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Manda Hararo

Ethi o pia
12.17°N, 40.82°E; sum mit elev. 600+ m

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

On 13 Au gust at 1315 a large sul fur-di ox ide (SO2)
cloud was de tected over Ethi o pia and Su dan by the Ozone
Mon i tor ing In stru ment (OMI) on NASA’s Aura sat el lite.
This was pre sumed to be the re sult of a vol ca nic erup tion in
west ern Afar, Ethi o pia, though the source was then un clear. 
Pre lim i nary anal y sis in di cated that the cloud con tained
~ 8,000 tons of SO2, al though a more pre cise es ti mate de -
pends on the al ti tude of the cloud, which was not known.

MODIS sat el lite im ag ery, in ter preted at the Uni ver sity
of Ha waii, showed the pres ence of a clus ter of hot-spots
cen tered at 12.25ºN, 40.65ºE late on 12 Au gust, pre sum -
ably cor re spond ing to an ac tive lava flow. The erup tion site
ap pears to lie within the Manda Hararo vol ca nic com plex
around 40 km SSE of Dabbahu vol cano, which had its first
his tor i cal erup tion in Sep tem ber 2005. The mas sive
105-km-long, 20-30 km-wide Manda Hararo com plex con -
sists of ba saltic shield vol ca noes cut by re gional fis sures
with no pre vi ously re corded his tor i cal erup tions. It is the
south ern most ax ial range of the west ern Afar re gion. OMI
data on 14 Au gust showed con tin u ing SO2 emis sions, al -
though by that day the ex tent of the MODIS ther mal anom -
aly had di min ished.

Lo cal res i dents re ported that there had been no pre cur -
sory ac tiv ity of any kind dur ing the days pre ced ing the
erup tions. The first sign of ac tiv ity was noted on 12 Au gust
when a sud den heavy crack ing sound was heard in the af -

fected area. The sound was heard first in the N part and
prop a gated con tin u ously to ward the S. Only a small ground 
tremor was felt at that time. At about 1730 on 13 Au gust,
“fire” started to be seen from the N in the di rec tion of
Gommoyta and con tin ued to the N, light ing up the en tire
area. A cur tain of “fire and smoke” rose high into the sky in 
the area and this ac tiv ity con tin ued with vari able in ten sity
un til it sub sided on the morn ing of 16 Au gust. The fright -
ened lo cal in hab it ants evac u ated the area and there fore did
not ob serve ef fu sion of the lava flows. So far no dam age to
life or prop erty has been re ported.

A field team was able to in ves ti gate the area of new
erup tions in the Manda Hararo re gion on 20 Au gust (fig ure
1). Karbahi is the name given to the rift’s ax ial seg ment/
graben, a re gion with nu mer ous ac tive nor mal faults, fis -
sures, and re cent ba salt flows, bounded by large nor mal
faults. Prom i nent fea tures in the Karbahi graben area in -
clude Gommoyta and Diyyilu fel sic vol ca noes, which are
found im me di ately to the N of this lo cal ity.

Ae rial ob ser va tions showed iso lated spots where in -
tense emis sion of gas (with dis tinct smell of sul fur di ox ide)
was tak ing place. In few places, white and yel low ish de pos -
its of sul fur were vis i ble. Long, dis con tin u ous fis sures, ar -
ranged en ech e lon, from which lavas had flowed on ei ther
side, pre dom i nantly trav el ing W to the graben floor (fig ure
2). Nu mer ous small spat ter and sco ria cones were aligned
on the fis sures. Red dish glow and rare flames were also ob -
served on top of some of the tiny crat ers of these cones.
Fault scarps with fresh breaks and rock falls were also vis i -
ble from the air, prob a bly show ing ev i dence of re cent
move ment. A nar row graben-like col lapse struc ture oblique 
to one of the fis sures was also ob served. The seg ment af -
fected by tec tonic and vol ca nic ac tiv ity was es ti mated (with 
the help of a he li cop ter pi lot) to mea sure 5-7 km long and 1
km wide.

Ground in ves ti ga tions found ba salt lava flows and
steam emis sions on go ing on 20 Au gust. While walk ing on
top of the lavas, sci en tists felt im mense heat em a nat ing
from the flow sur face. Each fis sure was cov ered by a con -
tin u ous row of small and closely spaced spat ter and sco ria
cones. Many of the cones them selves had tiny pits from
which both heat and gas es caped. The pits could not be en -
tered due to the heat and high nox ious gas con cen tra tions.
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Fig ure 1. Lo ca tion of the Manda Hararo fis sure erup tion (round dot).
Other fea tures shown in clude the Gabho and Dabbahu vol ca noes, and the
city of Semera. Cour tesy of Gezahegn Yirgu, Addis Ababa Uni ver sity.

Fig ure 2. Steam rises from new fis sures that fed lava flows at Manda
Hararo, as seen on 20 Au gust 2007. Cour tesy of Gezahegn Yirgu, Addis
Ababa Uni ver sity.



As seen from the air, a red dish glow and flames were seen
at some dis tant cones. One fis sure with its row of cones is
ori ented about N7°W to N10°W.

The ob served aa and pahoehoe flows were rel a tively
vis cous and did not travel be yond a few hun dred me ters
from their fis sure vents (fig ure 3). The over all thick ness of
the flows was vari able and reached sev eral me ters in places. 
Lava chan nels and tubes were abun dant. The spat ter ram -
parts and sco ria cones var ied in height from 2 to 10 m.
Spat ter and sco ria frag ments var ied from coarse lapilli to
bombs. The new lava was mod er ately por phy ritic with
small and sparse plagioclase pheno crysts. Field ob ser va -
tions found that the older lavas at the site ex hib ited the
same fea tures. Rep re sen ta tive lava sam ples were col lected.

Geo logic Sum mary. The south ern most ax ial range of
west ern Afar, the Manda Hararo com plex is lo cated in the
Kalo plain, SSE of Dabbahu vol cano. The mas sive com plex 
is 105 km long and 20-30 km wide, and rep re sents an up -
lifted seg ment of a mid-ocean ridge spread ing cen ter. A
small ba saltic shield vol cano is lo cated at the N end of the
com plex. An area of abun dant fis sure-fed lava flows is lo -
cated to the S. Two ba saltic shield vol ca noes, the larg est of
which is Unda Hararo, oc cupy the cen ter of the com plex.
The dom i nant part of the com plex lies to the N, where the
Gumatmali-Gablaytu fis sure sys tem is lo cated. Vo lu mi nous 
fluid lava flows is sued from these NNW-trending fis sures,
and so lid i fied lava lakes oc cupy two large crat ers. The
small Gablaytu shield vol cano forms the SE-most end of
the Manda Hararo com plex. Lava flows from Gablaytu and
from Manda over lie 8,000-year-old sed i ments. Hot springs
and fumaroles oc cur around Daorre lake.

In for ma tion Con tacts: Gezahegn Yirgu, Atalay Ayele,
Shimeles Fisseha, Tadiwos Chernet, and Ato Kifle Damtew, 
De part ment of Earth Sci ences, Addis Ababa Uni ver sity,
Addis Ababa, Ethi o pia (Email: gezahegnyirgu@ya hoo.

com); Si mon Carn, Joint Cen ter for Earth Sys tems Tech nol -
ogy (JCET), Uni ver sity of Mary land Bal ti more County
(UMBC), 1000 Hill top Cir cle, Bal ti more, MD 21250, USA
(URL: http://www.volcarno.com/, http://so2.umbc.edu/
omi/); 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/).

Etna

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

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

Ac cord ing to Sonia Calvari of the Istituto Nazionale di
Geofisica e Vulcanologia Sezione di Catania (INGV-CT),
on 15 Au gust the South-East Crater (SEC) at the sum mit of
Mount Etna be gan to pro duce ash emis sions. They emerged 
at the de pres sion that cuts the SEC’s E flank. The ash cloud
was very dif fuse, ris ing for just a few ten’s of me ters above
the source, and it was quickly dis persed by the wind. Red -
dish-col ored ashfall de pos its were ob served only on the
flanks of the SEC cone.

