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Tungurahua

Ec ua dor
1.467°S, 78.442°W; sum mit elev. 5,023 m

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

Ac cord ing to  the  Ins t i tu to  Geofís ico-Escuela
Politécnica Nacional (IG), Tungurahua, lo cated 180 km S
of the cap i tal Quito, erupted on 14 July 2006 (BGVN
31:07), and again with great in ten sity in mid-Au gust, re -
sult ing in at least five deaths. The 14 July event marked the
be gin ning of a new en er getic phase of ac tiv ity dif fer ent
from that seen since Oc to ber 1999. This re port was taken
from the IG’s Spe cial Re ports and Bul le tins (Num bers
7-15) dis cuss ing events from mid-July 2006 through early
Jan u ary 2007.

The new phase that began in July 2006 was char ac ter -
ized by highly ex plo sive ac tiv ity. It was as so ci ated with the
ar rival of a large vol ume of magma and the ex pul sion of
hot, some times in can des cent, pyroclastic flows. These
flows trav eled downslope with speeds of ~ 40 km/hour
from the W, NW, and N flanks of the cone and ended at the
Chambo river. The pri mary route of the flows was via the
Achupashal, Cusua, La Ha ci enda, Juive Grande, Mandur,
and Vascún gorges (see maps and fig ures in BGVN 31:07).
Some of these flows were suf fi ciently large and mo bile as
to reach the Baños-Penipe road. The set tle ments of Cusúa,

Bilbao, and to a lesser ex tent Juive Grande, were af fected
by these flows, which dev as tated pas tures, fields, live stock, 
and ba sic in fra struc ture.

Ad di tion ally, small-vol ume pyroclastic flows de -
scended the Vascún val ley (upslope from the west ern part
of Baños) but ended 2.5 km up stream from the hot springs
of El Salado. The emis sion of hot in can des cent pyroclastic
flows ended one week af ter the ex plo sive erup tions of
14-15 July.

Vol ca nic ac tiv ity de creased sig nif i cantly sev eral weeks
af ter 14 July, as shown by the seis mic-based in di ca tor de -
vel oped for Tungurahua by the IG (fig ure 1). The daily in -
di ca tor value de creased af ter mid-July and re mained con -
sis tent un til a slight in crease dur ing 8-13 Au gust.

On 1 Au gust, a pyroclastic flow trav eled W and SW
down the flanks and reached the Rea gorge, where it left de -
pos its an es ti mated 50 m thick con sist ing largely of blocks
and ash. On 2 Au gust, a small lahar trav eled NW and
blocked a high way. Strombolian ac tiv ity was ob served at
night on 3 Au gust. Small ex plo sions were reg is tered dur ing 
3-7 Au gust. On 6 Au gust, light ashfall was re ported ~ 8 km
SW in the town of Manzano.

Dur ing 9-15 Au gust, small-to-mod er ate ex plo sions pro -
duced plumes com posed of gas, steam, and small amounts
of ash that reached heights of ~ 1 km above the sum mit.
Light ashfall was re ported in nearby lo cal i ties dur ing 9-10
Au gust. On 9 and 13 Au gust, ex plo sions ex pelled blocks of
in can des cent ma te rial that rolled 100 m down the W flank.

Bulge de tected and in tense
ex plo sive erup tions on 16 Au -
gust. Cli nom e ter mea sure ments
on 16 Au gust in di cated a bulge on 
the N flank as com pared to 11
Au gust .  Seismic ac t iv i ty in -
creased, as ash-and-gas plumes
reached heights of 3 km above the 
sum mit and drifted W and NW.
About 3,200 peo ple were evac u -
ated from “at-risk” ar eas. At 1900 
on 16 Au gust, a new, in tense ex -
plo sive erup tion be gan that con -
tin ued through out the day. A
large pyroclastic flow did not
reach the road. 

The erup t ion con t in  ued
through 0145 on 17 Au gust at
high lev els of in ten sity, ejecting
in can des  cent  rocks and
generating pyroclastic flows. Sev -
eral pyroclastic flows were re -
ported in the Achupashal, Mandur 
y La Ha ci enda, Juive and Vascún
ra vines. On the 17th tephra fall
(with pum ice clasts ~ 3 cm in di -
am e ter) was re ported from sev eral 
ar eas in a wide zone that ex tended 
from Penipe in the SW to ~ 15 km 
NW. Ash plumes reached es ti -
mated heights of 10 km above the
sum mit and cov ered the cen tral
part of Ec ua dor, form ing a cloud
~ 742 km long and ~ 185 km wide 
trending NNW and SSE.
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Fig ure 1. In dex of daily seis mic val ues (top) and in dex ex pressed in per cent ages (bot tom) for Tungurahua from 1
Jan u ary 2006 to 2 January 2007. Ar rows mark the dates of the erup tions men tioned in this re port. Courtesy of IG.



As of mid-Au gust, about 20 pyroclastic flows had de -
scended the above-men tioned ra vines, and pos si bly oth ers
on the SW flank. At 2125 the larg est pyroclastic flow of the 
se quence de scended the Achupashal ra vine and reached
and dammed the Chambo river.

At 0033 on the 18th ac tiv ity in ten si fied, gen er at ing sev -
eral pyroclastic flows and ashfall in sev eral sec tors from
Penipe in the SW to the N; hot ashfall was re ported in the
vil lages of Pelileo, Cevallos, San Juan, and Cotaló. The
large quan tity of ac cu mu lated ash on roofs in the vil lage of
Pillate caused their col lapse. The city of Baños lost elec tri -
cal service. Dur ing this pe riod, one of the pyroclastic flows
de scended near  Juive Grande and crossed the
Ambato-Baños. A sus tained erup tion col umn ap peared in -
can des cent and glow ing at the base, with an as so ci ated ash
cloud to 7 km above the crater that was blown W and SW.
Continuous sprays and jets of lava rose hun dreds of me ters
above the crater.

The ex plo sive erup tion on 16-17 Au gust cul mi nated
around 0200 (fig ure 2), af ter which time the ac tiv ity grad u -
ally de creased. The IG re port stated that on 17 Au gust, al -
though the erup tive ac tiv ity had ceased, lon ger last ing
events in clud ing move ment of magma and con tin u ous de -
for ma tion on the N flank in di cated that re sid ual mag matic
fluid in the vol ca nic sys tem was putt ing pres sure on the
struc ture. Ad di tion ally, emis sion of SO2 con tin ued to be de -
tected in mod er ate amounts. This re port (Spe cial Re port
#14, 17 Au gust 2006) also re minded au thor i ties that the
events of 1918 in cluded five ex plo sive erup tions in ter -
spersed with pe ri ods of re duced ac tiv ity and that the en tire
W flank re mained at risk of col lapse, which could re lease a
large vol ume of lava and pro duce much larger pyroclastic
flows. Com mu ni ties at most risk would be on the NW flank 
(Juive Grande, Los Pájaros, Cusua, Bilbao), but more dis -
tant zones at the bot tom of the Chambo and Pastaza val leys
(Chacauco, and even tu ally Puñapí) would also be affected.

Dra matic de vel op ments. On 18 Au gust, in can des cent
blocks ejected from the sum mit de scended ~ 1.7 km down
the flank. Also that day, based on seis mic in ter pre ta tion,
one of the block ages damm ing part of the Chambo River
had been breached.

Dur ing 18-19 Au gust, the N flank con tin ued to in flate.
Dur ing 20-21 Au gust, steam emis sions were ob served dur -
ing breaks in the cloud cover and the N flank ex hib ited de -
fla tion. On 23 Au gust, two slow-mov ing lava flows were
iden ti fied on the NW slope. 

Ac cord ing to news re ports, fall ing ash and de bris
caused fires and se vere dam age to five vil lages. An es ti -
mated 20,000 hect ares of crops were de stroyed. At least
five peo ple were dead or miss ing, and sev eral more were
in jured. An es ti mated 4,000 peo ple re lo cated to shelters.

Rel a tive quiet, late Au gust-Oc to ber. Dur ing 23-27 Au -
gust, vi sual ob ser va tions of Tungurahua were im paired due
to in clem ent weather. Based on seis mic in ter pre ta tion, lava
con tin ued to slowly flow NW to wards Cusúa and La Ha ci -
enda. Seis mic ity was low and dom i nated by long-pe riod
earth quakes. In cli nom e ter mea sure ments in di cated no
additional inflation on the flanks.

Dur ing Sep tem ber, seis mic ity re mained low. On 1 Sep -
tem ber, lava flows on the NW flank were con firmed to have 
ceased. On 7 Sep tem ber lahars de scended the NW gorges
of Chontapamba and Mandur. Dur ing the month, there
were sev eral steam-and-gas plumes with lit tle or no ash
con tent. The emis sion heights ranged from ~ 0.1 to 2 km

above the sum mit, and the pri mary wind drift was to the
NW and W. In can des cence at the sum mit was ob served at
night. On the af ter noon of 21 and on 22 Sep tem ber, mod er -
ate ash emis sions oc curred. Three more emis sions on 23
Sep tem ber caused ashfall in Penipe; one plume rose 3 km
and an other 4 km above the sum mit. Ash plumes were seen
again on 25 September.

No ash emis sions were re ported be tween 27 Sep tem ber
and 2 Oc to ber; how ever, on 2 Oc to ber a slow-mov ing lava
flow was seen de scend ing the NNW flank and some
fumarolic ac tiv ity from the crater was ob served. On 3 Oc to -
ber an ex plo sion re sulted in ash fall ing in nearby com mu ni -
ties to the W. Ac cord ing to the IG and avi a tion sources, the
plume rose to at least 5 km above the summit.

