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Executive Summary
This report summarises the volcanic activity at Soufrière Hills Montserrat for the period 28 February to
31 October 2010, including all monitoring and visual observations.
Activity during the reporting period has been low. Some minor ash venting occurred in late June and July
associated with VT earthquakes and is interpreted as being phreatic in nature. However there is no
evidence of lava extrusion during this time. Owing to the presence of a large residual lava dome which
has steep vertical or overhanging walls in several areas, sporadic rockfalls and pyroclastic flows are still
occurring.
Heavy rainfall during the summer months has apparently had only a minor effect on the stability lava
dome. In addition more than forty major lahars have occurred in the Belham valley associated with the
heavy rainfall.
The SO2 output is below average but has been steady throughout the reporting period and ground
deformation continues to show slow inflation. All indications are that the volcano is in a ‘pause’ state
similar to other periods between lava extrusion.
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1. Volcanic Activity for the Period 28 February to 31 October 2010
1.1 Narrative
Volcanic activity during this period has been low and there has been no discernable extrusion of new
lava since the partial dome collapse on 11 February 2010. Figure 1.1.1 shows a summary plot of seismic,
GPS and SO2 data recorded during this period.

Figure 1.1.1 Seismic, GPS and SO2 monitoring data for the period 28 February – 31 October 2010. Top:
Number of seismic events detected and identified on seismic system. Middle: GPS Northing of station
GERD (GAMIT processing). Bottom: Measured daily SO2 flux.
Sporadic rockfalls (RFs) and pyroclastic flows (PFs) have however occurred from the remaining lava
dome. The two largest PFs during the reporting period occurred on 2 and 9 October. There appears to
be a link between rainfall and the general degradation of the lava dome, although this is not reflected in
the frequency of RFs.
The origin of these RFs and PFs has been from three different sources on the remaining lava dome:
 above the Gages valley on the western side (Fig 1.1.2 (a)),
 to the north from the head of the 11 February collapse scar and
 on the east south eastern side at the head of the Tar River valley (Fig 1.1.2 (b)) .
During August and September 2010 the Gages valley apparently became more active with the larger PFs
being derived from this face. Observations from the helicopter have shown that there is active
undercutting of this western side of the dome. This is likely to have been promoted by rainfall which has
been particularly heavy over the summer months causing deep dissection (see later section).
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Figure 1.1.2 (a) View of the western (Gages face) of the lava dome on 8/10/10. Note small fan of fresh
RF/PF material. An overhanging face of lava occurs immediately north west of Chances Peak (CP). (b)
Vertical face on the ESE side of the lava dome (arrow) at the head of the Tar River valley. Note the
valley-confined pale coloured PF deposits (lower right) viewed on 22/09/10.
The runout of the PFs generally was approximately 2 km (limited observations of the actual events
prevented more precise runouts). Ash plumes associated with these PFs have generally been weakly
convective (rising only to a few thousand feet) suggesting that the source material is cool and mainly
degassed.
1.1.1 Phreatic - VT string/ash venting events
Minor departures from inactivity have occurred twice, with short bursts of VT earthquakes followed by
ash venting. The first occurred on 25 June and the second on 2 July.
The VT events on 25 June were followed by ash venting some hours afterwards. Ground and helicopter
based observations on the days following showed that the venting was coming from at least two
separate locations. One was associated with a strong fumarole in the base of the 11 February 2010
collapse scar at about the location of the rim of English’s Crater and the second was from the summit of
the dome at the southern edge of the crater in the summit of the lava dome.
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(a)

(b)

Figure 1.1.3 Ash venting following the 25 June ‘VT string’ event. (a) Ash venting from the southern part
of the summit crater (viewed from the south from the helicopter). (b) Ash venting viewed from Jack Boy
Hill remote camera occurring from a point approximately on the position of the old crater rim. Arrows
point to source of venting.
The events on 2 July, exactly one week later, were slightly more intense with ash venting occurring
rapidly following the brief phase of five (5) VT earthquakes. The venting was accompanied by about one
and a half hours of low-level seismic tremor, which had not been recorded during the 25 June venting
episode. Although the main part of the ash plume was obscured by clouds, visible ashfall could be seen
occurring to the west of the volcano in the region of Plymouth and lasted a couple of hours before
waning.
Audible roaring could be heard from locations on the north side of the volcano for several weeks after
both these events.
1.1.2 Lahars
There have been more than 40 seismically detectable lahar events recorded on the MVO seismic
network during the reporting period (Fig 1.1.4). These events were recorded mainly on St Georges Hill
and Lees Yard seismic stations, and are therefore generated by lahars occurring mainly in the Belham
valley and its tributaries. It is clear that smaller lahar events often occur that are not recorded on the
MVO seismic network. Therefore these events either represent only the larger lahars (that generate a
seismic signal) or the peak of lahars and the waxing and waning part of the event is not recorded.
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Figure 1.1.4 Rainfall (in mm per hour) shown as blue bars. Seismically registered lahar events in the
Belham valley shown as vertical red lines. Vertical black lines highlight ‘false events’ rainfall exceeding 10
mm/h with no recorded lahar.
On 11 April 2010 a ‘tipping-bucket’ rain gauge was installed at MVO by the University of East Anglia
(UEA). This rain gauge demonstrates that there has been particularly heavy rainfall in during the months
of April, the second half of July, late August (Hurricane Earl), September and October which has
generated abundant lahars in the Belham valley.
Analysis of seismically detectable lahars and rainfall measurements from the UEA rain gauge located at
MVO shows that rainfall of quite variable amounts is associated with lahars. Clearly having one rain
gauge at MVO is inadequate to record the typically localised rainfall generating these lahars.
Relationships between the rainfall and seismically recorded lahars show that there is a delay between
the rainfall event (recorded by the rain gauge at MVO) and the resulting lahar in the Belham valley. On
average this delay is about one hour after the rainfall (See Fig 1.1.5b).
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Figure 1.1.5 (a) Graphs showing relationship between seismically recorded lahars (red bar) and rainfall.
Note the lag time between rainfall and the lahar event is visible. (b) Histogram showing the different lag
times between rainfall and seismically recorded lahars.
Canyons in the mid Belham region, upstream of Cork Hill and downstream of Lee’s village have been
smoothed and widened by laharic activity, owing to erosion of the material from the canyon walls.
Extensive deposition from lahars in the lower Belham valley (in the region of 1 m thickness) has occurred
with regions of deposition around the location of the old Belham crossing, and the road to Air Studios
near the crossing now being inundated with mud. A similar situation has occurred on the road down to
Old Road bay, the tennis courts below the Vue Pointe Hotel have now been inundated with mud for the
first time and ephemeral rivers are more extensive, both to the north and south, than previously.
1.2 Seismic Activity from 28 February 2010 to 30 October 2010
Seismic activity during this period has been generally low. Figure 1.2.1 shows the daily count of the
different earthquake types for the period 28 February 2010 to 31 October 2010, inclusive.
The activity during March was a continuation of the pattern seen following the 11 February 2010 dome
collapse, dominated by small and moderate hybrid earthquakes and RFs. Many of the RFs were
associated with ongoing erosion of the collapse scar. The RF and hybrid activity in Figure 1.2.1 shows a
noticeable decline during March, continuing the trends seen since the collapse.
Activity appears to have been relatively constant from 1 April onwards, although there is a suggestion of
a gradual decline in the RF activity.
The total counts and daily rate for each event type are given in Table 1.2.1. The counts are given both
for the entire reporting period and from 1 April onwards, when the activity was almost constant. It is
interesting to compare the event rates in Table 1.2.1 with the rates calculated for pauses and extrusion
phases presented in the MVO Report to SAC13. The total number of events per day since 1 April 3.19,
which is consistent with the event rates seen during pauses, which vary from 1.4 to 17.5.
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2010-02-28 – 2010-10-31
2010-04-01 – 2010-10-31
Total
Events/Day
Total
Events/Day
LP/Rockfall
54
0.22
38
0.18
Hybrid
65
0.27
38
0.18
LP
28
0.12
28
0.13
Rockfall
599
2.45
476
2.23
VT
102
0.42
99
0.46
Explosion
0
0.00
0
0.00
Total
848
3.47
679
3.19
Table 1.2.1 Number of events from 28 February 2010 to 31 October 2010.
Event Type

