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Abstract. A partial dome collapse with concurrent pyro- 1 Background

clastic flow (PF) activity occurred at Soufre Hills Volcano

(SHV), Montserrat on 8 January 2007. Pyroclastic densityl.1 Eruption chronology

currents were observed to propagate from the Northwest and

West sectors of the summit dome into the heads of TyresSOUfrEre Hills Volcano (SHV) in Montserrat, West |ndieS, is
Ghaut and Gages Va_”ey, respective|y_ Between 10:00 andn andesitic dome bUIldIng volcano situated near the North-
10:15 UTC pyroclastic flows entered Tyres Ghaut and fromern end of the Lesser Antilles volcanic arc. The ongoing
there descended into the Belham Valley reaching a distancéruption began on 18 July 1995 (Young et al., 1998; As-
of about 5km from the source. Pyroclastic flow activity on Pinall etal., 1998) following a three-year period of precursor
the Northwest and West side of the edifice continued at highS€ismic activity. The eruption has been characterized by the
levels over the following 1.5h, although run-out distancesdrowth of an andesite lava dome with associated pyroclas-
of individual flows did not exceed 1.5km. Subsequent ob-tic flows (PF), vulcanian explosions and debris flows. The
servations showed that material had been removed from th&velve-year long eruption can be divided into three periods
lower Northwest side of the dome leaving an amphitheatre-0f dome growth encompassing five distinct eruptive phases
like structure cutting through the old crater rim. The seismicinterspaced by periods of “residual activity”. The first pe-
waves excited by the propagation of pyroc|astic flows WereriOd includes a phase of extrusion from 1995 to early 1998,
recorded by the Montserrat Volcano Observatory’s networkduring which the dome grew and collapsed on a number of
of broadband seismometers. The seismic records show th@ccasions followed by a phase of residual activity, from early
onset of a continuous Signa| before 09:30 UTC with gradu-lggs to late 1999, without Significant lava extrusion but sev-
ally increasing amplitudes and spectral energy in the 1-8 H£ral dome collapses and small-to-moderate size explosions.
band. The signal rapidly increased in amplitude and a characl he second period began in November 1999, with a phase
teristic spindle-shaped waveform with broadband energy (10f renewed extrusion and growth of a large lava dome that
25 Hz) was observed accompanying large PF that descendeg@ntinued until July 2003. Three major collapses occurred
along the slopes of the volcano. The main phase was folduring this period in March 2000, July 2001, and July 2003.
lowed by a sequence of individual seismic pulses which corA phase of relative quiescence followed, with occasional el-
related well with visual observations of PF. PF are a majorevated activity in March-May 2004, April 2005, and June-
hazard at SHV and pose significant risk for the populationJuly 2005 including ash and steam venting, small pyroclastic
living in the proximity of the volcano. They can occur with flows and minor explosions. In August 2005 the fifth phase
little or no warning and have the potential to reach inhabitedof the eruption and the ongoing third period of dome growth
areas to the Northwest. The study of the seismic activity asPegan. To date (April 2007), there has been one major dome
sociated with the generation and propagation of pyroclasticcollapse event on 20 May 2006 immediately followed by re-
flows can help to identify characteristic precursory seismichewed lava dome growth.

sequences providing valuable information to improve the un- _ o

derstanding of the hazards posed by the SHV and to allowt-2 SHV pyroclastic activity

better warning to be given to the authorities. : . . -
Pyroclastic flows during the current eruption have originated

from a dome located in a horseshoe-shaped crater (formerly
known as English’s Crater) open to the East with a slop-
Correspondence tdS. De Angelis ing floor, and ranged from rockfalls through small PF to
(silvio@mvo.ms) events involving complete disruption of the lave dome. PF
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6225 622 6215° - 1.3 Seismic monitoring at SHV
16.85 16.85
Montserrat
N (UK overseas territory) Seismic activity at SHV is monitored using a network (Fig. 1)

of 8 broadband (T=30s) three component Guralp CMG-40T
seismometers and 2 short-period (T=1s) Mark Products L4

Stations list and names:

MBRV = Rendez-Vous

MEFL - Flemmings vertical instruments (Luckett et al., 2007). The seismic sig-
= Harris Lookou .
- MEWH = Windy 0 68 nals recorded at SHV are categorised by the Montserrat Vol-
X = Garibaldi Hil 1
MBGH = St.Georges Hill cano Observatory (MVO) as follows: 1) volcano-tectonic

EBRYRh"Yd:" (VT), 2) long-period (LP), 3) hybrids, 4) rockfalls, 5) long-
MBLG = Long Ground period rockfalls. VT earthquakes have impulsive P and S-
wave arrivals and are predominantly high frequency (5-10
Hz). They are associated with brittle rock failure and exhibit
1675 shear-fault source mechanisms. LP earthquakes have emer-
gent onsets and low-frequency content (1-5 Hz). They can be
interpreted as the result of gas or magma movement within
the volcano. Hybrid earthquakes share common features
with both VT and LP; they have impulsive high frequency
onsets but contain significant amount of low-frequency en-
167 ergy in their coda. Hybrids and LP are sometimes consid-
ered members of the same family; the same event can be
seen as a LP at one station and as a hybrid at another sta-
tion. They are thought to represent magma forcing its way

16.75°

LATITUDE

16.7°

T = = Mark Products L4 to the surface (Neuberg et al., 2006). Hybrid earthquakes are

Contour intervals 100 m A =CMG 40T H H H H _
often associated with periods of rapid dome growth, some

16.65" - — 1665 times precursory to dome collapse episodes. Rockfall or py-
LONGITUDE roclastic flow signals are currently the most common types

of seismic activity at SHV. They exhibit spindle-shaped and
Fig. 1. Topographic map of the island of Montserrat and Sewéi  Proadband (1-20 Hz) waveforms with very emergent onsets
Hills Volcano. The locations of MVO seismic stations are shown and no clearly defined seismic phases. They are interpreted
(black triangles, broad-band; black squares, short-period). The loas due to material falling off the dome and traveling down
cations of the areas Northwest and West of the volcano affected byhe flanks of the volcano. Signals associated with PF resem-
dome collapse and pyroclastic flow activity during the 8 Januaryble rockfall seismograms but are generally distinguished by
2007 event Tyres Ghaut, Gages Valley and the Belham Valley, arghejr extended duration and higher amplitudes. Examples of
also marked. seismic signals recorded at SHV and their Fourier spectra are

displayed in Fig. 2.

are distinguished from rockfalls by their larger size and en-
ergy, greater run-out distances(@.5 km) and the presence of
turbulent, convecting clouds of fine ash rising above a basaf

flow of coarser material. They consist of high-density mix-

tures of hot, dry rock fragments and hot gases moving away € ruptive event on 8 January 2007 was preceded by sus-
from the volcano at very high speeds that can reach up tgained rockfall and PF activity over the previous 24 h. Rock-
200 m/s. Collapses of the summit lava dome at SHV with de_falls and PF were observed to descend from the Northwest
posit voiumes betweensi10° mP and 216<10° mF® have  S€ctor of the lava dome on the Northwest and West slopes of
occurred on many occasions, generating more than 100081 INt0 Tyres Ghaut and Gages Valley. Between 10:00 and

rockfalls and over 300 PF with runout distances greater thar 0-15 UTC 8 January 2007, a moderated-size dome collapse

2km (Calder et al., 2002). PF are among the most poten-caused large PF to enter Tyres Ghaut and from there the Bel-

tially dangerous and destructive types of volcanic activity ash@m Valley, reaching as far as 5km away from the volcano
they occur with little or no warning and progress rapidly. On (Flg._ 3a). An ash cloud was V|§|ble from all over_Montserrat
Montserrat, monitoring PF activity is a priority task in order moving out westwards, reaching a reported height of about

to identify flows that can potentially descend the Northwest:l,'0 km by 10:25 U,TC (VC Bird International Airport, An-

flanks of SHV and pose a hazard to population in the inhabi9Ud)- Pyroclastic activity from the Northwest and North

ited areas around the volcano. sector of the dome continued at high levels over the follow-
ing 2 h consisting of minor flows (run out1.0-1.5km) oc-
curring 5-10 min apart. These flows appeared to be preceded

by pulses of ash venting. At about 12:00 UTC, seismicity

Visual observations
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Fig. 2. Examples of volcano seismic signals recorded at Senfri
Hills Volcano at station MBLG (vertical component) and their
Fourier spectra (seismic traces and spectral amplitudes are individ-
ually normalized).

