slight in fla tion pres sure build-up

20 Jun-22 Jun no ap par ent de for ma tion no ap par ent de for ma tion

22 Jun-26 Jun slight up lift slight up lift

26 Jun-28 Jun sta ble sta ble

28 Jun-29 Jun slight sub si dence slight sub si dence

03 Jul-06 Jul low-level de for ma tion low-level de for ma tion

06 Jul mi nor in fla tion mi nor in fla tion

07 Jul-08 Jul sta ble sta ble

09 Jul-10 Jul fur ther in fla tion fur ther in fla tion pre cur sor to ash re lease on
10-11 July

11 Jul sub si dence sub si dence

14 Jul-16 Jul mi nor in fla tion mi nor in fla tion hor  i  zon ta l  move ment
twice that of  ver ti  cal
move ment

18 Jul-22 Jul in fla tion trend in fla tion trend north ward move ment

Ta ble 2. Sum mary of Rabaul ground de for ma tion, June-July 2007. Cour tesy of RVO.

Fig ure 12. Erup tion of the Tavurvur cone, seen from across the har bor
formed by Rabaul cal dera. The photo was taken at 0900 on 7 Oc to ber
2006. Cour tesy of Reinhard Lorenz.



pyroclast ic  shie ld  vol cano are  formed by thick
pyroclastic-flow de pos its. The 8 x 14 km cal dera is widely
breached on the E, where its floor is flooded by Blanche
Bay and was formed about 1400 years ago. An ear lier cal -
dera-form ing erup tion about 7,100 years ago is now con sid -
ered to have orig i nated from Tavui cal dera, off shore to the
N. Three small stratovolcanoes lie out side the N and NE
cal dera rims of Rabaul. Post-cal dera erup tions built ba -
saltic-to-dacitic pyroclastic cones on the cal dera floor near
the NE and west ern cal dera walls. Sev eral of these, in clud -
ing Vul can cone, which was formed dur ing a large erup tion
in 1878, have pro duced ma jor ex plo sive ac tiv ity dur ing his -
tor i cal time. A pow er ful ex plo sive erup tion in 1994 oc -
curred si  mul ta  neously from Vul can and Tavurvur
volcanoes and forced the temporary abandonment of
Rabaul Town.

In for ma tion Con tacts: Steve Saunders and Herman
Patia, Rabaul Volcanological Ob ser va tory (RVO), De part -
ment of Min ing, Pri vate Mail Bag, Port Moresby Post Of -
fice, Na tional Capitol Dis trict, Pa pua New Guinea (Email:
hguria@global.net.pg, URL: http://www.pngndc.gov.pg/
Vol cano%20Bulletins.htm); Hawai’i In sti tute of Geo phys -
ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem, School 
of Ocean and Earth Sci ence and Tech nol ogy (SOEST),
Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu, HI 96822,
USA (URL: http://hotspot.higp.ha waii.edu/); Reinhard
Lorenz (Email: lorenz@online.net.pg).

Heard

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

Based on Hawai’i In sti tute of Geo phys ics and Plan e tol -
ogy (HIGP) Ther mal Alerts Sys tem MODVOLC anal y sis
of  MODIS (Mod er  a te  Res o  lu  t ion Im ag ing
Spectroradiometer) sat el lite ther mal anom aly data, Matt
Pat rick re ported in June 2007 that the erup tion at Heard that 
started about a year ago (BGVN 31:05, 31:11, and 32:03)
seemed to have ceased. Due to its iso lated lo ca tion, Heard
Is land is rarely vis ited, and sat el lite im ag ery pro vides the
only reg u lar in for ma tion on erup tive ac tiv ity. There have
been three erup tive pe ri ods of 11 months or lon ger dur ing
which ther mal anom a lies were fre quent since MODIS data
came online in early 2000 up to 21 July 2007 (table 4).

A graph pre pared by Pat rick and the HIGP Ther mal
Alert Sys tem Team (fig ure 13) show ing ra di ant heat out put
and dis tance of alert pix els from the vol cano vent (1
pixel=1 km) also shows the three sep a rate erup tions since
2000.  Pixel  dis  tances de ter mined from Ad vanced
Spaceborne Ther mal Emis sion and Re flec tion Ra di om e ter
(AS TER) data and the MODVOLC alert show that ac tiv ity
dur ing all three erup tions was cen tered around the sum mit
crater, with spo radic lava flows dur ing the 2000-2001 and
2006-2007 ep i sodes. Only the 2000-2001 erup tion clearly
fea tured long (i.e. sev eral ki lo me ter long) lava flows, as
shown by the > 3 km dis tance in July 2000 (fig ure 13). Pat -
rick noted that a 2-km-long lava flow seen in Land sat im ag -
ery early in the 2000 erup tion, on 7 July 2000 (fig ure 14),
was de tected by MODVOLC on 10 July 2000. How ever,
since the lo ca tion of the MODVOLC alerts from that time
pe riod were not far from the source vent, the alerts were not 
effective for showing the length of the lava flow.