Dur ing the night of 21 Au gust the sum mit web-cam era
of INGV-CT re corded in can des cent blocks erupted dur ing
the most en er getic emis sions. A field sur vey on 22 Au gust
ob served few very en er getic events (about 20% of the to -
tal), cases where the ejec tion of hot, lithic blocks fell on the
E flank of the cone. On 24 Au gust, re search ers from INGV
on the sum mit with a ther mal cam era re corded the first
short Strombolian se quence. Strombolian ex plo sions in -

creased in in ten sity and be came
more com mon through Au gust,
slowly amass ing ma te rial to cre -
ate a cin der cone within the de -
pres sion on the SEC’s E flank. Et -
na’s emis sions con tin ued through
Au gust (fig ure 4) and into at least
early Sep tem ber. Later INGV re -
ports noted a strong erup tion dur -
ing 4-5 Sep tem ber. Those events
will be the sub ject of a fu ture Bul -
le tin report.

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

 Volcanism Network, Volume 32, Number 7, July 2007 Etna    3

Fig ure 3. A closer view of the Au gust 2007 lava at Manda Hararo. The dark-col ored ba saltic flows dis play aa and
pahoehoe tex tures. Cour tesy of Gezahegn Yirgu, Addis Ababa Uni ver sity.



of Etna is the Valle del Bove, a 5 x 10 km horse shoe-shaped 
cal dera open to the E. Two styles of erup tive ac tiv ity typ i -
cally oc cur at Etna. Per sis tent ex plo sive erup tions, some -
times with mi nor lava emis sions, take place from one or
more of the three prom i nent sum mit crat ers, the Cen tral
Crater, NE Crater, and SE Crater (the lat ter formed in
1978). Flank vents, typ i cally with higher ef fu sion rates, are
less fre quently ac tive and orig i nate from fis sures that open
pro gres sively down ward from near the sum mit (usu ally ac -
com pa nied by Strombolian erup tions at the up per end).
Cin der cones are com monly con structed over the vents of
lower-flank lava flows. Lava flows ex tend to the foot of the
volcano on all sides and have reached the sea over a broad
area on the SE flank.

In for ma tion Con tact: Sonia Calvari, Istituto Nazionale 
di Geofisica e Vulcanologia Sezione di Catania, Pi azza
Roma 2, 95123 Catania, It aly (Email: calvari@ct.ingv.it;
URL: http://www.ct.ingv.it/).

Bar ren Is land

Andaman Is lands, In dian Ocean
12.278°N, 93.858°E; sum mit elev. 354 m

Ac cord ing to news re ports of In dian Coast Guard state -
ments, the erup tive ac tiv ity that be gan in late May 2005
(BGVN 30:05) at Bar ren Is land had di min ished by late Sep -

tem ber 2006 (BGVN 31:09). Since then, based upon pi lot
and sat el lite data, the Dar win Vol ca nic Ash Ad vi sory Cen -
tre (VAAC) re ported mul ti ple ash-and-steam plumes. The
plumes reached an al ti tude of 1.5 km (drift ing WNW) on 19 
and 20 Oc to ber 2006, 3 km (drift ing SW and W) on 8 No -
vem ber 2006, an un re ported al ti tude and di rec tion on 27
No vem ber 2006, 3 km (drift ing SW) on 8 Feb ru ary 2007,
and 2.1 km (drift ing S) on 3 March 2007. The Dar win
VAAC had not is sued fur ther ad vi so ries on Barren Island
activity through August 2007.

A com pi la tion of MODIS ther mal anom aly data from
the Aqua and Terra sat el lites (fig ure 5) shows that the erup -
tion be gan on 26 May 2005 (BGVN 31:01) and has con tin -
ued through at least 1 Sep tem ber 2007. The level of lava
emis  s ions re  mained high be  tween May 2005 and
mid-March 2006. On 17 March 2006 the MODVOLC sys -
tem iden ti fied nine hot pix els in Aqua MODIS data. Af ter
that time de tect able lava ac tiv ity de creased and be came in -
ter mit tent, though ex plo sive ac tiv ity may have been pres -
ent. More fre quent anom a lies were de tected dur ing April
2006, October-November 2006, and May 2007.

Geo logic Sum mary. Bar ren Is land, a pos ses sion of In -
dia in the Andaman Sea about 135 km NE of Port Blair in
the Andaman Is lands, is the only his tor i cally ac tive vol cano 
along the N-S-trending vol ca nic arc ex tend ing be tween Su -
ma tra and Burma (Myanmar). The 354-m-high is land is the
emer gent sum mit of a vol cano that rises from a depth of
about 2250 m. The small, un in hab ited 3-km-wide is land
con tains a roughly 2-km-wide cal dera with walls 250-350
m high. The cal dera, which is open to the sea on the W, was 
cre ated dur ing a ma jor ex plo sive erup tion in the late Pleis -
to cene that pro duced pyroclastic-flow and -surge de pos its.
The mor phol ogy of a fresh pyroclastic cone that was con -
structed in the cen ter of the cal dera has var ied dur ing the
course of his tor i cal erup tions. Lava flows fill much of the
cal dera floor and have reached the sea along the western
coast during historical eruptions.

In for ma tion Con tacts: HIGP MODIS Ther mal Alert
Sys tem, Hawai’i In sti tute of Geo phys ics and Plan e tol ogy
(HIGP), Uni ver sity of Ha waii and Manoa, 168 East-West
Road, Post 602, Ho no lulu, HI 96822, USA (URL: http://
modis.higp.ha waii.edu/); Dar win Vol ca nic Ash Ad vi sory
Cen tre, Bu reau of Me te o rol ogy, North ern Ter ri tory Re -
gional Of fice, PO Box 40050, Ca sua rina, North ern Ter ri -
tory 0811, Aus tra lia (URL: http://www.bom.gov.au/info/
vaac/).
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Fig ure 4. Crop ped im ages from the INGV-CT webcamera of a night
erup tion at Etna at 0300 on 31 Au gust 2007 show ing a Strombolian
erup tion (left) and a day light photo five hours later (0800 on 31 Au gust) of 
the same re gion (right). The ar row in di cates the point of emis sion.
Cour tesy of INGV-CT.

Fig ure 5. Daily ther mal anom a lies at Bar ren Is land from the MODIS/MODVOLC sat el lite ob ser va tions, May 2005 to early Sep tem ber 2007. Ver ti cal scale
in di cates the daily num ber of alert pix els de tected n a spe cific ther mal im age, gen er ally a re flec tion of the ex tent of hot lava flows. Anom a lies are from both the
Aqua and Terra sat el lites and were ac cessed for this re port in early Sep tem ber 2007. Cour tesy of the HIGP MODIS Ther mal Alert Sys tem.



Kavachi

Sol o mon Is lands, SW Pa cific
9.02°S, 157.95°E; sum mit elev. -20 m
All times are lo cal (= UTC + 11 hours)

A large earth quake (M 8.1) oc curred in the Sol o mon Is -
lands on 2 April 2007, cen tered about 126 km NW of
Kavachi. Fol low ing the earth quake, Corey Howell of The
Wil der ness Lodge on Gatokae Is land re ceived sev eral re -
ports from res i dents on Gatokae and Vangunu Is lands de -
scrib ing noises at trib uted to Kavachi (~ 35 km WSW of
Gatokae). A con firmed re port from Marila Timi of Biche
Vil lage (on the S coast of Gatokae) stated that around the
time of the 2 April earth quake, Kavachi emit ted an erup tion 
col umn vis i ble from her garden above the village.