Figures 1.2.2 and 1.2.3 show the locations of all VT and Hybrid earthquakes recorded between 28
February and 30 October 2010, inclusive. These locations are, as usual, subject to large errors and
network biases, but the locations are consistent with all recent VT and Hybrid activity, located beneath
the dome at depths between 1 and 4 km.
Figure 1.2.1 appears to show two significant episodes of volcano-seismic activity in this reporting period,
a LP swarm in April and VT activity in late June and early July.
The LP swarm started at 12:52 UTC on 26 April 2010. There were 13 triggered LP events during the 10
hours that the swarm lasted. The signals from these are almost monotonic, with a strong peak at about
2 Hz, and do not show a pattern of arrivals that is consistent with activity beneath the volcano. In
addition, both horizontal components are consistently larger than the vertical, indicating that the signals
are mainly surface waves. LP events like this have been seen ever since the start of the eruption of the
Soufrière Hills Volcano (SHV) and have often been thought to have been associated with heavy seas
although this theory has never been properly tested. MVO is confident that the source of the LP swarm
on 26 April 2010 is not associated with the eruption of the SHV.
The VT activity in June and July occurred in three “VT Strings” each of which consisted of several VT
events in a very short period of time. These occurred at 18:37 on 23 June, 15:26 on 25 June and 15:43
on 2 July (all times UTC). The first two were both about 15 minutes long and contained 6 VT events. The
helicorder plots from MBLY for both days are shown in Figure 1.2.5. These events appear to have been
associated with the onset of some venting of steam and ash on 25 June. The third VT string was longer,
than the first two, with 5 VT events in just over 30 minutes. This was followed, after about 1.5 hours, by
low-level seismic tremor, containing two small LP events. The tremor was probably associated with ash
venting. Two helicorder plots for 2 July are shown in Figure 1.2.5.
VT strings have become a feature of this eruption since late 2007 and are discussed more in Section
4.1.3.
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Figure 1.2.1 Daily counts of event types at the SHV for the period 28 February 2010 to 31 October 2010,
inclusive. The total count is shown at the top, then individual counts for VT Events, Hybrids, LP Events,
LP/RFs and RFs.
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Figure 1.2.2 Hypocentres of VT Events recorded between 28 February 2010 and 31 October 2010.
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Figure 1.2.3 Hypocentres of Hybrid Events recorded between 29 February 2010 and 31 October 2010.
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(a)

(b)

Figure 1.2.4(a) Helicorder plots from MBLY BHZ for 23 June 2010 (left) and 25 June 2010 (right) showing
“VT Strings”. (b) Helicorder plots from MBLY BHZ (left) and MBGHJ (right) for 2 July showing the VT
Strings and low-level tremor associated with ash venting.
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1.3 Ground Deformation
Ground deformation measurements made during the reporting period indicate a signal that is typical of
repose periods. This incorporates a weak and steady 'inflation' signal.
1.3.1 cGPS

Figure 1.3.1 Estimated radial displacement of local Montserrat cGPS stations (top) and international
reference stations (bottom) during 2009 and 2010. Shaded regions indicate phases of lava extrusion. An
arbitrary y-axis offset has been applied to each time series for clarity.
Approximate 3D radial displacements of all processed stations relative to a nominal vent location are
shown in Fig 1.3.2. The position of the vent was estimated using a fixed translation from ANTG (Antigua,
supposed to be beyond the local deformation field) – the change in line length between each station
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and this origin was then determined. This value is reliant on high accuracy and stability in the solution
for ANTG and should thus be interpreted only qualitatively. The figure indicates the expected trends of
gradual outward motion of all local stations from the vent during repose and more rapid inward motion
during lava extrusion.

Figure 1.3.2 Horizontal deformation velocity estimations for 10 local cGPS sites during Pauses 4b (top left, 5
Jan to 3 Oct 2009), Phase 5 (top right, 4 Oct 2009 to 11 Feb 2010) and Pause 5 (bottom left, 12 Feb to 9 Oct
2010). Arrows originate at GPS sites and are scaled as indicated. Velocities are estimated with respect to
ANTG.
Montserrat Volcano Observatory
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The relative displacements of the reference stations indicate no comparable response to volcanic
activity. However, changes in velocity at some sites (especially in the northern Caribbean) coincide with
tectonic events, such as the Mw7.0 earthquake in Haiti on 12 January.

Figure 1.3.3 Change in Northing component at MVO1 between 2003 and 2010. Phases of lava extrusion
are shaded.
A longer time series of the northing displacement of MVO North, Mongo Hill (MVO1) is shown in Figure
1.3.3 which suggests that the deformation observed during the reporting period is typical of a pause in
lava extrusion. A similar observation is common at most sites.
1.3.2 EDM
Figure 1.3.4 shows the change in baseline lengths measured using EDM between 2008 and 2010.
Shortening of the Jack Boy Hill (JBH) to Hermitage (HERM) line ceased after the end of Phase 5. The
MVO to Lee’s Yard (LY) line remains relative unresponsive to volcanic activity.

Figure 1.3.4 Change in line length from Jack Boy Hill to Hermitage (red) and MVO to Lee's Yard
(black) recorded by EDM. Solid lines show a 3-point average and shaded regions indicate phases of
lava extrusion.
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1.3.5 Strain
A relatively large, inelastic strain event was observed at the Air Studios site between about 1200 on 5
August and 0700 on 6 August (UTC). Figure 1.3.5 shows strain time series recorded at the four sites. The
amplitude of the signal at Air Studios (approximately 1250 nanostrain) is several times larger than what
might be expected from tidal loading (<100 nanostrain at Air Studio) and orders of magnitude larger
than a signal from a local loading event such as a landslip or dumping aggregate (<1 nanostrain). There is
nothing to suggest that the observation is due to any instrumentation malfunction. However, it is not
observed at the other cGPS stations. Anomalous 'tilt-like' events were recorded at the Waterworks
seismic station at the same time. There was also a small RF at about 2030 UTC on 5 August. Although a
physical interpretation is elusive, it seems unlikely that the signal reflects a (significant) volcanic event.

Figure 1.3.5 Single-component strain measurements recorded from 5th-8th August 2010 at
Air Studios (as, blue); Trants (tr, red); Geralds (ge, green); and Olveston (o1, black).
1.4 Gas Monitoring
1.4.1 Sulfur Dioxide (SO2)
The SO2 emission rates are calculated using the differential optical absorbance technique
(DOAS). The two spectrometers (LL and BR) were rendered inoperative by ash during Phase 5
but were back in operation on 17 March 2010. Since then measurements, of the average
daily flux is 319 tons per day. This value is lower than the 528 tons per day which defines the
entire dataset. The reporting period has being characterised by just 4 values exceeding 1000 tons per
day, three of which occurred during the first week of May and the other in mid August.
In SAC 13, it was established that the SO2 dataset is characterized by a cyclic pattern, which is defined by
peaks and troughs with periods on the order of years (Table 4.1). It was also mentioned that the 3rd
episode of increased SO2 output was in the waning stages leading up to the onset of Phase 5. The gap in
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the dataset however makes it impossible to constrain the end of that episode (Figure 1.4.1). The
extended period of low SO2 flux noticed since the restart resembles the degassing behaviour of the first
and second troughs (Table 1.4.1).
Phenomena

Start and end date

Daily Flux

Days Duration

%Yield

1st Peak
1st Trough
2nd Peak
2nd Trough
3rd Peak
2010 restart
(3rd Trough)

2 June 2002 – 21 April 2004
22 April 2004 – 16 Jan 2005
17 Jan 2005 – 23 Jul 2006
24 Jul 2006 – 1 Jul 2007
2 Jul 2007 – 20 Nov 2009
17 March 2010 - present

574
404
546
304
665
319

690
270
553
343
842
218*

85
71
75
92
87
82

* indicates measurement days rather than true duration.
Table 1.4.1 Daily average fluxes and duration for SO2 degassing peaks and troughs observed since 2002

(a)
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(b)

Figure 1.4.1 (a) SO2flux and HCL/SO2 ratio variation from January 2008 until 31 Oct 2010 (b) SO2flux and
HCL/SO2 ratio variation from January 2010 until 31 Oct 2010
As is the case with constraining the end of the third peak, ascertaining the onset of the “3rd trough” is
also problematic. The durations of the troughs are on average half the length of the peaks. The SO2
network was down for 147 days during Phase 5 activity, since then the network has been in operation
for 218 days. To date, the longest trough lasted approximately 343 days. If the observed degassing
pattern holds true, the present trough should be nearing an end in the next 150-200 days and the SO2
values are expected to increase.
1.4.2 Hydrogen Chloride
The start of the reporting period coincides with waning activity associated with the end of Phase 5. The
HCl/SO2 ratio showed a downward trend from late January which continued after the end of Phase 5
(Figure 1.4.1). HCl/SO2 ratios are a good proxy for andesite extrusion at this volcano, ratios of ~ 0.3- 0.4
are consistent with periods of pause with no andesite being extruded. In early March the ratios
obtained were on average 0.85, there was a general decrease until early April where the values started
leveling off. Since early April, the average value obtained for the ratio is 0.4 giving average HCl fluxes of
around 350 tons per day. These values are consistent with a period of pause.