Dur ing 4-5 Oc to ber, Tungurahua’s N flank fumaroles
were ac tive and steam emis sions with mi nor ash con tent
rose to 1 km above the sum mit and drifted W. Ad di tional
steam plumes pos si  bly orig i  nated from the re cent
lava-flow’s front. The IG again re ported an in crease in
emis sions and seis mic ity on 11 and 12 Oc to ber, when
steam plumes with slight to mod er ate amounts of ash
reached 9-12 km al ti tude. Light ash fell in ar eas to the NW
and W. Dur ing 13-17 Oc to ber, seis mic ity de creased and
plumes reached 7-8 km altitude.

On 16 Oc to ber a small lava flow spalled off in can des -
cent blocks; gas plumes were ob served. Lahars trav eled N
to ward Baños and down the Vazcún and Ulba gorges.

Dur ing 18-19 Oc to ber, ash emis sions in creased in in ten -
sity and seis mic tremor was con tin u ous. Dur ing the night,
lava foun tains reached heights of 1 km above the crater rim
and blocks rolled 800 m down the flanks. Ac cord ing to the
Wash ing ton VAAC, around this time a pi lot re ported an ash 
plume to an al ti tude of 8.5 km. Ash plumes drifted NE and
E and gen er ated ashfall about 50 km E, in Puyo. Ac cord ing
to news ar ti cles, about 300 vil lag ers were evac u ated.

Emis sions con tin ued dur ing 20-24 Oc to ber, pro ducing
plumes to 7-8 km. Ashfall was re ported from towns on the
N, NW, W, SW, and E flanks. On 28 Oc to ber, in can des cent 
blocks were ex pelled from the sum mit and rolled about 500
m down the W and E flanks. The next day, a lahar trav eled
NNW down the Mandur drain age and muddy wa ter swelled 
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Fig ure 2. An in ter preted sat el lite im age of a tall Tungurahua erup tion
col umn. The sat el lite was NOAA-18 (Chan nel 4-5) (1.5 nau ti cal mile
res o lu tion) at 0209 (0709 UTC) on 17 Au gust 2006. Cour tesy of the Air
Force Weather Agency.



in the Vazcún drain age. In can des cence from the crater was
seen during most of October.

Ash plumes of steam and gas, and mod er ate ashfalls,
were re ported from sev eral down wind towns on 5 and 6
No vem ber, in clud ing Bilbao (8 km W), Cotaló (13 km
NW), and Manzano (8 km SW). On 2 No vem ber in can des -
cent blocks were ex pelled from the sum mit and rolled 700
m down the W and E flanks. Night time in can des cence was
ob served dur ing 2-4 November.

On 7 No vem ber, a vo lu mi nous lahar trav eled down
gorges to the W and reached as far as the Chambo river, ~ 7
km from the sum mit. On 8 No vem ber, blocks ex pelled from 
the sum mit rolled down the flanks and ashfall was re ported
from ar eas in clud ing Casúa (7 km NW) and Baños (8 km
NE). On 10, 11, and 13 No vem ber, ash fall was re ported
from ar eas in clud ing Penipe (8 km SW). Dur ing 12-13 No -
vem ber, lahars trav eled down W and NW drainages and the 
Vazcún river swelled with muddy wa ter.

On 17 No vem ber, an ash plume reached an al ti tude
greater than 10 km and drifted NW and NE. Dur ing 26-27
No vem ber, Strombolian ac tiv ity pro pelled in can des cent
ma te rial up to 600 m above the sum mit. Blocks rolled 2 km
down the flanks. Light ning was vis i ble in an ash plume that
reached 7 km al ti tude and ashfall was re ported from ar eas 8
km WSW. On 27 No vem ber, an ash plume rose to 9 km and 
drifted W. These con di tions con tin ued on into early De -
cem ber. On 6 De cem ber, plumes reached an al ti tude of 10
km. Ashfall was re ported in ar eas in clud ing Cotaló, about
13 km NW, Pillate, about 7 km to the W, and Puela, about 8 
km SW. On 9 De cem ber, ashfall up to 1 mm thick was re -
ported about 12 km N in Baños.

Around this time seis mic ity was min i mal in both in ten -
sity and du ra tion. The plumes drifted in mul ti ple di rec tions. 
On 14 De cem ber, a lahar trav eled SW down the Mapayacu
gorge. On 21 De cem ber, lahars from Tungurahua trav eled
NW down the Mandur gorge re sult ing in a road clos ing and 
W down the Bilbao gorge. Gas-and-steam emis sions pro -
duced small plumes on 22, 23, and 25 De cem ber. Dur ing 27 
De cem ber-2 Jan u ary, seis mic ity at Tungurahua re mained
mod er ate to low. On 27 and 28 De cem ber, lahars trav eled
down drainages in clud ing Bilbao to the W, Mandur to the
NNW, and Mapayacu to the SW. Dur ing 3-9 Jan u ary, seis -
mic ity at Tungurahua re mained low to mod er ate.

Cor rec tion. One or more pre vi ous “Geo logic Sum ma -
ries” in cor rectly gave the erup tion’s start date as 1995; that
was a ty po graph i cal er ror. The cor rect start date is Oc to ber
1999.

Geo logic Sum mary. Tungurahua is a steep-sided
andesitic-dacitic stratovolcano that tow ers more than 3 km
above its north ern base. It is one of Ec ua dor’s most ac tive
vol ca noes. Three ma jor vol ca nic ed i fices have been se -
quen tially con structed since the mid-Pleis to cene pe riod
over a base ment of meta mor phic rocks. Tungurahua II was
built within the past 14,000 years fol low ing the col lapse of
the ini tial ed i fice. Tungurahua II it self col lapsed about
3,000 years ago and pro duced a large de bris-av a lanche de -
posit and a horse shoe-shaped cal dera open to the W, in side
which the  mod ern  gla  c ier-capped s t ratovolcano
(Tungurahua III) was con structed. His tor i cal erup tions
have all orig i nated from the sum mit crater. They have been
ac com pa nied by strong ex plo sions and some times by
pyroclastic flows and lava flows that reached pop u lated ar -
eas at the vol cano’s base. Prior to a long-term erup tion be -
gin ning in 1999 that caused the tem po rary evac u a tion of the 

city of Baños at the N foot of the vol cano, the last ma jor
erup tion had oc curred from 1916 to 1918 with mi nor ac tiv -
ity con tin u ing un til 1925.

In for ma tion Con tacts: Geo phys i cal In sti tute (IG),
Escuela Politécnica Nacional, Apartado 17-01-2759, Quito, 
Ec ua dor (URL: http://www.igepn.edu.ec/); Wash ing ton
Vol ca nic Ash Ad vi sory Cen ter (VAAC), Sat el lite Anal y sis
Branch (SAB), NOAA/NESDIS E/SP23, NOAA Sci ence
Cen ter Room 401, 5200 Auth Rd., Camp Springs, MD
20746 USA (URL: http://www.ssd.noaa.gov/); In ter na -
tional Fed er a tion of Red Cross And Red Cres cent So ci et ies
(IFRC) (URL: http://www.reliefweb.int/) ; Agence
France-Presse (URL: http://www.afp.com/); As so ci ated
Press (URL: http://www.ap.org/).

St. Hel ens

Wash ing ton, USA
46.20°N, 122.18°W; sum mit elev. 2,549 m

The cur rent and on go ing erup tion of the St. Hel ens
started on 11 Oc to ber 2004. Ex tru sion of the grow ing
dacitic lava dome has con tin ued in the same qui es cent but
sus tained mode ex hib ited through out the first half of 2006
(BGVN 31:07) . Lev els of seis mic ity have re mained gen er -
ally low, with low emis sions of steam and vol ca nic gases
and mi nor pro duc tion of ash.

From 26 July through 3 Oc to ber 2006, the lava dome
con tin ued to grow and pro duce small rockfalls ac com pa -
nied by mi nor earth quakes. M 3-3.6 earth quakes oc curred
on 26, 28, and 31 July. Re sult ing dust plumes rose well
above the crater rim. A steam plume was ob served ris ing
from the grow ing lava dome on 13 Au gust. Dur ing 16-22
Au gust, based on in ter pre ta tions of seis mic data, spine ex -
tru sion from the dome con tin ued in con junc tion with small
earth quakes and rockfalls. By mid-Au gust 2006 the dome’s 
vol ume was about 85 mil lion cu bic me ters grow ing at an
av er age rate of less than 1 m3/s. The lava dome’s height
above the 1986-crater floor started at 396 m. On 9 and 10
Sep tem ber, five shal low earth quakes greater than M 2 oc -
curred in as so ci a tion with the grow ing dome. A pe riod of
relatively low seismic activity followed.

From 20 Sep tem ber through 3 Oc to ber, lava ex truded
slowly from the vent onto the S crater floor; there was only
low seis mic ity that gen er ated oc ca sional rockfalls as ta lus
sloughed off the flanks of the grow ing dome. The rate of
dome de for ma tion was low. There was no change in rock
chem is try, sug gest ing lit tle to no change in erup tive style.
The lack of ex plo sive ac tiv ity cou pled with con tin u ing low
num ber of earth quakes and small quan ti ties of vol ca nic gas
in di cate that the risks posed by the haz ards are currently
relatively low.

Dur ing Oc to ber, lava con tin ued to ex trude onto the S
crater floor of St. Hel ens and ob ser va tions and data from
de for ma tion-mon i tor ing in stru ments showed the dome con -
tin ued to grow. Low seis mic ity and slight tilt ing of the
crater floor pro duced small rockfalls. A small steam plume
was vis i ble on 9 Oc to ber. On 22 Oc to ber, an M 3.5 earth -
quake trig gered the col lapse of ma te rial from the larg est of
the lava-dome spines. The re sult ing ash plume rose to about 
3.2 km and quickly dis si pated to the W. On 29 Oc to ber, a
M 3.2 earth quake was ac com pa nied by a rockfall that pro -
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duced a small plume. The plume filled the crater to just
above the rim and quickly dissipated.