On 6 April Howell trav eled to Kavachi to ob serve the
vol cano. Howell spent 2.5 hours on lo ca tion within 200 m
of the ac tive vent, and dove down to within tens of me ters
of the vent. The vol cano ex hib ited its usual vig or ous
upwelling, pro duc ing a plume of dis col ored mud- and sul -
fur-laden wa ter sev eral hun dred me ters wide and at least 3
km in length downcurrent (fig ure 6). He mea sured a tem -
per a ture of 40°C in the subsurface plume, which ap peared
nor mal as com pared with his pre vi ous 30 vis its to Kavachi
since 1999. The only ex plo sive ac tiv ity ob served or felt was 
oc ca sional thud ding det o na tions and sea-sur face per cus -
sions, with shockwaves pro duc ing spray and bil lows of
ash-laden wa ter (fig ures 7 and 8). Kavachi lacked a sig nif i -
cant ex plo sive erup tion col umn or signs of ejected
pyroclastic ma te ri als, be hav ior wit nessed on many pre vi ous 
vis its. On this visit, Howell found noth ing out of the or di -
nary fol low ing the 2 April earth quake.

Geo logic Sum mary. Kavachi, one of the most ac tive
sub ma rine vol ca noes in the SW Pa cific, oc cu pies an iso -
lated po si tion in the Sol o mon Is lands far from ma jor air -
craft and ship ping lanes. Kavachi, some times re ferred to as
Rejo te Kvachi (“Kavachi’s Oven”), is lo cated S of
Vangunu Is land only about 30 km N of the si te of

subduction of the Indo-Aus tra lian plate be neath the Pa cific
plate. The shal low sub ma rine ba saltic-to-andesitic vol cano
has pro duced ephem eral is lands up to 1 km long many
times since its first re corded erup tion dur ing 1939. Res i -
dents of the nearby is lands of Vanguna and Nggatokae
(Gatokae) re ported “fire on the wa ter” prior to 1939, a pos -
si ble ref er ence to ear lier sub ma rine erup tions. The roughly
con i cal vol cano rises from wa ter depths of 1.1-1.2 km on
the N and greater depths to the S. Fre quent shal low sub ma -
r ine and oc ca  s ional  subaer ia l  erup t ions  pro duce
phreatomagmatic ex plo sions that eject steam, ash, and in -
can des cent bombs above the sea sur face. On a num ber of
oc ca sions lava flows were observed on the surface of
ephemeral islands.

In for ma tion Con tacts: Corey Howell, The Wil der ness
Lodge, Peava Vil lage, Gatokae Is land, West ern Prov ince,
Sol o mon Is lands (URL: http://thewildernesslodge.org/).
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Fig ure 6. Pho to graph show ing a mud-and sul fur-laden plume
downcurrent of Kavachi’s upwelling vent on 6 April 2007, form ing a
dis col ored area sev eral hun dred me ters wide and sev eral ki lo me ters long.
Howell noted that such plumes are fre quently seen at Kavachi. Cour tesy
of Roy Hall (posted on The Wil der ness Lodge website).

Fig ure 7. Some of the stron ger ac tiv ity ob served at Kavachi on 6 April
2007 in cluded very tur bu lent ash-laden wa ter above the vent, ex plo sive
and per cus sive noises, and dis col ored wa ter downcurrent of the vent.
Cour tesy of Roy Hall (posted on The Wil der ness Lodge website).

Fig ure 8. Some of the stron ger ac tiv ity ob served above the vent at
Kavachi on 6 April 2007 con sisted of shockwaves pro duc ing danc ing
spray, ac com pa nied by stac cato bursts of sound. These noises also
re ver ber ated through the bot tom of the boat. Cour tesy of Roy Hall (posted 
on The Wil der ness Lodge website).



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)

MODIS ther mal anom aly data for Tinakula (table 1)
sug gests con tin u ing erup tive ac tiv ity dur ing the pe riod
mid-April through mid-July 2007, but no val i da tion by field 
ob ser va tions has be come avail able. Sim i lar in ter mit tent
anom a lies have been de tected since mid-Feb ru ary 2006
(BGVN 31:03 and 32:03).

Sev eral pho to graphs were taken off shore of the is land
dur ing the Feb ru ary 2006 erup tion (BGVN 31:03); fig ure 9
is an ex am ple of some ac tiv ity dur ing that eruption.

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 have left the up per
flanks of the vol cano and the steep apron of lava flows and
volcaniclastic debris within the breach unvegetated.

In for ma tion Con tacts: 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/); Bill Yeaton (URL:
http://www.billyeaton.com/).

Broth ers

New Zea land
34.875°S, 179.075°E; sum mit elev. -1,350 m

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

In the lat est of sev eral in ves ti ga tions since 1996, sci en -
tists again ex plored Broth ers sub ma rine vol cano, work ing
there dur ing 28 July-16 Au gust 2007 (fig ure 10). The Ger -
man re search ship R.V. Sonne pro vided the plat form for
these 2007 in ves ti ga tions, which in cluded bathymetric
map ping, mea sure ments of the wa ter col umn, and ob ser va -
tions of hy dro ther mal ac tiv ity. This re port sum ma rizes
some of the map ping and ba sic ob ser va tions made at
Brothers on this recent and past cruises.

Broth ers rests along the ac tive Kermadec arc at a point
~ 450 km NE off shore of New Zea land’s North Is land (fig -
ure 10). For ref er ence, the vol cano White Is land lies ~ 50
km off the coast in the Bay of Plenty at the N end of North
Is land (“W,” fig ure 10). Parts of Broth ers have been ex -
plored pre vi ously from sur face ships and sub mers ibles,
doc u ment ing the vol cano as hy dro ther mally ac tive but not
in eruption.

Ear lier sur veys at Broth ers. In Feb ru ary 1996, the first
sul fide sam ples from the south ern Kermadec arc were
dredged from Broth ers. On a cruise in late 1998, New Zea -
land sci en tists con firmed that Broth ers hosted ac tive hy dro -
ther mal vents. Us ing towed cam eras and vid eos, sci en tists
ob served tall chim neys perched on the NW cal dera’s steep
walls. On that 1998 cruise, sci en tists also saw clear ev i -
dence of hot, metal- and sul fur-rich flu ids ex pelled from in -
side the cal dera. Nu mer ous sam ples from Broth ers have
been ac quired and an a lyzed (for example, see de Ronde and 
others, 2005).

Other cruises dur ing 1999, 2002, and 2004 mapped and
sam pled black smok ers and other hy dro ther mal plumes that 
em a nated from the nu mer ous ac tive chim neys. In late 2004, 
sci en tists dove four times on vent sites with the Jap a nese
manned sub mers ible Shinkai 6500, fol lowed in 2005 by
five dives with the Amer i can sub mers ible Pis ces V.

2007 re port of in ves ti ga tions. The 2007 cruise (called
the New Zea land Amer i can Sub ma rine Ring of Fire 2007)
rep re sented a col lab o ra tion be tween the Geo log i cal and
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Date Time (UTC) Pix els Sat el lite

12 Apr 2007 1420 1 Aqua

17 Apr 2007 1140 1 Terra

19 Apr 2007 1425 1 Aqua

03 May 2007 1440 2 Aqua

05 May 2007 1125 1 Terra

05 May 2007 1425 1 Aqua

10 May 2007 1145 2 Terra

10 May 2007 1445 2 Aqua

15 May 2007 1200 1 Terra

18 Jun 2007 1150 2 Terra

27 Jun 2007 1145 1 Terra

27 Jun 2007 1445 1 Aqua

29 Jun 2007 1130 1 Terra

11 Jul 2007 1155 4 Terra

11 Jul 2007 1455 4 Aqua

13 Jul 2007 1145 1 Terra

Ta ble 1. MODIS/MODVOLC ther mal anom a lies at Tinakula for
mid-April through mid-June 2007 (con tin ued from ta ble in BGVN 32:03);
note par tic u larly the anom a lies re corded on 11 July 2007. 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 website.

Fig ure 9. Lava blocks tum bling into the ocean on at Tinakula on the
morn ing of 21 Feb ru ary 2006. Cour tesy of Bill Yeaton.