Montserrat Volcano Observatory

Page 19

1.5 Dome Morphology and Volume
There has been no extrusion of lava during the current reporting period and the dome has undergone
only minor changes since the end of Phase 5 due to reduced mass wasting processes and some PF
activity.
1.5.1. Dome Morphology
The present morphology of the dome is a unique configuration for the SHV with a 300-m wide, 300-m
deep and 1-km long northward directed collapse scar, a 250-m wide explosion crater at the summit and
two large lobes to the SW (White River) and W (Gages) formed during Phase 5, in addition to the 200607 lobes at the head of the Tar River valley. Based on the 800 m contour, the summit dome complex is
elliptical in shape measuring approximately 1.3 km E-W and 1 km N-S. The highest point of the dome is
on the W side above Gages valley and is at 1083 m above sea level. Three other points around the rim of
the explosion crater are 1032 m (S rim) 1035 m (E rim) and 950 m (lowest point on N rim).

Figure 1.5.1 Annotated photograph showing the height of selected features around the explosion crater
in the summit of the dome on 4 April 2010 as viewed from MVO.
Excellent visibility during an observation flight on 8 October 2010 allowed for good observation over the
whole dome complex. The following is a description of the main morphological features of the dome
complex based primarily on the observations from 8 October.
The west flank or ‘Gages Lobe’ of the dome has a very steep slope and consists of both massive and
heavily fractured/brecciated dome rock. The W flank of the dome has been the source for two thirds of
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the post-collapse PFs. The source areas for these flows are marked by several steep to overhanging
faces that have migrated upslope towards the summit with each successive event (Figure 1.5.2). The
largest of these is a prominent overhang adjacent to Chance’s Peak. A moderate PF on 2 October 2010
resulted in a significant overhang that is close to the ridge linking Chance's Peak with the summit of the
dome and dividing the head of Gages valley from that of Gingoes Ghaut. This was subsequently enlarged
by another PF on 9 October. As a result, this overhang is now visible from MVO (Figure 1.5.2 C). Thermal
IR images acquired 8 October show that the PFs source areas are the only warm areas of note, although
there are several small warm areas that correspond with fumaroles close to the summit of the dome.
Erosion of the talus and lower slopes of the dome has created a chute that feeds RFs and PFs into Spring
Ghaut.

Figure 1.5.2: Images of the Gages Lobe as viewed from St George’s Hill (A and B) and MVO (C) on 1 April,
8 October and 10 October 2010 respectively. Dotted white lines show the position of the scars
generated by PF activity. (D) is a thermal IR image acquired 8 October during an observation flight
showing the PF source areas are the only warm areas on the lobe. Label X in B and D are the same
location.
On the southwest flank, there has been little change in the dome above Gingoes Ghaut and the White
River valley since February. There is a deepening chute feeding Gingoes Ghaut and erosion appears to
have removed some talus at the head of the White River. A small collection of fumaroles just below the
rim of the explosion crater, are the only source of elevated temperatures in thermal IR images of this
flank.
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The steep, near vertical face on the east side of the 2006-07 dome appears to be increasing in size. On 8
October 2010, the face was fresh looking with several large vertical fractures present. These fractures
define thin slabs that become RFs and PFs. There are very few warm areas on this face, suggesting that
the lobe has now cooled significantly. The summit of this dome appears to be relatively unchanged. The
three prominent but small spines at the east end of the dome and the smooth shear lobes to the west
are still present although somewhat degraded and heavily fractured. The contact between this lobe and
the Phase 5 lobes to the west is covered by yellowish-white to grey sulphur deposits from nearby
fumaroles.
The floor of the explosion crater now appears to be almost level with the top of the northern rim (which
is 90 m lower than the southern rim) due to infilling from RFs. There are no major changes in the
morphology of either the southern or northern rims. Following heavy rains from 3-6 October 2010, a
small pool of water was observed in the southwest corner of the crater, adjacent to some small
fumaroles emitting mostly steam. Thermal IR images reveal the crater is mostly cool.

Figure 1.5.3 Photographs and thermal IR images of (A) the W & S and E dome lobes and (B) the
explosion crater in the summit of the dome. White line in (B) indicates rim of explosion crater and
feature labelled as ‘X’ in photograph and thermal IR image is the small pool and fumaroles. Both sets of
images acquired 8 October 2010.
There have been no major changes inside the collapse scar since February 2010. Significant amounts of
talus have accumulated at the base of the side and head walls where RFs have occurred. The large
overhang in the southwest corner has largely collapsed and an extensive talus apron has formed at the
base of the cliff as a result. The two large ridges inside the scar are almost certainly the eroded
remnants of the northern rim of English’s Crater, possibly between Tyre’s and Mosquito Ghauts. There
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are several areas of strong fumarole activity in the southeast corner and on the floor of the scar. The
majority produce strong plumes that appear to be mostly steam and increase in vigour following rainfall.
On the scar floor, there is a prominent vent that is the source for a strong blue gas plume. The vent area
is located between the base of the headwall and the eroded remnants of English’s Crater, putting it
inside English’s Crater. It measures about 20 m across and is clearly marked by white and yellow
sulphurous sublimate deposits with a small depression in the centre. A PF covered the vent at 01:33 UTC
on 10 September. Observations from the helicopter about 13 hours later revealed a strong gas plume
was still present. Thermal IR images of the gas vent acquired on 8 October recorded temperatures of
289 °C. These images were acquired from a distance of about 300 m from the vent in the helicopter,
which suggests the temperatures are underestimates. This makes the vent by far the hottest feature
anywhere on the dome complex. Similar temperatures were recorded on 20 October. Clear nighttime
images from the Jack Boy Hill camera have recorded several persistent areas of incandescence inside the
scar that have existed since February. These areas correlate with fumaroles in the southeast corner, in
the headwall and with the prominent gas vent, which is often recorded as a white feature at night.

Figure 1.5.4: Day/Night Photos and Thermal IR images of the collapse scar & gas vent. (A) General
overview of the collapse scar from the helicopter on 20 October 2010. Blue plume is issuing from the
same vent seen in (B), which shows the position of the gas vent relative to the eroded remnants of
English’s Crater (EC). (C) Thermal IR image overlaid on same photograph in A) showingthe sources of
elevated temperatures inside the scar. The TIR camera recorded temperatures of more than 280 °C for
the gas vent. (D) Early morning photograph of the dome acquired by the remote camera at Jack Boy Hill
showing the persistent incandescne point sources that have exisited since 11 February 2010. Feature
labelled ‘X’ is the gas vent seen in the other images. Image acquired at 09:18 UT on 14 September 2010.
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1.5.2 Dome volume
As there has been no extrusion of lava during the current reporting period, here has been no increase in
the volume of the dome. The PFs that have occurred since February have likely removed less than 1 % of
the existing dome, so the volume still stands at approximately 190 x 106 m3, as reported by MVO to SAC
14 (MVO 2010).