Through out No vem ber and De cem ber, data from de for -
ma tion-mon i tor ing in stru ments showed that dur ing 1-7 No -
vem ber, the lava dome con tin ued to grow. In clem ent
weather pro hib ited vi sual ob ser va tion dur ing most of the
re port ing pe riod. On 5 and 6 No vem ber, acous tic flow
mon i tors re corded rain-in duced de bris flows within the
crater and in the up per part of the North and South Fork
Toutle River val leys. Seis mic ity con tin ued at low lev els,
punc tu ated by M 1.5-2.5, and oc ca sion ally larger, earth -
quakes. On 21 No vem ber, views from an air craft and a
crater cam era showed that an ac tive spine con tin ued to ex -
trude. On 18 De cem ber, a steam plume rose sev eral hun -
dred me ters above the rim and was visible from the
Portland area, about 80 km away.

Sci en tists work ing on the “old part” of the new lava
dome found ev i dence to sug gest that the lava dome was es -
sen tially so lid i fied within sev eral hun dred meters be neath
the crater floor. The outer 2-3 m of the lava dome was com -
posed of ground rock that tran si tions to solid rock with nu -
mer ous frac tures. These find ings sup port the stick-slip
model of lava dome ex tru sion. If the model is cor rect, it
may help ex plain the or i gin of many of the mil lion plus
small, shal low earth quakes as the re sult of nu mer ous
sub-sur face slips that cre ated the ground and frac tured rock. 
Sci en tists have also noted that for short pe ri ods (hours to
per haps a day) part of the grow ing lava dome ap pears to
stick (no move ment de tected in pho to graphs) and then re -
starts again af ter high-M 2 to low-M 3 earth quakes.

Alert Level ter mi nol ogy. On Oc to ber 1, the alert-level
sys tem for all vol ca noes mon i tored by the USGS was
changed to a de scrip tive sys tem (ta ble 1). In the new sys -
tem, “Nor mal” in di cates back ground con di tions are sta ble;
this is equiv a lent to avi a tion color-code Green. The pre vi -
ous alert lev els of Vol ca nic Un rest (Alert Level 1), Vol cano 
Ad vi sory (Alert Level 2) and Vol cano Alert (Alert Level 3) 
have changed to “Ad vi sory,” “Watch,” and “Warn ing,” re -
spec tively. There is a mi nor ad di tional change for the avi a -
tion color-code def i ni tions in that there is no lon ger an
ash-plume thresh old given for ei ther Or ange or Red. The
ash-plume height thresh old of 25,000 ft. or less for avi a tion
warn ing con di tion “Or ange” is no lon ger man da tory; con di -
tion “Red” was for ash above 25,000 ft. Now the height
threshold can be adjusted for each case.

Through out the pe riod cov ered by this re port, the haz -
ard sta tus for St. Hel ens re mained at Vol cano Ad vi sory
Alert Level (2) “Watch;” avi a tion color code Or ange. The
alert-level “Watch” is used for two dif fer ent sit u a tions: (1)
height ened or es ca lat ing un rest in di cat ing a higher po ten tial 
that an erup tion is likely, but still not cer tain; or (2) an erup -
tion that poses only lim ited haz ard. Descriptor def i ni tion
“Watch” fits the cur rent lava-dome eruption at St. Helens.

Geo logic Sum mary. Prior to 1980, Mount St. Hel ens
formed a con i cal, youth ful vol cano some times known as
the Fuji-san of Amer ica. Dur ing the 1980 erup tion the up -
per 400 m of the sum mit was re moved by slope fail ure,
leav ing a 2 x 3.5 km horse shoe-shaped crater now par tially
filled by a lava dome. Mount St. Hel ens was formed dur ing
nine erup tive pe ri ods be gin ning about 40-50,000 years ago
and has been the most ac tive vol cano in the Cas cade Range
dur ing the Ho lo cene. Prior to 2200 years ago, tephra, lava
domes, and pyroclastic flows were erupted, form ing the
older St. Hel ens ed i fice, but few lava flows ex tended be -

yond the base of the vol cano. The mod ern ed i fice was
con structed dur ing the last 2200 years, when the vol cano
pro duced ba saltic as well as andesitic and dacitic prod ucts
from sum mit and flank vents. His tor i cal erup tions in the
19th cen tury orig i nated from the Goat Rocks area on the
north flank, and were wit nessed by early set tlers. This vol -
cano is well known for its ash explosions and pyroclastic
flows.

In for ma tion Con tacts:  Cas cades Vol cano Ob ser va tory 
(CVO), U.S. Geo log i cal Sur vey, 1300 SE Car di nal Court,
Build ing 10, Suite 100, Van cou ver, WA 98683-9589, USA
(URL: http://vul can.wr.usgs.gov/, Email: gscvoweb@
usgs.gov).

Au gus tine

South west ern Alaska, USA
59.363°N, 153.43°W; sum mit elev. 1,252 m

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

Dur ing the lat ter half of 2006 and through Jan u ary
2007, Au gus tine ex pe ri enced low-level ac tiv ity, in stark
con trast to the en er getic erup tions of Jan u ary and Feb ru ary
2006 (BGVN 31:04). Five ocean-bot tom seis mom e ters were 
de ployed on 8 Feb ru ary 2006 around Au gus tine Is land in
Cook In let to as sist the Alaska Vol cano Ob ser va tory
(AVO) in mon i tor ing ac tiv ity on the is land. Fig ure 3 shows
new de pos its as of April 2006. This re port cov ers the de -
clin ing vol ca nism from April 2006 through January 2007.

Ac tiv ity dur ing mid-2006. The fre quency of rock falls,
av a lanche events, and hot block-and-ash flows con sis tently
de creased dur ing April to Au gust 2006. One ex cep tion was
a mi nor spike con sist ing of 17-18 April av a lanche sig nals
that were larger rel a tive to those seen in pre vi ous weeks.
Based on ae rial ob ser va tions on 19 April, an ac tive rock fall 
and av a lanche chute de vel oped near the mar gin of the new
lava flow/dome com plex in the NW sum mit area. As so ci -
ated rockfalls con trib uted to an ash blanket visible on the
SW flank.

Steam ing was con sis tently seen dur ing pe ri ods of vis i -
bil ity (fig ure 4). Vis i ble growth of the lava dome con tin ued, 
and the new dome and lava flows re mained highly un sta ble
through June 2006. Web cam era views showed a low-level
steam plume dur ing the first two weeks of June 2006. Ac -
cord ing to the An chor age VAAC, on 27 July 2006 around
mid night, a pi lot re ported an ash emis sion that reached ~ 1.
5 km al ti tude and drifted SSE. There was no seis mic
evidence for the event.
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Vol cano Alert Level No men cla ture

Old Nu mer i cal

Level

New

Descriptor

Avi a tion

Color Code

Back ground con di tions are sta ble Green

1 “Un rest” “Ad vi sory” Yel low

2 “Ad vi sory” “Watch” Or ange

3 “Alert” “Warn ing” Red

Ta ble 1. Re vised vol cano Alert Levels for all vol ca nos in the Cas cade
range. Cour tesy USGS-CVO.



On 28 April, AVO low ered the Con cern Code level
from or ange to yel low where it re mained un til Au gust. Sat -
el lite im ages in di cated de clin ing ther mal out put con sis tent
with the de crease in ac tiv ity dur ing April 2006. Air borne
sul fur di ox ide gas mea sure ments showed con tin ued high
lev els of mag matic gas emis sion that could be as so ci ated
with de gas sing of lava at the sum mit in April 2006. Weak
ther mal anom a lies per sisted in sat el lite data through Au gust 
2006, and seis mic lev els de creased to back ground by this
time. On 9 Au gust 2006, it low ered the level of Con cern
Color Code from yellow to green (the lowest level).

Ac tiv ity dur ing late 2006-early 2007. Since 9 Au gust
2006, seis mic ity re mained at or near back ground and AVO
did not de tect ash plumes or sig nif i cant tem per a ture
fluc tu a tions. 

Brief seis mic ac tiv ity oc curred 
dur ing 11 Sep tem ber-4 Oc to ber
2006. Dur ing that time pe riod, the 
num ber of earth quakes rose from
zero to seven,  fol  lowed by a
plunge of ac tiv ity that per sisted
through Jan u ary 2007. AVO web
cam era views showed typ i cally
light steam ing from the sum mit
from Sep tem ber 2006 to January
2007. 

Geo logic Sum mary. Au gus -
t ine  vol  cano,  r is  ing above
Kamishak Bay in the south ern
Cook In let about 290 km SW of
An chor age, is the most ac tive vol -
cano of the east ern Aleu tian arc. It 
con sists of a com plex of over lap -
ping sum mit lava domes sur -
rounded by an apron of
volcaniclastic de bris that de -
scends to the sea on all sides. Few 
lava flows are ex posed; the flanks 
con sist mainly of de bris-av a -
lanche and pyroclastic-flow de -
pos its formed by re peated col -
lapse  and regrowth of  the
vol cano’s sum mit. The lat est ep i -
sode of ed i fice col lapse oc curred

dur ing Au gus tine’s larg est his tor i cal erup tion in 1883; sub -
se quent dome growth has re stored the vol cano to a height
com pa ra ble to that prior to 1883. The old est dated vol ca nic
rocks on Au gus tine are more than 40,000 years old. At least 
11 large de bris av a lanches have reached the sea dur ing the
past 1,800-2,000 years, and five ma jor pumiceous tephras
have been erupted dur ing this in ter val. His tor i cal erup tions
have typ i cally con sisted of ex plo sive ac tiv ity with em place -
ment of pumiceous pyroclastic-flow deposits followed by
lava dome extrusion with associated block-and-ash flows.