Nu clear Sci ences–GNS (New Zea land), the Leibniz In sti -
tute for Sea Sci ences at the Uni ver sity of Kiel ( das
Leibniz-Insti tu t  für Meereswissenschaften an der
Universität Kiel—IFM GEOMAR) (Ger many), the Na -
tional Oce anic and At mo spheric Ad min is tra tion’s Ocean
Ex plo ra tion (NOAA-OE) pro gram (USA), and the Woods
Hole Ocean o graphic In sti tu tion (USA). Logs of the cruise,
avail able on a NOAA website, and the pa per by de Ronde
and oth ers (2005) pro vided much of the information for this 
preliminary report.

Bathymetric in for ma tion was used to cre ate an oblique
re lief im age of the 350-m-high intracaldera cone with the
cal dera floor and walls in the back ground (fig ure 11). A hy -
dro ther mal area lies along the cal dera’s NW wall and hy -
dro ther mal chim neys were seen there (fig ure 12). Dif fuse
vent ing was also re ported from the prom i nent and smaller
cones.

The ex is tence of ac tive ther mal fea tures at Broth ers also 
co mes from ob ser va tions of sea wa ter tur bid ity (i.e., cloud i -
ness of the wa ter col umn, anal o gous to the plume in fig ure
12). Ba si cally, ar eas of high tur bid ity sig nify hy dro ther mal
vent ing (fig ure 13). In more de tail, tur bid ity, when con sid -
ered along with col lat eral data (such as sea wa ter ve loc ity
over the ocean floor, elec tri cal con duc tiv ity, tem per a ture,
and sam ples of wa ter and rock) may pro vide clues about the 
strength, chemistry, and location of the hydrothermal
venting.

Metal de pos its. One goal of the 2007 ex pe di tion was to
better un der stand hy dro ther mal vent ing and its re la tion to
metal-bear ing de pos its at Broth ers. Hy dro ther mal vents,
which might be ac tive for pe ri ods from months to de cades,
may con trib ute to min eral de pos its along the Kermadec arc. 
In ves ti ga tors de vel oped a hy po thet i cal di a gram matic cross
sec tion through Broth ers pre sent ing a model of its in ter nal
in tru sive pro cesses and thermal and hydrothermal evolution 
(de Ronde and others, 2005).
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Fig ure 11. (Left) A bathymetric map based on EM 300 multibeam soundings and de pict ing Broth ers with a con tour in ter val of 200 m. Much of the sea floor
sur round ing the ed i fice at dis tances of sev eral ki lo me ters away lies be low 2,200 m depth. Much of the vol cano’s rim lies at ~ 1,400 m depth. Flu ids as hot as
300°C vented at the two iden ti fied hy dro ther mal ar eas.  (Right) An oblique, three-di men sional view of Broth ers look ing NW (with 3-fold ver ti cal ex ag ger a tion) 
in a graphic pre pared at the end of the 2007 cruise. The cal dera’s di men sions are 3-by-4 km. Al though a ver ti cal scale cor re spond ing to the shad ing is ab sent, the
large cone in the left fore ground rises ~ 350 m above the cal dera floor. Both that sum mit crater and the smaller cone to the NE (right) dis charged hy dro ther mal
emis sions. The rough, some times blocky ma te rial ex posed along the cal dera wall con sists of older, pre-cal dera lavas and other vol ca nic rocks. Cour tesy of New
Zea land Amer i can Sub ma rine Ring of Fire 2007 Ex plo ra tion.

Fig ure 10. Re gional tec tonic map in di cat ing the lo ca tion of Broth ers
sub ma rine vol cano along the ac tive vol ca nic front. Ab bre vi a tions: C =
Curtis Is land; CLSC = Cen tral Lau spread ing cen ter; ELSC = East ern Lau
spread ing cen ter; M = Macauley Is land; NFSC = North Fiji spread ing
cen ter; R = Raoul Is land, TVZ = Taupo vol ca nic zone; W = White Is land.
Af ter de Ronde and oth ers (2005).



Sub mers ibles. Tech nol ogy used to study Broth ers in -
cluded two well-in stru mented sub mers ibles.

One sub mers ible was a tor pedo-like au ton o mous un der -
wa ter ve hi cle known as the Au ton o mous Ben thic Ex plorer
(ABE, from Woods Hole Ocean o graphic In sti tu tion). ABE
was in tended to ‘fly’ above the sur face of the crater in a
grid pat tern. ABE’s in stru men ta tion in cludes a flux gate
mag ne tom e ter, swath (wide-an gle) bathymetry us ing
multibeam so nar, and in stru ments to mea sure con duc tiv ity,
tem per a ture, depth, and wa ter chem is try. ABE as sesses its
re la tion ship to the sea floor to within sev eral me ters by us -
ing so nar and sat el lite guid ance sys tems. Typ i cally it op er -
ates ~ 25 m above the sea floor on a pro grammed path for
up to 16 hours before surfacing to re charge its batteries.

The other sub mers ible was a new re motely op er ated,
teth ered ve hi cle–the SeaQuest 6000. It con nects to the ship
by a fi ber-op tic ca ble, con tains nu mer ous in stru ments, and
car ries ma nip u la tor arms and video cam eras. Avail able re -
ports noted that on the cruise, SeaQuest 6000 ex am ined
pre vi ously iden ti fied seafloor features in more detail.

Ref er ences: de Ronde, C. E. J. , Hannington, M.D.,
Stoffers, P., Wright, I.C., Ditchburn, R.G., Reyes, A.G.,
Baker, E.T., Massoth, G.J., Lupton, J.E., Walker, S.L.,
Greene, R.R., Soong, C.W.R., Ishibashi, J., Lebon, G.T.,
Bray, C.J., and Resing, J.A., 2005, Evo lu tion of a Sub ma -
rine Mag matic-Hy dro ther mal Sys tem: Broth ers Vol cano,
South ern Kermadec Arc, New Zea land:  Eco nomic Ge ol -
ogy, v. 100, no. 6, p. 1097-1133.

Smith, W. H. F., and Sandwell, D.T., 1997, Global
seafloor to pog ra phy from sat el lite altimetry and ship depth
soundings: Sci ence, v. 277, p. 1957-1962, 26 Sept. 1997.

Geo logic Sum mary. The sub ma rine Broth ers vol cano,
lo cated NE of the Healy sub ma rine vol cano, con tains an
oval-shaped sum mit cal dera 3-3.5 km wide. The vol cano is
elon gated in a NW-SE di rec tion, and the high point of the
dom i nantly dacitic vol cano lies on the NW cal dera rim at

about 1,350 m be low the sea sur -
face. The cal dera floor is at about
1,850 m depth, and a post-cal dera
lava dome was con structed on the
south ern cal dera floor and par -
tially merges with the south ern
cal dera wall. Broth ers vol cano
dis plays ma jor sub ma rine hy dro -
ther mal ac tiv ity, in clud ing a large
field of "black smoker" vents on
the NW cal dera wall and vents on
the post-caldera dome.

In for ma tion Con tacts: In sti -
tute of Geo log i cal and Nu clear
Sci ences (GNS) ,  Pr i vate Bag
2000, Wairakwi, New Zea land
(URL: http://www.gns.cri.nz/);
The Leibniz In sti tute for Sea Sci -
ences at the Uni ver sity of Kiel,
IFM-GEOMAR, Kiel, Ger many;
US Na tional Oce anic and At mo -
spheric Agency (NOAA) (URL:
http://www.oceanexplorer.noaa.
gov/ex plo ra tions/); Woods Hole
Ocean o  graphic  In  s t i  tu  t ion ,
Woods Hole, MA 02543 USA
(URL: http://www.whoi.edu).
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Fig ure 13. A cross-sec tion de pict ing the sea-floor to pog ra phy and the re sult of light-scat ter ing mea sure ments
(tur bid ity of the wa ter col umn) at Broth ers, drawn from SE to NW. Bot tom to pog ra phy (ex ag ger ated) is shown
cor re spond ing to the scale at left. Shad ing in di cates the level of tur bid ity (i.e., cloud i ness, haz i ness, or lack of
clar ity) as mea sured in the change in (delta) nephelometric tur bid ity units (ÎNTU), a nondimensional op ti cal
stan dard con trast ing mea sured tur bid ity to that of lo cal am bi ent wa ter. High ÎNTU val ues in di cate in creased
par tic u late within the hy dro ther mal plume. Note the re gions of high ÎNTU ad ja cent the NW cal dera wall and the
sum mit of the cal dera cone, ar eas in di cated as fo cal points for hy dro ther mal vent ing. The thin black line traces the
path of the CTD (con duc tiv ity/tem per a ture/depth) sen sors towed at var i ous depths along the cross-sec tion. Im age 
cour tesy of New Zea land Amer i can Sub ma rine Ring of Fire 2007 Ex plo ra tion.