Fig. 3. Photographic record of the 8 January 2007 events at SHV
(Copyright MVO/BGS(NERC)(a) PF as seen from the Montserrat

had returned to background levels. Visual observations of\(olcano Observatoryp) collapse scar cutting through the old crater

the dome showed that material was removed from the North!/i™ (€) the North flanks of SHVd) view of Tyres Ghaut from the

west side of the dome leaving an amphitheatre-like structure\iNeSt’(e) and(f) flow deposits along the Belham River and reaching
. . ) . he lower Belham Valley after the 8 January event.

cutting through the old crater rim (Fig. 3c). Inspection of

photographic images taken from the MVO’s remote camera

on Windy Hill, about 4.5km North of the volcano, showed ‘ ' ‘
explosive activity on the lower part of the Northwest section °°:°°WWWW+W
of the dome.

Abundant pumiceous material was observed in the flow
deposits possibly attesting rapid ascent of gas rich magma at

shallow depth and explosive activity. Observations of explo-
0400 MWWWH»%

—
-+

decompression due to the partial dome collapse might have
acted as a trigger for explosive fragmentation of magma.

Time (hh:mm on December 25,2006)

from the MVO remote web camera (Windy Hill) suggest that

-+
t
[

3 Analysis and interpretation of seismicity 0500

MBBY.BHZ

3.1 Precursory period ° * % “

Time (minutes)

Seismicity during December 2006 was dominated by rock-
falls and small LP earthquakes. The main seismic episod
during this period was a swarm of LP events recorded on 2
December 2006 (Fig. 4). The swarm consisted of 88 trig-
gered LP earthquakes (energy in the 1.0-5.0 Hz band) and

Fig. 4. Seismogram of the swarm of LP earthquakes as recorded at
tation MBBY (vertical component) on 25 December 2006.
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100 — \ \ \ \ \ fresh magma into the conduit and its rapid migration into the
ROCKFALLS -
ol i dome. The LP earthquake activity was preceded by about 9 h
of low-level continuous tremor that accompanyied vigorous
2 ‘ ‘ ‘ ‘ ash venting from the western side of the dome. In the hours

. RocE i following the earthquake swarm, the rate of dome growth
i seemed to have undergone a marked increase, as suggested
g \ \ \ \ \ by rockfall activity and visual observations, and the focus

100 4
o v | of lava extrusion entirely shifted from the East to the West
L sector of the dome. A whale-back spine directed towards the

DAILY COUNTS

- ‘ ‘ ‘ ‘ ‘ Southwest was observed on 26 December as further evidence
2r H { ) of the arrival of a batch of fresh magma into the conduit feed-
L

. ‘ |
5

0.0 000 | ing the dome; the spine might, in fact, represent a crystallized
‘ ‘ ] portion of the conduit thrown up by the arrival of the new
magma. At the same time, the whole West side of the dome
ol ‘ ‘ I | . could clearly be seen to have been bulked up as the result
03/12/06  1012/06 ”””"ilMEé‘;’/:;;";W 3112/06 - 07/01/07 - 14/01/07 of magma migration from the conduit into the dome. Rock-
falls increased in number during 26—-29 December and were
Fig. 5. Seismic activity at Souféire Hills Volcano between 1 De-  Cl€arly visible at night on a sector from the Northwest to the
cember 2006 and 15 January 2007. From top to bottom, daily seis¥Vest of the dome confirming the switch in the focus of dome
mic counts of rockfalls, Ip-rockfalls, Ip, vt, and hybrid earthquakes. growth. Activity remained at relatively low levels during the
following days and picked up again on 7 January, when sus-
tained rockfall seismicity was recorded possibly triggered by
the arrival of another batch of fresh magma into the dome.
No significant LP seismicity was observed during January
although the lack of LP earthquakes could be ascribed to de-
layed degassing (Scandone et al., 2007). Migration of new
magma into the dome is likely to have caused an increased
state of internal pressurization. The changes in the state of
pressurization and in the direction of dome growth affected
its stability eventually leading to the partial collapse of 8 Jan-
uary. Seismic activity at SHV during the period 1 December
2006-15 January 2007 is displayed in Fig. 5.
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3.2 The 8 January 2007 event