2. Discussion of activity in comparison
2.1 Pause in Dome Growth

Figure 2.1.1 Seismic,GPS and SO2 monitoring data for the period 1 January 1995 – 30 October 2010.
Extrusive phases and pauses are shown red and green respectively. Top: Number of seismic events
detected and identified on seismic system. Middle: GPS data smoothed with 7day running mean filter.
red: GPS Northing of station TRNT (GAMIT processing). blue: GPS line length MVO1‐SSOUF (commercial
processing software). black: GPS Height of HARR. Bottom: Measured SO2 flux, filtered with 7day running
median filter
The pause in dome growth that started after the 11 February 2010 dome collapse continues. This is
shown in Figure 2.1.1 which summarises the seismic, GPS and SO2 data for the entire eruption, since
January 1995. There have been no discernable changes in dome morphology and there has been no
evidence of lava extrusion since 11 February 2010.
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Previous MVO reports to the SAC (12) have speculated that the presence of a large dome might make
any resumption in extrusion more difficult or modulate the activity. This cannot yet be properly tested,
but it is interesting to note that the extrusion in Phases 4 and 5 lasted shorter than during previous
phases. The present dome is one of the largest, possibly the largest ever to remain during a pause.
2.2 Dome Stability.
Since the end of Phase 5 on 11 February 2010, the current lava dome has remained remarkably stable.
The highly fractured outer surface of the dome is now relatively cool, though the interior likely remains
hot. The dome resisted intense rainfall with the passage of Hurricane Earl on 30 August (290 mm in 8 hrs
recorded at MVO) and again with the passage of an intense Tropical Wave between 3 and 6 October
that produced another 200 + mm over 4 days.
As reported in the MVO report to SAC 14 (MVO, 2010), several sectors of the dome were highlighted as
areas of concern. Of these sectors, only the Gages ‘lobe’ has been the source of significant PF activity
(Table 2.2.1). The large vertical face in the Tar River side of the 2006-7 dome has continued to generate
occasional but quite rare RFs and PFs. The face has exhibited remarkable stability, despite continued
erosion of the talus, further exposing the core of the lobe. It is possible that as erosion continues, this
lobe may become more unstable.
Ghaut
Tar River
White’s/Tuitt’s
Collapse Scar
Gages/Spring
Gingoes
Total:

Count
4
1
4
34
8
51

Table 2.2.1 Distribution of observed PFs around the SHV since 12 February 2010.
The Gages side of the dome has been the main source of PF activity since February with 34 small to
moderate PFs (Table 2.2.1). The occurrence of numerous PFs, some with a runout of 1.5-2 km,
emphasises the general unstable nature of the dome on the Gages side. Erosion of the talus at the foot
of the dome increased following the end of Phase 5 and was especially prevalent during the passage of
storms on 31 August and 3-5 October 2010 when numerous lahars where generated. This erosion has
begun to undermine the Gages Flank in a similar manner to that seen in the Tar River. The overhanging
slopes on the Gages flank are likely to continue to generate at least moderate PF activity. Wholesale
collapse of the Gages lobe is less unlikely the longer this current pause in activity continues as the warm
interior continues to cool and solidify. However, should extrusion restart in the short- to mid-term
future, then conditions may arise where this is possible.
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The headwall of the collapse scar has remained relatively stable. RFs are likely to continue to form from
this area as it remains heavily fractured with some complex structures relating to the emplacement of
previous lobes.
In general, RFs are to be expected from all steep faces of the dome as the outer carapace continues to
weather and degrade.
2.3 End of the eruption?
The three established criteria that have been agreed to define the ‘end of the eruption’ are:
 Seismicity – absence of low frequency seismic swarms and tremors
 Gas – daily SO2 rates below 50 tonnes per day
 Ground deformation – no significant ground deformation
At the moment, only the seismicity is anywhere near the required criteria. SO2 levels are around 320
tonnes per day (on average since the 11 February 2010 collapse) and have been steady at this level for
several months, and the cGPS network shows ongoing slow inflation similar to other pauses.

3. Hazard and Risk
Following the recommendations by MVO and the SAC report 13, NDPRAC approved the extension of
Hazard zones A, B and C 500 m westwards into the sea and these have the same rules as the terrestrial
versions. In addition the maritime exclusion zone ‘W’ has been extended approximately 1 km further
north owing to pyroclastic surges occurring on 11 February moving over the sea in this direction.
For the entire reporting period the Hazard Level has been at remained at Level 3 (having been lowered
from ‘4’ to ‘3’ on 23 February 2010). Despite the lack of any lava extrusion or dome growth the
continued maintenance of Hazard Level 3 is justified for the following reasons:
 The remaining lava dome is of considerable size in the region of 190 M m3.
 The lava dome has several vertical or undercut faces to the east, north and west that generate
sporadic and unpredictable RFs and PFs.
 While there have been no major collapses since the 11 February 2010 partial dome collapse, it is
possible that considerable collapses of this remaining lava dome could occur. Rainfall causing
undercutting of the dome has promoted instability particularly of the western, Gages Lobe. Such
collapses can occur without any warning with PFs reaching the sea within minutes. There is
therefore a considerable hazard posed by the remaining lava dome.
It seems unlikely therefore that unless there is a significant removal of material from the lava dome,
probably associated with a collapse that for the foreseeable future the Hazard Level is likely to remain at
3.
Since 16 December 2009 sand mining has been suspended at Trant’s. The whole area utilised for mining
was inundated by PFs and deposits up to 10 meters thick cover the area. Measurements on the new
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coastal fans on 13 October 2010 showed that these deposits are still up to 120oC at depths of 20 cm in
the Trant’s Bay and Spanish Pointe region. Clearly until these deposits have cooled significantly mining in
the Trant’s region is not possible. In addition there is still the possibility of hazards from PFs in this area
given the large size of the remaining dome.
4. MVO monitoring and monitoring Networks
4.1 Seismic Monitoring
4.1.1 Seismic Network and Data Acquisition System
The seismic network at MVO continues to operate but is perhaps beginning to show its age. Some of the
equipment in use is now 14 years old. There are a number of long-standing station problems which have
proved difficult to rectify. These have consumed a lot of MVO’s resources and helicopter time. There
have also been times when the seismic data-acquisition system has required a significant amount of
effort just to keep it running, although some of this is down to the recent high turnover of seismologists
at MVO.
In their proposal to manage MVO, SRC and IPGP suggested that the seismic monitoring system should be
reviewed before the end of the first five-year contract. MVO, SRC and IPGP have started a
comprehensive review of the status and performance of the existing seismic-monitoring system and will
also consider any alternatives that might now be available. The recommendations from this review will
form part of the proposal that will be submitted for the renewal of the MVO management contract.
4.1.2

Station Locations and Hypocentres

It has recently been discovered that the coordinates (latitude, longitude and altitude) of the now-buried
seismic station at Harris (MBHA) are incorrect, being approximately 400m from the true location. The
incorrect coordinates have been used for earthquake locations by MVO ever since the station was
installed in 2004.
This will have introduced systematic errors in the locations of all the events since. The effects of these
errors was investigated using a subset of VT events, all events during 2008 and 2009. These were
located using both the “good” and the “bad” MBHA coordinates, and the results then were compared.
Table 4.1.1(a) gives the average location errors obtained when using the two sets of MBHA coordinates.
The results are further sub-divided into those for well-located and poorly-located hypocenters, based on
the criteria listed in Table 4.1.1(b).
Table 4.1.1(a) shows that the use of the correct coordinates for MBHA seems to have had two effects on
the resulting hypocentres.


Locations errors are generally larger.
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Fewer earthquakes are located.

The locations of the events are shown in Figures 4.1.1 for all hypocentres. There appears to be no gross
changes to the hypocentral plots, although they are a bit more scattered when the correct MBHA
coordinates are used.
Dataset

Number
located

RMS error
(s)
Mean
Median

Time error
(s)
Mean
Median

Latitude
error
(km)
Mean
Median

Longitude
error
(km)
Mean
Median

Depth error
(km)
Mean
Median

Wrong MBHA
All hypos
Wrong MBHA
Well-loc hypos
Wrong MBHA
Poor-loc hypos

413

0.151
0.136
0.136
0.131
0.204
0.212

0.478
0.430
0.439
0.410
0.619
0.600

0.915
0.600
0.635
0.600
1.937
1.500

0.977
0.600
0.673
0.600
2.083
1.400

4.823
1.600
1.729
1.400
16.087
7.200

Correct MBHA
413
0.154
0.486
All hypos
0.138
0.430
Correct MBHA
312
0.136
0.439
Well-loc hypos
0.132
0.410
Correct MBHA
101
0.211
0.633
Poor-loc hypos
0.215
0.620
Table 4.1.1(a) Location errors for different datasets

1.025
0.600
0.635
0.600
2.231
1.200

1.056
0.600
0.668
0.600
2.256
1.200

4.753
1.700
1.702
1.400
14.176
7.600

324
89

Criteria
Value
Minimum number of stations
5
Minimum number of picks
7
Maximum RMS residual (s)
0.5
Maximum latitude error (km)
2.0
Maximum longitude error (km)
2.0
Maximum depth error (km)
5.0
Table 4.1.1(b) Criteria used to separate well-located and poorly located earthquakes.
4.1.3