Fig ure 12. An ac tive hy dro ther mal chim ney (com monly known as a
“black smoker”) pho to graphed at Broth ers at the NW cal dera
hy dro ther mal site dur ing the 2007 cruise. The dark color of the vented
ma te rial is thought to re sult from particulates. Im age cour tesy of New
Zea land Amer i can Sub ma rine Ring of Fire 2007 Ex plo ra tion.



Poás

Costa Rica
10.20°N, 84.233°W; sum mit elev. 2,708 m

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

Mi nor phreatic erup tions occurred dur ing 25-26 Sep -
tem ber 2006 (BGVN 31:08). This re port pro vides more in -
for ma tion com piled by the Observatorio Vulcanologico y
Sismologico de Costa Rica-Universidad Nacional
(OVSICORI-UNA). At the be gin ning of Sep tem ber, the
level of the lake had dropped 5 cm from that of early Au -
gust, it was light gray in color with sul fur par ti cles float ing
on the sur face, and the tem per a ture was 41º C. On 21 Sep -
tem ber, the lake had a milky, light blue color.

On 25 Sep tem ber at 2148, seis mic sta tion POA2 (2.7
km SW of the ac tive crater) reg is tered a high-fre quency
sig nal. The phreatic event that caused the sig nal ejected a
col umn of fine ma te ri als (lake sediments) that were blown
SW to a dis tance of 12 km from the crater. Af ter wards the
lake color was a darker gray with dark par ti cles float ing on
the sur face; the tem per a ture was 46ºC. 

New points of fumarolic ac tiv ity ap peared in the SE and 
NE walls and in the floor of the crater with de po si tion of
sul fur and gas dis charge. The tem per a tures in these ar eas
fluc tu ated be tween 90 and 108ºC, with gas col umns that
reached the edge of the crater. Ex ist ing cracks in the crater
ter race and the NE edge of the crater con tin ued to widen
with gas dis charge and sul fur-rich sub li mate deposition. 

Geo logic Sum mary. The broad, well-veg e tated ed i fice
of Poás, one of the most ac tive vol ca noes of Costa Rica,
con tains three crat ers along a N-S line. The fre quently vis -
i ted mult i -hued  sum mit  crater  lakes of  the ba -
saltic-to-dacitic vol cano, which is one of Costa Rica’s most
prom i nent nat u ral land marks, are eas ily ac ces si ble by ve hi -
cle from the nearby cap i tal city of San José. A N-S-trending 
fis sure cut ting the 2708-m-high com plex stratovolcano ex -
tends to the lower north ern flank, where it has pro duced the
Congo stratovolcano and sev eral lake-filled maars. The
south ern most of the two sum mit crater lakes, Botos, is cold
and clear and last erupted about 7500 years ago. The more
prom i nent geothermally heated north ern lake, Laguna
Caliente, is one of the world’s most acidic nat u ral lakes,
with a pH of near zero. It has been the site of fre quent
phreatic and phreatomagmatic erup tions since the first his -
tor i cal erup tion was re ported in 1828. Poás erup tions of ten
include geyser-like ejections of crater-lake water.

In for ma tion Con tacts: Observatorio Vulcanologico
Sismologica de Costa Rica-Universidad Nacional
(OVSICORI-UNA), Apartado 86-3000, Heredia, Costa
Rica. (URL: http://www.ovsicori.una.ac.cr/).

Concepción

Nic a ra gua
11.538°N, 85.622°W; sum mit elev. 1,700? m

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

An erup tion in late July 2005 caused ashfall on the is -
land and ad ja cent main land (BGVN 30:07). In ter mit tent
erup tions were on go ing through 10 No vem ber 2005. Af ter

that time the Nic a ra guan In sti tute of Ter ri to rial Stud ies
(INETER) did not re port fur ther vol ca nism again un til Sep -
tem ber 2006. The fol low ing in for ma tion is from INETER.

Ac tiv ity dur ing Au gust-No vem ber 2005. On 19 Au gust, 
an ex plo sion of gas and ash re sulted in ashfall in nearby
com mu ni ties. One of fi cial stated that the ex plo sion was felt
through out the en tire is land. Sci en tists us ing a cor re la tion
spec trom e ter (COSPEC) on loan from the In sti tute of Na -
tional of Seis mol ogy Vol ca nol ogy, Me te o rol ogy and Hy -
drol ogy of Gua te mala (INSIVUMEH) mea sured an SO2

flux of 400 met ric tons per day. The sul fur di ox ide lev els
did not pose an im me di ate risk to the pop u la tion. Two ex -
plo sions on 29 Au gust were fol lowed by seis mic tremor
and the dis charge of gas and ash. The ash reached a height
of at least 1 km and ashfall was re ported in the community
of Altagracia, 5-6 km NE from the summit.

No ac tiv ity was re ported dur ing Sep tem ber, but on 12
Oc to ber an other ex plo sion ejected gas and ash, and ashfall
was re ported in sev eral com mu ni ties. In Altagracia, a
strong smell of sul fur was re ported. The next ac tiv ity was
re ported on 4, 6, 8, and 10 No vem ber, when ex plo sions and 
seis mic tremor oc curred with strong and pro longed dis -
charge of gas and ash. Ashfall was re ported in a num ber of
nearby com mu ni ties. On some days in early No vem ber is -
land res i dents ob served the ejec tion of incandescent
material from the crater.

Ac tiv ity dur ing Sep tem ber 2006-July 2007. On 1 Sep -
tem ber 2006 the seis mic sta tion lo cated on the is land N of
the vol cano de tected four seis mic events pos si bly re lated to
ex plo sions in the crater. The earth quakes were not felt by
the pop u la tion, but in hab it ants of La Flor (5 km NW) and
San Marcos (6 km NNW) re ported the smell of sul fur and
noted mi nor ashfall. Dur ing the night of 19 Sep tem ber 2006 
the seis mo graph on the Is land of Ometepe reg is tered vol ca -
nic ac tiv ity from the NW slope that lasted ap prox i mately 40 
min utes. On 21 Sep tem ber INETER re ported three ex plo -
sions. A seis mic event of low mag ni tude at 1321 was reg is -
tered that served as a pre cur sor to a se ries of three ex plo -
sions. The three ex plo sions oc cur ring from 1330 (nine
min utes af ter the seis mic event) to 1337 pro duced a col umn 
of gases and ash seen across south ern Nic a ra gua, in clud ing
the city of Granada (56 km NW), and lo cal au thor i ties re -
ported ashfall in Moyogalpa (8 km W), Beth le hem, and
Potosí (28 km W). 

Af ter al most four months with no re ported ac tiv ity, on 9 
Feb ru ary 2007 INETER noted that in creased vol ca nic ac -
tiv ity be gan at 1045. Ex plo sions in the crater ejected gas
and ash. The plumes drifted WSW at low al ti tudes. Ac tiv ity 
con tin ued the next day with small ex plo sions of gas and ash 
from the crater. The plumes again re mained at low lev els
and dropped ash on the WSW flanks. No seis mic events
were reg is tered by the seis mic sta tion.