In for ma tion Con tacts: Alaska Vol cano Ob ser va tory
(AVO), a co op er a tive pro gram of the U.S. Geo log i cal Sur -
vey, 4200 Uni ver sity Drive, An chor age, AK 99508-4667,
USA (URL: http://www.avo.alaska.edu/), Geo phys i cal In -
sti tute, Uni ver sity of Alaska, P.O. Box 757320, Fair banks,
AK 99775-7320, USA, and Alaska Di vi sion of Geo log i cal
& Geo phys i cal Sur veys, 794 Uni ver sity Ave., Suite 200,
Fairbanks, AK 99709, USA.

Home Reef

Tonga Is lands, SW Pa cific
18.992°S, 174.775°W; sum mit elev. -2 m
All times are lo cal (= UTC + 13 hours)

The is land built by the erup tion from Home Reef in
early Au gust (BGVN 31:09 and 31:10, ta ble 2) was di rectly
ob served on 14 No vem ber and 7 De cem ber. No ad di tional
in for ma tion about the erup tion site has been re ceived af ter
7 December.

Paul Tay lor re ported that the Home Reef is land was ob -
served on 14 No vem ber by a Ton gan De fence Force pa trol
boat. The is land was re ported to be ~ 40 m high, roughly
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Fig ure 3. New de pos its from the cur rent Au gus tine erup tion, as of mid-April 2006. This map was cre ated us ing
ae rial ob ser va tions, pho tos, sat el lite im ages, and lim ited field work. Cour tesy of Alaska Vol cano Ob ser va tory.

Fig ure 4. Pho to graph taken on the af ter noon of 12 July 2006 from the E,
show ing the up per NE flank of Au gus tine vol cano and the new lava dome. 
Cour tesy of AVO and Game McGimsey.



300 x 300 m at that time, and looked quite con sol i dated
with pum ice on the out side, while the cen ter looked “more
sub stan tial.” Al though not in erup tion, a con sid er able
plume of smoke/steam was being emitted.

The is land was pho to graphed on 7 De cem ber 2006 (fig -
ure 5) by the Royal New Zea land Air Force (RNZAF) at the 
re quest of vol ca nol o gists from the In sti tute of Geo log i cal & 
Nu clear Sci ences (IGNS). Sat el lite im ag ery on 4 Oc to ber

showed an is land about 0.24 km2,
which de  creased by about
one-third to 0.15 km2 by 12 No -
vem ber. The RNZAF Orion crew
re ported that the roughly cir cu lar
is land was 450 m in di am e ter (0.
16 km2), with a max i mum height
of 75 m (fig ure 6). The po si tion
was re  por ted as  18 o59.4’S,
174 o45.4’W (18.99 oS,  174.
757oW). Mi nor fumarolic ac tiv ity
was oc cur ring in the crater and
there was a no tice able smell of
sul fur. Plumes of dis col ored wa -
ter were pres ent in the sur round -
ing area. The higher-an gle views
of the is land showed an area that
had eroded to just be low the
ocean sur face, possibly reflecting
the previous extent of the island.

Float ing pum ice ob ser va -
tions. Pum ice from the Home
Reef erup tion was iden ti fied in
Terra and Aqua MODIS sat el lite
im ages as well as be ing re ported
by sail ors and Fijians (BGVN
31:09 and 31:10). A com pi la tion
of all of these sources (fig ure 7)
seemed to in di cate that two ma jor
tracks were taken by most of the
pum ice. Ini tially, all of the pum -
ice went N, then WNW across the 
ocean to wards Fiji.  Ap prox i -
mately mid way to Fiji, some of
the pum ice turned on a more
west erly course then moved south 
be fore im pact ing Vatoa and pass -
ing the south ern Lau Is lands
enroute to Kadavu and Vanua
Levu. An other batch of pum ice
con tin ued on a WNW course,
pen e trat ing the north ern Lau Is -
lands to Taveuni, the Koro Sea,
and Viti Levu. Both groups of
pum ice even tu ally passed W of
Fiji, with some get ting to Vanuatu 
in No vem ber. Most of the pum ice
ap pears to have been gen er ated
dur ing 8-10 Au gust, but there
may have been smaller pum -
ice-cre at ing erup tions that were
not documented.

Sat el lite im ag ery re vealed not
only the paths taken by pum ice
rafts, but also their chang ing mor -
phol ogy. Al though cloud-cover
was a prob lem, the MODIS im -
ages did show enough pum ice
zones to al low their ar eas to be
sketched (fig ure 8). Note that all
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Date Ac tiv ity / Phe nom ena

05 Aug 2006 MODIS sat el lite im age shows no ac tiv ity.

08 Aug 2006 At 1020 lo cal time (2120 UTC on 7 Aug) MODIS im age shows erup tion plume sur rounded
by roughly 8-km-di am e ter cir cu lar pum ice raft (55 km2). The dif fuse erup tion plume was
seen in im ag ery ex tend ing 80 km SSW and 70 km SSE. MODIS im age at 1445 (0145 UTC)
showed larger pum ice raft still at tached to vent, and dif fuse plume vis i ble to 300 km S.  SO2

first de tected by OMI on Aura sat el lite. Late in the af ter noon a con tin u ous rum bling like
thun der was heard from Vava’u; red glow was seen on the ho ri zon that eve ning.

09 Aug 2006 Con tin u ous rum bling like thun der to the S of Vava’u, large mush room-shaped erup tion
plume was be ing ejected above the vent in the morn ing. MODIS im ag ery at 1103 lo cal time
(2203 UTC on 8 Aug) showed that the pum ice raft was still at tached to vent, but had drifted
to the W and was ap prox i mately 150 km2. White erup tion plume quickly lost in cloud
cover. SO2 mass (de ter mined by OMI) de tected E of Tonga was ~ 25 ki lo tons.

10 Aug 2006 Con tin u ous rum bling like thun der to the S of Vava’u. MODIS im ag ery at 1432 (0132 UTC)
shows that a large pum ice raft has moved N of Late Is land (20 km NE). Some pum ice
re mains around vent site, but is hid den by erup tive plume. Sub ma rine plume of dis col ored
wa ter ex tends to Late Is land. Dif fuse plumes ex tend at least 100 km SE and 330 km NW.

11 Aug 2006 Con tin u ous rum bling like thun der to the S of Vava’u, large erup tion plume above the vent.
MODIS im ag ery at 1052 (2152 UTC on 10 Aug) showed a thin white erup tion plume
di rected 25 km SW be fore be ing lost in cloud cover. No sig nif i cant pum ice raft seen near
the vent, but there was an ex ten sive area (150 km2) of dis col ored wa ter sur round ing the site.

12 Aug 2006 Erup tion col umn mov ing NW re ported by crew of the yacht Maiken. Surtseyan ex plo sive
jets be ing emit ted, pro duc ing pro jec tiles that fell to the sea around the vent area. Mul ti ple
peaks had formed around a cen tral crater that was open to the sea on one side. The is land
was about 1.5 km in di am e ter. OMI de tec tion of SO2 shows 3.3 ki lo tons in the area.

14 Aug 2006 MODIS im age at 1405 (0105 UTC) shows small E-di rected white plume, prob a ble is land,
and large area of strongly dis col ored wa ter (30 km2) E of the is land. Sin u ous sub ma rine
plume of dis col ored wa ter ex tends 60 km NW.

16 Aug 2006 Is land was com pletely cov ered by clouds in a MODIS im age at 1110 (2210 UTC on 15
Aug), but a plume of dis col ored wa ter stretched more than 50 km N to some pum ice rafts.

17 Aug 2006 MODIS im ag ery at 1435 (0135 UTC) re vealed me te o ro log i cal clouds stream ing from Late
Is land and Home Reef. Dis col ored wa ter through out the area N to wards Late, and
ex tend ing 80 km N to large pum ice rafts. No sig nif i cant pum ice rafts seen near the is land.

19 Aug 2006 No erup tion plume seen from is land in MODIS im ag ery at 1425 (0125 UTC). Weakly
dis col ored wa ter patches ex tend ing NNW.

22 Aug 2006 Small whit ish cloud at tached to is land seen in MODIS im age at 1030 (2130 UTC on 21
Aug) may be me te o ro log i cal (sim i lar clouds at tached to Late). Strongly dis col ored wa ter in
nar row sub ma rine plume very co her ent to 8 km NE be fore dif fus ing and mov ing NW.

23 Aug 2006 MODIS im ag ery at 1115 (2215 UTC on 22 Aug) very cloud-cov ered, but large zone of
dis col ored wa ter lo cated N of the is land.

27 Aug 2006 Is land pres ent on MODIS im age at 1050 (2150 UTC on 26 Aug) with a co her ent sub ma rine
plume be ing dis persed to the N.

mid-Sep 2006 Is land re ported pres ent at the site of Home Reef by Ton gan fish ing ves sel.

20 Sep 2006 “Strong sul fur odor” noted by a yacht pass ing W of the vol cano.

04 Oct 2006 Sev eral sub ma rine plumes ob served on AS TER im ages. The is land pres ent was oval in
shape, with the long axis ori en tated NE-SW. The is land mea sured about 800 x 400 m and
cov ered an area of 0.23-0.26 km2. Sev eral small lakes were pres ent within the is land.

12 Nov 2006 No ac tiv ity ob served on AS TER im ages. Is land was still pres ent but with no crater lakes.
The is land was tri an gu lar in shape and cov ered an area of 0.146 km2.

14 Nov 2006 Is land ob served by De fence Force pa trol boat was ~40 m high, d square in shape, 300 m on a 
side. The is land looked quite con sol i dated. Plume of smoke/steam, but no erup tive ac tiv ity.

07 Dec 2006 Over flight by a RNZAF Orion re vealed a roughly cir cu lar is land, 450 m in di am e ter, at 
18°59.4’S 174°45.4’W. The crew es ti mated the height as “up to 240 ft” (75 m). Mi nor
fumarolic ac tiv ity was oc cur ring in the crater and there was a no tice able smell of sul fur.
Sed i ment/hy dro ther mal plumes were pres ent in the sur round ing wa ters.