FREQUENCY (Hz)

The event on 8 January, 2007 at SHV was well recorded
by the seismic network at SHV. The observed time series
can be divided into three main phases as shown in Fig. 6.

(;)8:00 08:‘15 08:30 08‘:45 09‘:00 09:‘15 09‘:30 09:45 10:00 10:15 10:30 10:45 11:00 171:15 Phase 1' the Onset Of a' Contlnuous Slgnal IS Observed be-
TIME (hhimm on Jan 8,2006) fore 09:30 UTC. This segment of activity lasted about 30 min

characterized by a steady increase in amplitude with time.

Fig. 6. Seismic envelope (top), velocity seismogram (middle), andyy/hile phase 1 has energy confined to the 1-15 Hz band, its

spectrogram (bottom) for the signals recorded at station MBLGSpeCtraI amplitude evolves; the spectrum, initially peaked be-
(vertical component) on 8 January 2007. The envelope is gener;

ated from the seismogram as the function) SO T S (2 tween 1 and 8 Hz (phase 1a), becomes rapidly more broad-
= hil -
(Kanasewich, 1981), wher&(r) is the seismic time series and band (phase 1b) towards the onset of phase 2. Phase 2 com

SBpiip(¢) its Hilbert transform. The spectrogram is obtained by prises a strong, brpadbgnd (1-25 HZ) signal _between 10:00
sliding a 1024-sample window along the waveform and calculating®nd 10:15 UTC. This portion of the signal consists of a strong
the periodogram for 512-sample overlapping positions of the win-SPindle-shaped pulse; the onset is emergent and no clearly
dow. The seismogram is divided into different phases according todefined seismic phases could be recognized in the seismic
variable observed activity (see text in the manuscript). records. Phase 3 includes a sequence of PF-type seismic
pulses with smaller amplitudes than those of phase 2 with
an overall duration of 1.5h. The continuous, emergent, and
lasted about 6h (00:00-06:00 UTC). Most of these eventgradually increasing waveform of phase 1 is characteristic
were located below the dome at depths between 1-2 kmof PF initiated by gravitational dome collapse at SHV (Jolly
The LP swarm might represent the arrival of a batch ofet al., 2002). Explosively triggered dome collapses at SHV