The 2003-2004 and 2006-2007 ac tiv ity ap peared to be
largely lim ited to the sum mit crater, as in di cated by the
small MODVOLC dis tances (i.e. 1 km or less, with 1 km
be ing the size of the pix els and in her ent un cer tainty) and
AS TER data ex am ined. AS TER data did show a pos si ble
900-m-long flow to the SW of the vent in May 2006
(BGVN 31:05 and 31:11) and a clear 700-m-long flow of
lava ex tend ing NE of the sum mit crater in De cem ber 2006,
in di cat ing that small ef fu sive events have oc curred in ad di -
tion to cen tral vent ac tiv ity in the 2006-2007 phase. Pat rick
has not ob served to this time any ob vi ous ash plumes in the
AS TER im ages, but all of the im ages ex am ined ap peared to 
be partly cloudy.
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Date (UTC) Time (UTC)
Num ber of

Pix els
Sat el lite

13 Feb 2007 1225 2 Terra

08 Mar 2007 1230 1 Aqua

08 Mar 2007 1530 2 Terra

15 Mar 2007 1235 1 Terra

22 Mar 2007 1240 1 Terra

24 Mar 2007 1525 2 Aqua

05 Jun 2007 1220 1 Terra

05 Jun 2007 1520 1 Aqua

12 Jun 2007 1230 1 Terra

14 Jun 2007 1515 1 Aqua

23 Jun 2007 1510 1 Aqua

16 Jul 2007 1515 1 Aqua

23 Jul 2007 1225 1 Terra

Ta ble 3. MODIS ther mal anom aly data for 2007 for Rabaul. Cour tesy of
Hawai’i In sti tute of Geo phys ics and Plan e tol ogy (HIGP) Ther mal Alerts
Sys tem.

Erup tion First Anom aly Last Anom aly Du ra tion Com ments

2000-2001 07 Mar 2000 02 Feb 2001 332 days 857 days un til next erup tion. An ear lier re port (BGVN 28:01) in di cated that this
erup tion be gan in May 2000, while Pat rick’s data in di cated that MODIS ther mal
alerts be gan in March 2000.

2003-2004 09 Jun 2003 14 Jun 2004 371 days 635 days un til next erup tion

2006-2007 11 Mar 2006 06 Apr 2007 391 days A sin gle anom aly on 11-12 March 2006 was fol lowed by lack on anom a lies un til 6
May, when they be came fre quent. (Note: since 6 April 2007, only one, sin gle-pixel
anom aly has been mea sured—24 July 2007. Pat rick con cluded that the 2006-2007
erup tive phase of nearly daily alerts ended on 6 April 2006.)

Ta ble 4. Sum mary of erup tive ep i sodes at Heard based on MODVOLC anal y ses of MODIS ther mal sat el lite data. Cour tesy of Matt Pat rick.



Pat rick noted that it is dif fi cult to de ter mine ex actly how 
of ten ther mal anom a lies for Heard Is land may be com -
pletely ob scured by clouds. The ben e fit of MODIS is the
1-2 ob ser va tions per day, so that if ac tiv ity is in deed pres -
ent, it should not elude de tec tion for very long. In the
MODVOLC plot (fig ure 13), there were fairly reg u lar alerts 
over the course of a year or so at a time, during which there
must have been some cloud cover.

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: Matt 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/); Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) Ther mal Alerts Sys tem,
School of Ocean and Earth Sci ence and Tech nol ogy
(SOEST), Univ. of Hawai’i, 2525 Cor rea Road, Ho no lulu,
HI 96822, USA (URL: http://hotspot.higp.ha waii.edu/);
NASA Earth Ob ser va tory (URL: http://earthobservatory.
nasa.gov/NaturalHazards/).
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Fig ure 14. Land sat im age show ing ac tive flow at Heard Is land, 7 July
2000. Cour tesy of Matt Pat rick.

Fig ure 13. MODVOLC data for Heard show ing ra di ant heat out put (top)
and dis tance of alert pix els from the vent (bot tom), Jan u ary 2000-21 July
2007. Cour tesy of Matt Pat rick.