Ta ble 2. Sum mary of ac tiv ity at Home Reef, Au gust-De cem ber 2006. Only near-source ob ser va tions are
in cluded, not dis persed pum ice sight ings. Re vised area cal cu la tions were made us ing a Google Earth tool. Data
sup ple mented, es pe cially with ad di tional sat el lite ob ser va tions, from a ta ble orig i nally pre pared by Paul Tay lor.



dates and times in this sec tion are UTC. Dur ing the early
stages of the erup tion pum ice built up and re mained in the
im me di ate vi cin ity of the vent (2120 on 7 Au gust through
2203 on 8 Au gust UTC) (fig ure 8A). Though clouds pre -
vented a view of the en tire raft, at it’s great est ex tent pum -
ice cov ered about 140 km2 while still attached to the vent.

By 0132 on 10 Au gust the main mass of pum ice had
moved to the N side of Late is land (fig ure 8A). The raft
gen er ally re mained as a sin gle large co her ent fea ture in that
area for at least 20 hours. Over those 20 hours the raft
spread from cov er ing about 300 km2 to al most 400 km2 in a
con tig u ous ir reg u lar area, more than dou ble the area of
Wash ing ton D.C. When it be gan mov ing NE to wards an -
other un named sub ma rine vol cano, by 0120 on 12 Au gust
UTC, the main mass was re duced in size by about 50% and
left a “tail” loop ing to wards Vava’u with smaller stray
pumice rafts throughout the area.

Be tween 0105 on 14 Au gust and 0135 on 17 Au gust
(UTC) the pum ice be gan mov ing NE and ENE (fig ure 8B).
Pieces of the large raft be gan to shear off, with cur rents car -
ry ing smaller rafts away and of ten leav ing a trail of con -
nected pum ice frag ments in the wake. How ever, a con tig u -
ous mass of al most 150 km2 re mained 60 km N of Late
Is land. Over the next cou ple of days all of the pum ice
drifted N and con tin ued to string out ENE across the ocean
to wards north ern Fiji (fig ure 8C). By 2215 on 22 Au gust
(UTC) there was still pum ice 25 km W of Fonualei vol -
cano, but the far thest iden ti fi able rafts of pum ice were 270
km E and ENE of Fonualei. The pum ice ap peared to form a
con tin u ous, con nected stream for most of that dis tance. In
other lo ca tions the strand of pum ice frag ments had bro ken
and in di vid ual seg ments had turned, cre at ing mul ti ple
parallel lines of pumice spread across the water.

By 2150 on 26 Au gust there were three dis tinct ar eas of
pum ice still vis i ble (fig ure 8D), though they were all

greatly di min ished in area and start ing to be dif fi cult to dis -
tin guish through in ter mit tent cloud cover. One area was
still a con nected, or semi-con nected, strand about 250 km
long di rected to the NE. An other area of pum ice about 60
km N-S was within 100 km of the cen tral Lau Is lands. The
sec ond pum ice zone was en coun tered on 28 Au gust by the
Yacht KB1LSY as it ap proached the is lands. Pum ice from
one or both of these sources had pen e trated into the north -
ern Lau Is lands and the Koro Sea by 14 Sep tem ber, land ing
on Taveuni, Naitauba, and Vanua Levu. Pum ice was then
re ported around Koro Is land and in the “Bligh Tri an gle”
area be tween Vanua Levu and Viti Levu start ing on 20 Sep -
tem ber. At least some of this pum ice drifted through the
pas sage to Yasawa Island, N of Viti Levu, by early
November.

The third dis tinct set of pum ice rafts seen in im ag ery on
26 Au gust ex tended across an 80-km dis tance di rected
SE-NW and was drift ing to wards the south ern Lau Is lands.
This batch of pum ice was en coun tered on 30 Au gust by the
Soren Larsen just W of the cen tral Lau Is lands, and is most
likely the same pum ice that was re ported by the En deavor
ex tend ing 90 km NE from Vatoa Is land on 16 Sep tem ber.
On 30 Sep tem ber large vol umes of pum ice were land ing on
Kadavu Is land, an other 350 km from Vatoa. That same day
pum ice was seen an ad di tional 200 km NW, on the western
side of Viti Levu.

Al though pum ice was seen on Efate Is land in Vanuatu
dur ing early Oc to ber, it was thought to be from the
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Fig ure 6. High-an gle ae rial pho to graphs of Home Reef, 7 De cem ber
2006. The top view is look ing ap prox i mately W, show ing that the
north ern end of the is land has eroded to just be low sea level. Sub ma rine
plumes of sed i ment are also ob vi ous. The bot tom view is look ing
ap prox i mately SE, show ing a close-up of the erod ing rem nant of the
is land. Cour tesy of the RNZAF and IGNS.

Fig ure 5. Low-an gle ae rial pho to graphs of Home Reef, 7 De cem ber 2006. 
The top view is look ing NNE to wards Late Is land in the back ground. The
bot tom view is look ing S. Cour tesy of the RNZAF and IGNS.
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Fig ure 8. Sketches of pum ice ar eas on var i ous dates in Au gust 2006 from the erup tion at Home Reef. Ar eas de picted may not be filled with pum ice, but have
ob serv able pum ice scat tered within them. Sketch maps show pum ice ar eas (in UTC) on 7-8 Au gust (A, SW sec tion), 10-12 Au gust (A, NE sec tion), 14-17
Au gust (B), 19-22 Au gust (C), and 26 Au gust (D). See text for ad di tional in for ma tion. The ar eas were de ter mined by over lay ing geo graph i cally reg is tered
MODIS sat el lite im ag ery into Google Earth and us ing a poly gon cre ation tool to man u ally de ter mine the pum ice ex tents. Base map from Google Earth. Pre pared 
by GVP.

Fig ure 7. Map show ing ap prox i mate paths taken by pum ice gen er ated by the Home Reef erup tion in Au gust 2006. Paths be tween Tonga and Fiji dur ing 8-26
Au gust (shaded ar eas) are based on MODIS sat el lite im ag ery (see text for fur ther ex pla na tion). Paths through Fiji are more spec u la tive, be ing based on point
ob ser va tions by sail ors and re ports of pum ice wash ing into bays and on beaches. Base map from Google Earth. Pre pared by GVP.



Ambrym-Lopevi area. Pum ice from Home Reef was seen
on the W coast of Efate Is land on 4 No vem ber. Float ing
pum ice was also seen in Shark Bay on the E side of Tanna
Is land around mid-No vem ber (figure 9).

Pum ice de scrip tion. Scott Bryan re ceived some pum ice
sam ples from Ro man Leslie via Pe ter Colls at the Uni ver -
sity of Queensland, who made some thin sec tions of the
pumices. Ini tial ob ser va tions are that the Home Reef pum -
ice sam pled are very sim i lar to the 2001 pum ice from the
un named vol cano along a sub ma rine pla teau south of
Fonualei (vol cano num ber 0403-091), about 85 km NE of
Home Reef. The pum ice is sim i lar in terms of color (dark -
ish gray-green), vesicularity (highly ve sic u lar), and
phenocryst con tent (low, mostly fine-grained). The pum ice
has the same min er al ogy as the 2001 pum ice: plagioclase,
two py rox enes (cpx dom i nant, and prob a bly rel a tively
Fe-rich), and Ti-mag ne tite. How ever, the Home Reef pum -
ice has slightly higher abun dances of  plagioclase
microphenocrysts (~ 0.1-1 mm). Small polymineralic clots
of plagioclase, pyroxene, and mag ne tite are dis tinc tive, and
most readily vis i ble to the na ked eye in the pum ice sam ples; 
sim i lar polymineralic ag gre gates were also pres ent in the
2001 pum ice. The pum ice ob served in thin-sec tion have
high vesicularities (> 60%). The pumice would have sim i lar 
bulk com po si tions to the 2001 pum ice of ~ 65-70 wt%
SiO2.

Erup tive his tory. The Au gust 2006 erup tion is the third
con firmed erup tive ep i sode in his tor i cal time, with ear lier
erup tions in 1852 and 1984 (SEAN 09:02). In ad di tion,
there may have been ac tiv ity in 1857, but no erup tion was
con firmed. Paul Tay lor noted that there may have also been 
an other erup tion that was oc cur ring when some ae rial pho -
tos were taken in 1990. No erup tion was re ported, so any
ac tiv ity prob a bly did n’t reach the sur face or was not ob -
served. The pho tos seemed to show a small sub ma rine
plume being dispersed to the NW.

Geo logic Sum mary. Home Reef, a sub ma rine vol cano
mid way be tween Me tis Shoal and Late Is land in the cen tral
Tonga is lands, was first re ported ac tive in the mid-19th
cen tury, when an ephem eral is land formed. An erup tion in
1984 pro duced a 12-km-high erup tion plume, co pi ous
amounts of float ing pum ice, and an ephem eral is land 500 x
1500 m wide, with cliffs 30-50 m high that en closed a
water-filled crater.

In for ma tion Con tacts: Paul W. Tay lor, Aus tra lian
Volcanological In ves ti ga tions, PO Box 291, Pymble, NSW
2073, Aus tra lia (Email: avitaylor@mpx.com.au); Brad
Scott, In sti tute of Geo log i cal & Nu clear Sci ences (IGNS),
Wairakei Re search Cen tre, PO Box 2000, Taupo, New Zea -
land (Email: b.scott@gns.cri.nz, URL: http://www.geonet.
org.nz/, http://www.gns.cri.nz/); Scott Bryan, School of
Earth Sci ences & Ge og ra phy, Kingston Uni ver sity,
Penrhyn Rd, Kingston Upon Thames, Sur rey KT1 2EE
United King dom (Email: S.Bryan@kingston.ac.uk); Nor -
man Kuring, NASA/Goddard Space Flight Cen ter, Code
970.2 ,  Greenbel t ,  MD 20771,  USA (Email:  nor  -
man@seawifs.gsfc.nasa.gov, URL: http://oceancolor.gsfc.
nasa.gov/); George Kourounis, To ronto, ON, Can ada
(URL: ht tp : / /www.s tormchaser .ca/ .  Email :
george@stormchaser.ca).