VT Strings

A VT String is a short, intense swarm of VT earthquakes, which meets some or all of the following
criteria:
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 Very low background level of VT activity.
 Activity lasts less than an hour.
 More than 4 large VT earthquakes, i.e. VT events that trigger earthworm.
 More than 10 smaller VT earthquakes.
 The first VT earthquake is not the largest.
VT strings were first recognized in May 2008. Since then, a total of 18 VT strings have been identified,
listed in Table 4.1.2
#

Date / Time
Triggering
Located
(UTC)
VT
VT
1
07-Nov-2007 12:34
8
7
2
11-Jan-2008 10:58
6
6
3
05-May-2008 05:48
8
8
4
21-Jul-2008 00:43
6
5
5
23-Jul-2008 20:35
5
4
6
13-Nov-2008 01:09
5
5
7
22-Jan-2009 21:06
4
2
8
29-Mar-2009 20:16
4
4
9
18-Jul-2009 11:07
16
16
10
05-Oct-2009 00:45
32
23
11
06-Oct-2009 03:33
10
10
12
07-Oct-2009 03:46
3
3
13
23-Jun-2010 18:37
7
5
14
25-Jun-2010 15:26
10
10
15
02-Jul-2010 15:43
4
4
16
11-Aug-2010 01:09
3
3
17
24-Oct-2010 21:07
1
1
18
27-Oct-2010 01:33
3
3
Table 4.1.2 VT Strings at the SHV, November 2007 – October 2010

Duration
(minutes)
29
8
7
14
18
5
11
7
19
54
13
13
9
16
33
2
3
9

The seismograms of these 18 strings recorded at two stations, MBGH and MBLY, are shown in Figures
4.1.2 and 4.1.3. Figure 4.1.2 shows two sets of seismograms for the VT strings at MBGH. The
seismograms on the left are plotted with true relative scaling between the strings. Those on the right
have been normalized for clarity, highlighting the smaller events.
Note that there is no continuous seismic data available for string 8, and the figures use the available
triggerred waveform data, which has gaps in it. The helicorder plot for this string shows it is no longer
than defined by the data shown in the figures.
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Figure 4.1.3 shows a shorter time window for the data at both MBGH and MBLY, normalised as in Figure
4.1.2. MBLY is closer to the origin of the events, so shows higher frequencies and more of the smaller
events.
Further analysis of the data shows that the VT events that occur in these strings are not significantly
different from normal VT events.
There appears to be no record of VT strings or similar activity before November 2007, and none of the
former MVO seismologists can recall this type of activity. The MVO earthquake database contains the
times of all the events that triggered the data-acquisition system between October 1996 and June 2010,
and was searched for patterns that might be typical of VT strings. None were found, suggesting that this
is probably a new phenomena at the SHV
It appears that the VT strings are associated with the onset of eruptive activity. Table 4.1.3 lists the 18
identified strings and the volcanic activity that occurred at about the same time. Nine of the 18 strings
show such an association. Perhaps more significantly, none of the onsets of activity since May 2008 have
not been preceded by VT string activity. This includes the onset of Phase 4a extrusion at the end of July
2008, where the VT strings occurred before the intense seismic swarm activity.
July 2008 was the last time MVO recorded intense swarm activity. It therefore appears that VT strings
may have replaced VT and hybrid swarms as the precursor of extrusive activity.
#s
1
2
3

Dates
7 Nov 2007
11 Jan 2008
5 May 2008

4, 5

21, 23 Jul 2008

6
7
8
9
10, 11, 12
13, 14

13 Nov 2008
22 Jan 2009
29 Mar 2009
18 Jul 2009
5, 6, 7 Oct 2009
23, 25 Jun 2010

Activity

Onset of activity. Vigorous ash venting starts on 4 May. Explosion on
13 May.
Onset of Phase 4a of extrusion. Ash venting and VT activity starts on
21 July, intense hybrid/LP swarm 26-28 July, then explosion and small
dome collapse on 29 July.

Onset of Phase 5 of extrusion.
Onset of phreatic (?) activity. Venting of steam and ash from summit
and collapse scar starts on 25 June.
Low-level seismic tremor and ash venting on 2 July.

15
2 Jul 2010
16
11 Aug 2010
17,18
24, 27 Oct 2010
Table 4.1.3 VT strings and eruptive activity

Montserrat Volcano Observatory

Page 30

This is consistent with the accepted models of VT earthquakes. A VT earthquake can be triggered in two
ways, either as sudden slip on a pre-existing fracture or as the sudden formation of a new fracture.
A pre-existing fracture will normally be locked and unable to slip and will have accumulated shear stress
during the long time between eruptions. As the volcanic system becomes pressurised, it will cause
changes in the local stress regime that will trigger sudden slip on these fractures, generating VT
earthquakes. Individual fractures will not be able to slip again due to subsequent re-pressurisation, as
they will not have had sufficient time to accumulate enough shear stress.
If VT earthquakes represent new fractures generated by the pressurisation of the volcanic system, we
might expect these new fractures to respond elastically to any subsequent re-pressurisation. This would
limit the tendency to generate new shear fractures.
The absence of VT swarm activity could therefore be because that, over the15 years of this eruption,
almost all the pre-stored stress has now been released as VT earthquakes. This implies that the rockmass will now respond mainly aseismically when it is pressurised. The VT strings might then represent
small volumes of the rock-mass which have been relatively unaffected by the eruptive activity. As such,
they might be expected to occur on the periphery of previous activity.
This hypothesis, which is still under investigation, has serious implications for the operational use of VT
and Hybrid swarm activity as precursors to extrusive activity.
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Figure 4.1.1 Locations of all hypocenters for incorrect (left) and correct (right) locations of MBHA. Top:
plan. Middle: longitude section. Bottom: latitude section.
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Figure 4.1.2 Seismograms from MBGH BHZ for the 18 VT Strings in Table 4.1.2.

Montserrat Volcano Observatory

Page 33

Figure 4.1.3 Seismograms from MBGH BHZ and MBLY BHZ for the 18 VT Strings in Table 4.1.2. Note the
shorter time scale than in Figure 4.1.3.
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4.2 Ground Deformation Monitoring
4.2.1 cGPS
Telemetered access to the six MVO cGPS stations has remained good throughout most of the reporting
period, with the exception of SPRI (Spring Estate) which encounters interference problems when left
permanently connected. Replacement equipment was installed at the destroyed HARR (Harris' Lookout)
station in May and is awaiting construction of a permanent crypt. Four additional receivers on
Montserrat, operated by the CALIPSO project, are available to the MVO and incorporated into routine
GPS processing. The TRNT (Trant’s) site suffered a major network outage beginning in September and is
being repaired at the time of writing. A number of publicly-available international reference stations are
also incorporated for stabilising the final processed solutions. Equipment for three additional cGPS
stations has been purchased and plans for installation are underway. Intended sites are Redonda, Fergus
Ridge and St George’s Hill.
Automated data processing is carried out using the MIT GAMIT/GLOBK software suite.
4.2.2 EDM
Routine EDM surveying is ongoing and incorporates single baselines from Jack Boy Hill (JBH) to
Hermitage (HERM) and MVO to Lee's Yard (LY). A new reflector site at North White River (Upper St.
Patrick's) is measured from Broderick's DOAS site and St. George's Hill.
4.2.3 Campaign GPS
Measurement of 11 survey pins is carried out using mobile GPS equipment at approximately 3-monthly
intervals. The network is designed to improve spatial resolution for long-term deformation monitoring.
Integration of campaign data into the processing algorithm is ongoing at the time of writing and results
will follow shortly.
4.2.4 Tilt
MVO has two platform tiltmeters ready for deployment. The first proposed site is in the clinic near the
Long Ground seismic station. Installation will be possible as soon as there is an available digitiser. The
distance of potential sites (where sufficient stability and insulation from the elements are available)
from the vent area are greater than ideal, given the sensitivity of the platform instruments. A major
installation effort for such a site therefore cannot justify a high priority level.
The installation of a borehole tiltmeter network would be better suited to the requirements of
monitoring SHV but would likely require a specially-funded programme to cover the expense of the
instruments and installation logistics. MVO are considering funding options.
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4.2.5 Strain
Members of the CALIPSO project visited Montserrat in April 2010 to repair and upgrade the strainmeter
network. The stations have since been operational. A further upgrade, including the installation of a tide
gauge at Trant’s, is scheduled for November 2010.
4.3 Gas network
4.3.1 Sulfur Dioxide
The current SO2 monitoring network comprises of two S2000 UV spectrometers located at Lovers Lane
(LL) and Broderick's Estate (BR). As mentioned in section 1.4.1, the network was not in operation during
Phase 5. Since the restart both stations have worked well making it possible to obtain a gas flux 82% of
the days. The absent data can be attributed to non favourable plume directions and the odd power issue
at the MVO.
4.3.2 UV network upgrade
The initial plan was to deploy 5 permanent spectrometers (Figure 4.3.1) and have one as backup.
However the activity during Phase 5 was unusual as most of the extrusion took place in the summit
region of a pre-existing large dome, thus presenting a situation where heavy ash fall was a norm
downwind of the volcano. This observation therefore called for a modification of the proposed plan.
The present plan thus requires the installation of three permanent spectrometers, LL, BR and either AS
or WH while the other two would be used in a mobile capacity (mounted on tripods). This would erase
the possibility of being blinded (gas wise) during future episodes of activity as we were during Phase 5.
Priority was placed on the mobile units for the obvious reason.