The seis mic sta tion re corded a crater ex plo sion on 8
April that sent a gas-and-ash plume to a height of ~ 1 km
and drifted W. On 22 April, two suc ces sive eve ning ex plo -
sions re corded seis mi cally ex pelled gas and vol ca nic ash
that drifted SW. More than two months of quiet was again
bro ken by an ex plo sions on 10 July that ex pelled a mod er -
a te amount  of  gas  and ash NW, de pos  i t  ing ash in
Moyogalpa and La Flor .

Geo logic Sum mary. Volcán Concepción is one of Nic a -
ra gua’s high est and most ac tive vol ca noes. The sym met ri -
cal ba saltic-to-dacitic stratovolcano forms the NW half of
the dumb bell-shaped is land of Ometepe in Lake Nic a ra gua
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and is con nected to neigh bor ing Madera vol cano by a nar -
row isth mus. A steep-walled sum mit crater is 250 m deep
and has a higher west ern rim. N-S-trending frac tures on the
flanks of the vol cano have pro duced chains of spat ter
cones, cin der cones, lava domes, and maars lo cated on the
NW, NE, SE, and south ern sides ex tend ing in some cases
down to Lake Nic a ra gua. Concepción was con structed
above a base ment of lake sed i ments, and the mod ern cone
grew above a largely bur ied cal dera, a small rem nant of
which forms a break in slope about half way up the N flank.
Fre quent ex plo sive erup tions dur ing the past half cen tury
have in creased the height of the sum mit sig nif i cantly above
that shown on cur rent top o graphic maps and have kept the
upper part of the volcano unvegetated.

In for ma tion Con tacts: Instituto Nicaraguense de
Estudios Territoriales (INETER), Vol ca nol ogy De part -
ment, Apartado 2110, Managua, Nic a ra gua (URL: http://
www.ineter.gob.ni/geofisica/vol/concepcion/concepcion.
html).

Santa Ana

El Sal va dor
13.853°N, 89.630°W; sum mit elev. 2,381 m

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

Re search ers from Mich i gan Technological Uni ver sity
(MTU) and Servicio Nacional de Estudios Territoriales
(SNET) vis ited the crater of Santa Ana on 28 June and 5
July 2007 to mea sure crater lake and fumarole tem per a -
tures, and to carry out rou tine wa ter sampling.

Crater lake. The crater lake ap peared yel low ish-green
and had a max i mum tem per a ture of 57.5 ºC, mea sured by a
ther mo cou ple at the north ern shore. The crater lake was ob -
served to have shifted west ward in po si tion since the 1 Oc -
to ber 2005 erup tion, drown ing the main pre-erup tion
fumarole field to the W and re ced ing from its east ern bor -
der (fig ure 14). A sub aque ous hot spring was ob served in
the cen ter of the lake at the end of
a pen in sula of ex posed sed i ments
(fig ure 15). The hot spring ex hib -
ited ep i sodic pulses of bubbling
water about every 5 minutes.

Fumaroles. Crater fumaroles
were ob served to the W and S of
the crater  lake,  and weak
fumaroles were also ob served on
the up per wall above the flat area
and be low the SW crater rim. The
south ern crater fumaroles and the
up per fumaroles were mea sured
by ther mo cou ple and ra di om e ter
(Extech 42545)  ( f ig  ure  16) .
Fumaroles to the W were not
mea sured due to  l im i ted
accessibility.

The seven larg est south ern
crater fumaroles were mea sured
along an E-W transect. The lower
fumaroles emit ted mainly wa ter
va por, though some sul fur crys -
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Fig ure 14. The yel low ish-green acid crater lake of Santa Ana vol cano as
seen when viewed on 28 June 2007 look ing to wards the N. Photo taken by
Anna Colvin.

Fig ure 15. Hot spring emerg ing in the acid lake at Santa Ana as seen 5 July
2007. Ep i sodic upwelling of whit ish fluid ra di ated out from the base of the 
large rock in the cen ter of the photo. View is to wards the SW; note
ge ol o gist for scale. Photo taken by Matt Pat rick.

Fig ure 16. At Santa Ana, the lo ca tion of fumarole mea sure ments and the hot spring shown in the pre vi ous fig ure.
View is to wards the SW. Photo mo saic taken 5 July 2007 by Matt Pat rick.



tals and a weak sul fu rous smell were pres ent. Lower
fumaroles tem per a tures ranged from 92.0 to 95.2 ºC, and
ther mo cou ple and ra di om e ter mea sure ments agreed very
well (to within 3%). The up per fumaroles were dif fuse and
rel a tively weak, oc cur ring in loosely con sol i dated tephra.
The up per fumaroles emit ted mainly wa ter va por and
lacked sul fur de pos its or sul fu rous smell. Up per fumaroles
tem per a tures ranged from 70.0 to 79.0 ºC, and ther mo cou -
ple and ra di om e ter measurements agreed well (to within
6%).

Geo logic Sum mary. Santa Ana, El Sal va dor’s high est
vol cano, is a mas sive, 2,381-m-high andesitic-to-ba saltic
stratovolcano that rises im me di ately W of Coatepeque cal -
dera. Col lapse of Santa Ana (also known as Ilamatepec)
dur ing the late Pleis to cene pro duced a vo lu mi nous de bris
av a lanche that swept into the Pa cific Ocean, form ing the
Acajutla Pen in sula. Re con struc tion of the vol cano sub se -
quently filled most of the col lapse scarp. The broad sum mit
of the vol cano is cut by sev eral cres cen tic crat ers, and a se -
ries of par a sitic vents and cones have formed along a
20-km-long fis sure sys tem that ex tends from near the town
of Chalchuapa NNW of the vol cano to the San Marcelino
and Cerro la Olla cin der cones on the SE flank. His tor i cal
ac tiv ity, largely con sist ing of small-to-mod er ate ex plo sive
erup tions from both sum mit and flank vents, has been doc u -
mented since the 16th cen tury. The San Marcelino cin der
cone on the SE flank produced a lava flow in 1722 that
traveled 13 km to the E. 

In for ma tion con tacts: Demetrio Escobar and Fran -
c isco Montalvo ,  Servic io  Nacional  de Estudios
Territoriales, SNET, Km. 5 1/2 carretera a Santa Tecla y
Calle las Mercedes, contiguo a Parque de Pe lota, Edificio
SNET, Apartado Postal #27, Centro de Gobierno, El Sal va -
dor 2283-2246 (URL: http://www.snet.gob.sv/); Mat thew
Pat rick and Anna Colvin, Dept. of Geo log i cal and Min ing
En gi neer ing and Sci ences, Mich i gan Technological Uni -
ver sity, 1400 Townsend Drive, Hought on, MI 49931, USA.

Uzon

Kamchatka Pen in sula, Rus sia
54.50°N, 159.97°E; sum mit elev. 1617 m

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

On 3 June 2007 the re nowned Val ley of Gey sers in
Kamchatka was se ri ously dam aged by di rect burial and
sub se quent flood ing as so ci ated with a ma jor land slide. This 
was com mu ni cated in a re port from 28 June by the fa -
ther-and-son team of Vladi mir and Andrei Leonov. The
Val ley of Gey sers is a re mote geo ther mal area along a
4-km-long val ley near the E mar gin of Geyzernaya cal dera
at Uzon-Geyzernaya vol cano-tec tonic depression (“U”;
Leonov and oth ers, 1991) (fig ure 17).

Al though the name Uzon is intrenched in the lit er a ture,
the short hand is po ten tially con fus ing since it could re fer to
the cal dera on the W side of the com plex. Both Uzon and
Geyzernaya cal de ras sup port hy dro ther mal sys tems feed ing 
ther mal fea tures. More over, a small cone named Uzon re -
sides on the W rim of Uzon cal dera. Ac cord ingly, in this re -
por t  we wil l  re  fer  to  the larger  com plex as
Uzon-Geyzernaya. The land slide which en tered the Val ley
of Gey sers is refered to as the 2007 Geyzernaya land slide.