Me tis Shoal

Tonga Is lands, SW Pa cific
19.18°S, 174.87°W; sum mit elev. 43 m

On 7 De cem ber 2006 the Royal New Zea land Air Force
(RNZAF) flew over the Home Reef and Me tis Shoal area of 
Tonga at the re quest of vol ca nol o gists from the In sti tute of
Geo log i cal & Nu clear Sci ences (IGNS). At that time an is -
land was pres ent (fig ure 10), but it is not known if this is a
rem nant of the is land built in 1995 (BGVN 20:06) or the re -
sult of later un doc u mented erup tions. Ar eas of dis col ored
wa ter were pres ent ad ja cent to the is land, the re sult of ei ther 
ero sion or fumarolic ac tiv ity. Dis col ored wa ter ex tend ing
about 5 km SW from the lo ca tion of the is land was also ob -
served in an Aqua MODIS sat el lite image taken on 15
September 2005 (figure 11). 

Geo logic Sum mary. Me tis Shoal, a sub ma rine vol cano
mid way be tween the is lands of Kao and Late, has pro duced
a se ries of ephem eral is lands since the first con firmed ac tiv -
ity in the mid-19th cen tury. An is land, per haps not in erup -
tion, was re ported in 1781 and sub se quently was eroded
away. Dur ing pe ri ods of in ac tiv ity fol low ing 20th-cen tury
erup tions, waves have been ob served to break on rocky
reefs or sandy banks with depths of 10 m or less. Dacitic
tuff cones formed dur ing the first 20th-cen tury erup tions in
1967 and 1979 were soon eroded be neath the sea sur face.
An erup tion in 1995 pro duced an is land with a di am e ter of
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Fig ure 9. Pum ice from Home Reef float ing in Shark Bay on Tanna Is land,
Vanuatu, on 19 De cem ber 2006. Res i dents told the pho tog ra pher that the
pum ice had ap peared about a month ear lier. Cour tesy of George
Kourounis.

Fig ure 10. Pho to graph of Me tis Shoal, 7 De cem ber 2006. Cour tesy of the
RNZAF and IGNS.



280 m and a height of 43 m fol low ing growth of a lava
dome above the surface.

In for ma tion Con tacts: Brad Scott, In sti tute of Geo log i -
cal & Nu clear Sci ences (IGNS), Wairakei Re search Cen tre, 
PO Box 2000, Taupo, New Zea land (Email: b.scott@gns.
cri.nz, URL: http://www.geonet.org.nz/, http://www.gns.
cr i .nz/) ;  NASA Earth  Ob ser va tory  (URL: ht tp : / /
earthobservatory.nasa.gov/).

Aoba

Vanuatu, SW Pa cific
15.40°S, 167.83°E; sum mit elev. 1,496 m

All times are lo cal (= UTC + 11 hours)

The Aura/OMI sat el lite de tected el e vated SO2 con cen -
tra tions above Aoba vol cano dur ing July and Au gust 2006.
Com par i son of MODIS im ag ery be tween 3 June and 31
Au gust 2006 (fig ure 12) re vealed the ef fects of emis sions
on veg e ta tion around the crater. The con di tions in the field
were in ves ti gated by a sci en tific team from Institut de Re -
cher che pour le Développement (IRD). They con cluded
that a sig nif i cant area of the sum mit (30 to 40 km2) was
burned by acid gas emissions.

When IRD sci en tists con ducted a visit to Aoba in late
No vem ber 2006 veg e ta tion sur round ing the crater lake had
been re cently de fo li ated (fig ure 13), with trees com pletely
burned and dead, due to plumes of acidic gas and aero sols
dur ing June-Au gust 2006. They also con cluded that heavy
rain falls since Sep tem ber 2006 di luted the acid ity of
plumes. Oc ca sional green spots seen dur ing the No vem ber
visit were where new growths of ferns and tree ferns had
be come es tab lished. The acid ef fects were more ex ten sive
than pre vi ously seen since the early 1990s. This new be hav -

ior may re flect in creased de gas sing from the source vent in -
side the ring-shaped tephra (or tuff) cone.

On 25 No vem ber 2006 an IRD team mea sured an SO2

flux of 3,000 tons/day. This value co in cided with the mea -
sure ment pro vided by the ozone mon i tor ing in stru ment
(OMI on the EOS Aura sat el lite). The value rep re sented a
marked re duc tion in SO2 de gas sing com pared to that mea -
sured on 10 June 2006.

The team noted that the main lake in the crater, Lake
Voui, was still a red color, an ef fect due to ox i da tion of the
iron in its large mass of wa ter (BGVN 31:05). Within that
larger lake re sides the ring-shaped is land, which largely
formed dur ing the late 2005-early 2006 erup tions (BGVN
31:01). The is land’s form had been that of an un bro ken
ring, but by the time of their 25 No vem ber visit, the pre ced -
ing month’s heavy rains had eroded the smaller is lands
wall, al low ing wa ter in the two lakes to eas ily mix (fig ure
14). The W shore of Lake Voui has also been eroded, and
fumaroles were ob served in the lake. The breach in the
tephra ring co in cided with gas emissions ceasing.

The IRD team im ple mented the first per ma nent
real-time tem per a ture mon i tor ing dur ing their visit. Due to
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Fig ure 12. Sat el lite mod er ate res o lu tion im ag ing spectroradiometer
(MODIS) views of Aoba vol cano sum mit lakes (Voui and Lakua). (a) A
view taken at 1010 on 3 June 2006, be fore the last phase of gas emis sions.
(b) A view taken at 1005 on 31 Au gust 2006 shows a large (15-20 km2)
gray area around the lakes where the reflectance from veg e ta tion has
sig nif i cantly de creased. Cour tesy of Alain Ber nard.

Fig ure 11. Sat el lite im age (Aqua MODIS) from 15 Sep tem ber 2005
show ing dis col ored wa ter ex tend ing about 5 km SW from Me tis Shoal.
Im age has been color-ad justed to en hance wa ter dis col or ation. Base
im age courtesy of NASA Earth Ob ser va tory.



the heavy rain fall since June 2006 and the low ered lev els of 
evap o ra tion as so ci ated with the low ered av er age lake tem -
per a ture (~ 25°C on 25 No vem ber 2006), the lake level re -
mained high. In ad di tion, the av er age level of Lake Voui is
higher due to vol ca nic ma te rial (ash, sco ria) de pos ited be -
tween De cem ber 2005 and Jan u ary 2006, and it should con -
tinue to fluctuate seasonally, as in the past.

Geo logic Sum mary. Aoba, also known as Ambae, is a
mas sive 2,500 cu km ba saltic shield vol cano that is the most 
vo lu mi nous vol cano of the New Hebrides ar chi pel ago. A
pro nounced NE-trending rift zone dot ted with sco ria cones
gives the 16 x 38 km is land an elon gated form. A broad
pyroclastic cone con tain ing three crater lakes is lo cated at
the sum mit of the Ha wai ian-style shield vol cano within the
youn gest of at least two nested cal de ras, the larg est of
which is 6 km in di am e ter. Post-cal dera ex plo sive erup tions 
formed the sum mit crat ers of Lake Voui (also spelled Vui)
and Lake Manaro Ngoru about 360 years ago. A tuff cone
was con structed within Lake Voui about 60 years later. The 
lat est known flank erup tion, about 300 years ago, de stroyed 
the pop u la tion of the Nduindui area near the western coast. 

In for ma tion Con tacts: Michel Lardy, Institut de Re -
cher che pour le Développement (IRD), BP A 5 98 848
Noumea Cedex,  New Cal  edo nia  (Email :  Michel .
Lardy@noumea.ird.nc; URL: http://www.ird.nc/ac tu al i ties/
vol ca nol ogy/); De part ment Ge ol ogy Mines and Wa ter Re -

sources (DGMWR), Geohazard Sec tion, PMB 01 Port-Vila, 
Re pub lic of Vanuatu (Email : observatoire@vanuatu.com.
vu); Alain Ber nard, Universite Li bre de Bruxelles,
Brussels, Bel gium (URL: http://www.ulb.ac.be/sci ences/
cvl/aoba/Ambae1.html).

White Is land

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

Be tween June 2005 and De cem ber 2006, seis mic ac tiv -
ity re mained low at White Is land. Ac cord ing to the In sti tute 
of Geo log i cal and Nu clear Sci ences (GNS), ob serv ers have
oc ca sion ally seen el e vated lev els of sul fur gases (sul fur di -
ox ide, hy dro gen sul fide) and car bon di ox ide, as well as pe -
ri ods of mi cro-earth quakes and steam plumes. Mi nor
changes in fumarole ac tiv ity have also oc curred. The crater
lake has re mained well be low the over flow level. As of 15
De cem ber 2006, White Is land re mained at Alert Level 1
(some signs of vol cano un rest).

Franz Jeker vis ited White Is land on 9 Jan u ary 2005 and
took a se ries of pho tos show ing some crater fea tures (fig -
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Fig ure 13. Ae rial view of the veg e ta tion down wind of Lake Voui at Aoba
as of 25 No vem ber 2006. The scene was one of dead, com pletely
de fo li ated trees. Cour tesy of Michel Lardy, IRD.

Fig ure 14. Ae rial view of Lake Voui at Aoba as of 25 No vem ber 2006. The 
vent is now open to the lake and plume de gas sing stopped. Im age cour tesy 
of Michel Lardy, IRD.