Figure 4.3.1 Initial proposed sites for new spectrometer locations
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After a stagnant period of attempted testing here at the MVO, the planned upgrade of the UV
spectrometer network has made some progress. The spectrometers are currently in the possession of
Vitchko Tsanev (Cambridge) who has recently updated us on the following information:
1. The mobile scanners are actually ready but the scanner controlling electronics will be tested
during first two weeks of November. Field testing in Montserrat is expected to occur in
January or February 2011.
2. The stationary network of three spectrometers should be ready for installation by the
summer of 2011.

4.3.3 FTIR
The FTIR spectrometer has been back from repairs since January 2010, it was deployed during the
remainder of Phase 5 in an open path capacity. A MIDAC technician visited MVO in August. The main
aim of the visit was to employ the use of a newly acquired telescope and IR source which then enables
the instrument to be used in a fixed path capacity (Figure 4.3.2), thus providing training and the required
software modifications necessary for such a setup.

Figure 4.3.2 FTIR fixed path acquisition at 100m in lower Lovers Lane. IR source is orange spot in the
distance.
Using the instrument in this configuration requires a ground hugging plume so that both the instrument
and the source are in the gas plume (Figure 4.3.3). The advantage of such measurements is the retrieval
of concentrations rather than just ratios as well as being able to measure an increased number of
species. So far CO and CO2 have been added to the retrievals, with future plans to quantify acid gases
e.g. HF and HBr. We are unfortunately unable to quantify H2S since it lies outside the range of the
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present detector in the spectrometer. It must also be pointed out that the telescope allows the
instrument to be used with any IR source, such as the sun and the lava dome. Therefore at present the
instrument can be deployed in a number of different configurations based on the situations and
conditions that are encountered at any given time.

Figure 4.3.3 Ground hugging plume in St Georges hill on October 15th
Problems with the retrieval codes are currently being experienced however it is hoped that this should
be rectified soon.
4.4 Dome Volume
No changes to the dome volume monitoring methods have been made. The methodology combine
photos from the fixed cameras, regular theodolite surveys and the photogrammetry software provided
by Dr R. Herd of the University of East Anglia will be employed should dome growth recommence.
4.5 Remote Cameras
MVO currently has three remote cameras at Jack Boy Hill, Fergus Ridge and Garibaldi Hill in various
states of operation. Of the three cameras, only Jack Boy Hill has not suffered any serious problem. The
Fergus Ridge camera has not acquired images since 18 August due to issues with power supply and
excessive moisture inside the camera housing. Solutions to these problems are currently being
investigated.
The Garibaldi Hill time-lapse kit has been converted to a networked camera using the embedded Linux
computer system outlined in MVO report to SACs 12 and 13, but using a Canon 1000D SLR instead of the
Powershot S3 IS camera. The Linux computer worked flawlessly in testing at MVO, but has encountered
some problems since being deployed in the field. The MicroSD card used inside the computer has twice
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failed for as yet unknown reasons. While investigations into the card failure are occurring, the failed
cards are simply replaced with new ones. The Garibaldi camera will continue to be the only networked
camera until a suitable solution is found for the failed cards. Once this has been achieved, the remaining
two cameras will be converted and the Jack Boy Hill camera will be moved to a new position at Harris
Lookout, adjacent to the cGPS installation. From there a much better view into the scar is possible than
from Jack Boy Hill. There are no plans at present to purchase additional cameras.
4.6 Thermal Cameras
The fixed FLIR (forward looking Infrared) thermal camera mounted on the roof of the MVO has
continued to be an important part of monitoring activities, helping to monitor fumarole and PF activity.
Maurizio Ripepe and colleagues from the University of Florence visited MVO in March 2010 and made
several changes to the system. The timing issues reported in MVO Report to SAC 14 have been fixed,
and the software now saves 15-minute long AVI files instead of the previous hour-long files. This has
significantly improved MVO’s ability to access the videos over the network. In addition, backup of the
videos to MVO servers is now automated. The WEBOBS home page (see Section 4.11) now includes a
simple time-lapse animation of the last hour’s data from the thermal camera, allowing near-instant
review of the data after an alarm.
The handheld camera continues to be used on observation flights and from various vantage points
around the volcano whenever weather permits clear observations of the dome.
4.7 Remotely Sensed Data
In June 2010, the LiDAR survey of the SHV commissioned by MVO/DFID was undertaken by Terrapoint
Inc. MVO received the data in September 2010 in the form of a 1-m resolution digital terrain model with
both bare earth and full feature versions. Although the data does not include the dome above 700 m
(due to cloud cover at time of survey), the 1-m resolution digital terrain model contains is highly detailed
and will provide an excellent dataset for research into many aspects of the volcano. The data is now
being used in the PF hazard modelling in the Belham valley (see Section 5 and Appendix B for more
detail).
The use of satellite imagery by MVO has reduced since the end of Phase 5. The acquisition of TerraSAR-X
radar imagery via Prof. G. Wadge finished 1 July 2010 as the 2 year project came to its planned end. The
project successfully proved the viability of using RADAR change difference maps as part of MVO’s
monitoring operations during periods of high activity. A paper describing the results of the project and
lead by Prof. G. Wadge involving MVO staff has just been accepted for publication in the Bulletin of
Volcanology. A new proposal is currently being prepared in order to continue the operational use of the
imagery. It is hoped that acquisition of the imagery can occur at a higher rate than the previous 11-day
interval, with the processing undertaken by Dr A. Stinton at MVO. In addition, Prof. G. Wadge has
submitted an application to acquire TanDEM-X data over Montserrat with a view to evaluating its use as
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a dome monitoring tool. TanDEM-X is a second satellite similar to TerraSAR-X and the two are to be
operated in tandem to acquire high spatial resolution topographic data. If this proposal is accepted,
MVO will be provided with finished data products. This project has the potential to provide MVO with
invaluable information on the state of the lava dome on a regular basis regardless of the weather
conditions.
The GLOBVOLCANO Project finished in August 2010. The project provided MVO with information on
thermal anomalies on the dome derived from high- and low-spatial resolution satellite imagery. While
the provision of such data was helpful on occasion during Phase 5, MVO was not completely satisfied
with some aspects of the project. These were communicated to the project organisers in a final report
submitted in September 2010. A similar project entitled European Volcano Observatory Space Services
(EVOSS) is coming online. This project has similar goals to GLOBVOLCANO and MVO anticipates being
involved once it is fully operational.
4.8 SO2 Diffusion Tubes.
Ground level SO2 levels are measured using diffusion tubes (passive samplers) supplied by
Environmental Scientifics Group who are accredited by the United Kingdom Accreditation Service
(UKAS).
SO2 diffusion tubes can be used to compare longer averaging air quality guidelines, such as a year, but
cannot be used to compare shorter averaging periods, (e.g. hours). They can highlight areas of high
concentrations and can be used as a screening exercise but cannot identify short-term fluctuation in
concentrations as a result of wind flows etc.
They are considered an indicative method with an uncertainty of <20%. In the absence of an automatic
continuous analyser the precision of the measurements can be improved by using a triplicate exposure
method. This method was adopted at the MVO in July 2010. The precision of the tubes can be checked
by calculating the coefficient of variation (CV) of each of the triplicate tubes. The precision of the tube is
considered to be poor when the CV is more than 20% and the average CV over a twelve month
monitoring period should be less than 10%.
Air quality guidelines are formulated to assess the health impacts associated with SO2 concentrations
and recommendations vary depending on the country. SO2 guidelines tend to be for shorter averaging
periods (10 minutes to 24 hours) and therefore cannot be used when looking at the monitored SO2
diffusion tube concentrations on Montserrat. The United States National Ambient Air Quality Standards
include an annual limit of 30ppb which could be used when looking at the annual average monitored
concentrations.
In July 2010 the MVO SO2 tube network was extended to include six new sites (shown on Figure 4.8.1)
which are considered sensitive in terms of air quality. These include primary schools, health

Montserrat Volcano Observatory

Page 40

centres/hospitals and residential areas. The extended network should assist in a better understanding of
SO2 concentrations and dispersion across the island.