e N R b o
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have been often accompanied by more impulsive onsets 02005) which collectively demonstrate the wide variety of col-
the seismic signal. Explosive disruption of the lava domelapse and PF generation mechanisms. Factors controlling the
at SHV can also be anticipated by characteristic patterns ofailure of lava domes include intrusion of magma, degassing
cyclic deformation, and intense long-period and hybrid seis-and rainfall; all these processes can cause extensive fractur-
mic activity indicative of magma movement and gas pressuring and destabilise the dome leading to a collapse. Collapse
ization in the upper conduit (Voight et al., 1998; Neuberg, of pressurized lava domes can be also triggered by the explo-
2000). It is noteworthy that such patterns were not observedive fragmentation of gas-rich magma in the conduit system.
before 8 January. We infer that the emergent signal duringA review of the mechanisms of lava dome collapse can be
phase l1a represents the progressive failure of slip zones witfound in Voight et al. (2000). More recently Scandone et
variable orientation along the boundaries of an unstable poral. (2007) have suggested that dome collapses can be trig-
tion of the dome as the result of increased internal pressurgered by fast and episodic migration of gas rich magma into
ization. As the slip became larger and accelerated, the signahe shallow conduit.
increased in amplitude leading to the rapid failure of the un- The variety of collapse styles and mechanisms corre-
stable front and its fall onto the edifice slopes. A numbersponds to variable precursory patterns making it difficult to
of individual rockfalls can also be recognized in the seismicobtain accurate prediction and short-term warnings of incip-
records during phase 1a (Fig. 6) possibly reflecting transportent events. TCollapse episodes at SHV prior to 2003 were
of debris during the initial stages of the fracturing process.often observed to be preceded by cyclic inflationary tilt of
Phase 2 is thought to represent the fall of the unstable porthe crater rim, increasing rates of rockfall seismicity, and in-
tion of the lava dome, its collision with the slopes of the vol- tensifying LP and hybrid earthquake activity. During these
cano and resultant fragmentation, and descent of the flowsycles, gas-rich magma was being extruded onto or intruded
down the flanks of the edifice. The entrainment of volcanicinto a pre-existing dome, leading to rockfalls and collapses
deposits, as the flow progressed, is thought to be partly refrom the headwalls of developing lava flow fronts. Whilst it
sponsible for the high frequencies observed throughout thishould be noted that no tilt-meters have been installed since
phase. During the early stages of phase 3 individual seismi@003, subsequent episodes of dome collapse, have exhibited
pulses appear to be embedded in a continuous signal possiather more subtle precursory seismicity; increased rockfall
bly due to the re-mobilization of material deposited along theactivity and episodic clusters of LP/hybrid earthquakes are
same path by PF during phase 2. typical although there is no evidence of recurring patterns.
In this manuscript the seismic records of a dome collapse

episode at SHV on 8 January 2007 have been described and
4 Discussion and conclusive remarks an interpretation put forward. The results of our analyses

are consistent with a collapse induced by fracturing of an
Rockfalls and PFs can be identified in seismic records acunstable sector of the dome due to increased internal pres-
cording to their spindle-shaped waveform envelopes andsurization. We suggested that intense LP earthquake activity
their extended duration relative to discrete earthquake eventecorded on 25 December 2006 and sustained levels of rock-
such as long-period or volcano-tectonic events (Norris, 1994fall activity between late December 2006 and early January
Uhira et al., 1994, Calder et al., 2002; Jolly et al., 2002). 2007 testify the arrival of gas-rich magma in the shallow con-
The seismic time series associated with rockfalls and PF areuit and its intrusion into the dome contributing to destabi-
complex since the wave field at a point receiver is composedize the lower Northwest side of the edifice. The presence
of different phase arrivals as they result from multiple mov- of abundant pumices in the flow deposits seems to confirm
ing seismogenic sources (Surinach et al., 2005). Various authat gas-rich magma rapidly migrated at shallow depth into
thors have studied lava dome collapses and PF propagation #ie dome. Observations of explosions in web camera im-
SHYV. Cole et al. (1998) reviewed pyroclastic flow activity at ages suggest that explosive fragmentation of magma stored
SHYV during 1996-97 describing the characteristics of flowsat shallow depth might have occurred triggered by rapid de-
produced by gravitational collapse of the lava dome rangingcompression due to the partial dome collapse.
from discrete pulses to sustained dome collpase events. They The activity on the Northwest sector of the volcano during
observed the occurrence of explosions from flow source areaBecember 2006 and January 2007 is unprecedented during
subsequent to the removal of dome material by collapse anthe eruption to date, and the 08 January flow which reached
described the pulsatory nature of secondary flows. CaldeCork Hill is the largest in this drainage. Previously no vol-
(2002) presented a study of PF timing, volumes and runoutumetrically significant flows have occurred in Tyres Ghaut.
distances for individual collapse events and investigated thén the only previous occasion when material entered the Bel-
influence of magma extrusion rates and dome size on stabilham Valley, it was during the 25 June 1997 collapse when a
ity and PF generation. Observations of lava dome growth angbortion of the surge cloud detached to travel westwards as far
PF activity at SHV have been documented in a series of pathe outskirts of Cork Hill (Cole et al. 1998).T
pers (Robertson et al., 1997; Voight et al., 1999; Loughlin et It is crucial for hazard mitigation in populated areas
al., 2002; Sparks et al., 2002; Voight et al., 2002; Herd et al.,around volcanoes to identify recurrent patterns of precursory
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activity and their relation to episodes of dome collapse in or-Neuberg, J.: Characteristics and causes of shallow seismicity in an-
der to develop reliable automated alarm systems for use in desite volcanoes, Royal Society of London, Philosophical Trans-
conjunction with real-time monitoring at volcano observato- ~ actions, Series A., Mathematical, Phys. Eng. Sci., 358, 1533—
ries. This is paramount at SHV where even relatively small 1546, 2000. .