Fig ure 15. Na tive sul fur de pos its in a fumarolic en vi ron ment at White
Is land, 9 Jan u ary 2005. Cour tesy of Franz Jeker.

Fig ure 16. Vis i tors stand ing on a high point in the crater at White Is land, 9
Jan u ary 2005. Cour tesy of Franz Jeker.



ures 15-17). Im ages from a web cam era lo cated on the
crater rim show that no sig nif i cant change in activity has
occurred as of 9 February 2007 (fig ure 18).

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: In sti tute of Geo log i cal and Nu -
clear Sci ences (GNS), Pri vate Bag 2000, Wairakwi, New
Zea land (URL: http://www.gns.cri.nz/); GeoNet, a pro ject

spon sored by the New Zea land Gov ern ment through these
agen cies: Earth quake Com mis sion (E.C.), Geo log i cal and
Nu clear Sci ences (GNS), and Foun da tion for Re search,
Sci ence and Tech nol ogy (FAST) (URL: http://www.
geonet.org.nz/); Franz Jeker, Rigistrasse 10, 8173 Neerach, 
Swit zer land (Email: franz.jeker@swissonline.ch).

Tongariro

New Zea land
39.13°S, 175.642°E; sum mit elev. 1,978 m

Ngauruhoe is the youn gest and high est vol ca nic cone
(fig ure 19) of the Tongariro vol ca nic com plex on the North
Is land of New Zea land. Ac cord ing to New Zea land GeoNet 
Pro ject vol ca nol o gists, the num ber of small (less than mag -
ni tude 2), low-fre quency earth quakes near Ngauruhoe re -
corded by seis mom e ters in creased from less than five per
day at the be gin ning of May 2006 to more than 20/day by
the end of May. Typ i cally, only a few earth quakes of any
type are re corded in the vi cin ity of Ngauruhoe each year. In 
1983, 1991, and 1994 there were clus ters of sim i lar earth -
quakes re corded near Ngauruhoe, but there have been very
few re corded since then. Due to the in creased seis mic ity,
the Sci en tific Alert Level was raised to Alert Level 1 (some
signs of un rest) on 6 June. Earth quakes of this type are
com monly in ter preted as be ing re lated to the move ment of
magma and/or volcanic gases.

Earth quakes peaked in early June at about 50/day and
then de clined to about 10-20/day by the 14th, with the larg -
est about mag ni tude 1. Seis mic ac tiv ity has re mained el e -
vated through the mid dle of De cem ber 2006. Ini tial ob ser -
va tions sug gested that hypocenters were 1-4 km deep,
slightly N or E of the sum mit. By mid-June vol ca nol o gists
had in stalled three ad di tional seis mo graphs around the base 
of Ngauruhoe, in clud ing one that could be mon i tored in
real-time. Be tween 14 June and 3 July the num ber of vol ca -
nic earth quakes re corded near Ngauruhoe has var ied be -
tween ap prox i mately 20 and 40 per day. Us ing data from
the ad di tional seis mo graphs, vol ca nol o gists were able to re -
fine the lo ca tion of the earth quakes to within about 1 km of
the sur face be neath the N flank; the larg est events were ap -
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Fig ure 17. Photo of the crater at White Is land look ing SE to wards the
ocean, 9 Jan u ary 2005. Cour tesy of Franz Jeker.

Fig ure 18. Webcam im age taken from the crater rim at White Is land, 9
Feb ru ary 2007. Cour tesy of GeoNet.

Fig ure 19. Snow cov ered Mt. Ngauruhoe as seen on 28 July 2006. Photo
credit to Uni ver sity of Auckland Snowsports Club.



prox i mately mag ni tude 1. El e vated seismicity continued at
up to 30 events/day through October 2006.

As of the last GeoNet re port on 1 No vem ber, no other
signs of un rest had been re corded. Mul ti ple mea sure ments
showed that tem per a tures and vol ca nic gas con cen tra tions
have not changed since the in creased seis mic ity be gan in
May, and were sim i lar to mea sure ments made in 2003. Car -
bon-di ox ide re lease through the soil (from de gas sing
magma) is also sim i lar to mea sure ments in 2003. The max i -
mum fumarole tem per a ture near the sum mit is about 85°C.
Re ports of steam ing in the sum mit area were in ves ti gated,
but be cause no new fea tures were seen that could have
caused emis sions, the sight ings were at trib uted to clouds
rather than vol ca nic ac tiv ity.

Geo logic Sum mary. Tongariro is a large andesitic vol -
ca nic mas sif, lo cated im me di ately NE of Ruapehu vol cano,
that is com posed of more than a dozen com pos ite cones
con structed over a pe riod of 275,000 years. Vents along a
NE-trending zone ex tend ing from Sad dle Cone (be low
Ruapehu vol cano) to Te Mari crater (in clud ing vents at the
pres ent-day lo ca tion of Ngauruhoe) were ac tive dur ing a
sev eral hun dred year long pe riod around 10,000 years ago,
pro duc ing the larg est known erup tions at the Tongariro
com plex dur ing the Ho lo cene. North Crater stratovolcano,
one of the larg est fea tures of the mas sif, is trun cated by a
broad, shal low crater filled by a so lid i fied lava lake that is
cut on the NW side by a small ex plo sion crater. The youn -
gest cone of the com plex, Ngauruhoe, has grown to be come 
the high est peak of the mas sif since its birth about 2500
years ago. The sym met ri cal, steep-sided Ngauruhoe, along
with its neigh bor Ruapehu to the south, have been New
Zealand’s most active volcanoes during historical time.

In for ma tion Con tacts: New Zea land GeoNet Pro ject, a
pro ject spon sored by the New Zea land Gov ern ment
through these agen cies: Earth quake Com mis sion (E.C.),
Geo log i cal and Nu clear Sci ences (GNS), and Foun da tion
for Re search, Sci ence and Tech nol ogy (FAST) (URL:
http://www.geonet.org.nz/) (URL: http://data.geonet.org.
nz/geonews/sab); Uni ver sity of Auckland Snowsports Club, 
Uni ver sity of Auckland, New Zea land (URL: http://www.
uasc.co.nz/).

Erebus

Antarctica
77.53°S, 167.17°E; sum mit elev. 3,794 m

The Mt. Erebus Vol cano Ob ser va tory (MEVO) website
con tains a graph show ing ac tiv ity mea sured at the vol cano
since 1992 (fig ure 20).  The most sub stan tial peaks in the
num ber of erup tions re corded ap peared in 1995, 1997,
1998, 2000, and a broad peak be gin ning in late 2005 that
con tin ued into late 2006. It is im por tant to note that the
graph re ports events of all sizes, in clud ing pe ri ods of ex -
tremely fre quent and small (<1 Pa) bub ble bursts. It also
does not dif fer en ti ate be tween erup tions from the Lava
Lake, Ash Vent, or Werner’s Vent.

The older re cords are based on in ter pre ta tion of
short-pe riod seis mo graphs, and many of the events could
have been icequakes (seis mic events re lated to the stick and 
slip na ture of gla cial ice move ment) and not erup tions. In
re cent years the use of a video cam era, infrasound, and
broad band seis mic re cords have al lowed better rec og ni tion
of erup tions. Be cause of ex treme weather, the seis mic net -
work is sub ject to power loss during the dark ness of win ter.

The MEVO ac tiv ity log gives in for ma tion on each erup -
tion mea sured and shows daily ac tiv ity that usu ally in cludes 
sev eral erup tions. Erebus erup tion sizes are based on the in -
fra sonic overpressure at Sta tion E1S.IS1, mea sured in pas -
cals (Pa) (see ref er ences ar ti cles on infrasound mea sure -
ments). This erup tion in dex scale is divided into small
(0-19), me dium (20-39), large (40-59), and very large (³
60) events. Al though the to tal num ber of erup tions re -
mained high dur ing most months of 2006, large or very
large events were rarely re corded af ter 1 June (ta ble 3). The 
larg est event had an in dex of 116.6 on 26 Feb ru ary.

Ther mal anom a lies over Erebus, de ter mined from the
MODIS (Mod er ate Res o lu tion Im ag ing Spectroradiometer) 
sat el lite im ages an a lyzed by the Hawai’i In sti tute of Geo -
phys ics and Plan e tol ogy (HIGP) MODVOLC al go rithm,
com monly ap pear through out the year due to the mol ten
lava lake within the crater.
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Fig ure 20.  Col lec tive vent and lava lake erup tions per month from Jan u ary 1992 to Sep tem ber 2006 at Erebus (plot ted on a ver ti cal log scale). Note that
sig nif i cant in com plete ness may ex ist due to vari able re port ing cri te ria and/or in stru men ta tion out ages. Quan ti ta tive as sess ment of erup tion sizes us ing
in fra sonic re cord ings started in 2006. Cour tesy of MEVO web site (“Cur rent Erebus Ac tiv ity Plot”).



Geo logic Sum mary. Mount Erebus, the world’s south -
ern most his tor i  cally ac tive vol cano, over looks the
McMurdo re  search s ta  t ion on Ross Is  land.  The
3,794-m-high Erebus is the larg est of three ma jor vol ca noes 
form ing the crudely tri an gu lar Ross Is land. The sum mit of
the dom i nantly phono lit ic Mount Erebus has been mod i fied 
by one or two gen er a tions of cal dera for ma tion. A sum mit
pla teau at about 3,200-m al ti tude marks the rim of the
youn gest cal dera, which formed dur ing the late-Pleis to cene
and within which the mod ern cone was con structed. An el -
lip ti cal 500 x 600 m wide, 110-m-deep crater trun cates the
sum mit  and con ta ins  an ac  t ive  lava lake within  a
250-m-wide, 100-m-deep in ner crater. The gla cier-cov ered
vol cano was erupt ing when first sighted by Cap tain James
Ross in 1841. Con tin u ous lava-lake ac tiv ity with mi nor ex -
plo sions, punc tu ated by oc ca sional larger strombolian ex -
plo sions that eject bombs onto the crater rim, has been doc -
u mented since 1972, but has probably been occurring for
much of the volcano’s recent history.