Figure 4.8.1 SO2 diffusion tube monitoring locations.
The average concentrations of the tubes at each location for each period from July 2009 to September
2010 are shown in Figure 4.8.2. At the time of writing only data up to September 2010 were processed
and available for analysis.
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Figure 4.8.2 Monitored SO2 concentrations (ppb), July 2009 to September 2010
Figure 4.8.2 shows that there have been small peaks in the SO2 concentrations in the past year at all
locations at the beginning of October which relates to the start of Phase 5 of the volcanic activity. In mid
May there is also a small peak at all monitored locations which was also seen in the SO2 flux DOAS
measurements where the flux was considered the highest since the end of the Phase 5 volcanic activity.
Most peaks correspond with peaks in the DOAS-measured SO2 flux however; there is a lag of
approximately a week before increases are visible in the diffusion tube data. This is most likely due to
the period averaging of the diffusion tubes which does not allow specific days to be identified. At the
Police Head Quarters (PHQ), Plymouth, Richmond Hill Sugar Mill and St Georges Hill there is a peak at
the end of June which could be linked to ash venting which began on the 25th June. The concentrations
at the end of June are a lot higher than any previous peaks in the past year. However, concentrations fell
again after this time. As expected monitored concentrations are higher at locations closer to the
volcano.
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Figure 4.8.3 Monitored SO2 concentrations, 2001 – 2010. Data for 2010 is provisional and is for
concentrations from January to September.
Figure 4.8.3 shows the annual mean concentrations for the period 2001 to 2010 to compare to the US
annual air quality guideline of 30ppb (highlighted on the graph). Results have been removed from the
data set when the exposure periods have been for more than 672 hours (+24 hours) as they cannot be
considered to be a reliable representation of concentrations during the relevant exposure period. For a
significant proportion of the time monitored annual mean SO2 concentrations at the PHQ, Plymouth and
Richmond Hill have been above the guideline value. Annual monitored concentrations at St. Georges
Hill and Weekes were above 30ppb in 2008. As these four areas are currently not inhabited it is unlikely
that there will currently be an impact on human health. The Vue Pointe Hotel represents an area where
there is long-term human exposure however as annual mean concentrations have been below the US
guideline value then there is less likely to be an impact on human health.
Methods for modelling of SO2 concentrations across the island using an air quality dispersion model are
currently being explored. Discussions are being held with the UK Met Office as to the feasibility of using
its Numerical Atmospheric-dispersion Modelling Environment (NAME) to undertake this modelling.
NAME has recently been used to look at dispersion of pollutants from the Eyjafjallajökull volcano in
Iceland.
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4.9 Particulate Matter less than 10µg/m3 (PM10)
The monitoring of ambient particulate matter less than 10µg/m3 (PM10) has been re-instated by MVO
PM10 concentrations are monitored using TSI DustTrak TM Aerosol Monitors (Model 8520) which are laser
photometers that use 90° light scattering to provide real-time mass concentrations.
Hourly mean monitored concentrations are categorised based on levels that were devised by the
Department of Health (DoH), England in October 1997 specifically for Montserrat (Table 4.9.1). As well
as using these levels the number of 24-hour means that are over 50µg/m3 are calculated to compare to
the WHO guideline value for PM10 of 0.05mg/m3.
Concentration as a 1-hour average (mg/m3)
<0.050
0.051 – 0.100
0.101 – 0.300
>0.301

Categorisation
Ash levels low
Ash levels raised
Ash levels very high
Ash alert level

Table 4.9.1 Dust Categorisation Levels (mg/m3), DoH 1997.
The monitors are set up at three static locations namely Vue Pointe Hotel, Old Towne (DT1), St.
Augustines Primary School, Woodlands (DT2) and Salem Health Clinic, Salem (DT3). These locations were
selected based on past monitoring programmes and also as they represent areas where members of the
population that are more susceptible to high PM10 concentrations may be located (schools, health
centre, residential areas). Concentrations have been monitored at DT2 and DT3 since March 2010 and at
DT1 since June 2010. Since their set up there have been some gaps in the data due to instrument failure.
Hourly monitored PM10 concentrations for the period 5 March to 24 October 2010 are shown in Figure
4.9.1. Negative values have been included to provide a true representation of the monitored data. The
three solid blue lines that appear on the graph represent the dust categorisation levels outlined above.
For the majority of the time monitored PM10 concentrations have been below the ash alert level of
0.301mg/m3. However, during June, August and October the ash alert level has been exceeded at one or
more of the monitoring locations. As volcanic activity has been mainly low from March to October the
higher concentrations are most likely due to the re-suspension of particles by human activity and the
prevailing meteorological conditions. Generally when the wind speeds are above 6m/s and/or there has
been little rainfall, concentrations tend to be higher. Also as there has been a low level of volcanic
activity the higher monitored concentrations are unlikely to consist of fresh ash and therefore are
considered less likely to be a significant threat to human health.
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1.1
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Figure 4.9.1 Monitored Hourly PM10 Concentrations (mg/m3)
Light ashfall experienced in inhabited areas at times during May, June, July and August were occasionally
but not always picked up by the DustTraks. Higher concentrations towards the end of May maybe a
result of the light ashfall which occurred during this time. A period of ash venting at the end of June
could explain the higher concentrations monitored at this time especially at the Salem Clinic Monitor.
The peak in hourly concentrations at the Salem Clinic monitor at the beginning of October may be the
result of a moderate to large PF which occurred early in the morning of 9 October, as light ashfall was
reported in inhabited areas.
Since March there have also been extended periods of time when there has been a presence of Saharan
dust over the island. It is not certain whether this dust was picked up by the monitors but may explain
the higher concentrations experienced at the end of May, the beginning of June and end of August.
There have been 43 days during the period 5 March to 24 October 2010 when 24-hour mean
concentrations were monitored above the WHO guideline value of 0.05mg/m 3. The data highlighting the
days when these concentrations occurred is lodged at the MVO.
As discussed above the higher concentrations are most likely caused by the re-suspension of particles by
human activity and prevailing meteorological conditions. On 18 March a series of RFs occurred which in
conjunction with a prevailing wind direction of east to south-east may have led to the higher
concentrations. Again on 20 and 22 April 2010, a series of RFs occurred which may explain the increase
in 24-hour mean concentrations on these days. During May a PF down Gages valley on 10 May and RFs
on 11 May could have caused higher concentrations recorded at the Salem Clinic monitor on 11 May.
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During the current monitoring programme there have been periods when negative values have been
recorded; there are two explanations of why this is occurring;
1) Negative values can indicate that the concentrations in the measuring volume was so high as to
obscure the photometer (>100mg/m3). (Loosmore, G. and Hunt, J. 2000).
2) Dramatic changes in the environment i.e. temperature and/or humidity changes can cause
negative values when concentrations are low. (TSI July 2010).
TSI recommends that performing zero calibration on a regular basis or when there are any dramatic
changes in the environment is the only way to prevent this drifting. This regular calibration has been
undertaken however negative values are still being recorded and it is unclear why. This problem is being
monitored and a test run of the DustTraks is taking place in a controlled environment however the
problems may be due to the age of the instruments and they may need replacing in the near future.
4.10

Infrasound Monitoring

Maintenance of the University of Florence infaround array was carried out in March 2010. The sensors
were moved from St. Georges Hill to MVO, and the software was updated accordingly. The system has
worked well since the move, with very little downtime.
Other infrasound sensors continue to be operated at St. Georges Hill (MVO) and Waterworks (University
of Leeds), recorded on the seismic monitoring system. MVO is still considering the best approach to
handle the various infrasound data to fully integrate it in the operational monitoring system.
4.11