The area where the slide oc curred was the sub ject of a
re cent pa per (dis cussed be low) on sat el lite-de tected up lift
on the same E side of the cal dera where the slide took place
(Lundgren and Lu, 2006). “Ic” in di cates the ap prox i mate
cen ter of in fla tion de tected by sat el lite ra dar in ter fer om e try
us ing data from 2000 to 2003 (Lundgren and Lu, 2006 ).

Ac cord ing to the Leonovs’ re port, sev eral beau ti ful gey -
sers have been lost, in clud ing Pervenets, the first gey ser
dis cov ered by Tatyana Ustinova in 1941, and a group of
gey sers known as Troynoy group. The main gey ser field,
Vitrazh, and the larg est gey ser, Velikan, re mained in tact
(ta ble 2 and figure 18).

The land slide formed in the
up per reaches of Vodopadny
creek. The au thors sug gested that
the main cause of the slide ap -
peared to be the com mon pro cess
of grad ual ero sion. The near est
seis mic in stru ment was ~ 100 km
away; on that in stru ment at the
time of the slide’s on set, earth -
quakes were absent.

Correspondence with Vladi -
mir Leonov on 11 Sep tem ber re -
vealed that the slide’s com puted
vol ume was then con sid ered to be 
12-15 mil lion cu bic me ters. The
re port also stated that this was
clearly the larg est his tor i cal slide
in Kamchatka and pos si bly one of 
the larg est in all of Rus sia. Later
cor re spon dence clar i fied this
com par i son as ex clud ing de -
bris-av a lanche de pos its such as
those as so ci ated with lat  eral
blasts closely as so ci ated with
erup tions in 1980 at St. Helens
and in 1956 at Bezymianny.
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Fig ure 17. Maps show ing Uzon-Geysernaya vol cano-tec tonic depression on the Kamchatka Pen in sula, Rus sia.
(left) In dex map of the Kamchatka Pen in sula,  in the NW Pa cific area, show ing Ho lo cene vol cano lo ca tions.
(right) Shaded re lief map high light ing the top o graphic mar gins of the Uzon-Geysernaya vol cano-tec tonic
de pres sion ("U") and the Kikhpinych stratovolcano ("K"), one of the youn gest in Kamchatka’s east ern vol ca nic
zone; the hachured line in di cates the SE side of a re gional graben.  "Ic" in di cates the cen ter of in fla tion. World
in set lo ca tion map cour tesy of NASA Earth Ob ser va tory. Main maps are from Lundgren and Lu (2006), but the
right map was re vised by Bul le tin ed i tors to add the lo ca tion and Ic sym bol based on interferograms in that pa per. 



The land s l ide  of  rock and mud went down the
Vodopadny creek, reached the Geyzernaya river, and
moved along the river to its in flow into the Shumnaya river
(fig ures 18-20). The slide was ~ 2 km in length. A dam was
formed on the Geyzernaya river with a height of up to 60 m
that caused a rapid backup of wa ter and the for ma tion of a
lake. The lake flooded the gey sers Bolshoi and Maly lo -
cated up the river and came close to the main "Vitrazh" gey -
ser field. On 7 June the wa ter level in the lake reached its
max i mum el e va tion of 435 m. Later that day the river
eroded through the dam and the wa ter level started to de -
cline quickly. Dur ing the first four hours the wa ter level
sub sided to 9 m depth. As of 28 June the main group of
gey sers ap peared safe from flooding.

In the flood ing of the Bolshoi and Maly gey sers,
Bolshoi ended up 2 m un der wa ter, and Maly, 15 m un der
wa ter. In ad di tion, sev eral smaller gey sers–Skalisty
(Rocky) ,  Konus (Cone) ,  Bolshaya Pechka (Gross
Owen)–were  a lso  f looded.  The pul sa t  ing spr ing
Malakhitovy Grot (Mal a chite Grotto) was half-flooded and
some times boiled.

On 7 June a new gey ser ap peared in the Val ley but it
was ac tive for only sev eral hours. While the wa ter level in
the lake in creased, a pul sat ing spring in front of Shchel gey -
ser (per haps The Lit tle Prince) started to work as a gey ser
with erup tion heights of 4-5 m. Af ter the wa ter level
dropped, the gey ser re turned to a pul sat ing spring state.

One of the land slide’s tongues came close to tour -
ist-camp build ings in the Gey ser Val ley (fig ures 18-22). Al -
though some camp fa cil i ties were de stroyed, three main
houses (a hos tel, a sci en tist’s house, and a ranger’s house)
were un dam aged. As seen in fig ures 21 and 22, the edge of
the slide reached within about a me ter of the hos tel and cov -
ered parts of the ad ja cent wood-decked walk way. Peo ple
oc cu pied build ings when the land slide oc curred but the
slide halted at a point where no one was in jured.

 At the time of the slide, a tour ist group con sist ing of
over 20 peo ple were in the Val ley, but for tu nately they
were at the ther mal field near the river, and only he li cop ter
pi lots and some per son nel re mained at the camp. In ad di -
tion to stop ping near the build ings, the body of the lanslide

stopped 1 m  be fore the rest ing he li cop ter, but trees car ried
by the slide jut ted out and en tan gled the he li cop ter.

The 30-m wa ter fall at the Vodopadny creek junc tion
with Geyzernaya river was fully cov ered as well as the gey -
ser near the wa ter fall. The "Thirty-me ter rocks" at the en -
trance to the Gey ser Val ley were also cov ered by the land -
slide. All the small gey sers, springs and ther mal fields
along Vodopadny creek were lost; how ever, the creek it self
es tab lished a new course on the slide’s surface.

Over all as sess ment. Eight large gey sers were still func -
tion ing at the time of the re port, about half of the main gey -
sers that ex isted be fore the land slide (ta ble 2). Five of these
still work ing gey sers were in the Vitrazh field (Grot,
Fontan, Novy Fontan, Dvoynoi, and Nepostoyanny). The
three oth ers also still work ing were Velikan, Zhemchuzhny, 

and Shchel (the lat ter, ini tially
sub merged but by mid-Sep tem ber 
was 8 m above the lake level and
seem ingly re turned to nor mal
behavior.

Four  large gey sers  were
flooded by the lake (Bolshoi,
Maly, Skalisty, Konus). Four
were  de s t royed by the  sl ide
(Pervenets, Troynoi, Sakharny,
and Sosed).

The Geyzernaya river found a
new course on the land slide’s sur -
face. Caves de vel oped on the
slide’s sur face hosted small lakes. 
In sev eral places on the river
banks ob serv ers saw the emer -
gence of earth slumps and new
boil ing springs (fig ure 23).

Other in for ma t ion.  Igor
Shpilenok, a na ture pho tog ra pher, 
has posted on the web a suite of
im pres sive be fore-and-af ter pho -
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Num ber Sta tus Name Eng lish trans la tion of name

1 Cov ered by slide Pervenets First born

2 Cov ered by slide Troynoi Tri ple

3 Cov ered by slide Sakharny Sugar

4 Cov ered by slide Sosed Neigh bor

5 Cov ered by slide Uvodopada Near the wa ter fall

6 Flooded by lake Skalisty Rocky

7 Flooded by lake Konus Cone

8 Flooded by lake Bolshaya Pechka Gross Owen

9 Flooded by lake Maly Lesser

10 Flooded by lake Bolshoi Greater

 11 Ac tive mid-Sep Shchel Crack

12-16 Ac tive on 28 Jun “Vitrazh” gey ser field: Grot,
Novy Fontan, Fontan, Dvoynoi,
Nepostoyanny

“Stained glass” gey ser field:
Grotto, New Foun tain, Foun tain,
Dou ble, Un sta ble

17 Ac tive on 28 Jun Velikan Gi ant

18 Ac tive on 28 Jun Zhemchuzhny Pearl

Ta ble 2. Sum mary and key to names and num bers for Val ley of Gey sers, about half of which were dis rupted or
de stroyed by the 2007 Geyzernaya land slide. The num bers cor re spond with those on fig ures 18 and 19. Cour tesy
of Vladi mir and Andrei Leonov.