Gen eral Ref er ences: Wil son, C.R., J.V. Olson, D.L.
Oborne, and A. Le Pichon, 2003 (De cem ber), Infrasound
from Erebus Vol  cano at  155US in  Antarctica,
Inframatics-The News let ter of Subaudible Sound, no. 04, p.
1-8.

John son, J.B., and As ter, R.C., 2005, Rel a tive par ti tion -
ing of acous tic and seis mic en ergy dur ing Strombolian
erup tions:  Jour nal of Vol ca nol ogy and Geo ther mal Re -
search, v. 148, p. 334-354.

John son, J.B., As ter, R.C., and Kyle, P.R., 2004, Vol ca -
nic erup tions ob served with infrasound:  Geo phys ics Re -
search Let ters, v. 31, no. L14604, 4 p.

John son, J.B., As ter, R.C., Ruiz, M.C., Malone, S.D.,
McChesney, P.J., Lee, J.M., and Kyle, P.R., 2003, In ter pre -
ta tion and util ity of in fra sonic re cords from erupt ing vol ca -
noes:  Jour nal of Vol ca nol ogy and Geo ther mal Re search, v. 
121, p. 15-63.

In for ma tion Con tacts: Philip R. Kyle and Kyle Jones,
Mt. Erebus Vol cano Ob ser va tory, New Mex ico In sti tute of
Min ing and Tech nol ogy, Socorro, NM 87801, USA (Email: 
kyle@nmt.edu; URL: http://ees.nmt.edu/Geop/mevo/mevo.
html and http://ees.nmt.edu/kyle/); Hawai’i In sti tute of
Geo phys ics and Plan e tol ogy (HIGP) MODIS Ther mal
Alerts, 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.hawaii.edu/).

Nyiragongo

DR Congo
1.52°S, 29.25°E; sum mit elev. 3,470 m

Due to po lit i cal tur moil and civil un rest, ex pe di tions to
Nyiragongo’s sum mit lava lake are rare. Two ex pe di tions
to the sum mit were suc cess ful in Jan u ary and July 2006.
Pho tos of the lava lake pro vided by ex pe di tion leader
Marco Fulle and crew are posted on the Stromboli On line
website. These pho tos doc u ment the changes in the lake
over a six-month pe riod. Ther mal anom a lies mea sured with 
the MODIS sat el lite and as so ci ated with this vol cano were
nearly con tin u ous at this time due to the lava lake within the 
summit crater.

Two ter races cre ated from a 1977 (up per) lake and a
2002 (lower) lake are ev i dent in pho tos from Jan u ary 2006.
Closer views of the lava lake showed bub bles break ing
through the very dy namic lake sur face. Bub bles con tin u -
ously bursted through the lake’s sur face. Near the SW
shore line, white sul fur de pos its and fumaroles were ob -
served. Lava from foun tains at the N shore line splashed on
the E lake shore. By July 2006, the lava lake was smaller
and seem ingly more crusted over. A large foun tain was
con tin u ously ac tive on the lake’s N shore, gen er at ing
waves up to 10 m high (figure 21).

Geo logic Sum mary. One of Af rica’s most no ta ble vol -
ca noes, Nyiragongo con tained a lava lake in its deep sum -
mit crater that was ac tive for half a cen tury be fore drain ing
cat a stroph i cally through its outer flanks in 1977. In con trast 
to the low pro file of its neigh bor ing shield vol cano,
Nyamuragira, 3,470-m-high Nyiragongo dis plays the steep
slopes of a stratovolcano. Benches in the steep-walled, 1.
2-km-wide sum mit crater mark lev els of for mer lava lakes,
which have been ob served since the late-19th cen tury. Two
older stratovolcanoes, Baruta and Shaheru, are par tially
over lapped by Nyiragongo on the north and south. About
100 par a sitic cones are lo cated pri mar ily along ra dial fis -
sures south of Shaheru, east of the sum mit, and along a
NE-SW zone ex tend ing as far as Lake Kivu. Many cones
are bur ied by vo lu mi nous lava flows that ex tend long dis -
tances down the flanks of the vol cano, which is char ac ter -
ized by the erup tion of foiditic rocks. The ex tremely fluid
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Month (2006) Large Erup tions Very Large Erup tions

Jan 22 0

Feb 18 5

Mar 13 7

Apr 11 9

May 12 3

Jun 1 0

Jul 0 0

Aug 0 1

Sep 1 0

Oct 1 0

Nov 0 0

Ta ble 3. Large and very large erup tions re corded at Erebus,
Jan u ary-No vem ber 2006. Data cour tesy of MEVO.

Fig ure 21. Photo of the Nyiragongo lava lake show ing a chim ney-like
foun tain ag i tat ing the sur face and gen er at ing waves on the shore at left, 23 
July 2006. Cour tesy of Stromboli On line.



1977 lava flows caused many fa tal i ties, as did lava flows
that in un dated portions of the major city of Goma in
January 2002.

In for ma tion Con tacts: Marco Fulle, Stromboli On line
and De part ment of As tron omy, Triste Uni ver sity, Trieste,
It aly (URL: http://www.swisseduc.ch/stromboli/perm/
nyiragongo/lake-en.html; Email: fulle@stromboli.net,
fulle@ts.astro.it).

Etna

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

Roberto Clocchiatti and col leagues have pro vided in for -
ma tion on the chem i cal com po si tion of Etna lavas dis -
charged dur ing the re cent erup tive pe riod.  Re sults of 18
ma jor-el e ment anal y ses on lavas erupted be gin ning 24 Oc -
to ber 2006 are presented below.

The vi o lent 2001 and 2002-2003 flank erup tions were
fed by both trachybasaltic (“hawaiite”) and ba saltic mag -
mas from var i ous erupt ing vents (e.g. Clocchiatti and oth -
ers, 2004). Con versely, the sum mit ac tiv ity re sum ing from
Sep tem ber  2004 to  March 2005 pro duced only
trachybasalt, which came from the up per lev els of the mag -
matic sys tem (Corsaro and Miraglia, 2005). Af ter 16
months of calm char ac ter ized by mild gas vent ing, new lava 
emis sion be gan on 14 July 2006 at the sum mit SE Crater
(SEC), last ing 10 days (BGVN 31:07). Since 31 Au gust the
SEC area ex hib ited a num ber of Strombolian ep i sodes and
lava flows, ei ther from the SEC cone it self or from fis sure
vents which opened east ward at 2,800 m el e va tion (13 Oc -
to ber), then south ward at 3,000 m (23, 25 Oc to ber), and fi -
nally west ward at 3,050 m (26 Oc to ber) and 3,180 m (8 No -
vem ber, in ter nal re ports from the INGV-Catania and the
Omega-Acireale observatory) (figure 22).

Whole-rock anal y ses from 24 Oc to ber on ward show a
sig nif i cant in crease of the MgO con tent and of the CaO/
Al2O3 ra tio (fig ure 23). The higher MgO and CaO, as com -
pared to lower Al2O3 and al ka lis, in di cate a larger con tent
of ol iv ine and Ca-rich clinopyroxene at the ex pense of less
plagioclase, so that the last an a lyzed lava is very close to a
ba salt com po si tion (5.7% MgO, 10.7% CaO, 11.6% to tal
Fe as Fe2O3, and 5.8% Na2O + K2O).

Ref er ences: Clocchiatti, R., Condomines, M., Guénot,
N., and Tanguy, J.C., 2004, Magma changes at Mount Etna: 
the 2001 and 2002-2003 erup tions: Earth Planet. Sci. Lett.
226, p. 397-414.

Corsaro, R.A., and Miraglia, L., 2005, Dy nam ics of the
2004-2005 Mt. Etna ef fu sive erup tion as in ferred from pet -
ro logic mon i tor ing: Geophys. Res. Lett. vol. 32, L13302.

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 most prom i nent mor pho log i cal fea ture of Etna is the
Valle del Bove, a 5 x 10 km horse shoe-shaped cal dera open 
to the east. Two styles of erup tive ac tiv ity typ i cally oc cur at 
Etna. Per sis tent ex plo sive erup tions, some times with mi nor
lava emis sions, take place from one or more of the three

prom i nent sum mit crat ers, the Cen tral Crater, NE Crater,
and SE Crater (the lat ter formed in 1978). Flank vents, typ i -
cally with higher ef fu sion rates, are less fre quently ac tive
and orig i nate from fis sures that open pro gres sively down -
ward from near the sum mit. 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 tacts: Roberto Clocchiatti, CEN
Saclay, 91191 Gif-sur-Yvette Cedex, France (Email:
roberto.clocchiatti@cea.fr); Gilles Chazot, Observatoire de
Phy sique du Globe Clermont, 63038 Clermont Ferrand,
France; Jean-Claude Tanguy, IPGP, Observatoire de St.
Maur, 94107 St. Maur des Fossés, France; Giovanni
Tringali, Osservatorio Meteorologico, Geodinamico e
Ambientale (Omega), 95024 Acireale, It aly.
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Fig ure 22. Lo ca tion and el e va tion of var i ous fis sure vents that ap peared in 
the area of Et na’s SE Crater dur ing Oc to ber and No vem ber 2006. Sam ples 
were col lected from the SEC flow on 14-23 July and 1 Sep tem ber, the
2,800-m flow on 24 Oc to ber, 3,180-m flow on 8 No vem ber, and the
3,050-m flow on 9 No vem ber 2006. Cour tesy of Roberto Clocchiatti and
col leagues.

Fig ure 23. Plots show ing in creases through time of the MgO con tent and
the ra tio of CaO to Al2O3 at Etna be gin ning on 24 Oc to ber 2006. Cour tesy
of Roberto Clocchiatti and col leagues.