Webobs

A new web-based monitoring system, WEBOBS was installed at MVO in June 2010 by Francois
Beauducel and Alexsis Bosson of IPGP. The system was designed at IPGP and is in use at other
observatories. WEBOBS is structured to include a series of ‘networks’ that contain a number of sites or
stations. Datasheets for each site contain information about the site’s location, installed hardware,
telemetry, photographs, and a running logbook for that station, amongst other things. Additionally,
WEBOBS can incorporate manual or automated data streams to provide a summary of activity via
automated graphs. These features are currently used to provide quick access to seismic, deformation
and meteorological data for all MVO staff on site or remotely. A new observation logbook is under
development and includes discrete categorisation of a variety of observation events.
Development of WEBOBS at MVO is ongoing with an ultimate aim of being able to access graphical and
numerical time series of MVO data sets via a centralised web interface. The use of site logbooks will
provide a useful tool for scientists and technicians for troubleshooting issues regarding each site and the
data it generates. WEBOBS is hosted independently from the public MVO website and available only to
authorised users.
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5. Pyroclastic flow hazards in the Belham Valley
Following the PFs of 8 January and 11 February 2010, MVO became concerned with the potential for
larger flows to enter the Belham valley and reach populated areas. During Phase 5, PF activity on the
northern and northwestern slopes resulted in significant valley filling with up to 40 m of fresh deposits
in Tyre’s Ghaut alone. There was concern that with the infilling of Tyre’s Ghaut, it would be easier for
larger flows to enter the Belham valley. In order to address this issue, MVO, in collaboration with
members of the Scientific Advisory Committee, has begun the process of modelling the PF hazards in the
Belham valley.
Before the modelling could commence, it was necessary to acquire a new digital elevation model of the
volcano’s northern flanks as the previous topography used in 2007 (during the last round of flow
modelling) had become seriously out-of-date. In June 2010, This was acquired via helicopter-based
LiDAR survey over the volcano and generated a new high resolution digital topography. The dataset,
which has a 1 m horizontal spacing and a 15 cm vertical accuracy, was delivered to MVO in September
2010.
MVO have begun using the new topography with the Titan2D geophysical mass flow model (Patra et al.,
2005) to simulate PFs in the Belham valley. The strategy for assessing the PF hazards involves calibrating
the model with events of known volume before simulating a series of possible scenarios. The PFs on 25
June 1997, 8 January 2007 and 8 January 2010 have been used to calibrate the model, a process that
ensures appropriate input parameters are used for modelling the scenarios. The scenarios chosen
involve modelling dome collapses with a range of volumes up to 100 million m3 on the northern and
northwestern sectors of the dome.
More details about the hazard modelling process are found in Appendix B of this report.

6. MVO Operations
6.1 Staffing
A number of changes to MVO staff have occurred over the reporting period.
1. Seismologist - Patrick Smith took up the vacant Seismologist post in early September. Prior to
this the post was ably covered by Roderick Stewart (May/June) and Christian Eligon (April and
July/August), both of SRC.
2. To enable more thorough Environmental Monitoring Caroline Murrell, funded on a short term
contract from the Seismic Research Centre (UWI) for. Modelling of SO2 dispersion and
undertaking the Dust track monitoring.
3. Andrew Simpson – June Software Engineer - Part time with GoM. Well qualified and capable
with experience in a variety of web and programming tools, including Joomla (used for MVO
website management). He has already proved extremely useful in the development of the new
WEBOBS system.
4. Dike Rostant took up his post as Education and Outreach officer at the beginning of May.
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6.2 Education and Outreach
The roles of the new MVO Education and Outreach Officer include maintenance of the MVO website
and schools liaison. An earth science week is planned for late November or early December and will
include a public lecture by the director and an MVO open day.
6.3 Helicopter
MVO currently has a contract with Caribbean helicopters until the end of March 2011. This continues to
be an excellent working relationship, although a fuel source on Montserrat needs to be established. The
current contract includes 2 hours per week minimum May to November, 3 hours minimum per week
high season Dec- April. Occasional issues with the timing of the helicopter have arisen, however these
problems are minor.

6.4 Volunteers
The volunteer program remains popular with six different volunteers being at MVO over the reporting
period. The volunteers, who have worked on a variety of projects have included:
Mellissa Plail - March /April
Fiona Couperthwaite - May /June
Stefan Lachowitz - July /August
Harriet Rawson – July /August
Meghan Hughes – Mid July/Mid Sept
Geoffroy Avard - October/November

6.5 Collaboration
April
Jenni Barclay /Ricky Herd – UEA Research student supervision Lahar
May
A. Stinton participated in research cruise JC46 aboard the Royal Research Ship James Cook. This was a
joint venture between researchers from the University of Southampton, the National Oceanographic
Centre (both in the UK), University of Kiel (Germany), and the Institut de Physique du Globe de Paris.
Several high-resolution geophysical survey techniques including 2D and 3D seismic profiles, TOBI sidescan sonar and swath bathymetry were used to collected data on large volcaniclastic debris avalanches
and submarine landslides to the east and south of Montserrat. Several excellent data sets were
collected, including the first dense 3D dataset of a large submarine debris avalanche.
June
Francois Beudeaceul, Alexis Bosson - WEBOBS installation.
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Alan Linde and MIT scientists - maintenance of CALYPSO stations.
July
Guillaume Levieux – Joomla training for Dike Rostant, Website hosting on Montserrat.
Ricky Herd (UEA/Cambridge) – Multigas instrument on St Georges Hill
Eliza Calder and Deborah Moore-Russo University at Buffalo, USA Vhub project introduction.
30 September-11 October 2010,
Sarah Ogburn from the University at Buffalo visited MVO to assist with the PF hazard modelling in the
Belham Valley.
6.6 External Research Projects with significant MVO involvement
6.6.1 Short-period deformation at lava dome volcanoes
NERC funding was allocated to a project, led by G. Wadge and involving MVO collaboration (H. Odbert),
which will use ground-based radar interferometry (GBRI) to investigate near-field, short-period
deformation on the flanks of SHV. The GBRI-II instrument will be capable of identifying sub-millimetre
level changes from ranges of up to about 7 km. Field deployment is due in 2011, depending on volcanic
activity. If cyclic activity is observed, the measurements should give the most direct insight to shortperiod near-field deformation on the volcano since the 1997 tiltmeter data were recorded. These
observations will then be used to constrain deformation models.
6.6.2 AVTIS
The 2nd and 3rd incarnations of the AVTIS ground-based imaging radar (PI: G. Wadge) are nearing
completion and due for UK field testing in late 2010. Deployment of AVTIS-3, the semi-permanent
autonomous version of the radar, is anticipated for January 2011. At that time the operational and data
archiving routines will be integrated into the MVO monitoring system while continuing software
development will be possible remotely. The roving version, AVTIS-2, is due to be deployed
opportunistically during lava dome growth at SHV. Construction of cement plinths – one close to the
MVO helipad and one at a remote site, perhaps Garibaldi Hill – will be completed by MVO ahead of the
first visit from the AVTIS group.
6.6.3 Project applications
As a result of A. Stinton’s involvement in the JC46 cruise, a project entitled ‘High-resolution marine
geophysical investigation of pyroclastic density current dynamics at the air-ocean transition: Soufrière
Hills Volcano, Montserrat’ has been submitted to the NERC (UK) Small Grants program. The project is a
collaborative effort with Drs Mark Vardy and Tim Henstock (University of Southampton, UK) and Drs
Pete Talling and Veit Hühnerbach (National Oceanographic Centre, Southampton, UK). This project will
carry out high-resolution geophysical surveying of the recent PF deposits in the shallow waters along the
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east coast of Montserrat, focusing on the area affected by the partial dome collapse in February 2010.
The application was submitted in September 2010 and the announcement on funding will be made in
December 2010. If successful, the two-week long survey will be carried out in early 2011.
MVO is part of a large consortium project proposal ‘Control Mechanisms of cyclic volcanic activity’ that
is being headed up by Jurgen Neuberg at the University of Leeds.
6.6.4 MVO website
The MVO website is now hosted in Montserrat on GoM servers with a new more advanced version of
the web management software Joomla, maintained solely by MVO. Previous versions since 2008 had
been hosted in Paris. Thanks to Guillaume Levieux for assistance.
6.6.5

Petrological Monitoring contract.

MVO now has two small two year contracts with the University of East Anglia for routine petrological
/geochemical work to be undertaken of samples collected. The first covers XRF geochemical work of
samples (preparation and analysis of up to 30 samples per year). While the second covers standard
petrological description of the preparation of 12 polished thin sections samples and a small amount of
electron microprobe time for samples of particular interest and involves Dr Madeleine Humphries in
addition to UEA staff.
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