collapses have the potential to generate flows able to reacheuberg, J. W., Tuffen, H., Collier, L., Green, D., Powell T., and

. . : : : . Dingwell D.: The trigger mechanism of low-frequency earth-
inhahited areas posing serious fisks to the population. quakes on Montserrat, J. Volcanol. Geotherm. Res., 153, 37-50,

2006.
AcknowledgementsThe authors thank the present and past staff Norris, R. D.: Seismicity of rockfalls and avalanches at three

_Of _the Mor_1tserra_t Volcano Ob_sz_arvatory for 00”“”“‘”9 SL_Jp_port, cascade range volcanoes: implications for seismic detection of
insightful discussions about activity at SHV, and for maintaining a hazardous mass movements. Bull. Seismol. Soc. Soc. Am.. 84
detailed record of the history of the eruption. R. Luckett, R. Evans  1g-5 1939 1994.

and W. McCourt are acknowledged for internal reviews of the Robertson, R. E. A., Aspinall, W. P., Herd, R. A., Norton, G. E.
manuscript. We are grateful to R. Scandone and R. Carniel for their Sparks, R. S. J., Young, S. R.: The 1995-1998 Eruption of the
insightful comments that greatly improved the scientific quality of g \riere Hills Volcano, Royal Society of London, TPhilosoph-
the paper. The Montserrat Volcano Observatory is supported by the ical Transactions, Series A, Mathematical, Phys. Eng. Sci., 358,
Department for International Development (UK) and the British 1619-1637, 2000.

Geological Survey. This work is publishfed with the approval of the Scandone, R., Kashman, K. V., and Malone, S. D.: Magma supply,

Executive Director of the British Geological Survey (NERC). magma ascent and the style of volcanic eruptions, Earth Planet.
Sci. Lett., 253, 513-529, 2007.

Surinach, E., Vilajosana, |., Khazaradze, B. Biescas, B., Furdada,
G., and Vilaplana, J. M.: Seismic detection and characteriza-
tion of landslides and other mass movements, Nat. Hazards Earth
Syst. Sci., 5, 791-798, 2005,

References http://www.nat-hazards-earth-syst-sci.net/5/791/2005/

Sparks R. S. J., Barclay, J., Calder, E. S., Herd, A., Komorowski,

Aspinall, W. P., Miller A. D., Lynch L. L., Latchman J. L., Stew- J. C., Luckett, R., Norton, G. E., Ritchie, L. J., Voight, B., and
art R. C., White R. A., and Power J. A.: Soufriere Hills erup-  Woods, A. W.: Generation of a debris avalanche and violent py-
tions, volcanic earthquake locations and fault plane solutions, roclastic density current on 26 December (Boxing Day) 1997 at
Geophys. Res. Lett., 25, 2297-3400, 1998. Soufriere Hills volcano, Montserrat, T.H. Druitt and B.P. Koke-

Calder, E. S.: Mechanisms of lava dome instability and generation |aar (eds), The eruption of the Sowfré Hills Volcano, Montser-
of rockfalls and pyroclastic flows at Soufrieres Hills Volcano,  rat from 1995 to 1999, Geological Society London, 21, 409-434,
Montserrat, edited by: Druitt, T. H. and Kokelaar, B. P., The  2002.
eruption of the Soufére Hills Volcano, Montserrat from 1995to  Uhira, K., Yamasato, H., and Takeo, M.: Source mechanism of seis-
1999, Geological Society London, 21, 483-516, 2002. mic waves excited by pyroclastic flows observed at Unzen vol-