Fig ure 18. An oblique ae rial view cre ated on a base map from Google
Earth soft ware, de pict ing the Val ley of Gey sers  look ing E (N is to the
left). The slide area and di rec tion of flow are clearly marked, the mass
hav ing swept down the cal dera’s E wall. The top o graph i cally flat area in
the up per right is the Pa cific ocean. Note lodge at small icon in the form of
a house. Ther mal fea tures in di cated by sym bol for spring (small cir cles
with tail); many of these are num bered. The im age also shows where the
slide dammed the Geyzernaya river; the re sult ing lake sub merged the
Bolshoi and Maly gey sers. Cour tesy of Vladi mir and Andrei Leonov.



tos. The pho tos in clude shots of the up land area that
spawned the land slide prior to the event.

On 20 June, Jesse Allen from NASA pub lished an ar ti -
cle about the slide dis cuss ing a sat el lite im age of the area
cap tured on 11 June. He noted “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 in fra red-en hanced im -
age on [11 June] 2007, a week af ter the slide. The im age
shows the val ley, the land slide, and the new ther mal lake.
Even in mid-June, just days from the start of sum mer, the
land scape is gen er ally cov ered in snow, though the geo log i -
cally heated val ley is rel a tively snow free. The tree-cov ered 
hills are red (the color of veg e ta tion in this false-color treat -
ment), pro vid ing a strong con trast to the aquamarine water
and the gray-brown slide.
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Fig ure 20. A photo look ing down at the 2007  land slide from the NE rim of 
the Val ley of Gey sers. The lower por tion of the land slide dammed the
Geyzernaya river and backed up a lake. A sur viv ing clus ter of tour ist
fa cil i ties are at the slide’s mar gin. From the Leonov’s re port; copy righted
photo by I.F. Delemen, In sti tute of Vol ca nol ogy and Seis mol ogy, Far
East ern Branch of Rus sian Acad emy of Sci ences (IVaS FEB RAS).

Fig ure 21. The land slide in the Val ley of Geysers left the hos tel at the
tour ist camp just barely out board of the de posit. The jux ta po si tion of the
de posit and un scathed build ing re veals the de posit’s un sorted char ac ter
and clast-size dis tri bu tion, which in cludes some large blocks sev eral
me ters in di am e ter. This photo was shot from ten’s of me ters away from
the hos tel. Photo is from the Leonov’s re port; copy righted by I.F. Delemen 
(IVaS FED RAS).

Fig ure 22. Land slide rub ble came to rest near the hos tel’s side wall. From
the Leonov’s re port; copy righted photo by I.F. Delemen (IVaS FED RAS).

Fig ure 19. Sketch map on 10 June 2007 show ing  fea tures af ter the
Geyzernaya land slide. N is to the up per right. The num bers cor re spond to
those on ta ble 2. Cour tesy of Vladi mir and Andrei Leonov.



Lundgren and Lu (2006) noted that their sat el lite in ter -
fer om e try data showed sig nif i cant de for ma tion span ning
2000 to 2003. Dur ing that in ter val, they noted ~ 0.15 m of
in fla tion oc curred at Geyzernaya cal dera. As pre vi ously
men tioned, the data in di cated an area of up lift cen tered
roughly a t  point  I c  on f ig  ure  17.  In  con t ras t ,
during1999-2000, and 2003-2004 the ra dar data failed to
in di cate sig nif i cant de for ma tion. Lundgren and Lu (2006)
point out that the sur face-in ci dence an gles (an gles from the
ver ti cal) are nearly as sen si tive to hor i zon tal as to ver ti cal
dis place ments in the range di rec tion (to the WNW). Based
on the maps by Leonovs shown above, the up per por tion of
the landslide was directed roughly the same way (NW).

For the 2000-2003 in ter val, mod el ing by Lundgren and
Lu (2006) sug gested the main re gions of up lift occured be -
neath cen tral and east ern parts of the Uzon-Geyzernaya
vol cano-tec tonic de pres sion, with ex ten sion be yond the
cal dera to the NE be neath Kikhpinych vol cano.  Up lift was  
bounded to the ESE by the graben (the lin ear fea ture cut ting 
E of the cal dera in fig ure 17).

Fig ure 24 shows syn thetic-ap er ture ra dar (SAR)
interferograms, where each shad ing cy cle rep re sents 2.8 cm 
of line-of-sight dis place ment at the sur face. Hatched lines
in di cate the cal dera rim. This interferogram stems from ra -
dar im ages dur ing the date range 19 Sep tem ber 2000-11
Au gust 2003. This is only one of sev eral interferograms
Lundgren and Lu (2006) pre sented for the in ter val of sig -
nif i cant surface displacement.

Ref er ences: Leonov, V.L., Grib, E.N., Kar pov, G.A.,
Sugrobov, V.M., Sugrobova, N.G, and Zubin, Z.I., 1991,
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Masurenkov, Nauka, Mos cow,  p. 92-141.
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fer om e try Ob ser va tions: Geophys. Res. Ltrs, 16 March

2006 (Vol. 33, No. 6, L06301, Pa per No. 10.1029/
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c a  n o e s . u s g s . g o v / i n s a r / p u b  l i c _ f i l e s /
Lundgren_Lu_Uzon_GRL_2006.pdf).

Geo logic Sum mary. The Uzon and Geyzernaya cal de -
ras, con tain ing Kamchatka’s larg est geo ther mal area, form
a 7 x 18 km de pres sion that orig i nated dur ing mul ti ple
erup tions dur ing the up per-Pleis to cene. Wide spread
ignimbrite de pos its as so ci ated with cal dera for ma tion have
a vol ume of 20-25 cu km (ex clu sive of airfall de pos its) and
cover an area of 1,700 sq km. Post-cal dera ac tiv ity was
largely up per Pleis to cene to Holocene in age and con sisted
of the ex tru sion of small silicic lava domes and flows and
maar for ma tion. The Lake Dal’ny maar in the NE part of
the 9 x 12 km west ern cal dera, Uzon, is early Ho lo cene in
age. The ex ten sive high-tem per a ture hy dro ther mal sys tem
of the Uzon-Geyzernaya vol cano-tec tonic de pres sion in -
cludes the many hot springs, mudpots, and gey sers of the
Val ley of Gey sers, a 4-km-long can yon on the E mar gin of
the de pres sion. A phreatic ex plo sion oc curred in 1986 in
the west ern part of the Vostochny thermal field, creating a
new 14-m-wide crater.

In for ma tion Con tacts: Vladi mir L. Leonov and Ivan F.
Delemen, In sti tute of Vol ca nol ogy and Seis mol ogy, Far
East ern Branch of Rus sian Acad emy of Sci ences (IVaS
FEB RAS), 9 Piip Bou le vard, Petropavlovsk-Kamchatsky,
Kamchatka 683006, Rus sia; Andrei V. Leonov (Email:
spanishflyer@gmail.com; URL: http://www.kscnet.ru/ivs/
ex pe di tions/2007/Gey ser_Val ley-06-2007/Gey ser_Val -
ley-06.htm); Igor Shpilenok, Rus sian Na ture Pho tog ra phy,
Chukhrai, Suzemsky raion, Bryansk oblast, 242181, Rus sia 
(URL: http://www.shpilenok.com/html/con tact.htm); Jesse
Allen ,  NASA Earth  Ob ser  va  tory (URL: ht tp:/ /
earthobservatory.nasa.gov/).
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Fig ure 23. At Uzon boil ing springs and plumes emerged along the banks
of the dammed Geyzernaya river af ter the new lake’s wa ter level dropped.
Copy righted photo by Igor Shpilenok; taken from the Leonovs’ re port.

Fig ure 24. A ra dar interferogram for Uzon and vi cin ity show ing over 10
cm of up lift cen tered on the cal dera’s E rim. The im age was also
as so ci ated with a stated per pen dic u lar base line Bp=58 and
RADARSAT-1 beam and sur face-in ci dence an gle from ver ti cal for Beam
4 of 38°. From Lundgren and Lu (2006; their fig ure 2c).