Cole, P. D., Calder, E. S., Druitt, T. H., Hoblitt, R., Robertson, R.,  cano, Japan, J. Geophys. Res., 99, 17 757-17 773, 1994.
Sparks, R. S. J., and Young, S. R.: Pyroclastic flows generatedjight, B., Sparks, R. S. J., Miller, A. D., Stewart, R. C., Hoblitt,

Edited by: J. Marti
Reviewed by: R. Carniel and R. Scandone

by gravitational instability of the 1996-97 lava dome of Scéifei R. P., Clarke, A., Ewert, J., Aspinall, W. P., Baptie, B., Calder,
Hills Volcano, Montserra, Geophys. Res. Lett., 25, 3425-3428, E. S, Cole, P., Druitt, T. H., Harford, C., Herd, R. A., Jackson,
1998. P., Lejeune, A. M., Lockhart, A. B., Loughlin, S. C., Luckett, R.,

Herd, R. A., Edmonds, M., and Bass, V. A.: Castastrophic lava Lynch, L., Norton, G. E., Robertson, R., Watson, I. M., Watts,
dome failure at Soufriere Hills volcano, Montserrat, 12-13 July  R., Young, S. R.: Magma Flow Instability and Cyclic Activity
2003, TJ. Volc. Geotherm. Res. T, 148, 234-252, 2005. at Soufrere Hills Volcano, Montserrat, British West Indies. Sci-

Kanasewich, E. R.: Time Sequence Analysis in Geophysics, 480 ence, 283, 1138-1142, 1999.
pp., University of Alberta Press, Edmonton, Alberta, Canada,Voight, B. and Elsworth, D.: Instability and collapse of hazardous
1981. gas-pressurized lava domes, Geophys. Res. Lett., 27, 1-4, 2000.

Jolly, A. D., Thompson, G., and Norton, G. E.: Locating pyroclas- \oight, B., Komorowski, J. C., Norton, G. E., Belousov, A. B., Be-
tic flows on Soufrieres Hills Volcano, Montserrat, West Indies,  lousova, M., Boudon, G., Francis, P. W., Franz, W., Heinrich,
using amplitude signals from high dynamic range instruments, J. P., Sparks, R. S. J., and Young, S. R.: The 26 December (Box-
Volcanol. Geotherm. Res., 118, 299-317, 2002. ing Day) 1997 sector collapse and debris avalanche at Soufriere

Loughlin, S. C., Calder, E. S., Clarke, A. B., Cole, R. D., Luck-  Hills volcano, Montserrat, edited by: Druitt, T. H. and Kokelaar,
ett, R., Mangan, M., Pyle, D., Sparks, R. S. J., Voight, B., and  B. P., The eruption of the Soudie Hills Volcano, Montserrat
Watts, R.: Pyroclastic flows generated by the 25 June 1997 dome from 1995 to 1999, Geological Society London, 21, 363-407,
collapse, Souféire Hills Volcano, Montserrat, T.H. Druitt and 2002.

B.P. Kokelaar (eds), The eruption of the Soéfe Hills Volcano, Young, S. R., Sparks, R. S. J., Aspinall, W. P., Lynch, L. L., Miller,
Montserrat from 1995 to 1999, Geological Society London, 21, A.D., Robertson, R. E. A., and Shepherd, J. B.: Overview of the
191-209, 2002. eruption of Soufriere Hills Volcano, Montserrat, July 18 1995 to

Luckett R., Baptie, B., Ottemoller, L., and Thompson G.: Seismic  December 1997, Geophys. Res. Lett., 25, 3389-3392, 1998.
Monitoring of the Soufiére Hills Volcano Montserrat, Seism.

Res. Lett., 78(2), 192—-200, 2007.

Nat. Hazards Earth Syst. Sci., 7, 472 2007 www.nhat-hazards-earth-syst-sci.net/7/467/2007/


http://www.nat-hazards-earth-syst-sci.net/5/791/2005/

